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SUMMARY

An engineering evaluation and experimental program involving
several types of conveyors applied to blends of densified refuse-
derived fuel (dRDF) and blends of 4dRDF and coal, was conducted
by the National Center for Resource Recovery. This final project
report discusses the properties and characteristics of waste
affecting conveyability and presents experimentally determined
values or observed characteristics. A procedure is developed
for the selection, assessment and operation of belt conveyors
based on spillage rate. Corroborating experimental results from
a recirculating test rig operated with samp.es of densified
refuse derived fuel and a blend of 4ARDF and coal over a range
of belt configurations, velocities and flow rates are presented.
Experiments conducted on a vibrating pan conveyor over a range
of frequencies and stroke length, and on a small apron conveyor,
are described and the test results analyzed.

The investigation of the 4ARDF and dRDF/coal blend was
supported by the Air Force and was part of a large investiga-
tion of conveying systems for a variety of processed waste
feed stocks conducted by the Naticnal Center for Resource
Recovery from the U.S. Environmental Protection Agency. Some
results from this broader investigation are included in this
report for comparison.
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SECTION I

1 INTRODUCTION

There exist in established literature guidelines for tne
selection, design and operation of various types of conveyors
for most bulk solids. From these sources there also are data
or relevant physical and other descriptive properties for a
large number of materials that are essential for proper applica-
tion of conveyor design guidelines.
The Belt Conveyor Design Handbook, published by the Conveyor .

Equipment Manufacturer's Association (Reference 1), is an excellent

example of such a handbook with properties on over 400 materials

and detailed guidelines on belt conveyor design. Yet, with the

exception of glass cullet, no information is available in this or
any other single publication on properties or conveyability of
processed MSW fractions (such as dRDF or dRDF/coal blends).
Lacking such information on materials properties, the design
engineer or equipment vendor has been hampered in efforts to apply
well-founded engineering data and principles to the selection and
construction of conveyors for solid wastes or to conduct proper

evaluation and assessment at existing plants. As a result, prob-

lems with conveyors have been common to nearly all existing waste !

processing facilities, both on a large and small scale.

lConveyor Equipment Manufacturers Association, Belt Conveyors
for Conveyors for Bulk Materials, 2nd Edition (Boston, Massachu- v

setts: CBI Publishing Company. 1979).




For example, attempts to handle and convey dRDF and dRDF

coal mixtures in svstems designed for coal typically result in

poor equipment performance. Implementation of nonoptimal systems
often results in low availability, low reliability and high costs
for maintenance and repair.

In response to these cxpressed needs, the Municipal Environ-
mental Research Laboratory of the U.S. Environmental Protection
Agency (EPA) implemented a program to investigate engineering
design considerations in selecting conveyors for resource recovery

facilities. The final report 1s available as Reference 2.

The study included construction and operation of a laboratory-
scale, closed-loop test rig to examine and gquantify the performance
of a variety of conveyors working on: raw mixed solid waste (MSW),
shredded MSW, air classified light fraction MSW, air classified
heavy fraction MSW and separated ferrous metals.

Midway through the study, discussions between NCRR, EPA and
the Headquarters Air Force Engineering and Services Command led
to an Interagency Agreement and participating Air Force funding
for a broadened study to include densified refuse derived fuel
(dRDF) and dRDF/coal mixtures. The Air Force had made a multi-
year Research, Development, Test and Evaluation (RDT&E) commitment

in conjunction with an experimental dRDF cofiring program at a

large coal-designed heating/power plant at Wright-Patterson Air

2Z. Khan, M. Renard, and J. Campbell, Considerations in Selecting

Conveyors for Solid Waste Applications, draft for Final Report
(Washington, D.C., July 1981).
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Force Base, Ohio. These investigations of ARDF and 4RDF/coal
handling and conveying are to be integrated with this larger,
long term RDT&E program at Wright -Patterson.
OBJECTIVES
The objectives of the project were to:
- Determine through engineering analysis and
experimentation which properties and charac-
teristics of dRDF and dRDF:coal mixtures have
significance in conveyor design, selection,
operation and assessment.
- Measure these significant properties.
- Provide reliable engineering data to be used
in new and modified conveyor systems for JdRDF
and dRDF:coal mixtures.
SCOPE
This full conveyor study investigated properties and charac-
teristics of six processed waste fractions and evaluated performance
on three conveyor types. The scope of the Air Force supported
investigation included analysis of samples of dRDF and a 1:1 dRDF:
coal mixture and then evaluation on belt (horizontal and inclined),
vibrating pan and apron conveyors. The laboratory and test work
was conducted in the period of June through October 1980.
The samples of dARDF and dRDF/coal mixtures were obtained
from the Baltimore County Resource Recovery Facility in Cockeysville,
MD, and from WPAFB. In spite of the recognition that the AdRDF

properties were likely to vary from sample to sample, and thus




have some impact on conveyor performance, the scope of the program
did not allow test rig evaluations on multiple dRDF or blend samples.
Rather, through careful sampling and monitoring of sample.pnoperties,
the goal was to obtain and test material samples representative of
the individual processed fractions and reasonably consistent from
test to test.

FACILITY AND TEST RIG DESCRIPTION

The experimental activities in this program were conducted
at the National Center's Resource Recovery Laboratory, a 3000 ft2

process test facility located in Upper Marlboro, MD, southeast of

Washington. Concurrent engineering and analytical activities were

supported from the main NCRR offices in Washington.

The design of the test rig was based on several considerations:

- Ability to fix mass flow rates.

Accessibility for dynamic measurements and sampling.

- Flexibility to interchange, incline, or vary the speeds

of the test conveyors.

A continuous loop, recirculating flow configuration as shown

in schematic in Figure 1 and pictured in Figure 2 was selected for

the tests. A surge hopper with a variable speed .pan conveyor to

control feedrate was tried initially, but found to result in

surging and thus poor feedrate control. The second and successful

approach was to fix conveyor speeds and charge a measured quantity

of the test material into the system and thus cbtain a constant

mass flow rate throughout the loop. It was experimentally estab-

lished that the mass flow rate could be held within a range of

cbitiiaatts s
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plus or minus 5% of the measured average.

Table 1 provides specifications for each of the conveyors
i in the test rig. Both the test belt conveyor and test vibrating
conveyor required modifications to provide the ranges of operating
conditions that are shown.
ORGANIZATION OF THE REPORT

Section Il of the report provides data and discussion on the
key properties and characteristics of solid waste fractions
affecting conveyability. Property and characteristic data are
provided in this section on all the six processed waste samples

included in the investigation (Reference 2). This is done to

permit comparison-of the results and in view of a potentially
growing interest of the Air Force in waste-fuel utilization.
Section II1 develops the rationale and approach for design of the
test program and judging belt conveyor performance and includes
results of belt conveyor test in the horizontal and inclined modes.
Sections IV and V present the results of testing the dRDF and dRDG/
coal blend on vibrating pan conveyors and apron conveyors respec-

tively. Selected experimental results are again provided on other

material fractions for purposes of comparison (Reference 2).

|
2 : . . . | ;
Z. Khan, et al., Considerations in Selecting Conveyors for Solid
Waste Applications.
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SECTION II

PROPERTIES AND CHARACTERISTICS OF SOLID WASTE
FRACTIONS AFFECTING CONVEYABILITY

As discussed earlier, in conveyor design it is essential to
have engineering data on material properties and material handling
interactions. This information is available for most bulk solids
but not for MSW or processed fractions or blends.

The properties and characteristics of bulk materials affecting
conveyability and their test methods have been researched and pub-
lished by the Conveyor Equipment Manufacturers Association (CEMA)
(Reference 3). Table 2 shows a complete list of properties and
characteristics that affect conveyability. The asterisks in Table
2 indicate those which were considered unrelated to the conveya-
ability of solid waste fractions. The daggers rate properties
for which test methods have yet to be developed.

MEASURED PROPERTIES AND RESULTS

The following are the results from reviews or measurements
of the properties listed in Table 2. Test methods, as available
or applied, are given in Appendix A.

Angle of Maximum Inclination

The angle of maximum inclination is defined for a belt con-
veyor to be that angle, in degrees to the horizontal, at which an
empty conveyor belt will successfully transport the material fed

to it. The results were observed to be dependent on belt config-

3Conveyor Equipment Manufacturers Association, Classification
and Definitions of Bulk Materials, No. 550 (Washington, D.C.,
1970) .
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TABLE 2. PROPERTIES AND CHARACTERISTICS OF RBUIK
MATERIALS AFFECTING CONVEYABILITY (Reference 3)
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Properties (measured)

Abrasivenesst

Angle of External Frictiont

Angle of Internal Frictionf¥

Angle of Maximum Inclination (of a belt)
Angle of repose

Angle of slide

Angle of surcharge

Bulk Density - loose

Bulk Density - vibrated

Cohesiveness+

Elevated Temperature*

Flowability - flow functiont

Lumps - size - weight

Specific gravity*

Moisture Content

Particle Hardnesst

Screen Analysis and particle size consist
Sized and unsized material

Characteristics (assessed)

Aeration - Fluidity*

Becomes plastic or tends to soften*
Builds up and hardens

Corrosive

Generates static electricity*
Degradable ~ size breakdown
Deteriorates in storage - decemposition
Dusty

Explosiveness

Flammability

Harmful dust, toxic gas or fumes
Hygroscopic*

Interlocks, mats and aggleomerates
Oils or fats present*

Packs under pressure

Particle shape

Stickiness - adhesion

Contaminable

Very light & fluffy - may be windswept

-+

Considered unrelated to conveyability of solid waste.
Test methods for processed solid wacste fractions yet to
be developed.
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uration, belt speed and mass flow rate. Table 3 presents maximum
angle of inclination for mid-range mass flow rates for each
material and at a fixed belt velocity of 0.51 m/s (100 fpm).
Angles are seen to be greater with feedstock of higher densities
such as the coal/dRDF mixture. The test procedure is given in
Appendix A.

Angle of Repose

The angle of repose for bulk material in a stockpile is the
angle between the horizontal and a sloping line from the top of
the pile to g%e base. The measurement procedure is provided in
Appendix A. The results as a range for each material are shown
in Table 4.

Angles of repose will vary due to irregularities in particle
size, shape and concentrations. Also, the piles of waste materials
were never observed to be uniformly conical, and thus several angles
of repose were measured around the pile. The angle of repose for
the dRDF was observed to vary with the level of unpelletized
material. For loosely bound pellets with significant unpelletized
material, higher angles were noted. For hard, stable pellets,
angles of repose toward the lower end of the range were observed.

Angle of Slide

The angle of slide is that angle to the horizontal of an
inclined flat surface on which an amount of material will begin
to slide downward due to its own weight. Such a measurement is

of particular use in design of chutes or diverters.

12




TABLE 4. ANGLE OF REPOSE

ANGLE OF REPOSE

SOLID WASTE

FRACTION RANGE AVERAGE
MSW 250 - 520 39
RDF 290 - 490 40
d-RDF 270 - 46° 38
HF 300 - 59¢© 40
Ferrous Fraction N/A* N/A¥
dRDF/coal 40° - 450 42

* No measurement made as small sample size led to slumping to a

monolayer.
TABLE 5. ANGLE OF SLIDE
SOLID WASTE FRACTION ANGLE OF SLIDE
STEEL PLATE CONVEYOR BELTING
MSW 29.30 30.0
RDF 31.0¢ 35.0
d RDF 32.80 34.5
Heavy Fraction 27.50 28.5
Ferrous Fraction 17.5° 32.0
dRLF/coal 22.0° 24.0

13
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Experimental determination of the angle of slide will be
affected by the:

- type and condition of the underlying surface.

