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ABSTRACT

This final report presents the results of a one-year evaluation of a solid waste high-
density baling plant, transportation and associated land disposal operation of the
American Hoist and Derrick Company in St. Paul, Minnesota. The work program
consisted of four stages: (1) a five~day intensive monitoring program of the baling plant
and bale transportation operations; (2) cost analysis during two years of plant operation;
(3) a nine-month period of monitoring the St. Paul bale landfill operation; and (4) a
14-month period of monitoring a bale test cell constructed at the balefill.

The five-day monitoring program consisted of the following: time and motion studies of
the bale plant using video tape and activity time charts; density measurement; sorting
by component and laboratory analyses for moisture and organic content of the incoming
solid waste; sampling and laboratory analyses for moisture and organic content of baled
solid waste; sample volume measurement and laboratory analyses of liquid squeezed from
solid waste during baling; compaction ram hydraulic pressure, bale production time,

and time-phased measurement of dimensions on every tenth bale produced; bale weights;
monitoring of the volume of incoming solid waste and the number of incoming vehicles;
and measuring the travel time, distance travelled, number of bales per load and activities
of the trucks and drivers transporting the bales to the landfill. Photographs were taken
to illustrate the baling operation activities.

Analyses were completed of the reliability, interference and utilization of equipment

and labor in the bale plant and transport operations separately, and for the bale plant/
transport/landfill system as a whole. Standard MTM analyses were completed for tasks

to define labor efficiency and human factors parameters. The density and springback

in every tenth bale were determined as a function of time. Limited time studies were

made of transport truck rigging operations. Operation and amortization costs are present-
ed for a two-year period covering 12 months of historical data from July 1972 to June 1973,
and data during the contract through closing of the baling plant in June 1974,

Landfill operations were monitored weekly over a nine-month period for bale spacing,
surface water, broken bales, cover soil quantities and depth, litter, dust, vectors
including fly emergence, time and motion studies of landfill equipment operation, photo-
graphs and samples of water from a well located in a completed landfill area.

A test cell was constructed at the bale landfill and filled with bales produced during one
week of baling plant operation. Gas, temperature, and settlement probes, le achate
collection membrane, sump, and lysimeters, were installed in the test cell which was
covered woth six inches of soil to duplicate the regular bale landfill. Weekly
monitoring over a 12-month period consisted of temperature (daily during the first two
weeks), gas, leachate from a leachate collection system and probe lysimeters, and
surveying for settlement.
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Analytical comparisons were made between the bale landfill and normal landfill
environmental conditions. The feasibility of solid waste high-density baling plant,
transportation and landfill operation was evaluated and compared to milling, combined
milling and low-~pressure solid waste baling systems and conventional solid waste systems,

The data in this report are presented in metric units with some English units in parenthesis.
A conversion table is included.
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SUMMARY OF FINDINGS
In accordance with the Scope of Work outlined in EPA Contract No. 68-03-0332, the

following results and findings are summarized for the five-day baling plant survey and
long~term monitoring program.

A. Baling Plant and Operations.

1. The labor force at the baling plant consisted of eight employees: one gate attend-
ant, one loader operator, one forklift operator, one maintenance man, two cardboard
sorters, one control tfower baler operator, and one plant foreman.

2, Stationary equipment at the baling plant consisted of one horizontal and one
inclined conveyor, a load-cell scale, a high~density 137-second-cycle baler, a central
control tower with control panels, two hydraulic bale push rams and a bale truck loading
platform.

3. Mobile equipment used at the plant consisted of an articulated, front-end loader,
a small general purpose "bobcat” loader, and a forklift.

4. The front-end loader mixes and pushes waste onto the horizontal conveyor; the
conveyors carry solid waste to the baler, which consists of three hydraulic rams and a
baling chamber. Two hydraulic pushers move completed bales onto a flat-bed truck.
Fourteen to sixteen bales were loaded on a single truck. The small "bobcat" loader
was used to pile corrugated material and for cleanup; the forklift was used to remove
bales not going to the landfill such as corrugated cardboard and metal.
5. Minor quantities of dry, residual bale particles and liquids squeezed from the wastes
i were observed to collect directly below the baler and on the vertical tramper ram tower
i walkway and ram framework. Liquid wastes were observed to occasionally squirt onto
the control tower concrete supports.

B. Nature of Incoming Solid Waste.

1. Pedk period for incoming solid waste was 9:00 A.M. to 2:00 P.M. Forty-four
percent of the incoming collection vehicles were 11.4 to 15.2 cubic meters in volume,
and fwenty-five percent were 3.8 fo 10.6 cubic meters. Thirty-eight percent of the
incoming vehicles belonged to the St. Paul Department of Public Works; lesser percent-
ages belonged to each of several private collectors.

2. Nine-kilogram daily composite samples of incoming wastg were analyzed. Baler
feed sample solid waste densities ranged from 39 to 103 kg/m", with a mean of 79.5 kg/m
and a standard deviation of 17.5 kg/m° (wet weight).

3
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3. Average wet weight composition of baler feed waste samples in percent was: paper-
31, metal - 13, wood - 11, glass and ceramics - 9, garden ~ 8. Less than 7 percent
composition each was observed for textiles, rubber and leather, food, rocks and dirt,
and smalls and fines. Average dry weight moisture content of the solid waste samples
and bale core samples, respectively, was 45.4 and 31.5 percent, Average dry weight
organic content for the solid waste and bale samples, respectively, was 76.2 and 75.2
percent. The range of organic content of the solid waste samples was 60 to 89 percent,
and bale samples 64 to 84 percent. The range of moisture content was 15 to 71, and

26 to 82 percent for incoming and baled solid waste, respectively.

s v e

4. Ten samples of both strained and unstrained liquid squeezed during baling showed - -
the following ranges of constituents: pH - 3.2 to 4.9, total coliform ~ 1,200 to

24,000 MPN/100 ml, fecal coliform - 0 MPN/100 ml, BOD5 - 0 to 3,940 mg/l1,
chloride - 965 to 2,620 mg/1, SOy - 3,800 to 4,400 mg/!, sulfide - 5 to 17 mg/1,

TDS -~ 40,820 to 64,310 mg/1, NGO, - 11.1 to 70.6 mg/1, NH3 - 0 to 1,445 mg/l, and
organic nitrogen - 730 to 2,817 mg/l.

[

C. Nature of Bales Produced.

1. Three methods of bale monitoring were employed: each bale was weighed by the
control tower operator, each tenth bale was measured for volume and expansion, and
three 5-cm core samples from two randomly chosen bales were taken daily.

2. Average bale production time for the tenth bale was 1.73 minutes, with a small
standard deviation of 0.16, indicating a consistent production time.

3. Bales were observed tc expand somewhat initially during the period ten minutes to

one day after production, and then fo contract somewhat between one day and one week
after production. This latter settling phenomenon is attributable to evapotranspiration of
bale moisture. At one hour affer production, average bale expansion (in terms of volume)
was 7.4 percent; at one day (and for one days' tenth bales three days elapsed over a week-
end before measuring) after productian, 28.4 percent; and af one week after production,
24.6 percent.

4. Ten minutes after production, average tenth bale height was 1.12 m, average

width was 1,04 m, and average length was 1.35 m, Percent expansion at one hour,

one day, and one week after production, respectively, was height - 2.5. 5.7, and 3.7;
widih - 1.4, 8.3, and 9.6; and length - 3.3, 13.0, and 10.8.

5. Average bale weight for all bales was 1,282 kg, with a standard deviation of 50 kg.
Average daily densities ranged from 725 to 933 kg/cu m ten minutes after production;
density was thus fairly non-uniform. Two of 66 tenth bales (3 percent) were observed

to fall apart at the baling plant; these had large quantities of grass. At the landfill,

14 of 582 bales (2.4 percent) observed were damaged or broken.

6. The average number of bales produced per hour was 18.1 up to March 1974, and
22 thereafter. The average number per day was 256 and 341, respectively. The increase

after March was due to change in personnel and an overhaul of the baling mechanism. The
first and second labor shifts each worked an average of 8 hours per day.
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D. Transport Net and Balefill Operations.

1. The transport network consisted of four enclosed cab tractors and five flat-bed
trailers. Sixteen bales can be carried on each vehicle, but the usual load was 14
bales to comply with Minnesota State Highway vehicle load limits.

2. Transport vehicle rigging placement time averaged 6.69 man-minutes, with o
standard deviation of 2.06. Transport vehicle tailgate installation time averaged

1.17 man-minutes, with a standard deviation of 0.51. One, two, or three men
completed these tasks. This translates fo 2.4 and 3.2 man-hours per day before and
after March 1974, respectively, for the total rigging and tailgate installation procedure.

3. Bales were stacked three high and side-by-side at the landfill. The frequency of
soil cover was observed to be at approximately weekly intervals, except that during
winter periods when the ground was frozen no cover soil was applied.

4. The bdlefill scored 66 out of a possible 100 on an EPA landfill evaluation form.
The lack of daily cover soil reduced rating by 20 points. Spaces between bales were
generally gredater along the long face than the short; site irregulorities caused spaces
in the fill, Surface water, broken bale, litter, dust, and non-fly vector problems
were not significant. Fly emergence studies indicated baling alone without cover
soil will not significantly reduce fly emergence.

E. Time Performance of Baling Plant and Transport Net.

1. Time studies of the baling process were made for 30 minutes twice daily. Daily
video tape recordings of the gateman, loader operator, and control tower baler
operator were made,

2. Measured percent machine idle times, including waiting time, were: loader - 30,
conveyors - 49, scale - 38, baler - 20, pusher - 72, and transport trucks - 29.

3. Average process times for significant operations at the baling plant and balefill

for the 137-second-cycle baler were observed to be (in min/bale): dumping solid

waste - 2,40, loading conveyor - 1.50, conveying solid waste - 3.00, measuring
charge - 0.05, baling (includes loading charge box) - 3.05, and loading trailer - 3.15.
Other process times are recorded in minutes per truckload (an average of fifteen bales):
waiting before travel - 21.0, transporting bales - 30.0, and waiting tc be unloaded -
25.0. Average time from when collection trucks dumped solid waste to when loaded
transport trucks left the plant was 48.85 minutes, excluding solid waste storage time
between dumping and the beginning of the baling operation,

4, Percent idle times for the baling plant personnel were gateman - 55, loader oper-
ator - 25, transport drivers - 31, and sorters ~ 84.

5. Problems observed with baling plant machines were interference with the baler by
the loader and conveyor, stopping of the conveyor while loading the scale, and an
inoperative unloading platform requiring a special forklift to raise it while trailer beds
were changed.
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6. Coordination of work positions may be improved, as indicated by high idle time
percentages, overloading of the gateman af fimes, and.unclear assignment of records
and maintenance responsibilities.

7. A way for employees to temporarily fill in for the gateman, loader operator, and
control tower operator could improve bale production rate as much as 5 percent.

Such redesigns of work responsibilities will increase productivity and minimize labor
costs.

8. Improved operations in loading the conveyor may help to reduce delays and
collision risks and keep a more constant amount of unbaled solid waste on the baling
plant floor.

9. Under 90-second bale cycle conditions, as opposed to the current 137-second cycle,
the conveyor loader and scale configuration will have to be modified or replaced.

An overhead crane, a conveyor covering the total length of the plant, o gravity convey-
or, and a mechanical mixer and loader are possible modifications.

10. Mechanical means of sorting solid waste may make recycling of materials such as
paper, aluminum, steel, tin, and glass economically feasible. Separation of corrugated
is presently accomplished by hand at a profit.

11. Ability, reliability, and accessibility for the baling system were determined over
two time periods. Ability average 18.1 and 21.6 bales/hour, relidbility figures were
6.38 and 6.78 (average 6.53) hours/8~hour day, and accessibility was 21.5 hours/day.
Overall plant performance averaged 128 bales/8 hour shift before March 1974, with
expected daily output of 256 bales.

12. To improve plant performance and lower costs, the following measures are suggested
for large-scale baling operations: larger storage pits to store and mix the solid waste,
better control of drainage at the baling plant, better ventilation at the plant, shielding
of the baling equipment to prevent squirting of wet wastes, implementation of dust
control at the baling plant, and a more systematic traffic pattern for collection vehicle
arrivals,

F. Costs.
1. Total baling plant costs were $5.41 per bale, $4.17 per kkg, and $3.78 per ton dur-
ing the first period and $6.95 per bale, $5.33 per kkg, and $4.83 per ton during the

second monitoring period.

2. First-year transport net costs were $1.73 per bale, $1.33 per kkg, and $1.21 per ton;
second period costs were $2.15 per bale, $1.65 per kkg, and $1.50 per ton.

3. Balefill costs ran $1.47 per bale, $1.13 per kkg, and $1.03 per ton during the
first period and $1.34 per bale, $1.03 per kkg, and $0.93 per ton during the second period.
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4, Total system costs were $8.61 and $10.44 per bale, $6.63 and $8.01 per kkg, and
$6.02 and $7.26 per ton during the first year and second monitoring periods, respectively.

5. System maintenance costs remained at about 15 percent of the total through both
periods.

6. Predicted total cosis for a revised system using the 90-second~cycle baler and an

overhead crane, ot $4.23 per kkg ($3.82 per ton), were less than comparable milling
ts of $4,73 pe $4,30 per ton), or combined milling/baling costs of $4.90 per

epsteel Wy L eer s<f<9( P ), g/baling P

G. Test Cell Monitoring.

1. Sump leachate had an average pH of 6.7 and an initial BOD5 of 25 mg/l. BOD5
peaked about 312 days after test cell filling at 545mg/l. Organic nitrogen

levels fluctuated between about 10 and 20 mg/1. Chlorides and total dissolved solids
showed level trends of about 379 and 1,982 mg/1, respectively. The bale test cell
leachate was low in BOD,, chlorides, and TDS, compared with values from other land~
fills. The total leachate quantity from the test cell measured 18,800 liters, and total
precipitation onto the cell was 490,000 liters, over a 11-month period.

2. Leachate samples taken from lysimeters showed that BOD,, total dissolved solids,
and chlorides increased with an increase in depth, while pH remained relatively constant
at all levels.

3. With the exception of an early sharp increase in bale temperatures (due to decom-
position), trends in the baled solid waste followed fluctuations in ambient air tempera-
tures.

4. Carbon dioxide gas concentrations reached a maximum of 30.5 percent by volume
and methane 17.6percent during the 14 months of monitoring. Oxygen ranged from
zero to 18.2 percent by volume.

5. Carbon dioxide and methane levels increased with time at all depths, while oxygen
dropped. These effects were more pronounced at the eight~foot depth. In all cases,
hydrogen sulfide levels remained lower than 0.1 percent by volume.

6. Elevation changes were determined at five monitoring stations. The test cell bales
expanded 13 percent during the first 10 days and remained stable over the following
12 months. The bottom bales expanded the least.

7. Auger sampling was performed once after about one year of field studies, on both
the test cell and landfill. The temperature at the same depths decreased with the age
of the fill material. Temperature in all boreholes increased with depth. The average
organic content decreased,apparently with fill age from 54.5 to 38.4 percent between

wastes placed two years apart. Moisture content ranged from 24.8 to 96.5 percent by
weight, averaged 46.5 percent, and was independent of the age of the fill,
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RECOMMENDATIONS

The following recommended improvements are based on a five-day on-site study of the
St. Paul high-pressure baling plant.

A. Dumping Area

Random arrivals of full refuse trucks at the baling plant sometimes exceeded the gate-
man's ability to direct them for loading and do simultaneously the necessary paperwork
for fee charging. This paperwork was done inside the plant building, but automatic
measuring and billing equipment installed away from the unloading area would have ex-
pedited the unloading process and plant operations. Improved unloading and storage fa-
cilities (such as a larger storage hopper) would have improved materials handling.

Traffic in the dumping area created a safety hazard. Arriving trucks had to back in
across the unloading floor, where other trucks and the loader were maneuvering. The
resulting congestion and confusion impeded unloading and made for generally poor
operating conditions. This could have been avoided by two changes in building layout.
First, waste could be dumped into a pit where waste mixing, loading, and conveying
could be readily handled in a separated area. This measure would have increased plant
storage capacity, eliminated the potential for accidents between frucks and the loader,
and also alleviated the need for an inside gateman. Second, a welldefined traffic-
flow pattern, where all trucks travel in the same direction, would have reduced the
accident potential among the trucks themselves.

B. Conveyor and Baler

It would have been advantageous to have eliminated the raised section of the conveyor.
Then the loader could have filled any empty sections of the conveyor and, in case of a
conveyor shutdown, loaded the scale platen directly. A variable speed control on the
conveyor would also have been useful in efficiently regulating the speed at which full
or empty sections of the conveyors were moved. Having a completely level conveyor
would require that the baler be installed in an excavated area or that the refuse truck
access be elevated above ground level. A combination would be best so that the bale
transport trucks could gain access to the baler pushers to load bales from a shallow, be-
low-grade access ramp. By allowing the scale platen to be loaded directly by the loader,
the availability and reliability of the baling plant would increase since the conveyor
experienced more downtime than the baler.

A pan to collect slurry and liquid squeezed from the baler should be designed and in-
stalled below the baling chamber, gathering ram and compacting ram. The pan would
collect liquid that drips from these areas and also would intercept liquid that tended
to squirt a considerable distance from the baling chamber. The liquid could be directed
by gravity into a large mobile drum or an equivalent container that could be unloaded
onto the solid waste storage pile for baling.
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C. Alternative Baling Plant Equipment

Under 90-second bale cycle conditions, as opposed to the current 137-second cycle,
the waste feed will have to be faster and more relidble. An overhead crane should be
considered as an alternative to the skiploaders and possibly even the conveyor. If
designed and installed properly, this alterative could significantly reduce construction
and operating costs and might possibly improve the waste handling efficiency. The
control room might be mounted dbove the conveyor, giving one operator responsibility
for all solid waste handling inside the plant. This would require an improved automatic
baler control system so that the operator could load the scale platen with a new solid
waste charge while the baler was baling the previous charge.

A conveyor extending the entire length of the plant would allow more rapid loading
from many positions. A gravity conveyor chute would reduce downtime associated with
mechanical conveyors, but would have to be monitored for jamming. A diverging chute
could minimize jam-ups.

A mechanical mixer and loader may be a possible configuration. The waste would be
deposited in a pit with a mixer. The waste would be loaded directly from the mixer

onto the baler scale, or by conveyor or chute.

D. Bale Transport

The tractor-trailers used fo haul the bales to the landfill were equipped with custom-
made, nylon mesh curtains. These curtains covered the bales during transport to keep
litter from being blown off. It took about three minutes either to close or open the
curtains. This time could have been reduced by improved curtain design or enclosed-
body trailers with hinged sides to allow unloading of bales.