- state of compaction of the material.

- rate of change in slope (controlled by the operator).

Tests were conducted both on a steel plate and rubber conveyor
belting. For each test, approximately 14.2 dm® (0.5 ft’) was
utilized. The results in Table 5 indicate that all of the waste
fractions will slide, under static conditions, at a lower angle
on steel than conveyor belting. The low angle of slide for the
dRDF/coal mixture (220) compared to the dRDF alone (330) suggests
that chute or hopper systems designed for coal only may in practice
be suboptimal for dRDF. The test procedure is given in Appendix A.

Pngle of Surcharge and Maximum Angle of Surcharge

The angle of surcharge is the angle to the horizontal which
the surface of the material assumes while at rest on a moving con-
veyor belt. Figure 3 shows the angle of surcharge, «, for three
types of conveyors. For bulk solids listed in the CEMA Handbook
on belt conveyors and when tested on a moving belt, this angle is
said to be observed to be 5° to 15° lower than the angle of repose
(Figure 3).

The angle of surcharge as defined (on a moving belt) could
not be experimentally determined, because the available equipment
and quantity of material were too small for the prescribed procedure.

In this program, a maximum angle of surcharge on a belt (a )

max

14




Belt Conveyor

Flat Conveyor With
Skirt Board

Flat Apron Conveyor Without Skirtboard.
(Same As Angle of Repose)

Figure 3. Angle of Surcharge for Three Types
of Conveyors
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has been defined as the experimentally determined angle at which
the conveyor can be loaded to a maximum capacity (i.e., filling
a maximum belt cross section) under static conditions (i.e., with
the belt at rest). These figures are shown for the six materials
and two idler configurations in Table 6. Take note of the low
value for the dRDF/coal mixtures. This result is lower than the
angle of repose, contrary to the increases for the other materials
and suggests an unrepresentative sample or a measurement error.
The procedure for this measurement of angle of surcharge 1is agiven
in Appendix A.

Loose Bulk Density

While there are several published standards for determining

bulk density, such as the American Society for Testing and Mate-

rials (ASTM) methods for aggregates and coal, they are not generally

applicable to solid waste. The two methods to measure bulk density

that were applied in this study, loose and vibrated, are described
in Appendix A.

The loose bulk density appears to be more representative of
the two methods in representing the density of a material on a
conveyor belt. Loose bulk density is the weight per unit volume
of a sample discharged from a container into a pile or cone
without any other compaction. The results are provided in
Table 7. Note the narrower ranges in loose bulk density for the
dRDF/coal blend compared to the more heterogeneous MSW and heavy
fraction samples, due mainly to the presence of discrete heavy

or larger-sized material. Such uniformity in bulk density will

16




TABLE 6.

MAXIMUM ANGLE

OF SURCHARGE

SOLID WASTE FRACTION

MAXIMUM ANGLE OF SURCHARGE

200 Idler 35° Idler
MS¥ 55 549
RDF 510 650
dRDF not measured 490
HEAVY FRACTION 480 59©
FERROUS FRACTION not measured 52©
dRDF/COAL not measured 40°
TABLE 7. BULK DENSITY (LOOSE)
(kg/m*)
SOLID WASTE FRACTION BULK DENSITY (LOOSE) (lbs/ft®)
RANGE VG,
MSW 61-152 (3.8 - 9.5) 106 (6.6)
RDF 34-50 (2.1 - 3.1) 43 (2.7)
dRDF 361-387 (22.6 - 24.2) 374 (23.4)
FERROUS N/A* N/A*
HEAVY FRACTION 366-598 (22.9 - 37.4) 482 (30.1)
dRDF /COAL 712 (44.5) 712 (44.%)

* No measurement made as sample size too small and material
slumped to monolayer.




be seen to result in reduced tendency for conveycr spillage and
is one advantage with a densified form of waste fuel.

Vibrated Bulk Density

The vibrated bulk density is the weight per unit volume of
a sample which is in a compacted condition as a result of vibrating
or tapping of the test container as it is being trilled.

This method (Appendix A ) is comparable to a standard
recently developed by The American Society for Testing Materials
Committee on Resource Recovery (E-38) but substitutes the CEMA
vibration method which is more applinable for coal and aggregates.

The results are given in Table 8.

The reason for the lower vibrated bulk density for the dRDF/
coal mixture contrary to trends of increased density with the
other materials is not known. It is possible the ratio of coal
to dRDF varied slightly between the samples used for the two
tests. This anomaly and the probable explanation serves to
emphasize the impact of a minor change in the blend ratio on
bulk density and thus conveyor capacity.

Comparing the results in Tables 7 and 8, it can be seen that
the vibrated bulk densities are higher by about 20% than the loose
density. Whereas the vibrated bulk densities are generally
utilized for determining volumetric flow rates, it is proposed
that the loose bulk density value should be measured and used in
conveyor design for MSW or its processed fraction as it is more

representative of the actual as-handled material conditions.
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TABLE 8. BULK DENSITY (MAXIMUM)

Solid waste Buik density

fraction Range kg/m?® (1b/ft®) Average
MSW 66 - 200 ( 4.1 - 12.5) 134 ( 8.4)
RDF 37 - 72 ( 2.3 - 4.5) 54 ( 3.4)
d-RDF 402 - 486 (25.1 - 306.4) 445 (27.8)
Heavy fraction 334 - 451 (20.9 - 28.2) 435 (27.2)
Ferrous fraction 194 (12.1) 194 (12.1)
d-RDF/coal 590 (36.9) 590 (36.9)

Angle of External Friction, Angle of Internal Friction,
Coheisveness, Flowability

Brief definitions of these properties are as follows:

The Angles of External and Internal Friction are properties
of a material related to shearing resistance between the material
and a surface of another material (external) and resistance to
sliding or rolling of particles in relation to themselves (internal).
They are experimentally determined by a direct shear-controlled
stress tester (Reference 4). Cchesiveness in bulk material is
characterized by the degree to which individual particles tend to
cling together anc¢ is also measured in direct shear-controlled
stress tests. Flowability (flow function) characterizes the
freedom of constituent particles or groups of particles to move

when the bulk material is put in motion and is determined in

4

J.R. Johanson, Know Your Material - How to Predict and Use
the Properties of Bulk Solids, Chemical Engineering Handbook,
October, 1978), pp. 9 - 17.
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direct shear-controlled strain testing.

These properties have their primary application in the
design and assessment of storage and discharge systems and
are not currently used to any significant degree in conveyor
design, selection or evaluation.

In any case, the scope of the test program did not present
evaluation of the dRDF and blend sample flow properties with
the shear-controlled stress tester. Reference is made to flow
property test results on a dRDF product of similar size and com-
position from a project initiated by the U.S. Army, Construction
Engineering Laboratory (Reference 5). Two samples of 1/2 inch
diameter dRDF were analyzed as part of a design effort on a bin
and feeder for reliable dRDF flow. The results involve substantial
tabular and graphical presentations so are not reported here.

Particle Hardness

Particle hardness, by the CEMA definition, is of interest
in relation to possible abrasiveness, potential for cracking or
crumbling to smaller particles in handling and the ease with which
it may be intentionally cracked or broken in crushing or grinding.
For dRDF and blends, the second factor, referred.to here as
pellet integrity, is of the greatest concern related to effects
of reducing density and increasing fines content of the AdRDF.
These changes can in turn increase volumetric loading and wind-
swept spillage of the dRDF during transport on the conveyors.

There have been a number of efforts made toward establishing )
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a procedure to quantify pellet integrity. In two densification
projects at NCRR (References 6,7), separate tumbler and drop/
shatter coal test procedures were adapted and applied to samples
of dRDF from various points in the production, handling and
storage processes. The requirements for a larger number and size
of samples, the rigor in measuring changes in length and fines
content, the frequent absence of statistically significant changes
and inability to relate the test results to loss of integrity in
actual handling were drawbacks to the tests. For these reasons,
these procedures were not applied to the dRDF or blends in the
conveyor test program.

Some comments on the factors effecting pellet integrity may
be of value. Observations during the production, transport and
storage indicate resistance to abuse to be a functicn of pellet
density, moisture content and pellet temperature. Low density
pellets tend to have partly separated shear planes and ragged
edges that make them more susceptible to breakage. Pellets
with higher moisture contents, as a result of moisture in the
feedstock o0f moisture absorbed in storage, tend to swell and
delaminate and are more easily broken. Pellets that are not
cooled after production or are subjected to higher temperatures
in storage were observed to be less cohesive and, thus, more
easily broken.

Abrasiveness

In the case of abrasiveness, a test to assess relative
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abrasiveness of the various waste fracticns was developed, but
proved unsuccessful. A sheet of material (rubber belting and
aluminum) was placed in the material trajectory at one of the
right angle turns on the test rig. Measurements were made of
the weight loss of the impact sheet related to mass flow and
time for each waste fraction. Unfortunately, the results
obtained during the test program were inconclusive. Much longer
periods of time than were available and repetitive tests would
appear to be required to provide meaningful results. For dRDF
and blends, the abrasiveness would not be expected to exceed
that experienced with coal alone.

Size and Weight of Lumps

According to the CEMA definitions, lump size is the maximum
linear dimension of a large particle, or stable agglomeration
thereof, in a bulk material. The lump weight is the weight of
the maximum sgize lump. The measurements of the largest lump
size were made in conjuncticn with the particle size distribu-
tion test outlined in Appendix A. FPor sized material like
dRDF and stoker coal, this material property is not relevant.

Moisture Content

The moisture content of a material reflects the absorbed
and adsorbed water and is measured by evaporation through
drying. The procedure used in this program is provided in
Appendix A. Because of the wide variations in moisture

content of MSW and its processed fractions, and the potential
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for changes between sampling and measurements, the results in
Table 9 should be viewed only as general indicators.

Waste materials with higher moisture content, although
beneficial in limiting dust, may contribute to either opera-
tional or maintenance problems. Moisture will increase material
stickiness and adhesion onto belts or chutes and can lead to
corrosion.

Screen Analysis and Particle Size Distribution

A screen analysis using a conventional shaker screen tech-
nique (see Appendix A) was conducted to obtaln a particle size
distribution (PSD) for four of the six solid waste fractions.

No corventional PSD analysis was performed for the 4RDF or coal/
dRDF blends, because the fixed pellet diameter (13 mm) makes a
screen size analysis meaningless.

Pellet length and fines cortent (defined for 4RDF as -10
mm (-3/8 inch) material) are alternate methods for assessing
dRDF size, and as mentioned in the discussion of particle hard-
ness, have application to pellet integrity tests for empirically
assessing the effects of actual handling in the field. Although
not considered a relevant parameter in the recirculating test
program, dRDF and coal/dRDF fines content was measured at various

points in the tests to assure the test sample had not degraded

significantly and thus would not substantially effect the results.




TABLE 9. MOISTURE CONTENTS.

Moisture Content

Solid Waste Fraction (3 as received)
Range Avg.
Msw 18.0% ~ 30.0% 21.8%
RDF 9.1% ~ 19.0% 14.2%
dRDF 20.5% ~ 22.7% 20.6%
Heavy Fraction 9.2% ~ 20.8% 15.9%
Ferrous Fraction 2.6% 2.6%
dRDF/coal - 9.3%

The results for the other materials afe presented for
reference in Figure 4. Such information is of value in speci-
fying conveyor parameters such as belt width, idler angles,
conveyor skirting and in the design of conveyor loading and
discharge configuration.