In locations where land disposal sites are over 50 to 100 miles from the baling plani
(as determined by local economics), the use of railroad or barge transportation would

be less costly.

E.  Maintenance and Repair

Lists of recommended spare parts inventories for the baler and other plant equipment
were available from equipment manufacturers. An inventory stock of the recommended
parts could have reduced some of the time to complete parts replacement maintenance.

Also, the parts inventory list should be reviewed annually to determine which parts are
replaced most frequently and the inventory adjusted accordingly. This will keep the
inventory adjusted to the age of equipment and thus allow for maintaining the minimum
inventory.
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F. Labor

Mechanical equipment and automation could have reduced operating costs, although the
scope for this in the baling operation was comparatively small since mechanical power
did most of the work in the system. Labor was used largely for control, maintenance,
and the salvage (metal and corrugated cardboard) operation. The recommendation on
use of a crane to load the baler scale platen eliminates one employee.

Revision of -work assignments to designate employees that would temporarily fill in for
the gateman, loader operator, and control tower operator could improve the overall
plant bale production rate as much as 5 percent. Such revised work responsibilities will
reduce plant downtime due to labor break time and thus increase productivity.

G. Plant and Grounds Design

Adequate drainage and grading outside the plant would eliminate muddy roadways.
Gravel or asphalt road surfacing with stormwater drainage are needed to eliminate bale
truck and other vehicle wet weather access problems. Also, dry weather dust problems
would be eliminated.

Improved forced dir or induction ventilation at the roof of the baling plant would assist
in removing odors and dust created by the solid waste. Particularly, if an inclined
conveyor is used to feed waste into the baler, the elevated conveyor section where
waste is dropped onto the scale platen creates the most dust and could be removed
through roof vents. Cross ventilation through open doors at each end of the baling
plant is also helpful.

Techniques to control dust, in addition to the aforementioned roof vents, are needed.
Face masks with filters were provided to employees at the St. Paul plant. Possibly,

dust control could be accomplished by small quantities of water sprayed onto the wastes.
The amount of water required would have to be minimized to keep the moisture content
below the 30 percent wet weight maximum for making structurally sound bales. Other
problems of increased odor may develop if the waste is moistened. The aforementioned
roof ventilation may reduce the impact of odors.

H. Resource Reclamation

Mechanical methods of segregating solid waste components such as corrugated cardboard,
ferrous, aluminum and glass may mdke recycling economically feasible. Separation of
corrugated was accomplished by hand ot a profit. Without preprocessing, magnetic
separation may be feasible for ferrous. Shredding and air classification would allow
separation of the above-mentioned materials. The shredded waste may not produce

good bales without binding.
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I, Landfill

Daily placement of cover soil on the horizontal surface of the top bales in the bale
landfill would make the operation more in compliance with a sanitary landfill.
(Although daily cover was not feasible in St. Paul during the winter due to thick ground
frost, it could have been placed daily at other times.)

Placing daily or other cover on the vertical working face is not feasible. Thus, a new
definition and guidelines for a "sanitary® bale landfill should be developed as a guide

to environmentally safe operation for bale landfills.

J.  Recommendations for Further Study

The completed test cell and full-scale balefill should be monitored for a five-year period
to establish longer term gas, temperature, leachate, settlement, and biodegradation data.
The potential for groundwater pollution (from the leachate) and for other environmental
impacts could be more accurately determined as a result of such additional data
acquisifion and analysis. Additional monitoring for balefill foundation characteristics
should be performed to determine the potential suitability of balefilled land for support-
ing structures of various sizes.

Additional investigations ot other sites and with different waste compositions are needed
to extend available technical knowledge. The purpose of these additional investigations
would be to determine the environmental impact of the St. Paul fill (for comparison with
other balefills and with traditional landfills), to ascertain the potential of the completed
site for various uses (including waiting time and special measures required), to begin to
generalize for balefills as a category of land disposal alternatives, and to obtain
sufficient information to develop guidelines for an environmentally acceptable bale
landfill operation.
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SECTION 1
INTRODUCTION

A. Obijectives and Scope.

As authorized by Environmental Protection Agency Contract 68003-0332 (June, 1973,
and extension August, 1974), a 19-month investigation of the operational, economic,
and environmental aspects of baling solid waste, transporting bales,and disposal into

a sanitary landfill was undertaken. This report presents the results of two phases of work
under which the project was performed. Phase 1 consisted of an intensive five-day
field study of the baling plant and transport nefwork under normal operating conditions,
as well as a review of historical cost and operating information. Technical planning

for the field+est work program involved three months of professional preparation. The
purpose  of this first phase of the study was to define baling plant operation to determine
the parameters affecting the production rate and quality of the bales. The objectives
designed to fulfill this phase were to describe the following:

1. The physical plant, including facilities layout, and stationary and mobile equip-
ment .

2. The plant operation, including equipment reliability, maintenance requirements,
and use of labor.

3. The nature of the incoming solid waste, including the rate of inflow and the
physical characteristics of the solid waste.

4. The baling operation, including rate, method and an analysis of the bales and the
liquid squeezed from the solid waste during baling.

5. The activities associated with the baling plant, i.e., the transport network and
the landfill. -

6. The environmental impact of the baling system.
7. The costs associated with construction, maintenance, and operation.

Phase 2 of the study included organizing the results of specific monitoring activities,
both at the landfill and at the test cell, where conditions were evaluated under more
controlied circumstances. In the test cell, gas generation, temperature, settiement,
leachate qualities, moisture content, and organic content were measured. Auger
drilling was conducted in the test cell and landfill areas on one day fo assess biodegra-
dation conditions.



B. Approach.

The baling plant was located in St. Paul, Minnesota,and operated by American Systems,
Incorporated, a division of American Hoist and Derrick Company. The Phase | monitor-
ing of the plant described in this report took place September 20 through 26, 1973. In
order to evaluate the baling operation on each of these days, the daily monitoring work
task schedule, shown in Figure 1-1, was developed. Task numbersone, ten,and eleven
were performed by a Ralph Stone and Company, Inc.,staff member with the cooperation
of the baling plant forklift operator, an employee of American Systems, Incorporated.
The forklift operator removed each tenth bale from the plant discharge platform, trans-
ported it to the temporary storage area designed for the bale measuring, and finally
placed the segregated tenth bales on a separate truck for transportation to the balefill.
Another American Systems, Incorporated, employee then drove this truck to the landfill
at the end of the first shift each day. The bale fill operator unloaded the truck and
placed the special bales in the test cell area. A crew of three Ralph Stone and Company,
Incorporated, staff performed tasks two, three and eight (see Figure 1-1). They were
assisted by the loader operator, an employee of American Systems, Incorporated, staff
engineers in cooperation with American Hoist and Derrick Company balefill staff.

Data forms usedduring the five-day monitoring period are included in Appendix A. The
data resulting from the five-day monitoring program provided the information neces-

sary to accomplish objectives two, three, and four: descriptions of the plant operation,
the incoming waste and the baling process. The information necessary for objectives one
and five descriptions of the baling plant, the transport network and the balefill, respec-
tively, were either provided by American Hoist and Derrick Company personnel or ob-
tained through the efforts of Ralph Stone and Company, Incorporated, engineers prior to
the five-day monitoring period. Environmental impact and cost analyses, objectives

six and seven, respectively, were based on data obtained during the five~-day monitor-
ing program and guided by comparison with other solid waste disposal operations.

Phase 2, test cell and landfill monitoring,was set up between August 2, 1973 and October
5, 1973, with baseline monitoring beginning on September 27, 1973. The test cell
measurements were taken through the end of November, 1974, Section 10 of #his report
thoroughly details the results of test cell monitoring. The bale landfill monitoring ended
June 26, 1974, the last monitoring day during which the landfill was being covered with
soil prior to ending all solid waste baling operatiens on June 29, 1974, The baling plant
was sold and operations ceased in June, 1974,
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SECTION 2
GENERAL AREA AND OPERATIONS DESCRIPTION

A. City of St. Paul.

The baling plant served the City of St. Paul, a part of the Minneapolis/St. Paul Stan-
dard Metropolitan Stafistical Area. This area is located in the southeast part of
Minnesota and includes the Counties of Anoka, Dakota, Hennepin, Ramsey, and
Washington. The Minneapolis~St. Paul SMSA covers 5,457 square kilometers (2,107
square miles) and has a population of 1,813,647 (1970 census).

B. Baling Plant General Location and Access.

The American Systems, Incorporated, baling plant lay two city blocks south of the
Mississippi River (Figure 2-1). It was directly across the river from downtown St. Paul.
South Robert Street was the nearest arterial roadway, running north-south and crossing
the Mississippi River at the Robert Street Bridge. The baling plant lay approximately
180 meters (200 yards) west of South Robert Street. Plato Boulevard, a smaller east-
west roadway, provided access to the plant from South Robert Street or from Wabasha
Street, the north-south roadway to the west. Starkey Street, a dead-end street that
extends south from Plato Boulevard, provided access to the plant (see Figure 2-2).

The baling plant was located in a commercial-industrial zoned area. The traffic to
and from the baling plant was composed of solid waste collection trucks and baling
plant-related vehicles, as well as commercial-industrial vehicles., The nearest
residential area lay approximately 90 meters (100 yards) south of the site, across Wood
Street. However, Wood Street is at the top of a rise, approximately 10 meters higher
than the adjacent land, making the plant invisible from the residences.

Noise, dust and odor resulting from the baling operations were largely contained
within the plant structure. As shown in Photograph 2-2 (b), from the outside the plant
appeared fo be a typical prefabricated light industrial plant. The only outdoor storage
was a neatly stacked pile of wooden pallets located west of the building. The transport
vehicles were parked near the southeast corner of the lot. The asphalt-paved yards
greatly minimized the dust raised by the vehicles. All roadways were asphalt-paved,
including the southern side of the structure where the bale loading dock was located.
Figure 2-3 shows the site layout. Except for a few flies transported with the collected
unbaled refuse, no vectors were observed at the baling plant site.

C. Baling Plant Site.

1. Physical. The baling plant building was an Inland-Ryerson prefabricated 400-D
metal building, 73 meters (240 feet) long and 37 meters (120 feet) wide. The eastern

24 meters (80 feet) of the plant have 10-meter (32-foot) high sides. The gabled roof rises
at a 4/12 slope to reach a central crown 16 meters (52 feet) above the base of the
building. The remaining sidewalls of the building are 7 meters (24 feet) high and the
crown of the roof is 13 meters (44 feet) high. This split-level design provided additional



tl BAV®. St Joseph Acad

t4 ] g:/‘l/, St rorx” - e
. FE P ®], ~FxingsToN av Round |
R Sr0, 55 5 §KIN§STON ,g’r PRICE AV & b4
! 3 -
| LarpeNTEURE HPE /30 w 1680 _ g
hand s rauL b{eiTy LimiTs
. Ton HEE £ ]caLiroRna S 2
s o ool 2 /&c € JIOAHO AV] =y
g B3 3 !
e 5 \/E] ISR efows PHALEN /o
L4 ¢ Y e datiaial oo Lo St
£ ¢ Jaontanaay "’4(,2\ 3 GOLES” Park
~_{ ;5\ { ¢ neBrasxa | Av Y N
g 4 S Wi 4
25 728 _NGYADA AY Wit _;gygv’; 3~ COURSE | (MUNICIPAL)
chle . R 13 ﬂ' RLINGTON _AY 453 PXNY «
* jL ’ 3 - SHERWOOD_-& AV | ~ %\
[ﬁﬂ i g € coriace vl Tute cmucsﬂ av | Gullete
— 0 k g DR EH E AR ohnson LAY, 1 biate Mosp.
] cm = 044 m My 5715 by 1.8 Hoscho g B vy Av_ S
]II — 0 7 ‘l HYACINTH B 5 A ‘&0 _ Ef HYACINTH 4V
= U,/ miles N HRIRS 2 5 €] ORANGE AY
ANE [ AV WTHORNE »n hiActington E HAWTHORNE { AV
_ij ,NORPACNRD 37 Ll ¢t igd 1 500
:} YARYLAL = T e1 JROSE . av
Iry icearium § av]  bj%ln]0] Gi€ [G]GERANIUN REAIA PR
£ _pessaune | 5 2 £ Dessamng|  fav lockwood
ual Gy & €] ImagnoLia aviwl «|Plgd
! L~
- z i - T z * a = @A £ 7
TRl = Stiwpcooxt  geal o »{EJOJCOOK wiAV[ wigh OL;h Wl i b A
R Tt B4 LE Titawson 2 F el [Zieiatawson Tiav] SigY 2l Bl al E o) o i
',gLS‘}’ K el " 2henks 10'5 H §§ sialghens Sl mi Zi<hivz ‘.2[_ S O S P &
E,g{j;ﬁ 950, Slease av] 3 T3 < 8 sfm; Clcase [ Claveldnd Ay | 9% S n S
REIEE G klandf -7 o = &
’ig'f JresnewoQoklandl Ll B o W;’df,' wisiMs r_ﬁ I R fav KB - z
& 3 f 2143 z tg p—Z FAEngy 20 3 g
o EMANITO! = YORK AV ORK| AV 7 z
A IR CLEDITINCT S (TN 4 EL.M e A B ALY { I (AL s e TR E
238t Lwiniees fay 773 Cavuon [ e WELLS T T £
5 cavuca oy ff x ] 4 o Bt &f bt
ST1 L’f: ot e ST 1 wnran sl f st pe 3 2 = m«]z “istl | ol
7 JEEAZR ron L e e R 53 N Pl iross] @ EI‘V [
- $ Y% e isycamonefar J 70 ‘ H 3 "[;":""“” oust] E g AVZELS -
E ENGLEWOOD FAGRER L 5@5&% { 4 !g{ e 20 58 & geaney & Sjaval ol G
\ fav x IstT zig s or - Tal s o 1 NN <TAVY b~
AT N G s Iy “‘*«’?" , HRREhAARS (1
,%ﬁ, AN BUREN av -l i st 2 msia 2 : ZlpeacaB' st Pt BEECH | ST \...a
N BLAIR | ay_ L@ P} 7 N 4 LY SR, e Bl 5iPlgd MARGARET sT
T3 harons | av 5 ) SN 25 T 2 ’ s ye‘“— i
N 3 . ho 42O X £ &TH T
T ml homas @ST Agnesay [ lzinl | e J,-"-S:’—’ ok /?‘;5'7‘ Ty iR o ; X T ;“{%’q 1) £ st ‘,10 o % r
r TEoMunD Mi. Sch AV 1 2] 2l & g ol Scouss [T 272407 wiay - @0 313 B 3 7 e sE 2,02 0. 7 -
3 - Rt R S L S U EERTY ST 2 GOLMSTED Stnomums gt 2y N G ={ £ _1aTH] STC 2
= t i = g M S T v G glionnas ¢t A $h % H
0z JCHARLES ! AV rx,é:f_ - v % u zm%;vvf :D hs) s AL | WIFREMONT AV il o
7, = Z LRE
SHERBURNE Ay >ia q «L-v—g,g % 2l ° dr
o yeN T — B 3 [ 5, < £ 25Rro | ST M Moun
12 UNIVERSITY AV [ TC )l Capitol 1 Xg AU NN {—;,,%\j i 3 Y—J‘—E—«o“,wwn 5"““"“57;:”'1":'&
52 T pauromm | L o Py Plgd lEucun € J,(st‘»‘-’}"—"‘
2Ly oG o f L Tirulier & sgtern A Muchone r,f,{:\' 22 ) S wicson A
Byw cgumnl FORSANNE S L 7“”” “\5‘.‘:‘:”%\’«;3,'( SN 4 QUAKEEIELD| AV
olav e _ e Ravl Q MRS 2N N2 . _ _HUDSON =
= ST 2 (et SN
—— A = TEEC O INGF R A=
ZiCARROLL 4 zav O e LTS } v“\‘{’(/ % b ST S
" IGLEWART 2Av_ 51 Poyi Tech Ve | kS b SO AT g
MARSHALL o AV MAPSNA-LL&M“' 2% PaNg %2(;}“‘\(\.6’ 49777
T X 5 @4 /L BURNS

g & THORY
SELBY AV
AURE‘L z SIAY
z L )
L &
S —{asnAno 2 SIavE
fopeun 3 A2 o
Ly S WA -2
Bl S|PORTLAND [ Art AV E
= =z | % |oallery
Sl T BALING

L PLANT %

=
@

A

QD MY,
%
i ri o] UPEROR 5

CLAIR MICHIGAN Loy
i$1 Clar -@;' €
'y i K3 C W 1sagEL] 1 {sT £] 2| Stsaer)
RN/ w Econress] Ist=f Mef S1S NG A
A VA EDR TGN I N
e =t ] I < 8 ),
OIS W Srrome] st 1 F o hEG 5\7‘\“\»‘\ N
g HR1%, s 574 5N Rog, 30 P
| L2570 w]| flGEORGE st le con LS ) Q*( 2o Y4\ AIRPORT
NS £ - h
i g bistevens | b 3%1»3;.344 ark/ x S~ ATSG SN “(Holmon Field) )
e 3l [T ARM NS
2| S lxinG T lrs:rsL;leAaE'N FTAT s R P G R Sy ,
Wi {9 Qleaker! sTIFT ‘L‘; O Ee! B e lBAKER BisT 2! Y ~ ;
] it JHumboid N maxer | € 5 . S ) .
%:g..ouq‘“ g’s_\-g g 2 £ ko MORTON~T S \\ n k‘cc{{\
1 ZiPigd = *“11"’ [ s EY A
SRR SR PR i DA R / "o
= sioney of 2ol o 213 A% 2wl 2] 2
Z cumtis Sreabos Z. @ ;~;’F° E3je] 1
o Ry M e Wl
F SN 7] P
, D ] NG

OMy a7 —
-2
W OANNAPOLIG T ST, iz ST PAUL CiTY

AT CECNE Y AN N
Al R Iomassent Forf <[ 2
it " 5.
o) £l . NS
St A , & iz
13 5
gs:;:;;i L J,J\_Aai & ST gpﬂ]
vz 1) 5 ' g Marman i a3
ER I A , g i a S
A | bt g i E
| < « o 4
g, L A [?! HEN
LELUUL. L T
= s ..
: 3% i f: yArhiatic fiela | = 2
LIS Rol R [ !_y‘! onme s1lE*
Telz xle 2 2T MEBIYE /<,
{2 2 = 232 Mun | NS
| >z s o
oig, IR
v 2 '3 2
ounae J3i ] g FIGURE 2-~1
Tt 3 arerl
+ R 3
» urd (6 G PLANT LOCATION
e e 2T . L
e Pubhe /2 FEMERS
¥ dh, brary £ 3

]



-

493145 DYSDYDAN

~
\\‘
™~ e
\\\~ _f;:fo Blvd.