Sized and Unsized Materials

A sized material consists of particles which have been
passed through some defined mesh screen and retained on some
smaller mesh screen; a partially sized material is made of
sized and unsized material.

Under those definitions, the solid waste fractions evalu-
ated in this program are unsized, with the exception of the
dRDF, which is produced by an extrusion process and thus

effectively sized and uniform in physical dimensions. Processed
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waste fractions encountered in other waste processing plants
may have undergone a screening process and thus be considered
sized.

CHARACTERISTICS ASSESSED

Certain material characteristics do not have defined measure-

ment techniques, but still must be addressed in designing a con-
veyor system. Several of the key characteristics and selected
physical properties have been combined and coded in a material
class description form shown in Table 10. Further discussion on
these characteristics and their assessment are given by CEMA
(References 1,3).

Using this CEMA classification approach, Table 11 provides
coding for the six material evaluated in this program. It is
recommended that they be used with the awareness of their limi-
tations, due to the heterogeneity and variability of these types
of material.

For reference, the CEMA Material Code for sized bituminous
coal (the closest coal listed to the stoker coal utilized in the
tests) is 50 D335QV (Reference 3). Comparing the code to that
established for the dRDF/coal mixture (45 D345HJQL) reveals the
changes in material characteristics resulting from blending the

dRDF, and suggests the potential for problems in handling a dRDF

product or blend in a material handling system designed for coal.

Conveyor Equipment Manufacturers Association, Belt Conveyors
for Bulk Materials.

3Conveyor Equipment Manufacturers Association, Classification
and Definitions of Bulk Materials.
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TABLE 10. MATERIAL CLASS DESCRIPTION.

Material Characteristics Code
Very fine - less than 100 mesh A100
Fine ~-1/8 in. or less Bg
Size Granular -3 in. or less D2
Lampy - containing lumps 16 in. or less Dig
Irregular - stringy, interlocking E
Very free flowing - angle of repose less
than 19°
Free flowing - angle cof repose 20° to 29° 2
Flow- Average flowing - angle of repose 30° to
Ability 39°
Sluggish - angle of repose 40° and over 4
Non-abrasive
Abrasive
Abrasiveness Very abrasive 7
Very sharp - cuts or gouges belt
conveyors 8
Builds up and hardens F
Deteriorates in storage H
Corrosive T
Degradable - Size Breakdown 0
Charaqterls- Dusty L
tics
(Assessed) Explosiveness N
Flammability J
Harmful dust, toxic gas or fumes R
Interlocks, matts or agglomerates Y
Packs under pressure X
Charaqterls— Stickiness - Adhesion o}
tics
Very light fluffy Y
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These changes and impacts on conveyor systems include: reduced
density and therefore increased volumetric flowrates; reduced
angle of repose with potential for increased flow problems;
added potential for deterioration in storage with resultant
impacts on density, size and other properties affecting con-
veyability; and increased dusts with potential effects on
spillage and dust control requirements. The CEMA designation
of the coal as having interlocking and matting characteristics
is not understood; the CEMA definition does not seem to apply

to the coal/dRDF mixture.
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SECTION III

BELT CONVEYORS

INTRODUCTION

Belt conveyors have wide applications in mining, construc-
tion and processing industries. Compared to other types of
conveyors, they have advantages of being relatively simple and
economical and suitable for conveying material of varying compo-
sition, size and moisture. They can be operated in the horizontal,
inclined or declined mode. Belt conveyors are commonly present
in resource recovery plants for transportation of MSW cr the
variety of its processed fractions.

Resource reccvery plant operating experience hes indicated
that, in spite of simplicity in design and operation, rumerous

problems still beset belt conveyors such as spillage, jams, roll-

back, dusting and wear. Some of these problems are attributable
to the properties and characteristics of the materials being con-
veyed, as have been discussed in the previous section. But, other
problems are related to operating variabies over which a designer or
operator has control such as belt size, speed and inclination;
idler type and angles; and loading and discharge configuration.
However, to understand or optimize design and operation, the
influence of the conveyor configuration movement, shape and speed
on these problems must first be understood.

The approach in this investigation was to explore the impact

and interrelationship of these equipment and operating variables
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on conveyor performance through a systematic series of tests on
a horizontal and inclined belt.

However, prior to the conduct of the tests, an analysis of
the rationale and criteria for evaluating and judging conveyor
performance had to be developed, and was published earlier in
1981 (Reference 8). The analysis and development of a test plan
are described next and will be followed by the results and discus-
sion of the tests.

ANALYSIS AND DEVELOPMENT OF A TEST PLAN

Rationale: Designing for a Rate of Spillage

In designing a series of tests to define the ranae of "cood"

or "best" operation of a belt conveyor carrying a aiven material,

some thought should be given to the criteria by which such labels
as "good" or "best" might be awarded.

As noted above, experience of observations gathcred 3t a
number of operating plants with systems to convev solid wvaste
fractions strongly suggests that, by far, the most undesiracie
feature in such systems is a high rate of spillage. Spillaces
on the sides of conveyor belts, or at transfer points, will fall
on the floor, jam up rotating pieces of equipment and be a cause
of constant problems in maintenance, odor, sanitation and clean-up.
As an illustration, assume a rate of spillage of 1% of the mass
flow rate on a conveyor belt 30.5 m (100 ft) long. The belt
carries 1.8 Mg/h (2 ton/h) of light fraction (fluff RDF) having

a bulk density of 54 kg/m® (3.4 1b/ft3). After an 8-hour shift,
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0.14 Mg (0.16 ton) will have accumulated along the belt, repre-

senting a total volume of 2.1 m?® (94 ft?). On each side of the
belt, this would be the equivalent of a layer 30.5 cm (1 ft) wide
and 15 cm (0.5 ft) high. Needless to say, such rate of spillage
would be intolerable in steady operation.

Other desirable (but possibly less crucial) features of a
belt conveyor system of known geometry, carrying a given material,
are:

(a) High throughput for a given size (as measured
by the width of the belt).
(b) Low power consumption.
(c) High reliability and trouble-free operation.
(d) Low levels of dust emissions.
(e) Ease of transfer of material to and from the belt.

In view of the extreme importance of limiting spillage to
a low, admissible level, it was decided at the outset to design
the conveyability on the basis of a criterion of acceptable spillage.
Then, consideration was given to high throughputs (feature (a) above)
by studying the dependence of throughput on belt speed.

Item {b) above, the power consumption, was measured at the
various operating points, with no attempt being made to modify the
design of the belt being tested for lower power consumption. (It
should be kept in mind, however, that high power consumption might
be one of the essential deciding factors when choosing between an

open, skirted or covered conveyor belt system (Reference 1)). N
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High reliability and trouble-free operation, item (c), can
only be ascertained after much longer periods of time than would
be possible in this test program. Still, whenever possible and
justified, incidents of operation, jamming of equipment or other
conditions were noted and documented.

As will be detailed below, dust levels were recorded and
evaluated in a relative, and to some extent, absolute manner.

These levels were obtained at various typical locations (near
transfer points, in the middle of a straight run, etc.), thus
allowing comparison of the dependence of dust levels on location
as well as on the operating parameters and the kind of solid waste
fraction being conveyed.

Finally, the ease of transfer of the material studied onto and
from the belt will be highlighted in two principal ways: first, by
observing and recording trajectories of the material at the dis-
charge point from the conveyor belt and comparing them to those
predicted by methods conventionally used in applications for mate-
rials other than solid waste; second, by making experimental obser-
vations, largely qualitative, and ad hoc improvements during the
course of the tests to serve as a guide for assessing the proper
mode of feeding the belt with a variety of feedstocks. This is
particularly true in the case of a steeply inclined belt, for
which transfer and acceleration on the belt in the zone located
directly under the chute or feeding stream are the mechanisms

critically limiting throughput and/or producing surges.
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Horizontal Belt: Choice of Test Variables and Parameters

As a help in the discussion, a schematic representation of the
| conveyor belt system is shown in Figure 5. The belt has length LB’
and can be either horizontal (» = 0) or inclined at angle =« on the
horizontal. At the inlet point A, the input mass flow rate (having
dimension mass/unit time, or (MT_l)) is noted min; the mass flow
rate exiting the belt at Point B is noted mout

Spillage Rate
The spillage rate (s) is a relative measure of the mass of

conveyed material being spilled, per unit of mass flow rate con-

veved and unit length of belt.

This would appear as a logical definition, but it implicitly
contains some assumptions or simplifications. First, the input
mass flow rate, min defined above and in Figure 5, is assumed to
be known d constant. In actuality, the mass flow rate (min) is
steadily creasing with time, due to spillage and the fact that
the mass spilled is not replaced on the belt. For small spillage
rates (1% or less over the length considered), this effect is of
second order, provided the duration of the test is not too long.
This is quantified in Appendix B. Second, the rate of spillage
is construed to be proportional to belt length, and for long,
straight runs, this might be the case only after the "discrete"
spillage at transfer points A and B in Figure 5 has been subtracted
from the total spillage. More will be said about these limitations
further in the text, when discussing the experimental procedure

and test results.
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Let ms be the mass flow rate of material spilled per unit
length of belt. The formal definition of the spillage rate, as
a fraction (p.u.), or percentage, will be (with the above qguali-
fications) :

5 = dms/dx _ Min 7 Mout (per unit)

in in B
or

s, = 100 é (percent).

%

Note that s and éQ have dimensions mass/unit time and length

-1 =
MLty

For example, spillage rate of 10_S or 0.001% per 0.30 m (1 ft) of
belt on a belt 30.5 m (100 ft) long fed at the rate of 1.8 Mq/h
(2 ton/h) would amount to a total amount of mass spilled, over 1
hour, equal to

-5

1077 x 107 x 1.8 Mg = 1.8 kg (4 1b)

This would represent 28 am’ (1 ft’) of a material having a bulk
density of 64 kg/m (4 lb/ft’).

The concept of admissible (or maximum) spillage rate, émax '
can now be introduced at that upper bound on the spillage rate
which, over the time periods and lengths of belt considered, is
deemed to be tolerable under the conditions of use. As sketched

in Fiqgure 6, the designer might be able to choose, for a given

material and system geometry, an operating point "P" leading to

lower spillage, é, than the maximum tolerable one, émax' !
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Obviously, the absolute level of such spillage rate is partly

a matter of judgment and partly specific to the material conveyed
and the operating conditions at the site. 1In designing a test f !
procedure for the present investigation, the admissible {(or max.mum)
spillage rate was selected on the basis of engineering judgment.

The selected rate was not so small that it could not be measured
with a good degree of accuracy, yet not so large that it would

make the volumes physically intractable and the flow rates unsteady.
Thus, to some extent the choice of threshhold "émax" is also
influenced by the material conveyed, the characteristics of the
experimental set-up and the attainable ranges of test parameters,
such as capacity, belt speed, etc.

Materials Conveyed

In the present discussion, the material being conveyed is
assumed to be given from among the fractions listed and described
in Section II. Its properties and characteristics, in the sense
explained previously, have been measured and recorded.

System Geometry

The size and geometric characteristics of the conveyor belt
are assumed to be known. In the present case, this amounts to
giving (Figure 7):

- The belt width, w. This width can be divided in the

part of the belt resting on the horizontal rollers, Wy

and the part resting on the idlers w W=w, + w
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Figure 7. Cross-section of loaded
belt (at rest)

- The idler angle, B.
- The spacing between idlers, ?, along the direction
of the motion (not represented in Figure 7).
Static Capacity

Assume that on a length of belt sufficiently long to ignore
end effects, the material under study is piled up, at rest, so
that the edge of the pile on either side touches the edge of the
belt. If a unit length (L = 1) of belt is considered, it has a
cross-section similar to that sketched in Figure 7. The static

capacity, CST' will be defined by the area of this cross-section,

conmputed as

hy

- _+ ' ' '
CST =3 (wl + 2w2) t v, (w2 + wl) tan B (1)

N =

with wé = W, COS B where B is the idler angle and hl is measured.
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Note that Cg, has the dimension of an area (L%), and

CST x L is the volume of material resting on a length L of belt.
Dynamic Capacity

If in the experiment outlined above we set the belt in motion,
the material resting on the belt will tend to crumble along the sides
of the (two-dimensional) pile, and the cross-sectional area occupied
by the material will decrease below the value at rest, CST'

The belt volumetric carrying capacity will not be that which
would be realized if the cross-sectional area CST could be main-~
tained without spillage under dynamic conditions (belt at speed

VB); namely

Q = Cgn Vg (L3r-1). (2)

To quantify this reduction, it is proposed that a prescribed
degree of spillage (per unit time and unit length of belt) be
specified in advance, (for example, s). Under such conditions, a

measured {(or computed) area of capacity C is obtained experi-

DYN
mentally. The reduction in capacity resulting from the motion is

then assessed by a reduction coefficient:

k= _DYN (3)

which itself is a function of the dynamic parameters, as described
below, and of the prescribed degree of spillage. It is obvious
that the dynamic capacity would, all other factors being equal, be
expressed by a larger number if the allowed rate of spillage is

larger.
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One way to look at relationship (3) is to consider kRED as
a measure of the efficiency with which the volume above the belt
is occupied under dynamic conditions, compared to the maximum volume
achievable at rest, for a prescribed degree of spillage.

Fundamental Test Variables

It is now possible to state what the independent and dependent
variables should be in the basic test proposed.

The geometry, size of the system and the conveyed material are
given. Among other properties, its bulk density, in the conical
mode, has been determined. It is assumed that the variations of
this density with the speed and lcading of the belt are small and
neglected (a fact qualitatively confirmed by observation).

The fundamental variables:

- mass flow rate, m

- area of cross-section of the belt occupied by the

material, or dynamic capacity, CDYN
- V, belt speed

are related to each other and the measured bulk density, o by

bl

m = C v . (4)

°p “DYN

We are at liberty to select V, the belt speed, as an independent
variable. Increasing the belt speed might increase the conveyor
carrying capacity, but this is not uniformly true since excessive
speeds would increase spillage beyond tolerable limits due to

blow-back and vibrations.
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Similarly, we could select C the cross-sectional area of

DYN'
the material on the belt, as an independent variable, and attempt
to increase it (for fixed V) to increase the carrying capacity.
Again, this might only be possible to a point, due to excessive
mass spillage from the crumbling sides of the moving load.

Finally, the throughput m and belt speed V could be varied,
but the dynamic capacity, calculated from equation (4), would
still need to be related to the observed spillage rate.

Thus, in actuality, equation (4) should be used to compute

C given a spillage rate s related to the throughput and belt

DYN'
speed by

m=F (s, V) (5)
or solving for s:

s =F (m, V). (6)

In this preferred form, the choice of independent and

dependent test variables is apparent:
- for a series of experiments, the mass flow rate m will

be set at a fixed value, m = m, (independent variable: m)

1

- in that series of experiments, the velocity of the belt,

V, will be varied over an operating range,.-i.e., V = V1

such that Vm. <V, <V (independent variable: V)

in 1 max
For every pair (ﬁl, Vl)’ the spillage rate s will be measured as
the dependent variable. As explained before, if s = s, (some
chosen value) for some pair (h*, V*) obtained from experimental

or graphed results, C the dynamic capacity for spillage rate

DYN'
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S,+ 1s computed as
mx

Cx = T V%

DYN "b (7)

Dividing this expression by C previously defined, the dynamic

ST'

coefficient of reduction in capacity, kﬁED (corresponding to
spillage rate é*) is
. .
Kk o BN _ M (8)
= = ro
RED  Cgp  Pp Cgp V

In summary, it appears logical to select the throughput m
and belt velocity V as independent variables, and to measure the

spillage rate S as a dependent variable. Other subsidiary quan-

tities, such as the dynamic capacity or coefficient of reduction
in dynamic capacity or coefficient of reduction in static capacity,

can then be computed from the previous ones.

Functional Dependence of Spillage and Mass Flow Rate
on Velocity

On physical grounds, the expected dependence of the spillage
rate on belt speed and mass flow rate can be obtained.
(a) Fixed Spillage Rate: Consider for given spillage rate,

s = é*, the dynamic reduction coefficient, k* At very low

RED’
speeds, this quantity is expected to be smaller than, but on the

order of, 1. At very large speeds, on the other hand, the whole
mass being conveyed will be spilled, due to aerodynamic effects,

vibrations and shocks on the idlers. Ideally, k +~ 0 when

*
RED

V* =+ V*, as shown in Figure 8. Thus, k is conjectured to have

*
RED

the shape of a monotonously decreasing function, over the range

of interest for V*. But, since the mass flow rate ﬁ* corresponding

ﬁ -




K 4 . =
.red, s = s
m, \'* Z (FIXED SPILLAGE
; RATE)
|
ll\ |
o | Y 7%
j ™ kred V
;
k !
red
; v
/ ;
; |
/ ! \
/ | \
/I !
/ I \
/ | N
! i \\\’7(Vi
0 | N .

v
opt

BELT SPEED
Figure 8. Shape of Curves of Dynamic
Reduction Coefficient vs. Speed,
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it follows that m* should have a maximum, shown as point Z in

to velocity V* and sp..lage rate é* is m* = ¢

Figure 8. Thus: At given spillage rate, there should exist an
optimal velocity for which throughput is maximized.

(b) Fixed Mass Flow Rate. Using Figure 8, in a plane of
coordinates mass flow rate, velocity of (ﬁ, V), 1t is thus possible

to locate two points, of abscissa VC' \% respectively and ordinate

DI
m, which are on a locus m = (s,, V), i.e., a curve of constant

spillage rate, é* (Figure 9).

If a number of plots such as Figure 8 were drawn, a family
cf curves having the shape sketched in Figure 9 ané corresponding
to various mass flow rates could be obtained. From these, in turn,
curves giving the spillage rate vs. V, for given mass flow rate
m are derived and given by eguation s = (ﬁ, V). For convenience,
these curves will be labeled the ﬂef" curves (Figure 10).
(c) Use of the4j Curves in System Design. In Figure 9,
possible uses of the network ofgd.curves are illustrated, such as:
- ~checking that a selected operating point, say P
of coordinates (VP, ﬁp) on Figure 10 corresponding
to a combination of belt speed and throughput, has
a spillage rate ép which is considered acceptable.
and

Q' '
achievable at the pre-

- determining the maximum throughput, m

corresponding velocity,VQ,

scribed maximum spillage émax {Figure 10).

- choosing a preferred operating point between the

two points (P and R on Figure 10) corresponding
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to a rate of spillage ép < émax' 1f, for example,

the range (m ﬁT) has to be covered in opera-

pl

tion, then R would be preferable to P, since

the rate of spillage corresponding to (Vg ﬁT)

exceeds the maximum admissible émay' Such is not
the case for point R, for which s corresponding

UI

R and a mass flow rate Mo

is lower than the maximum admissible.

to the higher speed V

Inclined Belt: Analysis of Test Procedure and Variables

Preliminary Comments

The geometry of the inclined conveyor belt is sketched irn
Figure 11. 1In the present case, the inclination, =, is rn-t Zer-.
If a is progressively increased until it reaches a threche.d,

o or angle of maximum inclination, the material will roll rack

TH'
on the belt. The forward motion of the material con the supf::ri.na
inclined belt becomes impossible.

From the results in Table 3, Section [], it is observed *hat
threshold %y is significantly lower than the angle of slide on
the conveyor belting material. At angles equal to or laragr~ than
ey / backsliding becomes so pronounced that adeguate, steady feed-
ing cannot be maintained at the transfer point between the apron-
feed/chute and the tail pulley of the belt. Accordingly, the
experiments were limited to an upper limit for the inclination

angle, a, relatively close to but lower than a For example,

TH®
as described in detail in the test results below, for MSW:
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Angle of maximum inclination of the belt: Unyy = 19°

Angles selected for inclined tests: 18° (max.), 14°.

Choice of variables

As explained above in the case cf the horizontal belr, it
appears logical to select as independent variables, for a given
inclination angle a of the belt on the horizontal (refer to
Figure 10):

- the belt speed V

- the mass flow rate, or carrying capacity, m.

The dependent variable will again be: S spillage rate per
unit mass of throughput and unit length of belt (as previously

defined).

In a gross, gualitative sense, the arguments given in the
preceding pages to justify the dependence of the spillage rate on
the belt speed, at given mass flow rate ﬁ, and of the spillage
rate on the mass flow rate, at given belt speed, are expected to
remain valid for the inclined belt, provided the angle of inclina-
tion is not too close to that leading to generalized slip and roll-
back.

Hence the curves mass flow rate vs. belt speged, given V (belt
speed), should have the general shape shown in Figure 9. Those
giving the spillage rate vs. V (belt speed),given the capacity ﬁ,
would then look like the "cf" curves of Figure 10. The steep-
ness of the sides, value of the optimum speed leading to minimum

spillage and generally the position of the curve in the plane of
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representation are expected to depart from those corresponding

to the horizontal case.

Increasing the Inclination at Given Mass Flow Rate
and Belt Speed

(5,028

Qualitatively speaking, an argument could be put forth that
increasing the {nclination from zero leads to cross-secticn Av
(instead of AO' for &« = 0) having larger and with steeper slopes
(Figure 11). 1In the horizontal case, at relatively low V, the
increase in carrying cross-section (or dynamic section) necessary

to carry the same mass flow rate m at lower speed is accompanied by

an increase in spillage rate. A similar effect can be presumed to

exist if the belt is inclined: moderate for moderate inclinations,

but extremely pronounced as a approaches the belt maximum inclina-

tion o As a function of V, the effect should be less important

TH®
at high speeds than at low speeds, since less of the belt width is
utilized and “he height of burden can be kept smaller for the same
capacity (Figure 11).

An inc-ease in mass flow rate, when conveying a given material
on a belt of given inclination a running at a given speed V, en-
tails an increase in area of the cross-section on the belt occu-
pied by material. This should cause an increase in spillage rate,
as schematized in Figure 12.