P\ - - e Y g —— -
Commercial = \

Industrial Land Use

l
i

Commercial
Land Use

Vacant

Scale:

Tem=36m
(1" = 300"

FIGURE 2-2
BALING PLANT VICINITY
MAP WITH TRANSPORT FLOW



1NOAVT 31IS INV1d ONITVvd
€-¢ [NOIA

A_Ooﬁ H:nv
wgz|=wo |

Q_UUW

PROY ss920y >oni] jodsupi| ajog

Aomppoy

-JJ-J,.\

o

Buiiog Buidng
donay jiod oy ||
-supJ | 320Q \.‘l / $S90%y ond ._..U Jmmo%m m_oMso>>
BuipboT] a|bg jup|4 Buijpg Buippojun
. 2 SDA\
— ~-< Buiwoouy obp10)g
// - I\ P3Ny 131jrd FEETIN
~ .|.|..|||llll ,'.I..||H\||.\ punosouin] USpPOOM Aoxin4g
doni] ol

~— 3o0Q Bulppol
Jojsupbi] pipoqpIOY  o9lay |piew



height in the east section where the baler is located (see Figure 2-4),

The plant appurtenances, such as in-wall partitions, loading dock, conveyor pit, etc.,
were constructed of concrete and/or 15-centimeter (6-inch) lightweight concrete blocks
with a 10-centimeter (4~inch) thick Spancrete roof. The building was serviced by
telephone, water, gas, sewer and electric utilities. The inner wall partitions were

3 meters (10 feet) high. The service area in the southeast corner also had concrete
block walls and a 15 centimeter (6~inch) thick Spancrete roof. This area contained the
toilet, parts storeroom, a lunch room, office, and mechanical (power) room which
housed the baler electrical, oil pump and other equipment. The gate attendant's room
was a portable wood structure about 1.0 m by 1.0 m by 2.4 m high. [t contained a small
table and a cash register. The control tower housed the control panel, the scale readout
dial, and the operatot responsible for running the baler and conveyor. Details of these
structures can be found in Appendix D,

2. Operation. The labor force at the baling plant during the one~week monitoring
consisted of a gate attendant, a front-end loader operator, a utility (forklift) man, a
maintenance man, two segregators, the control tower baler machine operator and the
plant foreman. The control tower operator was designated a working leadman. The bale
plant superintendent was also responsible for operating the landfill and the transport trans-
fer trucks. Although he spent most of his time at his office in the baling plant, he
technically was not part of the direct baling plant production staff.

The mobile equipment used at the baling plant consisted of a front-end loader, a forklift,
a small "bobcat" type loader, and a hand-pushed electric floor sweeper which was on
loan. Descriptions of baling plant machines can be found in Appendix C.

The baling plant functions constituted a process; the input fo the process consisted of local
municipal type solid waste and the output was the high density bales. The plant was
designed on a linear basis; the input entered the plant af the west end, was transported
through the plant, and the output exited at the east and ready for transport (Figures 2-5
and 2-6)., A simple, direct way to describe the plant is to follow one cycle in the process.

Vehicles bearing incoming solid waste proceeded southward on Starkey Street and entered
the site via the driveway at the end of Starkey Street. They then proceeded along the
driveway fo the eastern enfrance yard. Here they were direcfed by the gate attendant
from his position near one of the four eastern doors. The gate attendant's first function
was to direct the driver of the vehicle to enter the plant through a designated door. The
driver of the vehicle then used the yard to turn around and proceeded to back in through
the designated door. Following the directions of the gate attendant, the driver continued
backing the collection truck until he reached the desired dumping area. He then stopped
and dumped his waste load onto the dumping floor. The gate attendant observed the load
dumping to identify solid waste composition and note other special billing items and
material requiring careful handling. (A copy of the fee schedule is shown in Photograph
2-1a.) During the unloading process the gate attendant filled out a vehicular fee ticket.
(See Appendix B for data form.)
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Prior to vehicle departure he approached the collection vehicle driver and collected the
fee. If the owner of the vehicle had a charge account with American Systems, Incor-
porated, the driver needed only sign the ticket; the vehicle was then free fo leave.

If no account existed the gateman collected the necessary fee. In this case the gate
attendant returned to the gate attendant's room. In the room he used the cash register to
ring up the fee on the ticket, deposit the money in the cash register and make change,
if necessary. He then returned to the vehicle to give the driver the receipt and any
change. The collection vehicle was then free to leave.

As soon as possible following empty vehicle departure, the loader operator drove the
loader to the unloading area used by the vehicle and pushed the unloaded solid waste
toward the east end of the building into a pile with other previously received solid waste.
This kept the unloading areas open so that incoming waste collection vehicles could
unload af all fimes. When the loader was not moving waste in the unloading areas, it
loaded solid waste onto the horizontal pit conveyor. Incoming solid waste was unloaded
on both sides of the conveyor by periodically directing trucks to each side. The solid
waste was loaded alternately onto the conveyor from both sides so that the unloading area
remains clear. The loader was used to mix the solid waste, keep the unloading floor clean,
to sort out large metal objects white goods such as water heaters, stoves, etc., and also to
segregate large corrugated items. The loader operator used the loader to mix the solid
waste by turning the pile of waste in a rolling motion with the bucket. This was accom-
plished by inserting the bucket near the bottom of the pile and raising it until the material
taken from the pile bottom was pushed onto the top of the pile. The loader operator used
the loader to keep the work area neat by placing the bottom of the bucket on the ground
and scraping it along the floor using a broom-like motion. He used the loader fo sort out
white goods by employing the bucket to back-drag the metal objects away from the pile.
The loader bucket was then swept like a broom once again to push the item over to the
north wall metal storage area. These rejected items were stored in a pile near the

north wall. They were removed from the bale plant on a van truck when a full load
accumulated, and either taken to a nearby scrap yard or alternately baled into Number 2
steel scrap and then sold.

The horizontal 2-bar slat conveyor moved the solid waste along the pit and dumped it onto
the bottom of the inclined conveyor. The inclined 2-bar slat conveyor then carried the
waste upwards and discharged solid waste onto the scale platform. Just prior to the upper
end of the conveyor there were platforms on both sides of the conveyor which were
utilized by the two men that were corrugated segregators, These two men were equipped
with hook poles to reach past the middle of the conveyor. They removed all corrugated
that was in good condition and placed it on chutes behind them which were sloped down
and away from the conveyor. The chutes directed the corrugated into piles on the plant
floor which were periodically pushed info storage areas along the side walls. Corrugated
moving was completed by the forklift operator, using the small "bobcat” loader. The area
near the side door on the north wall was used for corrugated storage; incoming vehicles whose
load consisted primarily of corrugated entered through the side door and dumped near the
corrugated storage area. The corrugated was also baled in a separate run and sold to the
secondary material dealer providing the highest bid.

12



The baler operator controlled the conveyor, scale, and baler equipment operation.

When the weight of the waste material on the scales reached the desired amount (990 kg
for normal solid waste), the baler operator stopped the conveyor. The subsequent events
could then occur automatically or be controlled manually by the baler operator; in either
case, the sequence of events was the same. The next step was the activation of the
platen, a metal plate that pushed the waste across the scale and into the baler charging
box. It could not be activated until the baler charging box lid opened. The charging
box lid had to remain closed while the baler was producing a bale. A short delay
routinely occurred between the stopping of the conveyor when the desired waste weight
was reached and the activation of the platen to load the charging box. Once the lid
closed, the baling process began.

The baler was basically composed of three hydraulic rams and a baling chamber which
had three fixed walls, and a sliding door which acted as a fourth wall. The gatherer
ram activated first and pushed the waste from the hopper into the baling chamber. The
gatherer ram remained extended during the operation of the other two rams. The vertical
ram, called a tramper, activated next. It pushed the charge down into the chamber and
provided a ceiling (fifth wall) for the baling chamber. The final operation was the
activation of the third ram, the compactor. The compactor became the final chamber
wall, creating a box-like area into which the waste was compressed to about a 91.4 cm
(36 in) by 91.4 cm by variable length (average = 122 cm or 48.0 in) bale. The wall on
the eastern end of the baling chamber was the baler discharge door. After the bale was
produced, the baler door opened. The compactor ram, which wos still extended, was
further extended to eject the bale out of the baling chamber onto a platform,

Two hydraulic pushers moved the bales info loading position (Figure 2-7). Pusher

One, located adjacent to the baler door, pushed the ejected bale southward across a
platform and extended just short of the path of Pusher Two, which was perpendicular to
Pusher One. Thus, one discharged bale rested in front of Pusher Two after Pusher One
retracted. However, Pusher Two had enough room in front for two bales. lt, therefore,
was activated only on every second cycle. Pusher One moved a second bale adjacent

to the first and then pushed both bales into position in front of Pusher Two. When Pusher
One retracted, Pusher Two was activated to push the two side~by-side bales onto a
flat-bed truck. Two cycles later, Pusher Two was again activated. This time, the two
bales pushed would, in turn, push the previous two bales along the truck bed. Each
time two bales were pushed onto the vehicle, they pushed all of the bales ahead of them
further along the truck bed. Loading continued until 14 or 16 bales occupied the truck,
at which point Minnesota State Highway Department legal load limits were reached.

Operation of Pusher Two (see Figure 2~7 ) was the last operation part of the baling plant
process. It was also the last operation which was controlled by the baler control panel.

As was mentioned, the baler operator might, if desired, manually control all of the steps
from the stopping of the conveyor through the operation of Pusher Two. He was also the

working leadman. The height of the control tower allowed him to view the entire

13
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operation, and through the use of a public address system with a microphone in the
control tower, he could communicate with other workers on the plant floor. He was
responsible for assuring that the entire process ran smoothly.

The utility man has been mentioned only in connection with the operation of the small
loader to move segregated corrugated, but his major responsibility was operating the
forkliff. He used the forklift whenever it was necessary to remove a bale from the bale
discharge platform. This became necessary to remove occasional broken bales from the
platform and deposit them onto the incoming sofid waste pile for re~baling. Any portions
which broke off of bales were swept up, placed in a wheelbarrow, and returned to the
incoming waste stream for rebaling. If enough of the bale remained intact, it was
loaded directly onto the transport vehicle using the forklift. Another major use of the
forklift was to lift up the edge of the loading platform so that the bed of the transport
vehicle could fit under the edge of the loading platform, This corrected the loading
platform deflection caused by the weight of the bales, The lifting required was usually
2.5t0 5 ecm (1-2 in.). When the forklift operator was not busy with the forklift or the
small loader, he was responsible for other duties. He used the automated sweeper
(when it was loaned to the plant) to keep the floors swept and helped the vehicle
transport drivers perform the rigging operation. This operation was technically a part
of the transport network, so it will be discussed in a later section.

A maintenance man was responsible for keeping the baling plant equipment in operating
condition. He repaired minor equipment breakdowns which did not require extensive
parts replacement. He could also fill in for the loader operator, the gateman, or the
forklift operator in case of illness or injury. If not busy, he also assisted in transport~
vehicles rigging and floor sweeping. There were two occupational trainees who work
part-time at the baler plant. They were strictly used as cleanup men. The maintenance
man spent some time supervising the work of these two employees.

The duties of the foreman were administrative; he was also responsible for repairing major
breakdowns that occurred which did not involve obtaining parts or services not available
at the baler plant.

In addition to all of the above activities, one hour of each day was devoted to plant clean-
up. All employees, excluding the foreman and the gate attendant, cleaned up the con-
veyor pit and the area below the baler. The waste they cleaned out of these areas was
added to the incoming waste pile and subsequently baled. During the week of monitoring,
cleanup was completed by both work shifts on different days. The first shift operated from
6:00 a.m. until 2:30 p.m, with one half-hour for lunch from 12:00p.m. to 12:30 p.m. A
second shift started work at 2:30 p.m. and worked eight hours.

The above work description applied to the normal plant operation through September 17,
1973. The bale plant fees were scheduled to be increased on September 17, and many
private solid waste collectors hauled their waste to an alternative private landfill
location to avoid paying the higher fee. Institution of the fee increase had been initially
delayed by the President's Cost of Living Council economic regulations. The diversion of
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the private solid waste collectors to the alternative private landfill disposal site reduced
the number of hours worked at the plant during the second shift. The second shift hours
varied from 4 to 8 per day during the week of monitoring, depending on the amount of
solid waste received.

3. Qualitative Observations. The interior of the baling plant was described as musty.
During dry periods the air was dusty, and during warm weather natural ventilation was
provided at both ends of the plant through the open doors. During rainfall periods when
solid waste was wet, there was little to no dust, but the solid waste characteristic odor
increased. Some workers wore face masks provided by the Company, which covered

the mouth and nose to cut down on the inhalation of dust particles. The plant was not
well lighted, and much darker than normal daylight illumination. The plant interior
was noisy due to the large empty building volume acting as a sound chamber. On the
west end of the plant, noise sources were the loader and the unloading waste collection
trucks. The east end of the plant was less noisy at floor level due to the conveyor-scale-
charging box lid operations, which were the major noise sources; these were elevated
high above floor level.

1 " Plant operation aspects are shown in Photographs 2-1 through 2-4 . Solid waste residues
were ejected from the bdler at severadl points, but the majority of the squeezings were
extruded when the bale door opened. Small particles of solid waste, primarily grass and
wood, were also squeezed out from the baling chamber past the gatherer and compaction
rams. The vertical tramper ram tower walkway and ram framework had similar minor
deposits of dry, crushed solid waste particles. A pile of this residue was observed
blockmg one side of the uppermost railing surrounding the tramper ram tower. At cer=_
tain times during the high pressure compression, some liquid wastes squnrf,ecigg@ the

s e

baler and were sprayed up to 4.6 meters (15 feet) onto the cantrol fower concrete supports
Oneé ‘section of the service room wall opposite Pusher Two was also occasionally sprayed
with liquid, leaving a permanent stain. The liquid spray quantities were minor, but
proper shielding and drainage would have eliminated this phenomenon,

The activities occurring at the plant normally followed a moderately active pace. When
several waste collection vehicles arrived simultaneously, the unloading area became
jommed due to lack of a coordinated traffic flow plan, Cleanup was an ongoing

effort involving the movement of wheelbarrows, shovels, brooms, and men. Corrugated
usually cascaded down from the laborers positioned at the top of the conveyor. Personnel
on the plant floor had to be alert to avoid walking under the falling corrugated. The
corrugated fall area was roped off to keep people from walking in the area where the
corrugated was falling to the floor. Often when a waste collection vehicle unloaded
mostly corrugated, the hand separation of the salvagedble material from unreusable
waste took place directly on the baling plant floor. Minor plant maintenance operations
took place at any time, involving transport vehicles, the baler, the forklift, or other
equipment.

16
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f. Baler control room

PHOTOGRAPH 2~1
BALING PLANT OPERATIONS (1)



b. Incoming waste vehicle entrance

d. Front end loader placing waste on conveyor

PHOTOGRAPH 2-2
BALING PLANT OPERATIONS (i1
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SECTION 3
SOLID WASTE DESCRIPTION

The baling operation depends to some extent on the nature of the solid waste. During
the five-day study the incoming vehicles and waste characteristics were monitored.

The American Systems baling plant gate attendant recorded the incoming vehicle owners,
volume, and type of waste on the Gate Attendant Form provided by Ralph Stone and
Company, Inc. (see Appendix A).

Representative samples of solid waste were removed twice daily, placed into a 510 liter
(2 cu yd) bin and sorted into the following categories: paper, wood, metal, textile,
plastic, rubber and leather, food, glass and ceramics, garden, rock and dirt, smalls
(2.5 to 0.32 cm sieve),and fines {less than 0.32 cm sieve). Three additional 510diter
bins plus the two sorted bin fulls of waste were weighed each day to determine baler
feed waste density. At the end of each day, a 9 kg (20 Ib) sample was composited in
proportion to the constituents in the two daily sortings for laboratory analysis.

The liquid squeezed from solid waste during baling was collected in several pans, and

a bucket placed at points under the baler where leakage occurred. The volume of
squeezings was measured and fwo samples were taken each day for laboratory analysis to
determine pH, coliforms (total and fecal), BOD5, Ci, SOy, sulfides, TDS and nitrogen
series (N03, NH3, and organic).

The St. Paul baler plant receives incoming solid waste from 6:00 a.m. fo 8:00 p.m.

The peak period is from 9:00 a.m. to 2:00 p.m., except during the lunch hour. This
information is presented graphically in Figure E~12 for each day during the five-day
study period, and in Figure E~13 for the entire weekly period.

The origin and size of the solid waste vehicles varied greatly. As can be seen in

Figure E=14,almost half of the vehicle sizes were between 11.4 and 15.2 cu meters. The
basis for this observation may be found in Figure 3-1, which indicates that over one-third
of the incoming vehicles were St. Paul Public Works vehicles, which fall into this size
category. Of the large vehicles, most were 57 cu meter (75 cu yd) vehicles

owned by American Systems which hauled waste from the American Systems Midway
Transfer Station in St. Paul. The percentage of vehicles under 3 cu meter (4 cu yd) in size
corresponds well with the percentage of private vehicles arriving at the baler plant. This
percentage may have been lower than usual in the time period studied because on
Saturday, September 22, there was a city cleanup campaign in St. Paul. The public was
allowed to dispose of refuse at several sites in the city without paying a fee. The St. Paul
Public Works System vehicles brought these materials to the baling plant. On a volume
basis, American Systems vehicles contribute 39 percent of the incoming waste, St. Paul
Public Works vehicles 24 percent, private collectors 35 percent, and the public at large
contributed 2 percent. The volume and type of solid waste received during and prior

to the five~day study can be seen in Table 3-1. About one=half of the solid waste
received was residential. The large amount of waste received on Monday, September

24, 1973,can be accounted for by weather conditions. Sunday evening and Morday morning
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Owner Organization

Others 18.5%
Wallmaster ™ 1.1%
Brennan Rub, + 0,8%
Mickey's Rub, = 1.1%
Cashill Rub, | 1.8%

American 8.9%

Waste Cont. [ 1.1%

Private 12.9%
August . 1.1%
Pub. Wks.
38.3%
Hamm's preme 3.9%
Splichal Rub. = 0.8%
Red Arrow m— 4,7%
Remackel | I Y ¢ 7
T H I
0 10 20 30 40

Total Vehicle Arrivals (percent)

Legend: Arrivals on 9/20, 21
22, 24, 25 and 26,1973,
combined. FIGURE 3 -1
SOURCES OF BALING PLANT SOLID WASTE
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TABLE3 -1
INCOMING WASTE TYPES

Total Solid Waste 3
Date Volome Type of Waste Load (m’)
9/73 Rece&ved
(m*) Residential “Industrial _ Commercial__

13 1,004.9 443,16 314.34 247 A5
14 939.76 439.40 289.36 211.0
17 679.6 317.84 170.87 190.93
20 1,203.3 528.9 362,69 311.8
21 1,133.4 435.51 361.36 336.32
24 1,315.7 637.3 422, 256.38
25 1,117.7 610.1 245,4 262.2
26 834.8 371.49 241.3 222.98
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experienced heavy rainfall. Many private haulers who had been driving to the com-
petitive private sanitary landfill located outside of town to avoid paying the disposal
fees brought their refuse to the baler plant during rainy weather to avoid the landfill,
which reportedly became very muddy on wet days. The time lost due to trucks becommg
stuck in the mud at the landfill compensated for the higher price charged at the baler
plant at that time.