Assuming the " " curves giving: $ = a(m, V) for inclina-
tion a have the shape shown in Figure 13, there exists a
minimum spillage s = S,, at given mass flow rate m = m,, corre-

sponding to an optimum operating belt speed equal to V,.
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Operating Point
At inclination « and mass flow rate ﬁp, two operating points
(P and Q) might exist corresponding to a spillage rate S not
exceeding the admissible one, émax is reached.
Operating Range
The experimental results described below show that, in most
instances, the sensitivity of the spillage rate to an increase in
flow rate and/or inclination is, for the same level of spillage,
much smaller in the upper range of belt speeds (i.e., to the right
of the point). 1In such cases, it would be recommended to operate
in this range {(lower spillages under deliberate or accidental
variations of belt speed and mass flow rates about the nominal
design conditions}. Figuratively speaking, at any practical
inclination the belt should be operated "fast and lean” rather
than "slow and loaded.”
Other Comments
At high speed, the increase in spillage rate is due to aer-
dynamic "blow-back" and vibrations and shocks on the rollers and
idlers. Physically, aerodynamic detachment and vibrations should
not depend to any degree on inclination, at small angles to the
horizontal. Thus, the level of spillages, all other factors being
equal, should not vary much with the inclination « if the material
is flat and self-compacting, as is the case with RDF. However,
waste or fractions thereof containing a fair percentage of spherical

or cylindrical pieces likely to roll down the inclined belt, should
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show a rapid increase of spillage with speed in the upper ranae
of speeds.
BELT CONVEYORS

Test Belt Conveyor and Test Procedures

The 7.63 m (25 ft) long and 0.457 m (18 in.) wide test belt
conveyor was mounted in the closed loop rig shown in Figure 1.

A variable speed drive provided a belt speed range of 0.20 m/s
(40 fpm) to 2.55 m/s (480 fpm). Three-roller idlers of 20° and
35° and spaced at 0.91 m (3 ft) were used for the tests. A feed
chute and 1:1 m (3.5 ft) of skirting were installed (following
CEMA installation criteria) at the tail (feed) end of the con-
veyor in order to guide the material onto and across the conveyor
belt. No other skirting was used during the tests.

By fixing the test conveyor speed (with all other belt speeds
fixed) and placing a certain fixed mass of material on the test
rig, a quasi-constant mass flow rate was provided. The material
was recirculated for a period of 30 minutes and then all spillage
from the test belt (including its frame), pulleys and floor was
accumulated and weighed. The sides of the test conveyor were
isolated plastic sheets to avoid including spillage from the
return and feed conveyors (Figure 5).

Horizontal Mode Test Results

Results showing the dependency of spillage on speed and mass
flow rate the dRDF and dRDF/coal blends are given in Figures 14 and

15 for several mass flow rates and 35O idlers. Figure 16, with
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results for the MSW sample, is included for reference. The magni-
tude of spillage and shape of the curves in Figure 16 are most
representative of that observed for the other processed waste
fractions. These results are provided in full in the final EPA
report (Reference 2). Note that the spillage is presented as a
spillage rate reported as a percent of mass flow rate over the
7.63 m (25 ft) length test belt. Also, note the different scale
in Figure 16.

Overall, the experimental results confirm the analysis out-
lined in the previous section.

High spillage rates are observed at lower belt speeds: as
belt speed increases, the rate of spillage (for a constant mass flow
rate) is reduced to a minimum. For all the materials except the dRDF
and blend, spillage rates gradually increase again with increased
velocity. Higher mass flow rates, for a given test material and belt
speed, lead to higher spillages and the location of the minimum
spillage points move toward the higher belt speeds. A discussion
of the distribution and causes of spillage are discussed in the nexu
section.

The results for the dRDF and dRDF/coal mixture indicate a much
lower spillage rate than for any of the other materials evaluated.
A number of factors would seem to be involved including the smaller,
more uniform size, relatively homogeneous composition and increased
bulk and particle densities.

The results for the dRDF sample in Figure 14 indicate a

2Z. Khan, Considerations in Selecting Conveyors for Solid Waste

Applications.
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leveling in spillage at aboit 1.0 m/s (200 fpm) and do not exhibit
the increase at the higher speeds characteristic of the other frac-
tions. This is probably due to the higher density and absence of
easily windswept, flake-like material which accounts for much of
the higher-speed spillage. It is likely that an increase in
spillage would be observed were the belt velocities increased

above the maximum 2.3 m/s (450 fpm) velocity evaluated (and
achievable) with this test rig.

The scatter in the results for the dRDF/coal mixture (Figure
15) 1is greater than for any of the other materials evaluated.
During the tests it was noted that the majority of the spillage
measured for the dRDF/coal blend was in the form of fine coal dust
generated in the transfer points in the test rig. It was not
possible to isolate this coal dust or distinguish between the
rapidly settling dust from particles of coal spilled off the con-
veyor. The magnitude (related to varying material contents) and
settling patterns (related to air currents) of this coal dust may
not have been constant for all the tests and the impact on the
measured spillage was thereby inconsistant.

It is interesting to note from the data that operation of a
conveyor belt to transport solid waste fractions, unless for very
low throughputs, always generates spillage. Also, comparison of
the results on several fractions in tests utilizing 20° idlers
clearly indicates that utilization of 35°% idlers helps in obtaining
increased carrying capacity for the same velocity and dmount of

material spilled over a given time.
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Spillage Distribution Along the Test Belt Conveyor

The test data reported in Figures 14-16 indicate the total

weight of material spilled from the full length of conveyor length

during the test period. On selected tests, data were also collected

to establish the proportion of spillage from each of four conveyor
sections. The results provide some insight to specific problem
areas and suggest the zones where conveyor modifications (skirting,
hoods, etc.) could most effectively reduce spillage.

For this test, the belt conveyor (Fiqure 17) was divided into
four sections (labeled 1 to 4, measured from the tail to the head
pulley) of length 1.1 m (3.5 ft), 1.7 m (5.5 ft), 3.7 m (12 ft) and
1.2 m (4 ft), respectively (Figure 17). Spillage was separately

collected and weighed for each of these sections.

TALL PULLEY

Si:CT10ON| SECTION 5CTION
2 SECTION 3 4
{(guide 1.1 m 1.7 m 3.7 m 1.2 m
skirting) — —e— —
(3.5 ft) (5.5 ft) (12 ft) (4 ft)

Figure 17. Subdivision of the Test Belt Conveyor
for Sectional Spillage Measurements
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Care was taken in isolating the spillage from one area
and preventing carryover of material from one section to another.
(Successful except in controlling the spread of coal dust as
mentioned above.) Sheeting was used to prevent material
falling on the return idler frame or on the return side of

the belt and being carried back towards the tail pulley.

Table 12 presents the results of sectional spillage
measurements on all six fractions at a single mass flow rate
and three velocities. General observations on the nature and
mechanisms of spillage from each belt section may be instruc-
tive. The spillage in Section 1 resulted from fines wedged
between the belt and its skirting, and squeezed and
blown out by material falling on the belt. The spillage in
Section Il is mainly the result of crumbling and sluffing of
the material, particularly from surges, over the sides of the
conveyor. The spillage in Sections III and 1V may be the result
of several factors. Air currents (blow-back) created at
higher speeds are observed to sweep paper and lighter materials
off the belt. The reaction of the belt as it passes over the
idlers is also amplified at higher speeds and results in a
rhythmic bounce which will increase spillage of more dense
components of RDF (glass, wood) or higher density heterogeneous
fractions (heavy fraction or ferrous metals). Higher speeds
also result in more turbulence and associated dusting and
spillage at the discharge. |

The results for the dRDF fraction show a trend toward
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TABLE 12. SECTION CONVEYOR SPILLAGE AS A PERCENT OF
TOTAL SPILLAGE

Percent of Total Spillage

Product Belt Section Test Conveyor Velocity, m/s (FPMj
46 (150) 92 (300) 137 (450)
RDF at 2.7
Mg/h (3.0 tph) 1 37.5% 23.5% 24.2%
2 43.0% 9.5% 13.1%
3 13.2% 14.6% 13.6%
4 6.3% 52.4% 49.1%
MSwW at 2.7
Mg/h (3.0 tph) 1 41.7% 30.2% 29.7%
2 39.7% 16.4% 14.9%
3 11.6% 10.9% 13.9% :
4 7.0% 42.6% 42.5% ;
Heavy Fraction
at 9.1 Mg/h
(10.0 tph) 1 38.5% 33.3% 50.0%
2 46.2% 44.4% 25.0%
3 6.4% 5.6% 8.3%
4 9.0% 16.7% 16.7%
Ferrous Fraction
at 9.1 Mg/h
(10.0 tph) 1 25.0% 15.0% 6.7%
2 50.5% 18.1% 56.3%
3 17.9% 59.1% 31.9% ‘
4 6.7% 7.6% 5.1%
)
f
2
|
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TABLE 12. SECTION CONVEYOR SPILLAGE AS A PERCENT OF
TOTAL SPILLAGE (CONCLUDED)
Percent of Total Spillage
Product Belt Section Test Conveyor Velocity, m/s (FPM)
46 (150) 92 (300) 137 (450)
d-RDF/coal
blend at 9.1
Mg/h (10.0
tph) 1 89.1% 72.8% 67.0%
2 2.9% 2.5% 4.8%
3 3.0% 6.8% 11.7%
4 4.9% 17.8% 16.4%
d-RDF at 13.6
Mg/h (15.0 tph) 1 15.0% 20.0% 66.7%
2 2.5% 10.0% 11.1%
3 47.5% 10.0% 11.1%
4 35.0% 60.0% 11.1%
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increased spillage on the feed end (Sections I and II) as velocity

increases, contrasting with an opposite trend with the JdRDF/
coal mixture toward increased spillage in the running and
discharge sections (Sections III and IV) with high velocity

It should be noted that the total spillage rates for the
dRDF and blend are relatively small overall (Figures
14, 15) and the variation may only reflect the random spillage
characteristics for the material or the effect of variations
in dust generation and settling discussed earlier.

Belt Conveyor Discharge Trajectories

The trajectories or discharge paths of material over the
end pulley of a conveyor are important to the proper design
and function of discharge chutes, wear plates or splitters.
A method for calculating discharge trajectories is available from
CEMA (Reference 1) and was applied to the MSW, RDF, heavy and
ferrous fractions, using the properties of these materials and
conveyor dimensions and operational parameters from the test
program. Corresponding experimental measurements were made
of the discharge trajectories for the four fractions at a
fixed mass flow and for varying belt velocities (similar cal-
culations and measurements were not in the scope of the dRDF
and blend testing). An example of the results of the theore-
tical and experimental discharge trajectories for RDF are
plotted in Figure 18. It can be seen the values correspond
reasonably well. The calculations would no doubt be as accurate
in use to predict trajectories of even more homogeneous frac-
tions and uniform materials such as dRDF and dRDF/coal blends.
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Conveyor Power Consumption

The test belt conveyor drive includes a motor connected by
variable pitch pulleys to a shaft-mounted reducer. 1Initial tests
were conducted to establish relationships between mass flow rate
and velocity and the power consumption, using an ammeter to
measure motor current as an indicator of power consumption.

Contrary to what was expected, results showed negligible
measurable change in the motor current for a wide range of veloci-
ties or flow rates. This negligible change in power consumption
(despite extreme variations in conveying conditions such as speed,
incline and load) is probably attributable to use of a motor
larger than that required for these applications. Specific
information and procedures for detailed calculation of conveyor
power requirements is available in Reference 1.