The density :?f the i m(_ommg waste can be seen in Table 3-2. The average density of
79.53 kg/m” (4.96 Ib/ft3) and the standard deviation of 17.46(1.09) indicates that the
solid waste is not uniform. The process used fo measure the density involved filling

with solid waste a 510~liter (2 cu yd) bin which was provided by American Hoist and
Derrick Company. The contents of the bin were then weighed by the sorting crew.

The loader was used for filling the bin, taking a bucketload of refuse from the same area
from which solid waste was obtained to load the conveyor, and dumping this bucketioad
instead into the storage bin. The level of mixing of the samples was, therefore, approxi-
mately the same as the level of mixing of the solid waste provided to the conveyor and
the baler.

For sorting, the aforementioned bin was again filled by the loader. The contents were
then sorted into standard categories by the sorting crew. The percentages shown in
Table 3-3 are based on the wet~weight results of this sorting process. Once again, the
standard deviation is large, indicating a large variation in incoming waste constituents.
Table 3-4 shows an equally diverse moisture confent for both the incoming solid waste
and the bales. The organic content percentage is one of the few parameters that re-
mained fairly stable.

The higher moisture content in the bale core samples may be due to one or a combination
of the following factors: random variations due to differences between samples; the
release of moisture from containers crushed during baling; and the diffusion of moisture
throughout the bale material under the high baling pressure.

The main collection area for liquid squeezings was the area directly below the baler base.
The squeezings had aconsistency quite like oatmeal, rather than liquid. Therefore, two
types of samples were taken. One sample was collected in flat rectangular pans (see
Photograph 2-4), Another sample was collected in a bucket which had a piece of 0.32~cm
(1/8~in) mesh hardware screening over the top. This method was used to strain the
squeezings. It was though that there might be a difference in the two samples when
analyzed in the laboratory, but as Table 3-5 indicates, there was in fact no noticeable
difference. For the first three days of the study the volume of squeezings was checked
only once per day b because very little was generated. Beginning on Tuesday, the waste
being baled was wet due to Monday's raini. (On Monday, there was a large amount of
dry waste still on the floor of the baling plant from the City cleanup campaign which

took place on Saturday. Thus, the refuse baled on Monday was dry despite the fact

that it rained on Monday.) Therefore, on Tuesday and Wednesday the squeezings were
being generated much more rapidly. As a result, the volume was checked three fimes

per day on Tuesday and Wednesday. It also rained on Wednesday, resulting in very wet
conditions in the baling plant. On this day, squeezings were also seeping out of the
gathering ram and the compaction ram. On Wednesday, these volumes were also recorded.
The squeezings were also much more watery on Wednesday and slightly lighter in color
than the normal greenish~gray.
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TABLE 3 -2
INCOMING SOLID WASTE DENSITY

Date Time Sample Wt. Sample Vol. Dens?i::?/q’b
9/73 (Kg) (cu. m.) (Kg/m<}

20 8:30 A.M. 127.2 1.53 83.1
20 9.00A.-M. 1191 1.53 77.8
20 1:30P.M.  130.0 1.53 84.9
20 2:.00P.M. 155.0 1.53 101.0
21 7:30 A.M.  139.5 1.53 90.8
21 7:30 A.M. 149.5 1.53 97.4
21 9:00A.M. 153.6 1.53 100.4
2] 12.00P.M.  106.4 1.53 69.5
2] 12,00P.M. 170.4 1.53 81.4
24 7:00A.M. 113.2 1.53 74,2
24 7:45A.M.  105.9 1.53 68.9
24 8:05A.M., 151.8 1.53 99.2
24 10:45A.M.  127.7 1.53 83.1
24 11:30 A. M. 144.5 1.53 94.4
25 7:45A.M.  86.3 1.53 56.4
25 7:45A.M.  78.6 1.53 51.1
25 8:15A.M., 139.5 1.53 90.8
25 11.00A.M. 127.8 1.53 38.6
25 11:.15A.M. 137.7 1.53 89.7
25 1.15P.M.  148.2 1.53 96,8
26 8:30 A.M. 126,3 1.53 82.6
26 11:30 A.M.  158.2 1.53 103.4
26 2:00 P. M. 92,7 1.53 60.6~
26 2.30P.M. 111.8 1.53 73.0
26 3:00P.M. 87.2 1.53 96.5
26 3:40P. M. 93.6 1.53 61.2

EAvercge 79.53 Kg/m3 (4.96 1b/ft3); Standard Deviation=17.46 (1.09).
From floor storage.
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TABLE 3 -4
ANALYSIS OF MOISTURE AND ORGANIC CONTENTS

FOR UNBALED AND BALED SOLID WASTE

Date Moisture Content Organic Content
9/73 (% dry weight) (% dry weight)

Incoming Solid Waste Samples (Unbaled)

20 54.6 60.0
21 15.3 74.8
24 48.5 89.0
25 37.9 83.9
26 71,0 73.5
Avg. 45,4 76.2
Bale Core Samples®
20 26.2 77.3
21 82.3 64.0
24 30.7 66.3
25 36.1 84.4
26 82.2 84,1
Avg. 51.5 75.2

q - - - L
Samples taken within 15 min. of bale construction.
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SECTION 4
BALE DESCRIPTION

A. Monitoring Method

A major aspect of the performance of solid waste baling systems is quality and production
rate of the bales. These parameters were monitored in three ways. First, the control
tower operator recorded the weight of the material loaded onto the scale for each bale.
He ako recorded the time of day for every 25th bale.

The second way involved a series of measurements made for every tenth bale. Each
tenth bale was removed from the baler ejection platform and placed along the wall

at the east end of the baling plant, near an auxiliary loading area. These bales were
measured for maximum and minimum distances between faces on lerigth, width, and
height. These measurements were taken of times ten minutes, one hour, one day, and
one week after bale production. The production time and ram pressure for each tenth
bale were also recorded.

The third way consisted of taking three 5 centimeter (2-inch) core samples from each of
two randomly chosen bales each day. A 1.5-horsepower industrial drill with a core~
sampling bit was used. A standard 15.2 cm (6 in.) coring depth was attempted, but
depths ranged from 5 to 25 centimeters (2 to 10 inches). The core samples did not
remain intact but fell apart due to expansion immediately upon removal from the core
sampling drill bit.

B. Results of Bale Monitoring

The bale production for the first shift can be seen on Figure 41, Production for the
second shiff can be seen on Figure 4-2. These figures show that bale production rate
(the slope of the curves) is not constant throughout the day. Several work stoppages
due to baler breakdowns are noted. On many days a characteristic slow-down can be
seen near the end of each shift. This is common in most production plants which are
{abor-intensive.

Table 4-1 shows the production times for the tenth bales. The average production fime
is 1.73 minutes. This is defined as the period from the charging box lid closing until
the ejection motion of the completed bale out the baler door is stopped. This time is
different than the baler cycle time, which extends from the activation of the platen
through the end of the ejection operation. The standard deviation of .16 minutes is

9 percent of the mean. This fairly low deviation indicates a relatively constant bale
production time.

The measurement of the tenth bales was performed at successive times to determine the
degree of springback of the bales. Figures 4-3 through 4-7 show the variation in the
average value (average of maximum and minimum readings) for each dimension for the
tenth bales for Day One (9/20) through Day Five (9/26), respectively. It can be
observed that the maximum dimensions were measured one day following the production
of the bales. Between this measurement and the one~-week measurement, the dimensions
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TABLE 4~1
TENTH BALE PRODUCTION TIMES

Sept.
1973 Number of Te(;\th Average Production Standard
Days Bales Timed Time {(min.) Deviation
20 15 1.799 0.11
21 14 1.757 0.26
24 13 1.647 0.08
25 9 1.764 0.13
26 11 1.679 0.15
Overall 62 1.731 0.16

@ Tenth bale monitoring was done only during the first six to eight hours of plant
operation, thus the number is less than one tenth of the total bale production for
each day.
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once again decreased. This seems to indicate a settling of the bales, perhaps due to
evapo-transpiration of moisture. On Figures G-1 through G-5 the expansion is

shown in ferms of volume percentages. With the exception of 9/26, the same settling
phenomenon is observed. A possible explanation is that the refuse being baled on

9/26 was very wet. Moisture causes paper, which comprises 30 percent or more of the
refuse (see Section 3) to lose its elasticity, Percent linear expansion of the bales at one
hour after productionwas: height = 2.5, width = 1.4, and length = 3.3; at one day after

ﬁroducﬁon, height = 5,7, width = 8.3, and length = 9.6; and at one week after production,

eight = 3.7, width = 9.4, and length™= 10.8

The tenth bale measurements afforded a good opportunity to study bale uniformity.
Tables G-lthrough Table G-5show the mean value, the standard deviation, the
variance and the covariance for the maximum and minimum values of each dimension
on Day One through Day Five, respectively. The bales may be seen to be fairly non-
uniform. This cannot be attributed to the ram pressures used for the various bales,

for the pressure only ranged from 1361-1588 kg (3000-3500 pounds) and was almost
always the specification value, 1542 kg (3400 pounds).

By combining the data reported by the control tower operator and the tenth bale data,
the densities of the bales can be obtained. The average bale weight, recorded by the
control tower operator, was 1,282 kilograms (2,826 pounds), with a standard deviation
of 50. Table. 4=2 shows the average densities for each day's production of tenth bales.
The wide range of densities (937 to 1579 l'b/yd3) indicates bale density woenuniformity.

The core samples were analyzed for moisture content and organic content, as were the
daily 9 kg (20 Ib) composite samples of the incoming waste. The results are shown in
Table 34, Once again, nonuniformify was obtained, though the organic content is
much more uniform than the moisture content.

The stability of the bales was monitored by direct observation of the number of broken
bales during the five~day study period. One or two bales per day were seen to fall
apart to some extent at the baling plant. Of the sixty-six tenth bales monitored, two
(or 3 percent) fell apart at the baling plant. One occurrence was on 9/26, a very wet
day. The surface materials of wet bales tend to slough off more readily than on dry
bales. In addition, five (or 7.5 percent) of the tenth bales fell apart at the landfill

in the course of the week of measurement. Three of these were produced on 9/26.

It should be mentioned that these bales were subjected to much more handling than
normal. Breakage at the bale plant thus may be seen to increase with increasing
moisture in the incoming solid waste, and with increasing amounts of grass in the bales.
However, the percentage of breakage at the baling plant seldom exceeds one percent
under normal conditions.

Breakage at the landfill may be due to the operator mistakes, Occasionally, the
operator will drop a bale from the forklift. In a quantitative observation of broken

or damaged bales at the landfill, no distinction was made between unstable bales and
bales damaged by operator mistakes. Of 582 bales observed, 14 bales (or 2.4 percent)
were damaged or broken. Moisture contributes to the likelihood of the bales being
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damaged or unstable. The highest percentage of instability and damage (6 percent)
occurred following a period of 20 hours of consecutive rain. Excluding wet bales
from the data, the percentage of bad bales reduces to 1.8 percent.

Overall bale production for the five=day study period, in terms of weight of solid waste

baled, average weight per bale, number of bales per day, hours per day per shift, and
bales per hour, is listed in Table 4-3.

40



OVERALL BALING PLANT PRODUCTION DURING 5-DAY PLANT MONITORING

TABLE 4~3

kil
¥

_ Total Wt. ; Avg. Wt.  No. Bales ' Hours/Day/Shift | Bales/
Date | Per Days: i Per Bale: | Per Day }m""“"""r’”_’*“’“’ Hour
9/73 © Kg (tons) Kg (Ib) : First i Second
20 263,591 1,305 202 8 3.5 17.5
(290) (2,878)
21 362,661 1,277 284 8 7.5 18
(400) (2,816)
24 350,123 1,273 275 8 8 17
(386) (2,807)
25 383,059 1,277 300 8 8.5 18
(422) 2,816)
26 275,386 1,263 218 8 7.5 14
(303) (2,785)
Average 326,964 1,278 256 8 7 17
(360) (2,818)
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SECTION 5
TRANSPORT NET DESCRIPTION

A. Lloading Zone Plan

At the east end of the baler, facing the east door of the baling plant, was the loading
platform. Hydraulic pushers positionsd the bales on this platform and pushed the bales
onto the transport vehicles. The vehicles therefore had to be backed up to the loading
platform. Figure 2-4 shows the location of the ramp used to accomplish this. The
area to the north of this ramp was used to park an extra vehicle. It was used for aux-
iliary loading of special bales (i.e., cardboard, scrap metal). This vehicle could be
loaded using the forklift, since the floor of the baling plant was level with the bed of
the vehicle.

B. Transport Vehicles

The transport network consisted of four enclosed cab tractors and five 12-meter (40-foot)
flat bed trailers. The extra trailer was usually parked in the auxiliary loading area.
The overall length of the cab and trailer when connected was 15 meters (48 1/2 feet.)
The tare weight of the transport vehicles was 10,342 kilograms (22,800 pounds.) The
cab tractor had two rear axles and the trailer a dual axle af the rear. As can be seen
in Table 5-1, the transport vehicles were authorized by the Minnesota Department of
Public Safety weight limits to carry a gross weight of 33,239 kilograms (73,280 pounds).
With a tare weight of 10, 342 kilograms (22,800 pounds), except for a leased vehicle,
which has a tare weight of 11,022 kilograms due to a heavier truck tractor, this allow-
ed in excess of 22,680 kilograms (50,000 pounds) of load. Since the normal bales
averaged 1,281 kilograms (2,826 pounds) each, 16 bales could be carried on each
transport vehicle. However, to allow a margin of safety for vehicle weight purposes,
the usual load was 14 bales. Photograph 5~1 shows bale handling equipment.

C. Transport Operations

The transport labor force consisted of two vehicle drivers per shift. At any given time
(on the average), one transport vehicle was being loaded at the baling plant. Another
vehicle was traveling to the landfill with a full load. A third vehicle was parked at
the landfill and was unloaded by landfill personnel. The fourth trailer was parked

at the baling plant. The vehicle unloaded at the landfill was driverless. When

a vehicle loaded with bales arrived ot the londfill, the driver left this vehicle and
entered the vehicle which had just been unloaded. He then drove this empty vehicle
back to the baling plant. Simultaneously, the second driver left the baling plant and
drove a full loaded vehicle to the landfill, Prior to leaving the baling plant, he
backed an empty vehicle up to the loading platform. When the first driver arrived at
the baling plant, there was usually a partially loaded vehicle at the loading platform.
He therefore parked the empty vehicle in the eastern yard of the baling plant site.
When the vehicle which was at the loading platform became fully loaded, he drove
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TABLE 5-1
VEHICLE LOAD REQUIREMENTS®

Weight in Kg (ibs)
Minnesota Max.

Allowable Load Bale Transport Truck Load
14 Bales 16 Bales
Single or Dual Wheel 4,077 (9,000) 3,532 (7,795) 3,851 (8,502)
Single Axle 8,154 (18,000) 7,063 (15,591) 7,703 (17,004)

7,221 (15,941)° 8,036 (17,737)

One Vehicle or Com- 33,196 (73,280) 28,251(62,364) 30,811 (68,016)b
bination of Vehicles 28,930 (63,864)b 31,491 (69,516)

Four Axles 9.76 M 28,992 (64,000) 25,759 (56,364) 28,320 (62,516)
(32 Feet) Apart 26,439 (58,364)P 28,992 (64,016)

%Source: Minnesota Department of Public Safety ,

bLeased vehicle with heavier truck tractor.
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a. In-plant fork lift

e. Runoff from rainfall f. Bale measurement

PHOTOGRAPH 5-
BALE TRANSPORT AND PLACEMENT
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it away from the loading platform and parked it in the eastern yard. He then positioned
the waiting empty vehicle at the bale loading platform. He was then free to re-enter
the loaded vehicle which he had left parked in the yard and drive this vehicle to the
Iandfill. Upon reaching the landfill, an empty truck was waiting to be returned to the
baling plant. He entered this vehicle and the cycle began again. A Gantt chart

for this operation is shown in Figure 5~1.

The rigging and unrigging of the transport vehicle has been left out of the above dis-
cussion for the sake of clarity. The vehicles were equipped with meshed nylon curtains.
These curtains were on two wire guides which ran the length of the trailer bed, as shown
on Figure D=9, They were attached to the forward wall and to the rear posts at a

height 1.2 meters (4 feet) above the botiom of the trailer bed. When the vehicle was
empty, the curtains were af the front of the trailer bed, folded together. After the
vehicle was fully loaded, the curtains were pulled back to the rear of the trailer. This
required two men, one on each side, since the curtain sides and top were a single piece
of material. The curtains were therefore one unit and each side had to be pulled even-
ly. This rigging process was initiated at the loading platform just prior to the pushing
of the last two bales onto the trailer bed. The curtains, once pulled over the bales,
were attached at the bottom fo the trailer bed by several sets of hooks spaced along the
length of the trailer. After the vehicle pulled away from the loading platform, the piece
of plywood which served as the tailgate was put in place. This was done by the vehicle
driver either before or ofter he backed an empty vehicle up to the loading platform,

The tailgate slid into grooves located in the two rear posts and was secured in place by
a chain that attached to hooks on the two rear posts. The placing of the tailgate could
be performed by one man, but the vehicle driver usually received help from either the
maintenance man or the forklift operator. Observed times for the two rigging operations
for one, two and three men are shown in Table E-12,

When the fully loaded vehicle arrived at the landfill, it was unrigged to provide access
to the bales. The vehicle driver, assisted by the landfill worker, pulled the curtains
forward and secured them with a cord on the forward trailer wall. The driver was then
free to drive the waiting empty vehicle from the landfill. The landill worker removed
the sideguards from one side of the trailer bed so that the bales might be removed.
After removing the bales, he prepared the vehicle for the return trip to the baling site.
This involved sweeping off solid waste that remained on the trailer bed, replacing the
sideguards, and removing the tailgate and placing it on the frailer bed near the forward
wall,

The drivers also had additional duties. The drivers assisted in the daily baling plant
clean-up, and while ot the baling plant waiting for a truck to be loaded, they might
have been requested to operate the floor sweeper or the small loader. They were also
responsible for the normal maintenance of the vehicles.
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D. Route Plan

The landfill was approximately twleve miles from the baling plant. There were two
routes used to reach it, shown on Figure D-10. The choice of routes was at the
driver's discretion. The Concord Street Route was slower with more traffic signals.
The Robert Street Route, though faster, had steep hills that some drivers preferred to
avoid. Both routes traversed shopping areas. The Concord Street Route passed through
an older commercial district with narrow streets, while the Robert Street Route was
primarily through suburban shopping centers with wide streets.
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SECTION 6
BALE LANDFILL EVALUATION

A. Landfill Description.

1. Location of Landfill. The landfill is located in an area of Dakota County known
as Inver Grove Heights, approximately 19 kilometers (12 miles) south of the baling
plant (shown in Figure D=10).Railroad tracks determine the northern and western boun-
daries: the Suburban Gas Company (from which the American Hoist and Derrick Com-
pany acquired the fill site) is situated beyond the tracks to the north of the landfill.

2. Londfill Site. Figure D-11is a topographic map of the landfill site. The railroad
tracks are shown and can be compared with the layout of Figure D-10. The ultimate
drainage is also shown. There is a small pond north of the site into which the area
drains. This pond drains a large area in addition to the landfill site. A cow-pasture
lies immediately south of the site. The area between the two railroad tracks comprises
0.12 square kilometers (29.9 acres). The area east of the Chicago and Northwestern
Railroad contributes another 0.04 square kilometers (8.9 acres). The area between the
two tracks is roughly a 365 meter (1200~foot) square with a large cutout of the north-
west corner. The area east of the tracks is roughly a 200 meter (700 foot) x 150 meter
(500 foot) rectangle with the long dimension running north-south .

B. Landfill Monitoring.

Copies of the forms used to record observations of landfill operations and environmental
conditions are included in Appendix F. This section explains how information re-
cordedon the data forms was obtained.

|. Bale Spacing (Weekly). The working face was divided into ten sections of equal
size, then the middle bale in each section was selected for the spacing measurements.
One day each week field observers placed a triangular wedge perpendicularly between
the selected bale and two neighboring bales along two edges to determine the average
distance between bales.

2. Landfill Operation Record (Weekly). Observers made general notes on the condi-
tion of the landfill to determine operation effectiveness. Weekly records included a
descripfion of the soil covering process (10 minute periods), a count of broken bales
(from observations of random samples of 100 bales on the exposed working face), and
observations of surface water pool area and depth to identify drainage problems.

3. Landfill Environmental Record (Weekly). An areq approximately 30 m (100 i) square

directly adjacent fo and below the working face was defined as the litter sampling
plot. Litter items were either counted individually or their total area estimated one

day each week, The observers quantified the dust problem by estimating the fraction




of the landfill area capable of producing a dust column due to vehicular traffic. The
access road was initially divided into 30 meter lengths, then observers used a random
number table to decide which section to use to describe dust conditions each particular
week .Numbers and kinds of non-insect vectors (birds, rats, dogs, etc.) were also noted.

4. Time and Motion Studies (Weekly). Investigators used precision stopwatches and
a time=study clipboard to time equipment and labor tasks such as forklift placement of
bales, cover soil carrying and placement litter and truck clean-up, and other related
task performances.

5. Fly Emergence Studies. Special studies of fly emergence were undertaken during
periods from April 30 through May 22, 1974 and May 28 through June 22, 1974,
Ralph Stone and Company, Inc., personnel conducted the routine daily monitoring of
fly emergence traps. ‘

Each month, two 4.6 m by 4.6 m (15 ft by 15 ft) test plots (over bales) were defined,
then covered with a moist soil layer. Initially six fly emergence traps (two were later
destroyed), each with a 1 m (3 ft) square base and 30 e¢m (1 ft) high were placed

1to 1.6 m (3 to 5 ft) apart on each of the two test plots, as shown in Photograph G-1a.
Photograph G-1b shows the traps, and Figure G-6 illustrates individual trap components.
Flies emerging from the baled solid waste were attracted to the light in the glass, then
trapped. The field investigator collected and counted trap contents daily, then sent
them to the company laboratory for identfification. The screen in the jar and a fight
soil seal around the box prevented fly escape. The emergence tests were conducted
over a period of time long enough to allow egg hatching, larval development, and
adult metamorphosis (about 21 days).

C. Results and Discussion.

1. Landfill Operation Description. The bales were transported to the landfill on a
flat bed tractor-trailer truck as seen in Photograph D-2a. The bales were removed
from the transport vehicles by an operator using an Allis-Chalmers 840 articulated
forklift as seen in Photograph D-2b. The bales were stacked three~high in tiers and
side-by-side to form horizontal rows which are usually 80 to 120 bales long
(Photograph D-1b). Since the bales were situated with their longest dimension aligned
longitudinally along the direction of the row, the row dimensions were about 3 meters
(12-1/2 feet) high by 90 to 150 meters long by about 1 meter wide. There were 240 to
360 bales in a three~high tiered row, amounting to approximately 480,000 kilograms
(450 tons) of solid waste. The rows were constructed one at a time, The first three
bales were placed on the ground, then two bales were placed on the second level and
one placed on the top of the second level. This provided a starting point, as shown in
Figure 6-1. The succeeding bales were placed up against this first set of bales in sets
of three: bottom bale, second level bale, and lastly, the top bale. This procedure
provided continual stability to the row.

49



NAID0YU
INIWIDVId 1114318 1NVd 1S

1-9 -NDI(A
woyjoq 4o Butuuibaq *ysay _umuo_n_ (s)a1rg

ANNRARRNY

2opy Buojp pun dn Buipusixs puodas paop|d sajpg ,M/////ﬂ//“
ANNNN

2004 Bupsiom jo uoigoallp ul ‘piiyy paoojd sajpg “ ”

e 4

e MOY e e :pusba

JUSWOID|] ~—

“l.-.lllll.
_ _

|
| !
L _

Be-— 1 NN\

- NMniney
AN A

UO1423G |POIHSA

77

//
NN

9004 DUDMOp) —&———

SN NN N
TN
N
// N
N / //
N

b

50



The placement of the soil cover was accomplished using a Trojan 4000 loader with a

3.8 cubic meter (5 cubic yard) bucket (see Photograph D-3). The number of rows which
were placed together prior to applying soil cover was determined by the landfill geo-
graphy and the availability of cover. ldeally, the first row was placed against an em-
bankment and succeeding rows continued along and out from the embankment. When

this was done, the loader excavated cover soil from the embankment and covered the

first rows, then continued to cover away from the embankment.  Using this procedure,
the loader traveled only on top of covered bales. Daily cover was not always completed,
The frequency of cover soil application was observed to be closer to once or twice
weekly.

The roads were kept hard-packed by drag-scraping a large steel support beam frame
along their surface. The loader was observed performing this operation. The loader
was also used to clean up litter, sweepings, and broken bales. This material was
pushed to the side and covered immediately with soil.

The landfill personnel consisted of two operators, one of whom served as a leadman.

The leadman saw that the orders of the superintendent were carried out. Both operators
were responsible for the maintenance of the landfill equipment. One operator worked
the first shift, 6:00 a.m. to 2:30 p.m. The leadman was responsible for the second shift,
but often arrived before 2:30, occasionally as early as 10:00, to stockpile soil cover,
maintain the roads, or perform other peripheral fasks, while the other operator concen-
trated on unloading bales from the vehicles.

There was only one structure at the landfill, a trailer located near the entrance along-
side the access road. There was no running water or electricity. Sanitation was
provided by an outhouse behind the trailer, A water tank and a fuel tank were located
nearby the trailer. A generator and a set of mercury vapor lights were kept at the
landfill and used to illuminate the working area during the evening when the second
shift was in operation,

2. Landfill Evaluation. Ralph Stone and Company, Inc. personnel evaluated the

St. Paul balefill using an EPA scoring method (Table G-9). The EPA evaluation was
designed to determine the quality of normal sanitary landfills; scoring was adapted to

suit the circumstances of the balefill. The balefill was thus rated "minimally acceptable";
the low score was due primarily to a lack of daily earth cover, which may be unnecessary
due to ifs high density,cohesiveness of baled materials, and vertical working face.

3. Monitoring Results. Data were collected by operational and environmental monitor-
ing; observations were made on bale spacing, surface water accumulation, broken

bales, cover soil application and thickness, litter, dust, vector foraging, and fly
emergence.
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a. Bale Spacing. Table G-6 displays the results of bale spacing measurements.
Entries are listed chronologically and show, for a given day, the maximum, minimum,
and average space (plus standard deviation between the 10 sample bales and their
neighbors along a long and a short bale face edge . The average space between bales
was generally much greater along the long edges than the short edges, which can be
explained by the stacking procedure. When bales were stacked, the forklift could
position them flush against bales on either side more effectively than it could fit them
flush against the bales directly behind the bale being placed. Once the loosely packed
bale "walls" reached a certain height, they tended to lean due to variations in dimen-
sions of the bales. Generally, bale size irregularities coniributed to inter-bale spaces
in both directions. The majority of the bale spacing measurements were token from above
the stacked bales until the last two months. These last measurements included observa-
tions of side spacing between bales taken from a position in front of the working face.
The data in Table 6-2 indicates the spacing trend reversed; e.g., the minimum space
was measured on the longest bale face.

b. Surface Water. Puddles were observed on 10 of 42 monitoring days, and only
once were they estimated to cover more than 15 percent of the fill surface. The surface
water observed on 3/3/74 accounted for almost half the total observed for all days;
including that date the average area covered with water for the 10 days when water
was present was 68 sq m (728 sq ft), and without that date the average was 39 sq m
(419 sq ft). Over the 42 days, the average submerged area was 16 sq m (173 sq ft):
over 41 days (excluding 3/3/74), 9 sq m (92 sq ft).

c. Broken Bales. The number of broken bales out of a sample of 100 bales was
determined on 11 occasions. Numbers ranged from 0 to 7, with the average 2.2; from
this it can be estimated that a minimum of 2.2 percent of all bales in the fill were
broken at any given time.

d. Cover Soil. Since both monitoring and fill covering with soil were under-
taken once a week (roughly), they rarely occurred on the same day. On the four days
(of 42 total) when covering was observed, an average of 15 ¢cm (6.1 in), ranging between
13 and 20 cm (5 and 8 in), of soil was spread over the bales.,

e. Litter.  Numbers of discrete pieces of litter larger than 6 sq cm (1 sq in) were
recorded in 3 m (10 ft) square areas of three locations below the working face, dbove it,
and along the fill access road. Table G-7 briefly summarizes the results. It was assumed
that extremely high values of litter were due to broken or exposed bales, and thus did not
represent normal conditions of litter escaping from bales. Therefore, the data is present-
ed in Table G-7 for all litter values (upper half of the table) and for values that were
grouped closely in magnitudes less than 100 (lower half). The dafa in the lower half
would indicate the litter level on typical days, and the data in the upper half for days
when broken bales occurred. The relative magnitudes of the counts for the three
locations are directly related to the amount of solid waste exposed. Thus, the values
below the working face where trucks were unloaded and swept off had over twice the
litter observed in the other two locations.
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f. Dust. Seven visual dust observations were made between late May and late
August to determine the height of dust columns; the dust height provides an indication
of its potential to travel off-site and cause detrimental environmental impact. Dust
was not observed during other times of the year due to rainfall, snow cover, or frozen
ground. All sample dust columns were atiributed to cars or trucks, and averaged
2 m (8 ft) in height over a range of 1 to 4 m (4 to 12 ft).

g. Vectors (non-fly). On only 9 days were any non-fly vectors observed; all of
these were birds. Numbers of birds seen varied between 100 and 3. Averaged over
all observations (34), the typical number birds visiting the fill was about 4.

h. Fly Emergence Studies. The fly emergence traps were placed on cover soil
averaging 15 cm (6 in) in depth and on uncovered bales. Though the emerging insects
were all classified as "flies," technically six families represented Order Diptera and
three families represented Order Coleoptera. Representative samples of flies collected
between 4/30/74 and 5/22/74 and between 5/28/74 and 6/22/74 were sent to and
identified in the Stone company laboratory. Table G-8 shows the different families
which were collect ed from individual traps for both monitoring periods. Table 6-1
lists the quantitative results of the St. Paul fly studies and compares them with similar
studies undertaken in Oceanside, California, where fly emergence tests were conducted
on normal solid waste with and without soil cover and sewage sludge.

Several factors should be considered when interpreting the information presented in
Table 6-1. First, Oceanside data included only Dipterans; relative frequencies of
the two orders were not available for St. Paul. Area climates differ greatly; Ocean-
side has fairly mild weather year-around, with a sporadic winter rainy season, and

St. Paul experiences summer and winter temperature extremes and much more annual
precipitation. These climatic differences plus geographical differences can affect the
type, number, and breeding seasons of flying insects.

From the data collected, the cause of very high fly figures during the first couple of
days in St. Paul cannot be isolated. Trapping technique, age of the waste prior to
disposal, local fly abundances, operational procedures, or a combination of these
factors could explain the differences between St. Paul and Oceanside. One possibility
is that some solid waste may have been stockpiled in the baling plant for one or two
days in addition to storage at the source (households, etc.) for up to one week. The
baling plant open storage would allow additional eggs to be placed by adult flies in

the plant. Also, the extended time period between generation and landfill disposal
would allow for adult fly emergence on the first day after bale placement in the landfill.

Despite the above problems with data interpretation, the following conclusions may be
drawn from the fly emergence studies.
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e Generally, cover soil reduced fly emergence.

e The amount of cover soil necessary to reduce flies significantly varied with
seasonal changes.

e Badling alone did not appear fo inhibit fly emergence.

Environmental advantages associated with balefills as compared to conventional land-
fills appear to be reduced numbers of birds; reduced surface area at the balefill;
increased density of the solid waste to be disposed (on the order of 1.5 times--see Table
9-22); and reduction in the volume of dirt needed at the fill (on the order of 90 percent)
due to reduced surface area requiring cover soil.
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SECTION 7
TIME AND METHOD STUDY

A. Purpose and Scope

This section discusses the time performance of the St. Paul baling plant, transport net,
and bafefill. Since the time analysis is detailed and extensive, the more comprehensive
work on operating times and all of the work on human factors have been placed in Ap-
pendix E. Results and evaluations are presented in this section.

This analysis of time performance uses simultaneous observations of the overall system
of individual men and machines. Attaching time values to machine states that are dis-
jointed in time is a powerful method of description. This information describes the use
made of men and machines. While individual performances are not enough to describe
system performance, the effect of the defined states is to represent the system as a net~
work of operating states. This network structure is the basis for the time and method
study.

Human factors greatly influence plant performance. Factors include operator location
and visual perspective, instrument and control design and location, and required force
and precision of operator movements. These factors are identified and evaluated in
Appendix E.

Plant data for time and methods analysis was obtained as follows during a five day plant
monitoring period and over a one year study period:

1.Stopwaich Timing. Time studies of the baling process were completed for 30 minute
periods twice daily, with revisions on three days due to plant operating variations. Two
men entered continuous time data on operations Activity Charts 1-A and 1-B (as shown

in Appendix A), simultaneously covering all operations performed during solid waste pro-
cessing .

2. Video Tape Records. Daily video tape recordings were made of each of the three
labor positions on the production line: the gateman, loader operator and control tower
baler operator. The video tapes were analyzed by task time and motion measurement
to define human factors.

3. Bale Landfill Equipment Timing. Ralph Stone and Company personnel in St. Paul
timed the balefill forklift almost weekly over the year of the balefill study.

B. Plant Performance

1. Machines. Within the accuracy of the observed measurements, the plant production
machines formed an integrated and compatible network of operations. Thus, when the plant
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was in steady-state operating condition, all machines showed high run percentages
and low interference.

The utilization values listed in Figure 7-1 show that the baler had the lowest flow rate:
all other machines waited on the baler. In a sequence of operations such as the baling
plant, all other machines should properly feed the major machine without slowing the

process rate. Thus, the plant could operate at a maximum rate equal to the baler rate.

The interference values in Table 7-1 show that the loader and conveyor both interfered
with the baler. To have less important machines slowing the baler (and plant) cycle
rate is a costly condition. Observation of the baler plant could explain these
interferences. First, the loader fed the conveyor easily for a long period of time,
until the loader operator stopped for personal reasons. Then the conveyor was not fed
for approximately 10 minutes, and the plant was idle until the loader operator returns.
Even if the conveyor was empty for a 6-meter stretch, it took one minute for the
conveyor to move that é meters. Secondly, the loader operator also affected conveyor/
baler interference by the height of the solid waste he piled on the conveyor. Thus, the
time to load one charge onto the scale would have been less than one minute or more
than two minutes depending on the conveyor's load. Thus, the conveyor can keep up
with the baler sometimes and then fall behind af other times. The loader operator
affects this balance.

The conveyor was observed to stop a number of times while loading the platen. The
occurrence of these stops varied with each load cycle. If the delay was short, it was
included in the time to load, causing the baler to wait for the conveyor at a later time.
If the delay was long, the time was included directly in the total fime the baler waited
for the conveyor. Intermittent stopping was an unresolved problem with the present
conveyor .

2. Personnel. The work~station positions varied and were often poorly coordinated.
Indications of this were the high percentage of labor idle time; the lack of assistance

for the gateman during periods of peak vehicle arrivals; the lack of a replacement for
the loader operator and control tower operator; incomplete coverage of records and
maintenance responsibilities; and the many people working in the plant, particularly

on the day shift. The percent idle time was so high that employee boredom was
expected, thus further degrading labor productivity. Common percent idle times in
industry are between 10 and 25 percent. ldle time is only one parameter of inefficiency.
The factors actually lying of the root of the problem are job descriptions and defined
responsibilities.

Each man on a machine in the production line needs a backup in order for him to stop for

a time without crippling the plant. Thus, a maintenance man or other non-line man should

have been avdilable to fill in for the gateman, loader operator, and conirol tower operator.
This would have improved the baling production rate by a minimum of 5 percent at St. Paul.