Incline Mode Test Results

Tests were conducted to study the measured spillage vs.
mass flow rate and speed for a given quantity of materi:l and
test belt inclination. For the 4RDF and blend, an inclination
of 14©° was tested. The results are reported in Figures 19 and 20.
When compared with the horizontal test results (Figures 14, 15},
the results overall corroborate the analvsis tht higher spillages
are encountered on increasing the conveyor inclination and that,
as before, a preferred speed or range of speeds exists for a given
mass flow rate and inclination. For the dRDF test, the increase

in spillage is not as great as for the dRDF/coal mixture where

1Conveyor Equipment Manufacturers Association, Belt Conveyors for

Bulk Materials.
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the increase is by a factor of 3 or 4. Also, note hynberbolic shape
of the curves in Figure 20 which indicate a velocity range for

lower spillages that were not observed in the horizontal test results.

Observations of the six materials evaluated indicated cspillaye
on the inclined belt was often precipitated by slippage or roll back
of material on the belt. FPFor relatively homogeneous material such
as dRDF and dRDF/coal blends, this was not as evident and the
increase 1n spillage on increasing the conveyor inclination was not
as severe compared to results for the lighter more heterogeneous
material (Reference 2). Apwarently, the higher densitv and relative

uniformity makes such materials less prone to slipping or rolling

back on the inclined convevyor. 1

Dust Generation

High volume air samplers {Sierra Model 305-2050H) were used
to determine the maagnitude of dust generated during transvort of
the solid waste fractions on the inclined test belt conveyor.
The objective was tc determine if any relationship between the
extent of dust generated for parameters, such as the feed type,
mass flow rate or the test belt velocitv or angel of inclination.
One dust sampler was placed approximately 1.6 m (5 ft) from the
tail end to measure the quantity of dust generated around the
infeed end of the belt conveyor. A second dust sampler was
located approximately 6.1 m (20 ft) perpendicularly off the center .

of the conveyor system. The results of the second sampler were

found to be inconsistent and unreliable. This may be due to

2Z. Khan, et al., Considerations in Selecting Conveyors for Solid

Waste Application.
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reflection of dust from the walls or air currents in the testing
arca. Therefore, only the dust loadings measured by the sampler
located at the convevor feed end are reported.

The test results provide the total suspended dust. Particle
size distribution or any further characterization of the dust
was not attempted. The test method and calculations are 4iven
in Appendix A.9. For complete details on dust sampling methods
and procedures, also refer to ASTM Standards D 2002 and D 1356.

While there are inconsistencies in several cases and no
trends common to all tests, the overall results indicate that
for higher mass flow rates and belt conveyor inclinations, there
is a tendency towards greater dust generation.

The test results for the dRDF and dRDF/coal mixture are
reported in Figures 21 and 22. Dust loading for RDF and dRDF
were comparable. The MSW and heavy fraction test results
indicated relatively constant loadings at or below 5 mg/scm while
the dRDF/cocal mixture results are by far the highest. OSHA
requires that employee exposure to total dust in any 8-hour work
shift of a 40-hour week shall not exceed the time weighted average
of 15 mg/scm (Referenééi9). Although the sampling technique,
location and test facility are not considered typical, the data
does suggest that for RDF, 4dRDF or blends, dust control systems

particularly at transition points may be necessary.

9U.S. Department of Labor, Occupational Safety and Health Admin-

istration, OSHA Safety and Health Standards, No. 2206, Part 1910,
Paragraph 1000, Table 2-3, pp. 504-510.
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SECTION 1V

VIBRATING CONVEYORS

INTRODUCTION

Vibrating conveyors have been utilized to transport bulk
materials in the mining and other industrics for many years. !
This type of conveyor has relatively few moving parts and is
designed to operate with minimum maintenance. Typical appli-
cations of vibrating conveyors in a resource recovery plant
have been in the feed or discharge from unit processing equip-
ment such as shredders and air classifiers. In comparison to
a belt conveyor, vibrating conveyors can level and distribute
the feed and will not be damaged by impact of hot or abrasive

material discharging from a shredder.

The principle of operation of vibrating conveyors is
illustrated in Figure 23. The drive provides an acceleration

to the pan with both vertical and horizontal components. A

particle resting on the pan is lifted up and forward and is
throuwn in an arc that returns it to the pan during the next
vibration period (one-cycle jump). Referring to the figqure,
the particle "a" leaves the pan at the time "ts" (v hen the
acceleration of the pan equals that due to gravity), strikes

it again at "ta" and leaves it at "ta + l/f"’where f is the
frequency of vibration (cycles/sec). In this example, the
take-c £f and landing times are within one pan vibration period,
referred to as a one-cycle jump., It is also possible to acce-
lerate the material (by a higher stroke) to a two or more cycle

jump, but that mode would require a much higher energy input.
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TEST VIBRATING CONVEYOR AND TEST PLAN

The test vibrating conveyor was 4.6 m (15 ft) long by 0.6 m
(2 ft) wide with a pan height of 205 mm (8 in.). Manufactured
by Carman Industries, the conveyor was driven bv an eccentric
rotating cam linked mechanically to the pan at 30°. Major
components of the conveyor are depicted in Figure 24 and pictured
in the test rig installation in Figure 25.

Utilizing a variable speed drive and two interchangeable
eccentric cams, the frequency could be varied between 400 and
570 cycles/min and the stroke set at either 12.7 m (0.5 in.) or
22.2 mm (0.875 in.}.

To maintain a fixed stroke and frequency, it was necessary

to dynamically balance the conveyor through removal or addition of

leaf springs or counter weights. These efforts were not completely

successful as can be seen in Table 13. This table shows the
variation of the length of stroke in the conveyor subcomponents
with respect to frequency.

The conveyor is designed so that the pan and counter weight
should operate at similar and offsetting stroke lengths and the
base would thus remain steady. The results in Table 13 indicate
that such was not the case and there remained an imbalance in the
system, as well as limit on the range of operating frequencies.
Unfortunately, the scope of this program did not allow resolution
of this particular problem or, more generally, the investigation

design of a variable stroke and frequency conveyor system.
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The operating range thus had to be selected on an empirical
basis with an imposed criteria that the vibration of the base
not exceed 3.2 mm (1/8 in.). The variations in actual pan stroke
have been accounted for in the presentation of the data in the
following manner: all points corresponding to a pan vibration
of 12.7 + 3.2 mm (1/2 + 1/8 in.) were considered "12.7 mm" stroke
tests, and all points for which the amplitude was 22.2 + 3.2 mm
(7/8 + 1/8 in.) were considered "22.2 mm" (7/8 in.) stroke tests.

These conditions limited the range of operating frequency to 430

to 545 cpm at 22.2 mm stroke and 390 to 550 cpm for 12.7 mm stroke.
The objectives of the test were to determine, for the two
values of stroke specified, the following:
- Vibration frequency and stroke vs. maximrum carrying
capacity. .
- Vibration frequency and stroke vs. conveying speed
for a given mass flow rate.
- Energy consumption vs. material burden depth for a
given frequency.

- Compaction of material along length of pan.

Dust generation.
TEST RESULTS
Vibration Frequency and Stroke vs Maximum Carryin¢ Capacity
Maximum carrying capacity here is defined as the maximum o

mass flow rate the vibrating conveyor will transport with
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negligible spillage. After fixing the conveyor frequency, the
pan was loaded to the top of the sides with the solid waste
fraction. The conveyor was started and the discharge timed
and weighed to give the maximum carrying capacity.

From Figures 26 and 27, it is evident that the relative
capacity is proportional to the material density and the maxi-
mum carrying capacity increases with both stroke and frequency.
By increasing the amplitude from 12.7 m (1/2 in.) to 22.2 m
(7/8 in.), the increase in carrying capacity (at 540 rpm) for
the six materials varies between a 170% increase for heavy
fraction to a 262% increase for the MSW,.

Vibration Stroke and Frequency vs Conveying Speed for a
Given Mass Flow Rate

At a given mass flow rate, the conveying speed was measured
for variations in frequency and stroke.

from Figure 28, it is seen that in all cases the conveying
speed increased with higher frequencies. Increased speed may
be desirable in reducing potential for build-up, jammming and
spillages. A similar effect, as observed with frequency, is
seen with changes in stroke. At 12.7 mm (1/2 in) stroke and
540 cycles/min,velocities between 0.20 to 0.25 m/s (40 to 50
ft/min) were observed, while at 22.2 mm (7/8 in) stroke and 540
cycles/min, the material conveying speed increased to between

0.46 and 0.51 m/s (9u and 100 ft/min).
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Energy Consumption vs Vibrating Frequency for a Given
Mass Flow Rate

During the testing, the vibrating conveyor motor current

was measured with a hand-held ammeter. The measurements in-

dicated no significant difference in energy consumption with
frequency or stroke length in the ranges studied. Nor was
there any increase in consumption at a given frequency or stroke
for transporting denser bull: solids (dRDF/coal vs. RDF, for
exampie). The reason that changes in eneryy consumption were
not detectable is probably attributable to use of a larger-sized
drive motor than required for the application.

Convevying Speed vs Material Burden Depth for a Given Frequency

At a fixed frequency of 510 rpm, and at two stroke lengths,
the vibrating conveyor was uniformly loaded with the solid
waste fraction at three different vurden depths between 25 and
152 mm {1 and 6 in.). The conveying speed of the material was
measured for each burden d-pth.

The results are given in Figure 29. For both the 12.7 and
22.2 mm strokes, a gradual decrease in conveying speed is ob-
served for all material with increases in the material burden
depth. Greater decreases in velocity were observed for the
lighter materials (RDF and MSW) than more dense fractions
(ferrous, heavy fraction). This suggests that lighter, lower
density materials absorbed the energy imparted by the vibrating

pan more than the denser materials.
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Compaction of Material Along the Length of Pan

As the material vibrates on the conveyor, it has a tendency
to gradually compact along the direction of travel. This
test was conducted to determine the change in burden height
and expected slope of material as it is being conveyed on thLe
test vibrating conveyor at a fixed capacity. Test results

are presented in Table 14.

TABLE 14. COMPARISON OF TENDENCY FOR COMPACTION.

Percent lowering of
burden height over

Solid waste Stroke Frequency 4.6 mm (15 ft) of
Fraction (in.) (rpm) Slope conveyor length
RDF 7/8 520 -0.0049 39.1 .
d-RDF 7/8 520 -0.0028 31.0
MSw 7/8 520 -0.0052 44.1
HF 7/8 520 ~-0.0014 18.3

Table 14 indicates that there is a consistent tendency
among the solid waste fractions to compact due to the vibration
of the pan. The MSW and RDF fractions, relatively the most
compressible, showed the highest degree of compaction.

Dust Generation

As with the belt conveyor, high volume air samplers were

used to measure the magnitude of dust generated for various !

—

equipment conditions and waste fractions. The test methods and

calculations are given in Appendix A.

iy

Fixing the frequency (at 510 cpm) and the material mass 1
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flow rate on the conveyor system, measurements were made of

dust generation for different fractions and two stroke lengths.
The dust sampler was placed approximately 1.6 m (5 ft) from

the mid-point of the vibrating conveyor.

Table 15 provides the results and shows that the magnitude
of dust generated at 22.2 m (7/8 in) stroke is higher for the
RDF, MSW and coal/dRDF blend than for the 13.7 mm (1/2 in)
stroke and virtually unchanged for the heavy fraction and 4ARDF.
The dRDF/coal blend at 22.2 mm (7/8 in) stroke exhibited
exceptionally high dust levels relative to the results for the
12.7 mm stroke and to the other test materials. While it is
possible for one or both of the dust locadings reported for the
dRDF/coal blend to be inaccurate, it is important to be aware .

of this trend in equipment design or selection.
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SECTION V

APRON CONVEYORS

INTRODUCTION

Apron conveyors in resource recovery plants are most
commonly used as receiving conveyors for unprocessed waste or
at the discharge of size reduction equipment where loading
or ballistic impact of material on the conveyor is of concern.
An apron conveyor is made up of a series of hingyed steel pans
on a chain and roller assembly which ride on tracks underneath
or outboard of the pans.