The responsibilities of the gateman required one man to process all trucks that entered the
plant. This was impossible when two trucks entered simultaneously. Trucks could enter
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unannounced, creating a traffic jam and safety hazard. The loader was slowed and
threatened by this confusion. The degree of responsibility of the loader operator in
avoiding collisions was very great. The loader operator fook total responsibility for
avoiding collisions with collection trucks. In time, a human error could prove costly.

The total number of employees on the first shift was eleven. Six men worked the second
shift. Only the gateman, loader operator, two truck drivers, and control tower operator
were production workers. The gateman was not critical to maintaining bale production,
and the difference between the four required men and the eleven actucl men was very
large. Redefining work fasks and responsibilities would have improved the labor
productivity and reduced the labor requirement and associated cost.

3. Incoming Waste Handling. The plant's method of handling incoming solid waste
needed review. [t was inconsistently performed and minimally productive., The defined
tasks and subtasks of the gateman, the floor layout and front doors, and the method of
working the floor pile contributed to this difficulty.

In order fo evaludte alternative methods, consider the steps of handling incoming solid
waste as a network of operations: 1) charge a fee, 2) dump the waste, 3) mix the waste,
4) reject some items, 5) recycle some items, 6) load the conveyor, and 7) convey.

One source of the delays and the potential danger of collision was the unscheduled
arrival of the collection trucks. Figure 7-2 illustrates the pattern of arrival of solid
waste in volume terms. From one to two in the afternoon more than twice the average
hourly intake oceurred. In the early morning and late afternoon, few trucks arrived.
For part of the day a gateman was idle; for part of the day two gatemen were needed to
fully handle all incoming trucks without delay. The loader vehicle had to wait when

3 or more trucks arrived, especially when the floor was already full. Thus, the condition
of a full floor and many incoming trucks slowed the loader even more. Figures 7-3 and
7-4 show the pattern of solid waste volume on the floor, using the arrival pattern of
Figure 7-2 and using different production rates for the baler.

With a faster baler, a second difficulty occurs due to the unscheduled arrival of incoming
trucks. The plant can run ouf of solid waste to bale af fimes during the day. Yet at
other times a large section of floor will be covered with solid waste recently brought in.
The fast 90-second cycle aggravates this problem; it can bale all the solid waste in eight
hours, but if more waste is brought in, it will arrive af the time of day when the floor is
most filled, Thus, solid waste arrivals should be under much tighter control; for example,
transfer stations would allow scheduled shipments to the plant. A larger floor would
provide the space to store more solid waste, although minimizing floor space is a
desirable goal to reduce cost. The gateman would be eliminated by using fransfer
stations, and a larger floor would thus not be needed.
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Depending on the way incoming waste is handled, the remaining sequence of operations

on incoming waste is subject to improvement. An overhead rail crane could rapidly and
cheaply handle heavy and bulky materials; perhaps the loader and conveyor could have been
replaced by a crane. The present hand~sorting methad of recycling was satisfactory at the
relatively high price prevailing for salvaged corrugated. Mechanical sorting of corru-
gated would require o shredder and air classifier which would necessitate a complete
reclamation plant with magnetic separation of ferrous materials. A baling plant built

in Cobb County, Georgia and operating since mid-1974 incorporates a complete re-
clamation system.

4. Concept Performance. The newest American Hoist and Derrick Company baler was
designed tor a Y0~second cycle, excluding the idle and dump operations. This means

that a plant can have under a 1.9 minute baling production cycle using 0.20 minutes

for both dump and idle. The other machines in the sequence would need to have increased
operating rates, and some machines may need fo be redesigned or replaced.

The conveyor and scale were time-costly and troublesome. Thus, this pair of opera-
tions might best be achieved using different methods.

The pusher and transport net performed dependably. Under the more rapid bale
production rate, the transports might be a problem due to traffic delays. As cycle time
decreases, more trucks might be needed depending upon the maximum permitted by
state vehicle load limits.

The behavior of the loader was less obvious, Using present data, the loader could not
load the new baler fast enough. But under improved solid waste handling conditions
associated with a transfer station or new floor layout, perhaps one loader would be fast
enough.

Any new baling plant should have a conveyor that is level for its total length, if feasible.
The loader can then load the conveyor along its total length, thus avoiding costly delays
due to an empty conveyor. Also, excess travel time from the solid waste stockpile to a
single conveyor loading point would be eliminated. The conveyor must be jam~free;
otherwise, high labor activity and cycle delays are inevitable. A gravity chute, a fast-
er scale platen, and a mechanical mixer and loader are possible innovations.

The number of employees should be kept to a minimum. Perhaps six men are needed per
shift: a foreman~-control tower operator, a loader operator, two truck drivers, a leadman-
mechanic, and a maintenance man. The control tower operator should be in charge of the
shift due to the qualities required in his position and the overview of his location. The
mechanic and maintenance men should be able to fill in other positions when necessary.
The recycling of solid waste is a relatively new concept. The benefits of recycling will
probably continue to grow in the future. A baling plant may be an economical place

to recycle many items such as cardboard, paper, aluminum, steel, tin, and glass. For

a baling plant performing recycling, advertising for and accepting or purchasing sorted
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solid waste may be as profitable as the baling operation.

In order to perform sorting, mechanical and electrical methods are needed, since labor
cost compared to productivity is prohibitive. Sorting may be accomplished in partial
stages during regular handling processes of dumping, storing, mixing, and conveying.
Differences in size, shape, weight, and denisty may be employed to initially separate
items.

5. Alternatives in Design of a 90-Second Plant. A new baler would significantly in-
crease the productivity of a plant to as much as 160 percent of past production.

This provides an impetus to develop high speed equipment for bulk handling and sorting
of solid waste. The reduced network in Table 7-2 is a basic model by which to compare
various alternative systems.

Transfer stations are a likely part of baled solid waste system. A system of transfer
stations can reduce travel and dump times for collection crews, eliminate the cost of
handling the trucks at the baling plant, and will premix the solid waste. The drawbacks
are the investment in property and special pits and the increased time that waste is in
storage . Train cars can be used: collection trucks can dump directly onto the open tops
of hopper cars. Trains can transfer the solid waste from remote areas. Bottom-loading,
high-wall cars can be unloaded on a fixed schedule.

A gravity-feed conveyor chute would eliminate labor and power requirements in waste
handling. Thus a chute may be aimed directly onto the scale. A power ram would be
necessary to push the waste down the chute at a predetermined rate to provide control
of the weight of waste in each bale. A problem might still be encountered, however,
in controlling the quantity of waste in each bale charge since the charge on the scale
may reach the desired weight while more waste is coming down the chute.

Mechanical sorters now on the market sort by density, size, weight, color, ferromag-
netism, and strength. These sorters don't collect 100 percent of the desired items, but
hand-sorting also does not approach this figure. Actually, sorting between 25 and 80
percent of such items as steel, aluminum, glass, cardboard,and paper will suffice to
recycle large amounts where markets exist.

A combination of conveyor and sorter would save time and money. The state-of-the-art
uses magnefic separation somewhere in the sorting. Tentative methods use density dis~
persion, air classification, magnetic and eddy current separation of ferrous and nonferrous
metals, photoeleciric color identification, shredding, and bouancy. A larger baling
plant with high volume through-put can meet the investment costs required for sorting
machines. Perhaps one fundamental justification for baled solid waste systems is the
convenience of recycling at the baling plant.

The scale-baler-pusher for the 90-second baler are basically the same as the
St. Paul model. The small detail of providing a hydraulic lift to raise the bale discharge
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TABLE 7-2
REDUCED BALED SOLID WASTE NETWORK

Cycles Per Average Process Times (min.)
Operation Baler Cycle Per Bale Par 1,000 Kilograms

(1) Dump on Floor - 2.40° 1.90

(2) Store/Mix - - -

(3) Load Conveyor 2.8 1.50 1.20

(4) Convey 1 3.00 2.35

(5) Measure Charge 1 0.05 0.04

(6) Bale 1 3.05 2.40

(7) Load Trailer 0.5 3.15 2,50

(8) Wait on Trailer 0.07 21.0 16.5

(9) Transport - 2.0 1.6
(10) Wait on Trailer - 25.0 19.7
(11) Stack 1 1.5 1.2
(12) Cover - - -

“Estimated from video tapes.
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platform over the truck bed will hopefully be resolved. The control tower, pump room,
and utilities are unchanged except for adding another pump.

The 90-second plant would be able to complete the solid waste processing by loading
bales two at a time into train cars for long-distance removal. A justification for the
baled solid waste system is inexpensive transportation costs. The destination of the
olid waste bales would be a remote balefill. Perhaps many cities will use a single fill.
A fundamental justification for baling solid waste is the reduction in volume and lack
of settlement af the fill and the ease of reclaiming the waste at future dates. The bales
may be used as engineering materials, but little research has been completed on bales
as foundation materials over a long time period.

C. Ability, Reliability, and Accessibility

Knowing the ability, reliability, and accessibility of plant components provides informa-
tion on different facets of productivity and indicates anomalies and necessary improvements.
Management can use this information for planning production schedules and calculating
design parameters in general (such as required storage space).

7. Ability. Ability refers to the probability that a system is producing at a stated rote;
for a baling plant, the hourly average number of bales turned out (over an eight hour
shift) is the rate most appropriately indicating ability. Figure 7-5 presents the probability
distributions for ability during two separate study periods.

The two distributions are sufficiently different in mean value and shape to indicate changesin
baling plant equipment conditions. Unfortunately, the causes cannot be determined by

the ability distributions. It is known that two factors changed between observation periods:
the baler's lining  was replaced; and the production data was made to include all production
on the second shift. The increased ability, therefore, could have been a function of im-
provements with the new liner, higher second shift productivity, or some other factor.

The later ability distribution is superior due to its higher mean production rate and its

much smaller variation about the mean production rate. The reason for two peaks is not
known, but the rise of almost forty data points, producing an otherwise smooth curve,
strongly indicates the existence of two peaks. Under the more recent conditions, manage-
ment could expect to produce between 19.5 and 23.5 bales per hour during production fime,
with 64.8 percent probability of baling at between 22.0 and 22.49 bales per hour. Notice
that labor management conditions have a-strong effect on the shape of the ability curve of

a specific plant,

The effects of moisture content and automatic or manual control on bale production also
requires investigation. During the five day plant study, data were gathered on average
production rates under varying conditions. Table 7-3 summarizes the results. No measure-
able difference exists between automatic and manual production rates. The longer production
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TABLE 7-3
BALING RATES UNDER MEASURED CONDITIONS

Group Baling Cycle Bales per hour Conditions
Date (min.)
1973
1 Aufomatic
9-20/21 2.80 21.4 Dry Waste
2 Automatic
9-24/28 3.15 19.0 Wet Waste
3 Manual
9-25 2.80 21.4 Moist Waste
4 Manual
9-24/26 3.30 18.2 Wet Waste
Total 3.05 19.7 Summary
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times in groups 3 and 4 were mostly due to unrelated difficulties with the conveyor and
loader. Thus, the mode of control has minimal effect when a skilled operator

is in control, and higher moisture contents will slightly lower the ability to produce,
but not enough to require special consideration.

2. Reliability. Reliability refers to the probability that a system will operate any given
percentage «;}Zﬂ-\e scheduled operating time. For the baler, an appropriate reliability
measure is the probability of operating a given number of hours per 8 hour shift. Figure
7-6 presents reliability curves for two different time periods and their average.

The difference in reliability between the two time periods is not large. The more recent
period has a better reliability curve but has the same basic shape as the previous period.
The average curve is probably the best for application since it uses all available data.

The shape of the curve is typical of most systems. The basic shape indicates no dominant
pattern of breakdown, as might appear if a specific part continually broke and was re-
paired repeatedly within a shift. For the earlier 1973 time period (see Figure 7-6), the
peak at 7 hours is typical of a specific reliability problem, but it disappears in the later
1974 time period. The minor peak at 5 hours indicates a loose pattern of breakdowns
and repairs taking 3 hours to complete.

3. Accessibility. Accessibility refers to the maximum time per operating cycle that the
system can be scheduled for operation; the remaining time is dedicated to scheduled,
periodic maintenance. For the baling plant, the basic cycle is the 24 hour day. Longer
cycles (weeks, months, etc.) are of minor importance and must be considered only when
the plant is scheduled three shifts, seven days a week. ‘

On a 24-hour cycle, the baling plant can run 23 hours if lunches are staggered and each
man has a replacement during his lunch period. If the plant shuts down for lunch, then
only 21.5 hours can be scheduled per day. At least one hour per day is needed to re-
move waste from between machine parts. Most likely, any municipal baling plant will
operate one to two full shifts. Thus, the time lost to periodic maintenance and lunches
does not restrict production time.

4. Time Performance. Bale plant performance, in terms of bales per shift, is presented
in Figure 7-7. These production curves were determined directly from the sampled pro-
duction days, but they could have been found by the mathematical convolution of the
ability and reliability curves. These curves are useful when designing system parameters
such as waste storage space and landfill equipment requirements.

A significant difference exists between the production curves for the earlier and later
periods as seen by the respective means of 119 and 142 bales per shift. This difference
could be expected from the difference in ability and reliability curves, but the physical
reasons are buried in the complex interactions of the plant. The existance of distinct
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peaks is not typical since a bell-shaped curve is the usual distribution configuration.
For production planning purposes, however, a normal distribution with given mean
and variance can be substituted.

Ability, reliability, and accessibility curves are the basis of any probabilistic description
of the baler plant. This can be seen by their possible use in constructing a shift produc-
tion curve. This information can be used both in evaluating the St. Paul plant and plan-
ning other plants.
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SECTION 8
MAINTENANCE STUDY

Planned maintenance is a program of scheduled maintenance as opposed to maintenance
occurring for random emergency repairs. Checklists of cleaning, lubricating, inspecting,
adjusting, and replacing parts are the working tools of such a planned program. Accurate
and accessible records of downtimes, broken parts, maintenance labor times, and causes
of trouble are the solid foundation on which to base this program,

A planned inventory is a stock of critical parts on immediate hand with crucial sub-
assemblies preassembled, ready to be installed on the machine. Critical parts are those
that break often, are scarce, have close tolerance, require special tools and skills to
install, or take a long time to assemble. A planned inventory reduces procurement and
repair time and related cost, thus achieving higher productivity at lower overall
maintenance cost,

A manufacturer's policy on service and parts is one key to the productivity of the equip-
ment he makes. This section outlines the policy and practice of American Hoist and

Derrick Company, with regard fo maintenance and parts inventories.

A. Planned Maintenance.

Planned maintenance included the whole baling system, but this section concentrates on
the major items of equipment. In the plant these consisted of the baler, scale, conveyor,
and front end loader, The transport net consisted of four transport trucks, and the balefill
had a forklift and a front end loader.

1. Baler, Scale, Conveyor, and Loader. Each morning a pre-startup inspection of the
baler, scale, conveyor, and loader was performed.The baler was cycled withaut a charge
in order to warm up the oil. Lubrication points for the conveyor are illustrated in

Figure 8-1. The equipment was run for between four and six hours, after which the area
behind the gathering ram and the base of the baler were cleaned of litter. The higher the
moisture and vegetation content of incoming waste, the more frequently this cleaning was
needed. Once each day the conveyor pit was cleaned of litter.

At the St. Paul baling plant the hour between 6 and 7 a.m. characteristically

was reserved for the daily inspection and conveyor pit cleaning during the five day plant
study. Previously a third shift performed the cleanup. The baler was cleaned as needed,
and any idle men were assigned cleaning duties. Table 8-1 lists the daily inspection tasks.

Note that the conveyor was cleaned during lunch break on the first shift, and frequently
during the second-shift lunch bredk.

Other plant maintenance was performed as scheduled. Tables 8-2 and 8-3 present the
maintenance performed less frequently. A maintenance schedule is half of the planned
maintenance program at the baling plant. The other half is a file of maintenance records.
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Legend:

A = Pulley adjustable sliding disk, driver.

B = Pulley adjustable sliding disk, follower.
D1 =Motor drive variable shaft bearing.

E = Motor bearings.

FIGURE 8-1
LUBRICATION POINTS OF VARIABLE
SPEED CONVEYOR DRIVE
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TABLE 8-1
DAILY MAINTENANCE IN BALING PLANT

-
——

A. Baler and Scale
1. Clean behind rams of baler and pusher. Do every four to six hours of operation.
2, Check bolts for wear and tightness. '
3. Check oil level in tank, making sure it is from 5 to 15 cm (2-6 in.) from top of
the gage.
4, Check oil temperature. Use oil heaters overnight in cold weather. Never run
pumps if oil is below 60°F,
5. Start motors from power room control station and check moters and pumps for
ease of turning,
Check pumps, lines,and baler for leaks,
Check and lubricate push ram guides.
Check push ram cylinder mounting and rod clevis pin.
Check baler cycle for several runs. Run 8 to 10 cycles in cold weather, with-
out a charge.
10. Clean limit switches of foreign materials. Make sure the limit switch arms move
freely.
11. Zero out load cells. Allow at least 10 minutes for the electronic equipment to
warm up.
12. Check the tie-rods for levelness.

O 00O NO
* e o

B. Conveyor
1. Clean conveyor pit.
2. Check bolts for wear and tightness.
3. Check drive chain and wheels for wear and tension.
4, Check conveyor belt for snags and jams.

C. Bobcat Loader

Check fuel and crankcase oil levels.

. Check radiator water level.

Start and warm up engine.

Check hydraulic hoses and fittings for wear and tightness.
Check bolts for wear and tightness.

Lubricate as manufacturer recommends.

. 3

o O W~
. .
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TABLE 8-2
WEEKLY MAINTENANCE IN BALING PLANT

A. Baler and Scale
T. Check and clean screens in oil reservoir.
2. When oil is cool, check hydraulic pressure adjustments and set per hydraulic
circuit specifications.
. Lubricate motor to pump couplings.
Lubricate mounting blocks for shifter cylinders.
Lubricate baler lid cylinder trunnions.
Check hydraulic hoses and fittings for wear, tightness, and leaks.
Check wear plates for missing bolts, wear, or damage.
Check bolt flanges of all cylinder rods.
. Check all bolts for wear and tightness.

0 0N AW

B. Conveyor
1. Check and adjust chain slack and take-ups.
2., With conveyor empty, check skirts for damage, especially the lower lips of the
conveyor.
3. Check rail and rail fasteners for wearand tightness.
4. Lubricate the pillow blocks and takeup bearings.