Because of limitations in equipment size, testing of a
small pan conveyor in this program was conducted only on a
batch basis and only on feedstocks of dRDF and a dRDF/coal
blend.

The apron conveyor utilized for the tests was a 0.76 m
(30 in) wide by 2.06 m (6.75 ft) long apron conveyor with
152 mm (6 in) wide pans, 102 mm (4 in) sides and 51 mm (2 in)
cleats spaced every 406 mm (16 in). The conveyor was equipped
with an adjustable speed drive with a range of 0.05 - 0.23 m/s
(10 - 45 fpm). The conveyor was configured to allow inclina-
tions of 0° to 39°.

The apron conveyor evaluation involved measurement of the
maximum angle of surcharge and tests to establish the maximum
angle of inclination, maximum conveying capacity for various

conveying speeds and inclinations.
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TESTS RESULTS

Maximum Angle of Surcharge

The maximum angle of surcharce (static) was obtained utilizing
the same procedure used for the belt conveyors and outlined in
Appendix A. The angle of surcharge is shown schematically in
Figure 3. For the dRDF, the angle of surcharge was determined
to be 40.5° and, for the dRDF/coal blend, the angle was 38.5°,

As with the measurements on the belt conveyor, the angle
of surcharge for the dRLF is higher than for the dRDF/coal
blend, although in magnitude both materials have a lower angle
than on the belt (Table 6).

Maximum Carrying Capacity vs Conveyor Speed and Inclination

Maximum carrying capacity is the maximum mass flow rate
that was obtained on the apron convevor for a given speed and
inclination. For the test, a 1 to 1.5 m (3 to 5 ft) section of
the conveyor was hand loaded to maximum static capacity. The
conveyor was started and the discharge collected and weighed
over a measured time period. Care was taken to avoid uneven
material flows during starting and stopping. Multiple tests
at single conditions showed good repeatability.

The results are presented in two formats for each material.
Figures 30 and 32 show the results for the dRDF and Figures 31 .
and 33 show the results for the dRDF/coal blend.

When carrying capacity is plotted vs. conveyor speed as

in Figures 30 and 31, maximum carrying capacity is found to

g
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increase linearly with increasing velocity. This is to be

expected, since in the speed range evaluated (typical for apron

conveyors carrying solid waste) the velocity is below the point
at which the material would slip and bounce or be windblown off
the belt. Also, since the conveying surface is rigid, there is i
no bouncing effect as was seen with the conveyor belt passing i
over idlers.
During the test it was observed that there was very little
spillage off the sides. Most of the spillage that was observed
occurred above 30° because of material falling back and off t+
tail (low) end of the conveyor.
When carrying capacity is plotted vs. inclination (Figur
32, 33), it can be seen that between 0° and 15° inclination kL
little effect. (The reason for the anomaly at 0° for the top
curve in Figure 33 and the middle curve in Figure 32 is not
known.) However, from 15° to 390, carrying capacity drops
sharply with increased inclination.
Maximum Angle of Inclination
The maximum angle of inclination for an apron conveyor was
defined in this test as the maximum slope up which material
can be conveyed for a given feed rate with the velocity fixed
at 10 ft per minute. For this test, the apron conveyor was
supplied by a vibrating feeder. Feed rates were 4 Mg/h (4.5 pth)

for dRDF and 5.9 Mg/h (6.5 tph) for the dRDF/coal blend.

Although the cleats were removed, the hinge pin between

each pan provided some resistance to back sliding. The criteria
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for assessing the maximum angle of inclination is the same as
discussed in Appendix A, i.e., the inclination at which a

pronounced (and intolerable) increase in the fallback and 1
splippage of material occurs. For the dRDF, the angle was 35°

compared to 30° observed on the belt conveyor (see Table 3)

and, for the dRDF/coal blend, the angle was 30° compared to 27°

on the belt conveyor.
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APPENDIX A

METHODS FOR TESTING WASTE SAMPLES

Method A.1 Angle of Maximum Inclination

Definition - Angle of Maximum Inclination ~ maximum angle a con-
veyor belt may be inclined and successfully convey material at a
specified feedrate and a belt speed of 0.51 m/s (100 fpm). (The
feedrate should be set at a level near but below the maximum
capacity established for horizontal operation typically between
70 and 90 percent cf this maximum.)

1.0 Apparatus

1.1 Recirculating set of conveyors - controlled throughput
1.2 Test conveyor - variable speed and incline.

1.3 2angle finder or protractoer.

1.4 Tachometer.

1.5 Wweighing scale - platform-type with precision of +
50 g (0.1 1b).

2.0 Sample Collection

2.1 Obtain a gross sample of waste in an amount necessary
to maintain the desired feedrate on the test conveyor.

3.0 Test Procedure

3.1 1Incline the test belt to an angle at which the
material is known to be transported without diffi-
culty.

3.2 Load the pre-weighed material onto the conveyor system
and establish desired and constant feedrate.

3.3 Run the conveyor system for approximately 5 minutes.

3.4 Observe and note how material is transported. 1If the
conveyor operates without significant material N
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fallback, slippage and resulting spillage, increase
7 the angle of inclination by 1 degree,

3.5 Continue the procedure of increasing (or decreasing)
the inclination by 1 degree running the system for
S5-minute intervals until the angle (or often a range
of 2-3 degrees) is reached where there is a pronounced
(and intolerable) increase in fallback, slippage and
spillage. This angle (or mean of range of angles) is
considered the maximum angle of inclination.

4.0 Factors Affecting Results

4.1 Minimum belt sag tension.
4.2 Length of skirt boards.

4.3 Centrally loaded and uniform feed.

e 7
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Method A.2 Angle of Repose

Definition -~ The angle of repose is the angle between horizon-
tal and the sloring line from the top of pile to the base.

1.1 2angle finder or protractor.

.2 Measuring tape, straight edge.

[

H 2.0 sample Ceollection

2.1 Obtain a c¢ross sample of agproximately 23 hc (50 1bs)
from the incoming sclid waste fraction.

w
oo
-3
®
n
rt

Prccedure (See Figure A-1)

3.1 Cone ané guarter the 23 kg (50 lbs) of material.

3.2 Form a pile of material on a horizontal surface by
carefully discharging the representative sample
from a hand-held container. The container is held
closely tc the horizontal surface to start with and
is gradually raised as the height of the pile is
increased with about 50 mm (2 in) clearance. Final
height of the pile to represent load height on belt
conveyors at maximum capacity and static conditions.
(Determined to be 203 mm (8 in) for tests reported
here).

3.3 Measure and record the angle of repose at four
equally spaced intervals.

3.4 Repeat steps 3.2 and 3.3 for a total of three piles.

4.0 Calculations

4.1 Calculate and report the average angle of repose
for each pile.

o

Qs = , oy ta; +oa

N

4

101




riqure A-1. Angl~ of Repose Measurement (Mecthod A.2)




Method A.3 Angle of Slide

Definition - Angle of Slide - The angle at which materials on :
at rest on air inclined surface will begin to slide. i

1.0 Apparatus

1.1 Mild steel plate 10 mm (.037 in.) thick having
dimensions 1.2 m x 0.9 m (4 ft x 3 ft).

1.2 Rubber sheet (conveyor skirting) mounted on 13 mm
(1/2in.) plywood sheet having dimensions 0.9 m x 0.6 m %
(3 ft x 2 ft).

1.3 Angle finder or protractor.

2.0 Sample Collection

2.1 Obtain a sample of approximately 0.014 m?® (0.5 ft?)
from the test material.

3.0 Test Procedure (See Figure A-2)

3.1 Rest one end of the steel plate on the floor with
the other end slightly raised and supported on a
wooden block. This arrangement facilitates easier
lifting of the plate.

3.2 Place the sample on the plate to form a pile approxi-
mately 75 mm (3 in.) high.

Steel
Plate

|

3.3 Slowly raise the plate and record the angle when the
material just begins to slide. '

3.4 Test three times and report mean angle of slide in
degrees.
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Figure

A-2.

Angle of Slide Measurement (Method A.3)
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Method A.4 Test Procedures for Maximum Angle ot Surcharge

Definition - Maximum Angle of Surcharge - The angle made
between the slope of material on a fully loaded belt and the
horizcntal.

Maximum ancle
of surcharge

™~

——

// lt

1.0 Apparatus

1.1 Conveyor belt.
1.2 Angle finder or protractor.
1.3 Straight edge.

2.0 Sample Collection

2.1 Obtain a representative sample of waste in an amount
required to fully locad a 1.5 m length of conveyor
belt.

3.0 Test Procedure (see Tigure A-3)

3.1 Using a shovel, locad a 1.5 m (5 ft) length of the
belt with material. The material should be dropped
from a height of approximately 150 mm (6 in.) above
the top of the pile. The belt is considered fully
loaded when the material starts to slip or roll off
the belt.

3.2 Place a straight edge against the slope of the pile.
Measure and record the angle with an angle finder or
protractor.
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3.

3

Repeat step

3.2 thrce timeg (two alony cach side

the bolt) for a total of four readings,

i_O Catculat innE

4.1

Figure A-3.

Maximum angle of surcharge =

Reading 1+ Reading 2 + Reading 3 ¢ Reading 4

g

Maximum Angle at Surcharvce “Measurcenent

(Method A-4).
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Method A.5 Bulk Density ("Loose") by the Cone Method

Definition - The bulk density determination by the Cone Method
provides data representative of "as conveyed" bulk density of
materials transported on belt conveyors.

1.0 Apparatus

1.1 Weighing scale - platform-type with precision of
50 ¢ (0.1 1b).

1.2 Angle finder or protractor.
1.3 Measuring tape, straight edge.

2.0 Sample Collection

2.1 Obtain a gross sample of approximately 23 kg (50 1lbs)
from the incoming sclid waste fraction.

3.0 Test Procedure (See Figure A-4)

3.1 Cone and guarter the 23 kg (50 1lbs) of incoming
material. Retain one guarter for measurement of
bulk density.

3.2 Form a pile of material on a horizontal surface by
carefully discharging the representative sample
from a hand-held container. The container is held
closely to the horizontal surface to start with and
is gradually raised as the height of the pile is
increased with about 50 mm (2 in.) clearance. Final
height of the pile to represent load height on belt
conveyors at maximum capacity and static conditions.
(Determined to be 203 mm (8 in.) for tests reported

here) .
/ T
Material Drop height (50 mm)

Discharged +—

|
|

ifﬁ—A; \Pile height (200 mm)
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Figure A-4.
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-

Loose Bulk Density Measurement
(Method A.5)
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Measure and record diameter of the base of the pile
twice.

Measure and record height of the pile.
Weigh and record the weight of material in the pile.

Repeat steps 3.2-3.5 for a total of three piles.

4.0 Calculations

4.1

4.2

Calculate the average diameter of each pile (D2).

Calculate the volume (V) of each pile.

1. m(Dx)?

V(ft3) = (3) H
4

where: DX average pile diameter

H

"

height of pile

Calculate the "as conveyved" bulk density cof each
pile.

B.D. =

<=

where: W weight of pile

Y

[

volume of pile

1]

B.D. bulk density

Report average of the three bulk densities.