C. Bobcat Loader
1. Check tire pressure.
2. Check accessories.
3. Clean windows and cab.
4, Lubricate as manufacturer suggests.
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TABLE 8-3
LONG-TERM MAINTENANCE IN BALING PLANT

e
———

A. Baler and Scale

Six-Months:
1. Drain oil from reservoir and clear tank.
2. Filter or replace the 1800 gallons of hydraulic oil.

Year:
1. Have an electrician to lubricate all motors.
2, Check wiring, switches, and fuses in the electrical system,

B. Conveyor
Monthly:
1. Lubricate the sliding disks of the variable speed drive at points A and B in
Figure 8-1,

Two~Months:
1. Check oil level in the motordrive reducer.
2. Open reducer oil vent if clogged.

Six=Months:
1. Lubricate motor bearings at point E, and motordrive variable shaft bearings
at point D1 of Figure 8-1.
2. Drain and flush reducer housing.
3. Refill with fresh oil.
4. Check belt of variable speed drive.

C. Bobcat Loader
1. Change crankcase oil and oil filter, air cleaner, hydraulic oil as recommended.
2, Check transmission oil level every two months.
3. Check rear axle oil level every six months.
4., Tuneup as recommended.

R e ]
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It is not enough to design a maintenance schedule. A record of maintenance performed
is vital; perhaps a log or checklists would be sufficient. A record of downtimes, re-
placed parts and cost, maintenance labor time and cost, and causes of the trouble are
the information bases for evaluating current production and maintenance procedures.
The control tower operator could have an operating log including startup times, break-
down times and causes, and shutdown times., He could also record bale production.
The data on parts and labor would be the plant supervisor's responsibility.

The maintenance history provides a basis for evaluating present maintenance and
scheduling new maintenance based on production and past maintenance time and costs,
The maintenance history also provides a design parameter for incoming waste storage
area requirements.

2. Transport Trucks. Each morning a pre=starting inspection of the transport trucks was per-
formed. Then the trucksran all day with stops for gas and minor repairs. Table 8-4

lists the daily and monthly truck maintenance. Included in the maintenance is the

sweeping of the empty truck beds by the balefill equipment operator to avoid

littering the road. This was performed every trip after bales are unloaded from each truck,

The truck drivers kept a log of their activities. This log contained information on
breakdown times and causes. Depending on the maintenance program, a privately
contracted company doing the maintenance or the plant foreman recorded parts and
labor costs.

The St. Paul plant contracted truck maintenance out.to a private firm.

3.Forklift Wheel Loader, Each morning prior to startup, an inspection was performed. Then
the lift ran all day with stops for gas. The balefill had limited fuel storage for this
purpose. Table 8=5 lists the planned maintenance for the lift. The balefill operator
should be keeping a log of his operations including downtimes and replaced parts.
Downtimes, replaced parts and their cost, and labor time and cost are useful as historical
data for designing new systems or improving existing operations.

B. Planned Inventory.

A planned inventory is a stock of replacement parts stored on the site, with some assemblie:
preassembled.  The basis for a planned inventory is the maintenance history of the
equipment and knowledge of critical parts that are scarce or time-expensive to

reassemble.
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TABLE 8-4
TRANSPORT NET MAINTENANCE

Transport trucks

Daily:
1. Check tires, trailer hitch and connections, curtain, and outside accessories.
2. Check oil, water, and windshield fluid.
3. Start engine and let warm up. @
4. Check brakes.

5. Clean off truck trailer bed at balefill, every trip after unloading bales.

Monthly:
1. Change air cleaner.
2, Check brake fluid level.
3. Check steering travel,

Two-months:
1. Change oil.

@ Common practice is to leave the truck engines running to keep them warm and
at the best operating temperature.
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TABLE 8-5
BALEFILL EQUIPMENT MAINTENANCE

Forklift Wheel Loader

Daily:
1. Check fuel and crankcase oil levels.
2. Check radiator water level.
3. Start and warm-up engine.
4. Check hydraulic hoses and fittings for wear and tightness.
5. Check bolts for wear and tightness.
6. Lubricate as manufacturer recommends.

Weekly:
1. Check tire pressure.
2. Check accessories.
3. Clean windows and cab.
4, Lubricate as manufacturer suggests.

As Recommended:
1. Change crankcase oil and oil filter, air cleaner, hydraulic oil as recommended
by manufacturer.
2. Check transmission oil level every two months.
3. Check rear axle oil level every six months,
4, Tuneup as recommended by manufacturer.
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American Solid Waste Systems provided a recommended spare parts list based on their
experience in scrap metal baling in St. Paul and elsewhere. From Table C~10, the total
cost of the recommended inventory (just under $14,000) makes the investment worthwhile
when time savings are calculated.

C. Service and Parts Policy.

Harris Shear and Press, Inc., claimed to mail any baler part within 24 hours after receiving
an order. This service and an investment in the recommended spare parts should combine
to minimize repair time.
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SECTION ¢
COST STUDY

A. Costs af the St. Paul Baling Plant.

1. Introduction, Costs are presented separately for the baling plant, transport net,
and balefill. These three operations are almost independent of each other,so that
their individual costs are independent. Thus, alternative operational methods, such as
rail transportation, can be costed and then substituted info the costs for the baling
system,

The costs of each part of the system are divided into fixed, operating, and maintenance
costs. Fixed costs include investment, property tax and insurance, last interest, etc.
These costs are fixed independently of operating fime and production rates. Operating
costs include wages, fringes, utility costs, fuel, rental, etc. These cosis are nearly
proportional to operating time and production. Maintenance costs include labor and
parts for both planned maintenance and emergency repairs, but exclude lost production
costs (i.e., the dollar value of production not attained). Due to changed accounting
information during the period 9/23/73 to 6/27 /74, the definition of fixed costs is
changed to include fringes.

2. Costs at St. Paul During the Period 10/1/72 to 9/22/73. American Systems of the
Harris Economy Group provided the economic data for Tables 9-1 through 9-4. The
itemized costs are segmented into fixed, operating, and maintenance costs, but are
otherwise as received. During this time period, only minor changes in St. Paul
operations occurred,so that costs reflect the true cost of their operations. Two shifts
were used Monday through Friday, except holidays.

Operating changes that occurred included implementation of sorting of corrugated.
Personnel changes occurred as a new management took over in the spring of 1973,
but this did not affect costs.

Two changes that show up in the year's cost data are a seasonal use of cover soil and a
change to Company-owned trucks from leased trucks for transporting bales. The use of
cover soil was seasonal, with no cover soil applied during some winter months because
the frozen soil was difficult to excavate, In August of 1973 a purchased loader arrived
for use in moving cover soil and, thus, daily cover was applied thereafter. March,
however, shows a large cost for "Grading & Bale Covering" since bales produced during
the winter were covered during this time of spring thaw. The use of Company~employed
drivers and trucks began in April. This lowered costs for transport operations, but with
the observed fluctuations, it is impossible to say exactly how much this cost decreased.

Notice that periodic costs for fuel and oil fluctuate enormously. This follows from bulk
purchase of fuel and oil during one month for use in several succeeding months. The year's
total cost for fuel and oil is accurate on a long~=term basis, while periodic costs for
purchase do not necessarily represent expenditures for the respective period., Other
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TABLE 9-1
HISTORICAL PRODUCTION DATA

FOR THE PERIOD 10/1/72 TO 9/22/73

P

- Period Cct. Jan.

Production™ -.. _ 1972 Nov. Pece 1973 Feb. Mar.
",

No. of Bales 7,565 7,358 6,894 7,132 6,717 7,677
kkg Baled 10,138 9,986 9,127 9,273 8,937 10,102
Tons Baled 11,175 11,007 10,061 10,222 9,851 11,135
kkg/Bale 1.34 1.36 1.33 1.30 1.33 1.32
Ibs/Bale 2,954 2,992 2,919 2,867 2,933 2,901
Hours of Opera- 341 352 331 321 312 355
tion®
TS . Period A M J July 1= Aug. 19=~ Total for
Producﬁ:)‘r?‘\\ir' v une Aug. 18  Sept. 22  Year
No. of Bales 4,852 4,996 6,250 9,791 6,615 75,847
kkg Baled 6,363 6,576 8,207 11,764 7,965 98,438
Tons Baled 7,014 7,249 9,046 12,967 8,780 108,507
kkg/Bale 1.31 1.32 1.31 1.20 1.217  1.30
Ibs/Bale 2,891 2,902 2,895 2,649 2,655 2,861
Hours of Opera= 253 218 283 475 348 3,589

fion

9 Total time for each work shift including downtime, cleanup, etc.
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TABLE 9-
HISTORICAL COSTS FOR THE
BALEFILL 9/23/73 to 6/29/74

8

Period Sept. 23~ Oct. 27- Dec, 1~ Jan., 6~ Feb. 10~
Costs Oct. 27 Nov. 30  Jan. 5 Feb. 9 Mar. 16
Fixed 1,617 2,079 860 709 642
Depreciation 1,124 (72), 498 498 498
Taxes, Fringes 493 2,151 362 211 144
Operating 4,978 4,793 6,693 2,846 3,034
Wages 2,925 3,054 2,718 1,459 1,559
Rental 1,661 1,194 3,476 1,056 1,036
Fuel, Qil 392 499 375 325 439
Grading & Bale
Covering -—-
Supplies --=
Qther - 46 124 6 -
Maintenance 1,130 1,984 407 684 754
Total 7,725 8,856 7,960 4,239 4,430
$/kkg 1.00 .36 1.61 0.82 0.82
$/ton 0.90 .23 1.4 0.75 0.74
$/bale 1.30 1.79 2.1 1.08 1.07

*
End of accounting year adjustment.
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TABLE 9-8 (Cont.)
HISTORICAL COSTS FOR THE
BALEFILL 9/23/73 to 6/29/74

Period Mar. 17~ Apr. 21~ May 26~ Total
Costs Apr. 20 May 25 June 29 To Date
Fixed * 687 627 7,221
Depreciation 498 498 3,542
Taxes, Fringes 189 129 3,679
Operating 3,651 S 5,062 31,057
Wages 2,552 1,541 15,808
Rental 1,035 1,009 10,467
Fuel, Oil 64 213 2,307
Grading & Bale
Covering
Supplies 2,299 2,475
Other
Maintenance * 167 559 5,685
Total * 4,505 6,248 43,963
$/kkg - 0.57 1.23 1.03
$/ton - 0.52 1.1 0.93
$/bale - 0.76 1.54 1.34

* The plant was down all but three days during this period. Thus this
period is ignored.
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B. Processing and Cost Comparison of Alternative Solid Waste Processing Systems.

1. General Processing Methods. Several alternative solid waste processing systems
are currently in use; these include baling, milling, incineration, and composting. The
former two are physical-mechanical processes; the latter two may be considered thermal
and biological-type chemical processes. Modern incineration which has to meet
stringent air pollution standards is expensive and requires costly pollution

controls. Composting is generally not done because of cost and a lack of markets for
the compost product, particularly near urban areas. Long-distance hauling of bulky
compost to agricultural areas would be costly, even if markets existed. Baling and
mitling have advantages in that they are relatively non-polluting to the air and water
and are suited to urban areas due to plant facilities having minimum land requirements
and possibly reduced transportation costs due to lesser waste volumes. Bales and millings
are not expectfed to affect land any more severely than normal unprocessed solid waste
when disposed to land. These two processes are evaluated with regard to their relative
merits, since they have the similar purpose of increasing the density of landfilled waste.
The analysis summarized in this section compares the following general physical-me-
chanical processing system configurations on the basis of relative cost and describes
potential environmental effects of landfilling alternative types of processed wastes:

a. High-density baling. American Hoist and Derrick Company, Harris high-density
baler with conveyor/front-end loader materials feed system as operated in St. Paul,
Minnesota.

b. High-density baling. Harris high-density baler with an overhead crane materials-
feed concept.

c. Milling. The Tollemache and Gondard mill operated as a demonstration plant in
Madison, Wisconsin.

d. Combined milling and low-pressure baling. A mill and American Baling Company
low-pressure baler operated as a demonstration plant by the City of San Diego, Calif.

These four systems were selected due to their being recently or presently in operation on
a full-scale basis as either federal Environmental Protection Agency demonstrations or

pilot plants with relatively good data. Alternative b. has not been operated as a com-~

plete system, but the Harris high-density baler is a similar baler to the one used in

St. Paul. Capital, operating, and maintenance cost and technical data presented here

were available for each system at the time the study was completed, and thus provide

a useful comparative assessment of the four system configurations.

Baling and milling processes are generally suitable for application to residential and
commercial solid waste, The Harris high density baler is also suitable for baling paper
and scrap metal. Economic advantages associated with baling are reduced volume

and reduced soil cover costs and associated landfill placement and maintenance costs
over unprocessed landfilled solid wastes. Bales are easier and less costly to place in
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the fill than unprocessed and milled wastes, which both require spreading and
compaction to achieve high densities. Milled wastes, which some authorities say
require less soil cover when landfilled, also have some of these aforementioned
economic advantages over unprocessed landfilled wastes. However (obviously), baling
and milling cost more than dumping or plain landfilling. Both baled and milled solid
waste achieve about a 50 percent increase in landfill density over unprocessed solid
waste (see Table 9-22), thus reducing landfill and storage requirements by about one-
third. The higher density also means less settlement (both absolute and differential),
and, thus, a higher potential use for the filled land. If the baler or mill is inoperative
for an extended time, the solid waste could be temporarily disposed into the landfill
unprocessed.

Environmental benefits associated with bale landfills include fewer vectors, less litter,
and minimum odors. This occurs as a result of the reduced surface area of the tightly
packed waste and lack of void passages through which odors can diffuse and birds, flies,
or other vectors can traverse to food. The same environmental benefits were reported for
milling; however, the cause was due fo dispersion of finely milled food stuff into the
milled waste so that it was difficult for vectors to forage.

Mechanical processing of solid waste has stimulated salvaging and reclamation. For
example, milled solid waste has been used in a federal EPA demonstration project as
an auxiliary fuel for an electrical power plant. Corrugated cardboard and ferrous
metal segregation and salvage for baling was done by hand at the St. Paul baling plant.
Although most ldbor-intensive salvage operations were not economically feasible,
more sophisticated ferrous metal segregation, such as using magnetic belts, has been
profitable for shredded waste at several locations.’ Milling plants can easily
accommodate magnetic segregation on the existing conveyors. Salvage and recycling
operations are omitted from the comparative system analysis, due to local variations in
salvageable materials in the solid waste and the fact that reclamation is presently not
widely practiced. In the future, regional landfills will likely become more important
to reduce costs and provide for economical recycling to meet increased consumption
requirements for dwindling resources. In order to serve more distant regional landfills,
transfer stations will be required, thus providing suitable locations for baling and
milling plants.

Perhaps the greatest disadvantage of either baling or milling is the relatively large
initial capital outlay required for the equipment. This and the high processing rates
necessary to cover the capital costs make baling and milling feasible primarily for
regional or large urban areas.

] John J. Reinhardt and Robert K. Ham, Final Report on a Milling Project at Madison,
Wisconsin, Vol. 1 (Milwaukee: Heil, 19737,
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2.  Systems Comparison.

a. General Assumptions. Comparison of different operating systems using
available data is complicated by local variations in costs (construction, land, supplies,
utilities, and ldbor), climate, solid waste characteristics, operating plant capacity,
and accounting procedures. If the plants operated during different time periods, the
effects of inflation must be normalized. Granting that these differences exisf between
the systems (as operated), a meaningful analysis is possible by equalizing application
of each system in terms of the different cost and operating factors.

The basic year for costing was selected as 1973. This was done because 1973 construc-
tion cost data was available for a high-density Harris baler under construction in Cobb
County, Georgia. The Cobb County costs for construction contingencies and equipment
were used for costing of identical baling plant equipment for comparing the four baling
and milling process configurations. Capital costs for milling were based on the Madison
plant cost analysis, and for combined milling and baling data the San Diego plant

was used. Since each of the four processes systems assume nearly equivalent solid waste
processing rates, similar equipment sizes and costs were used. The Engineering News
Record Construction Cost Index was employed to adjust the Madison and San Diego
reported costs. Standard labor rates were selected as representative of existing landfill,
truck driver, and plant operating personnel in solid waste management ot St. Paul and
Madison; available dafa on Oceanside, California was used as fypical of San Diego.
Labor rates in these three cities varied widely and were assumed to be typical of the wide
variations nationally. Interest rates on capital were based on current rates on municipal
bonds. Supplies and other miscellaneous costs were based on data from the St. Paul
baling plant. Operating and maintenance costs were derived from operations at the
three respective plants and adjusted to the standard labor rates.

A standard travel distance of 11 miles one-way between the transfer-processing plant
and landfill, identical to conditions in St. Paul, was assumed for all four systems to
determine fransport costs.

Segregation and recycling were excluded from the cost analysis to simplify the direct
comparison of the four alternative processing systems. Segregation of ferrous metals
and corrugated paper for salvage might be feasible for inclusion in all four systems.

b. High Density Baling--System |. The baling plant operations schematic and
equipment are presented in Figure 7-1. The System | configuration is the same as
operated in St. Paul. (Equipment specifications are given in Appendix C.) For purposes
of analysis, the current baler model with a 90-second baling cycle was used. The
equipment used is otherwise identical to the St. Paul equipment in size. The System |
baling plant operational conditions are as follows:

e Operating cycle - 1.9 minutes per bale which includes lost time.

e Production rate - 31.5 bales per hour, or 41.6 kkg (45 s tons) per hour.
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Activities On Equipment Used
Solid Waste

0. Collection Trucks

Dumpoén Floof 1. Wheel Loader
L Ferrous 2. Two Slat Conveyors
el
Wait 3. Automatic Scale
4. Baler
; 5. Eject
y Sorfq/l\é\ix/ Rejects |ecror
Load _ 6. Transport Trucks
]
2. Convey
\
3. Weigh
4, Bale
5. Eject
6._ St
Load on Truck Lc;r:dg e/

YSorting for recyclables is possible. Recyclables are baled separately as in the cases
of cans and corrugated.

FIGURE 9-1
HIGH DENSITY BALER SYSTEM 1
OPERATION SCHEMATIC
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e Bale weight - 910 kg (2,000 ib) to 1,360 kg (3,000 Ib), average 1,320 kg
(2,900 Ib).

e Bale size = 1.1 m high by 1.1 m wide by 1.4 m fong
e Bale density range =~ 960 kg per cu m fo 640 kg per cu m.

e Production schedule = 8 hours per shift, 2 shifts per day, 14 production hours per
day, 49 weeks per year.