Method A.6 Bulk Density ("Vibrated") by the Container Method

Definition - The bulk density determination by the Container
Method provides density representative of materials constrained
and piled upon itself such as in a storage bin.

1.0 Apparatus

1.1 Bulk density sample box - wooden, 30.5 cm x 30.5 cm X
30.5 cm interior. Box 1s tared.

1.2 Scale - platform-type; precision, 50 g (0.1 1b).

2.0 Sample Collection

2.1 Obtain a sample of approximately 0.06 m® (2 ft?) from
the test material.

3.0 Test Procequre

3.1 Fill the container in three increments. After each
increment, vibrate the box by lifting and droppinc
each of the four edges one time.

3.2 Carefully level the top, removing overflow. Weicgh and

record weight of box and contents. Empty materizl.

3.3 Repeat steps 3.1 and 3.2 three times, using the re-
mainder of sample for a total of three determinations.

4.0 Calculations
4.1 Bulk density kg/m®(1b/ft?) =

(Wl—’I‘)+(W2-T)+(W3-T)
\Y

=
i

1-3 Weight of sample and box in kg (1lb)

H
I

Tare weight of box in kg (1lb)

<
]

Volume of box in m® (ft?)
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Method A.7 Moisture Content Determination

Definition - Moisture content is determiined ¢n an as-received
and dry weight basis.

1.0 Apparatus

1.1 Drving pans 38 cm x 28 cm x 5 ¢cm (15 in % 11 in x
2 in.) having appreximatleyv 0.5 cu ft capacity.

1.2 Dryine oven - Freas Model 845 - 0-200°C rance,
internal velume 0.13 =3 (4.5 ft3).

1.3 Balance - precision, 0.1

Q

2.0 Laboratcry Sample Collection

£

2.1 Subdivide gross csample to laboratory samples of
e ) .
!

e
0.014 m3 (0.5 t3 place in sealed volvethylene bag.

2.2 Label sample as to sample number, cdate, time,
contents, and collection point.

3.0 Test Procedure

3.1 Emptv contert of bag onto clean, tared dryinc pan,
spreading evenly acrecss pan. If regquired, split
sample between two or mocre pans.

3.2 Welgh and reccrd weight of pan and samples.

3.3 Dry in oven at approximately 105°C + 1°C. Remove
after 24 hours. Record weight of dry sample.

4.0 Calculations

4.1 Percent moisture, dry weight basis = 222 x 100
B
. . . A ~- B
4.2 Percent moisture, as-received basis = —— x 100
B
where:
A = weight of as-received sample
B = weight of dry sample
111
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Method A.8 Particle Size Distributicn anc larcest Lunmr Size

Determination
Definition - This method prcvicdes the particle size distri-
bution and larcest lump size. (Ref. ).

1.0 Apparatus

1.1 Gilson screen (Model TS-2) including the necessary
screens and bottom tray (availeble: 102 mm (4 in.:,
76 it (3 in.) 51 mm (2 in.), 25 mm (1/2 in. ) and

6 mm (174 in.)).

1.2 Drying cven with capebkility of maintaining 104°©C
+1©.
1.3 Weighing scale with precision cf +1.0 gram.

1.4 Weighing pans.

1.5 Ruler or tape measure.

2.0 Sampnle Collection

2.1 cSubdivide the gross sample to cktain laboratory
samples of approximately 0.014 m3 (0.5 ft.3).

L
(&

Sample Preparation

3.1 Place trays containing sample from 2.1 in a drvinc
oven. Dry for 24 hours at 104 + 16C. (Ref. Test
Method A.7).

4.0 Test Procecdure

4.1 Place and clamp appropriate screens onto the Gilson
screener. Choice of screen sizes to be used will
vary depending on the solid waste fraction. ﬂ

4.2 Spread dried sample on top screen being careful not
to push material through the screen openings. Do
not overload the machine. Maximum starting load is
approximately 0.014 m3 (0.5 ft3). If larger sample
is obtained, then batch sieving would be reguired.

4.3 Screen the material for exactly 10 minutes.

4.4 Observe all but the top screen for blinding or
plugging after 1 minute. Blinding is indicated if
more than 25 percent of the sample is on any one
screen. In case of blinding of a screen, either




5.0 Calcul

reject test and re-run the _sample with smaller
starting lcad (eg., 0.07 m?) (0.25 ££3); or, if
available, insert a screen of the next larger size
abcve the blinded screen.

At end of 10 minutes, remcve material from each
screen, place their individual contents in tared
pans and weigh.

Weigh and record sample weight of each pan.

From the fraction retained on the largest screen
remove the particle(s) with the largest cumulative
dimensions. Measure and record the maximum dime..-
sion(s) (largest lump size) and weicht (largest
lump weicht). TIf necessary, repeat test with the
remaining driecé sample from 4.2 and/or 4.4.

ations

5.1

5.3

Calculate the total weight of material retained on
each screen (including the bottom tray).

Calculate the weight percentace of material
retained on each screen.

Calculate the cumulative weight and percentages of
material retained on each screen.

6.0 Result

6.1

6.2

The particle size distribution is reported con a
moisture-free basis.

The largest lump size and weight.
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Method A.9 Dust Concentracion Determination

Definition - This test provides measurement of the mass concen-
tration of total suspended particulates per cubic meter of air.

1.0 Apparatus

1.1

Air Sampler - Sierra Instruments Model 305-2000H
recording high volume air sampler.

Filter Media -~ 203 mm x 252 mm (8 in. x 10 i..) cglass
fiber.

Recorder Charts - 102 mm (4 in.) dia.; 4.7 - 31 1/s
{10 to 65 CFM) range; 24-hour time scale.

Balance - precision + 0.001 g.
Barometer.
Thermometer.

Orifice calibrator and wacer manometer.

2.0 Test Procedure

2.1

Air Sampler Calibration - Calibrate the air sampler
using a special orifice calibrator and a water
manometer. For detailed calibration instructions,
refer to Sierra Instruments instruction manual series
305.

Sampler Location - Place the air sampler on a stable
platform and away from moving equipment to avoid
formation of wind eddies around the sampler.

Weigh the 203 mm x 252 mm (8 in. x 10 in.) filter.
Place and align the filter (rough side up) on the
air sampler screen and tighten the hold-down frame
clamps, to form an air-tight seal on the outer edges
of the filter.

Set-up Pressure Transducer Flow Recorder - Slip
recorder chart under the pan arm and push it flat
against dial plate.

Activate the motor/blower and the flow recorder.

Record the initial and the final times of the
sampling period.
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2.7 After the sampling period, remove the filter from
the frame, and weigh it.

2.8 Remove the flow recorder chart.

2.9 Record the ambient temperature and the atmospheric
pressure.

3.0 Calculations

3.1 Calculate the weight of total suspended particulates
(TSP) collected on the filter.

Wp = Wp - Wy
Wp = total weight of TSP, (mg)
Wp = final weight of filter and TSP, (mg)
Wy = initial weight of filter, (mg)

3.2 Obtain the sampling flow rate from the recorder chart,
Qr (cfm). If the recorder chart does not show a
constant flow rate over the sampling period graphical
intigration may be necessary to obtain accurate
sampling flow rate.

3.3 Using the Calibration curve (see 2.1) read off the
actual sampling flow rate, Q indicated (cfm).

3.4 Calculate sampling flow rate at standard conditions
(25°C, 1 atm.):

Qs = (Pa/Ps) x (Ts/Ta) x Q ind.
Qg = (Pa/Ta) x 3.156 x Q ind.
where:

Qg = flow rate in SCFM

Qind = flow rate obtained from calibration
‘ curve

Pa Barometric pressure, (in. Mg).

Ps

Standard barometric pressure, (29.92 in. Mg)

Ta

It

Ambient temperature, degrees Kelvin (©K)
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Tg Standard temperature, 250C = 298CK

1]

ok

"

Degrees Centrigrade (©C) + 273

3.5 Calculate the mass concentration of TSP:

Cc = (Wp/Qs) X (1/Tj) x (SCFM/0.0283 SCMM)
where: T, = Samplinc time interval, (m:in)
C = Mass concentration of TST, (mg/SCM)

3.6 Example of a sample calculation:

Test Conditions: (1) Sample: Heavy Fraction
(2) Belt Velocity = 200 fpm
{3) Mass flow rate = 15.0 tph
(4) Belt inclination = 14©
(5) Sampler location ~ 5' perpendicular
off mid-print of test belt

Wg = 3602.3 mg

Wy = 3540.0 mg

=
v}
[}

62.3 mg

Qr = 66.0 cfm

Qing = 68.0 cfm

Qg = (29.88/287) x 3.156 x 68

Qg = 69.25 SCFM

@]
]

{62.3 mg/69.26 SCFM) x (1/15 min) x (SCFM/0.0283 SCMM)

(@]
n

2.1 mg/SCM
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APPENDIX B

EFFECT ON SPILLAGE ON PROPOSED MEASUREMENT

This short appendix examines the effect of the mass spilled
during a test on the conveyor circulating loop on the measured
spillage rate itself.

A. Spillage Rate over One Cycle.

Figure B-1 schematizes the physical situation studied,

x =0 X =1

-5, A —
. ¥
AN

Figure B-1. Spillage, Inlet and Exit Mass Flow Rates

On a horizontal or inclined section of belt, of length, L, a
"theoretically constant" mass flow rate My is maintained at the
inlet section, x = 0. In actuality, as explained in the body of
the text, a given mass M is distributed on the loop. If the time
for a cycle around the loop is Tg, M = M/Te.

Let the incoming mass flow rate be Mg. The measured spil-
lage rate, per unit length of belt, is

s=1lim 28
At +~ 0
in which As is the amount of material spilled, over a unit length

of belt and time At.

By definition, sg = kg Mg, where kg << 1 and is taken to be
of order 2 of smallness (1072, say).
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Now, M} = - S =Mto0 (kg); 55 =81 =5 to 0 (kg). Thus
if kg = 1077, the spillage rate can be measured anywhere along
0 < x < L with an accuracy on the order of 10~

B. Measurements Over Several Cycles, No Mass Replacement
Let T, be the time interval (period) between two successive

passages of a particle at x = 0. If the spillage is limited to
the section of length L,

(Ml) J =1 = (Mo) ] = 2 =({1 - ks) MO

cycle index

. . _ Jon . j(j - 1)

(Mq) 5 = (Mg) j+1° (1 - kg)” Mg = [1 ~ 3 kg + ~ 5"

k?...1 M.
The experiment duration is defined by Te = jmax T . It is re- ‘
; c

guired that

' k2 << k

Imax “s s

Imax << %L, or 107} k;l(say) |

s

Thus if kg = 0.01, j . = 10 or T, = 10 T, In the Upper Marl- .
boro test system (see Ficure 2),the tlmes spent on the remaining '
elements of the circuit are: TVIBR. conv. = 7.7 sec, TINCL. CONV.

3.5 sec, Toppyprg = 15 sec for a fixed total of 32.2 sec. 1If
/g is the belt speed, in m/s,

7.63

Vs

(seconds)

T = 32.2 +
c

The maximum duration of the test, o 3 ma c is represented
in Fig. B-2 vs. the belt speed VBr %or 5.005 {(jmax = 0.01
{Jmax = 10). It is seen that at the "target level" of approxi-
mately 0.2%, the test duration can be in the range 15 to 30 min
without appreciable error due to the material spilled and not
rerlaced on the belt,

r
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