Additional peripheral equipment utilized in the plant, but not on the processing activity
line, were an articulated forklift and small "bobcat" wheel loader. These performed
clean~up, equipment and supplied handling,and general transport tasks. It was assumed
that the forklift was not used to lift the bale truck loading platform above the transport
truck bed.

The complete system included four transport trucks (tractors and trailers) to carry bales
to a landfill. Landfill activities and equipment consist of the following:

e De-rigging fransport trucks to make bales accessible.

e Unloading and placing bales three=high in the fill with an articulated, wheeled
forklift.

e Excavating soil and covering bales daily with 15 em (6 inches) of soil using an
articulated, wheel loader.

Landfill operating hours and shifts corresponded to the baling plant operation.

The capital (construction) costs for System | are itemized in Table 9=11. A 20 percent
contingency is included in accordance with conservative engineering cost practices.
Operating and maintenance costs for System | are defined in Table 912, Labor
classifications and manpower levels, and hourly rates are included in Table 912, In
order to estimate maintenance costs, a preventive maintenance program was assumed
during two production shifts, with heavier maintenance being performed after the second
shift, Electrical power consumption in kilowatts was estimated using the rated maximum
power requirements of the electrical driven equipment (motors, etc.) and assuming o
constant demand equal to 50 percent of maximum demand. This assumption was necessary
due to a lack of kilowatt-hour power consumption data in St. Paul. Costs for land were
not included due to the assumption that the land value before and after baling or land-
filling would be the same (no net cost). Due to the relative completeness of data from
the St. Paul plant, System | costs are considered more accurate statistically, and are
probably more conservative than the other systems due to the latter's missing items.

c. High Density Baling~System 1}.The baling plant operations schematic and equipment
are identified in Figure 9=2, The System Il configuration substitutes atravelling over-
head crane for the front~end wheel loader and conveyor in System |, All other
equipment and baling plant operational conditions, and transport and landfill operations
are as sfated for System I. The loader operator was eliminated, The control tower

105




TABLE 9-11 b
HIGH-DENSITY BALING SYSTEM | ~ CONSTRUCTION COSTS®

Item Cost (3)
1. Baler - 676,200
2, Conveyors (2) 122,500
3. Automatic Scales 40,000
4, Hydraulic Bale Loader 25,000
5. Supporting Equipment

a) Wheel Loaders (2) 90,000
b) Forklift 10,000
c) Miscellaneous 2 25,000
6. Building (120 ft x 240 ft) @ $16/ft 460,800
7. Equipment Footing and Pits 120,000
8. Pavement 50,000
S ubtotal 1,619,500
9. Transport Trucks (4) 100,000
10, Articulated Forklift 10,000
11, Wheel Loader 45,000
12, Balefill Building and Fuel Tanks 21,000

13. Site Improvements 0
Subtotal 176,000
Base Total 1,795,500

20Percent Architecture, Engineering, and

Contingency 359,100
Total 2,154,600

% Based on 1.9 minute per bale cycle time and 1320 kg /bale (2900 Ibs/bale) weight;
also assumes 41 .5 kkg/hr (45.7 s ton/hour) operating capacity

bBased on cost at Cobb County, Georgia, in 1973, Source for most cost data was a

personal communication from the Harris Economy Group of American Hoist and Derrick
Company (November 30, 1973), the cost data for Items 5¢ and 13 were estimated.
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TABLE $-12
HIGH-DENSITY BALING SYSTEM | - OPERATING AND MAINTENANCE COSTS @

ltem Work Week Costs ($)
5 Day/Wk 6 Day/Wk
1. Labor Rate ($/hr)
a) Supervisor 6.50 12,740 12,740
b) Control Tower Operators (1-1-0)P  6.50 25,480 30,576
¢) Loader Operators (1-1-0) 6.50 25,480 30,576
d) Mechanics (1-1-1) 5.50 32,340 38,808
e) Maintenance Men (1-0-1) 4.50 17,640 21,168
f) Truck Drivers (2-2-0) 5.50 43,120 51,744
g) Fill Operators (1-1-0) 6.50 25,480 30, 576
182,280 216,188
30 percent Cost/Benefits 54,684 64,856
Subtotal 236,964 281,044
2, CElectricity
a) Hydraulic Pumps (4) @ 112 kw; (2) @ 19 kw; 487
(1) @ 2 kw
b) Conveyors (2) @ 18 kw 36
c) Lights 40
563 563 (kw)
Use @ 50 percent capacity x 1,715 2,058 (hrs)
985,545 1,158,654 (kwhr)
Cost @ $.015/kwhr x LO015 x .015
$ 14,483 17,380
3. Fuel/Oil® 16,000 19,200
4. Maintenance Parts 101,000 121,000
Subtotal 131,483 157,580
(368, 447) (438, 624)

Annual Total 368,000 439,000

9 Assumes 49 weeks per year, 14 production hrs per day, and 8 hrs per shift.

Numbers in parentheses refer to number of employees required for first, second and
maintenance shifts, respectively.
CAssumes 35,2km (22-mile) round-trip distance to balefill,
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Activities On Equipment Used
Solid Waste

0. Collection Trucks

0. Unloading Into Pit (Weight Station)

1. Overhead Crane
L->Ferrous
[ 2. Scdle
Cars Wait/Mix 3. Baler
' 4. Ejector
Y
1 Sort Rejects 5. Transport Trucks
V
1. Convey
2. Weigh
> 3. Bdle
4. Eject
5. Load on Separate Trucking
Truck and Disposal

FIGURE 9-2
HIGH DENSITY BALER SYSTEM I
OPERATION SCHEMATIC
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operator controlled the waste loading and ran the overhead crane.

The construction costs, and the operating and maintenance costs for System 1l are given
in Tables 9~13 and 9-14, respectively. All cost assumptions are as previously stated
for System 1. The System Il configuration reduced construction costs by $200,000, and
operating and maintenance costs by $21,000 due to the use of the crane and reduced
labor. It was assumed that maintenance time and cost savings would occur by use of
the travelling crane.

d. Tollemache Mill--System 1ll. The milling plant operations schematic is given in
Figure 9-3. The System Ili configuration used the Tollemache hammermill adapted to
shredding solid waste by rearrangement of the "hammers.” Each mill can process
12.7 kkg (14 s tons) per hour. For comparison purposes, three parallel line Tollemache
mills were used for System lil to provide a total plant capacity approximately equal to
the baling systems. The equipment was otherwise identical to the Madison plant,] The
applicable System 11l milling plant operational conditions were as follows:

e Production rate - 38.1 kkg (42 s tons)

e Production schedule = 8 hours per shift, 2 shifts per day, 14 production hours per
day, 49 weeks per year,

Additional peripheral equipment at the milling plant consisted of a forklift to assist in
lifting heavy objects and segregating items not suitable for milling. Two belt conveyors
were required for each Tollemache mill, one to feed unmilled waste and one to remove
milled waste. A stationary compactor compressed and pushed the milled waste into an
enclosed trailer van. The trailer van had a hydraulic ram to unload the milled waste

at the landfill.

The transport system consisted of four truck tractors and trailer vans, Landfill activities
and equipment consisted of the following:

e Unloading transport trucks using the frailer hydraulic pusher.

e Spreading and compacting the milled waste using two steel~wheel loaders. The
milled waste can be placed in the landfill without, or with less, covering of soil,
thus reducing the need for excavating and placing cover soil. Landfill operating
hours and shifts correspond to the milling plant operation.

Construction costs for the milling System Il are itemized in Table 9~15 and operating
and maintenance costs in Table 9-16. Labor classifications, requirements and hourly
rates are included on Table 9-16. Construction costs for the mill, conveyors and
compactor were based on projected data in the Madison final report. Three processing
lines (mills) were costed for installation in one building. Mobile equipment, building

] Ibid.

109



TABLE 9-13
HIGH DENSITY BALING SYSTEM Il - CONSTRUCTION COSTS

[tem Cost ($)°l b
1. Baler 676,200
2. Overhead Crane 55,000
3. Avutomatic Scales 40,000
4. Hydraulic Bale Loader 25,000
5. Supporting Equipment
a) Medium Wheel Loader 25,000
b) Forklift 10,000
c) Miscellaneous 25,000
6. Building (120 ft x 200 ft) @ $\6/fi‘ 384,000
7. Equipment Footings, Pits, & Crane Support 160,000
8. Pavement 50,000
Subtotal 1,450,20
9. Transport Trucks (4) 100,000
10. Articulated Forklift 10,000
11. Wheel Loader 45,000
12. Badlefill Building and Fuel Tanks 21,000
13. Site Improvements ,0
Subtotal 176,000
Base Total 1,626,200
20 Percent
Engineering and Contingency __325,240
Jotal (1,951,440)
1,950,000

“Based on 1.9 minutes per bale cycle time and 1,320 kg/bale (2,900 |bs/bale) weight;
also assumes 41.5 kkg/hr (45.7 ton/hour) operating capacity.

Based on cost at Cobb County, Georgia, in 1973. Source for most cost data was a

personal communication from the Harris Economy Group of American Hoist and Derrick
Company; the remaining cost data were estimated for the Cobb County plant.
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TABLE 9-14

HIGH-DENSITY BALING SYSTEM 11-OPERATING AND MAINTENANCE COSTS®

Jtem

Work Week Basis, Cost ($)

5 Day/Wk 6 Day/Wk

1. Labor (8-hour shifts)
a) Supervisor b
b) Control Tower Operators (1-1-0)
c) Mechanics (1-1-1)
d) Maintenance Man (1-1-1)
e) Truck Drivers (2-2-0)
f) Fill Operators (1-1-0)

30 percent Cost/Benefits
Subtotal

2. Electricity
a) Hydraulic Pumps (4) @ 112 kw; (2) @ 19 kw;
(1) @ 2 kw
b) Overhead Crane ~s 36 kw
c) Lightsa

Use @ 50 percent capacity

Cost @ $0.15/kwhr

3. Fuel/Oil€

4. Maintenance Parts

Subtotal

Annual Total

Rate ($/hr)

6.50
6.50
5.50
4,50
5.50
6.50

12,740 12,740
25,480 30,576
32,340 38,808
26,460 31,752
43,120 51,744
25,480 30,576
165,620 196,196
49,686 58,858
215,306 255,054
487
36
40
563 563 (kw)
x 1,715 x 2,058 (hrs)
965,545 1,158, 654(kwhr)
x .015 x .015
14,483 17,380
16,000 19,200
101,000 121,000
131,483 157,580
(346,789) (412,634)
347,000 413,000

9Assumes 49 weeks/year, 14 production hrs/day, and 8 hrs/shift.

Numbers in parentheses refer to number of employees required for first, second,

and maintenance shifts, respectively.

“Assumes 35.2 km (22-mile) round-trip distance to balefill.

(R



Activities On
Solid Waste

0.Dump on
Floor

Wait

[

1.Sort/Load

2. Convey

\
3. Shred

4, Convey
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}
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7 .Into Truck
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Load
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Equipment Used

Collection Trucks
Wheel Loader

Belt Conveyor
Shredder

Belt Conveyor
Compactor Storage Bin
Stationary Compactor

Transport Truck

FIGURE 9-3
MILL SYSTEM

OPERATION SCHEMATIC



TABLE 9-15

MILL SYSTEM-CONSTRUCTION COSTS®” °

[tem Cost ($)
1. Tollemache Mills (3) with Conveyors 445,000
2. Compactors (2) c 47,000
3. Wheel Loaders (2) 20, 000
4. Forklift® . 10,000
5. Miscellaneous 2 25,000
6. Building (120 ft x 240 ft) @ $16/ft 460,000
7. Equipment Supports and Pits 35,000
8. Paving® 50,000
Subtotal 1,162,000
9. Transport Trucks with Compactors (4) 136,000
10. Steel-wheel Loaders (2)¢ c 90, 000
11. Millfill Building and Fuel Tanks 21,000

12. Site Improvements 0
Subtotal 247,000
Base Total 1,409,000

20 percent Architecture,

Engineering, and Contingency 281,809
(1,690,800)
Total 1,690,000

9Based on 12.7 kkg/hr (14 s ton/hr) ot Madison, Wisconsin, times three mills.
Assumes 38.1 kkg/hr (42 s ton/hr) operating capacity.

Source: Reinhardt, J. J., and Ham, R. K. Final Report on a Demonstration
Project at Madison, Wisconsin to Investigate Milling of Solid Wastes. Volume I:

1966~1972. E.P.A. Office of Solid Waste Management Programs. March 1973,
pp.104-122,

“Based on cost at Cobb County, Georgia, in 1973.
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TABLE 9-16 b
MILL SYSTEM-OPERATING AND MAINTENANCE COSTS®”

Work Week Basis, Cost ($)

ltem 5Day/Wk 6 Day/Wk
1. Labor (B-hour shifts) Rate ($/hr)
a) Supervisor c 6.50 12,740 12,740
b) Mill Operators (2-2-0) 5.50 43,120 51,744
c) Loader Operators (1-1-0) 6.50 25,480 30,576
d) Mechanics (1-1-1) 5.50 32,340 38,808
e) Maintenance Men (1-1-1) 4.50 26,4560 31,752
f) Truck Drivers (2-2-0) 5.50 43,120 51,744
g) Fill Operators (1-1-0) 6.50 25,480 30,576
208,740 ~ 247,940
30 percent Cost/Benefits 62,622 74,382
Subtotal 271,362 322,322
2. Electricifya
a) Mills (3) @ 149 kw 447
b) Conveyors (6) @ 5.5 kw 33
c) Compactors (2) @ 20 kw 40
d) Lights 40
560 560 (kw)
Use @ 50 percent capacity x 1,715 x 2,058 (hrs)
960,000 1,152,480 (kwhr)
Cost @ $.015/kwhr x .015 x .015
14,406 17,287
3. Fuel/Oil 16,000 19,200
4. Maintenance Parts
a) Mills 53,040 63,640
b) Other 45,000 54,000
Subtotal 128,446 154,127
(399,808) (476,449)
Annual Total 400,000 476,000

“Assumes 49 weeks/year, 14 production hrs/day, and 8 hrs/shift.

bMosf data modified from St. Paul baling plant annual operating costs for two
five=day shifts. Costs for Items 2 and 4 (a) obtained from Reinhardt and Ham,
op. cit., pp 104-122,

c . . .
Numbers in parentheses refer to number of employees required for first, second
and maintenance shifts, respectively.
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and site construction improvement costs were based on the current 1973 Cobb County,
Georgia and updated 1973 construction costs for the other locations. Operating and
maintenance for mobile equipment was costed in an identical manner to the baling
Systems | and 11, except for the truck trailer vans. Equipment maintenance costs and
electrical power consumption for stationary equipment were derived from the Madison
report. Costs for land were excluded for all the systems.

e. Combined Milling and Low-Pressure Baling~-System [V. A schematic depicting the
milling-baling plant operations is given in Figure 9-4, The plant configuration was
identical to the demonstration plant operated by the City of San Diego.' A Williams
No. 475 shredder and American Baler Company Model 12475 baler were used as the
basis for this process confiqurafion. A materials feed arrangement was used that included
a vertical bucket-type elevator conveyor; it caused operating problems from waste materials
]]umming the bucket conveyor mechanism. One milling-baling plant had a capacity of

9.5 kkg (21.5 s tons) per hour based on San Diego operating data. The milling-baling
plant operational conditions were as follows:

e Production rate ~ 39 kkg (43 s tons) per hour (for two plant process lines).

e Production schedule ~ 8 hours per shift, 2 shifts per day, 14 production hours
per day, 49 weeks per year,

Other plant equipment consisted of a forklift which was used to move heavy items and
equipment,

The transport system included four tractor-trailer units identical to the high-density
baling Systems | and 1l bale transport trucks.

Landfill activities and equipment were also identical to Systems | and I, e.g., frucks
were de-rigged, bales were unloaded and placed in the fill by a forklift, and 15.2 cm
(6 inches) of daily cover soil was applied by albader,

Construction, and operating and maintenance costs (including labor breakdowns) are
given in Tables 9-17 and 9~18, respectively. The San Diego plant operated on a
pilot=scale basis, thus costs were modified for full=scale operation. Two processing
lines are costed for installation in one building. The operating and maintenance cost
summary is considered to be the least accurate due to the experimental type of plant
operated in San Diego.

4, System Cost Comparison, The basic plant production equipment and production rates
for the four systems are summarized in Table 9=19. The plant production rates were

“basically equal.

1The Feasibility of Baling Municipal Refuse, Public Works Department, City of San Diego,
California, October 1968; and Baling Municipal Solid Waste: Technical Evaluation.
Public Works Department, City of San Diego, June 1973.
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TABLE 9-17
COMBINED MILLING, BALING SYSTEM ~ CONSTRUCTION cosTse b

ltem Cost ($)

1. American Baler 52,500
2, Shredder 86,300
3. Pan Conveyor 40,600
4, Slider Bed Conveyor 8,000
5. Bucket Elevator 21,600
6. Live Rollon Conveyor 3,000
7. Scale=Section Conveyor 6,200
8. Gravity Conveyor 1,800
9. Air Compressor 600
220,600
Times 2 Plants 441,200
10. Wheel Loaders® ) 90,000
11. Forklift® 10,000
12, Miscellaneous® 9 25,000
13. Building (120 ft x 290 ft) @ $16/ft 556,800
14, Equipment Footings 50,000
15. Paving 50,000
Subtotal 1,223,000
16. Transport Trucks (4) 100,000
17. Articulated Forklift© 10,000
18. Wheel Loader® 45,000
19. Balefill Building and Fuel Tanks® 21,000

20. Site Improvements 0
Subtotal 176,000
Base Total 1,339,000

20 Percent Architecture, Engineering, and

Contingency 267,800
(1,606,800)
Total 1,607,000

“Based on 19.5 kkg/hr 21.5 s ton/hr) in San Diego. Assumes 39 kkg/hr (43 s ton/hr)
operating capacity.
Based on 1973 cost descriptions of San Diego Plant. ©Based on cost at Cobb County,

Georgia, in 1973,  Source: Personal communication, Environmental Profection Agency,
Office of Solid Waste Management Programs, 1973,
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TABLE 9~18
COMBINED MILLING, BALING SYSTEM - OPERATING AND MAINTENANCE COSTSa, b
w

Item Work Week Bases, Cost ($)
5-Day/Wk 6~Day/Wk
1. Labor Rate ($/hr)
a) Supervisor 6.50 12,740 12,740
b) Mill Operators (1-1-0) 5.50 21,560 25,872
c) Baler Operators (2-2-0) 5.50 43,120 51,744
d) Loader Operators (1-1-0)  6.50 25,480 30,576
e) Mechanics (1-1-1) 5.50 32,340 38,808
f) Maintenance Men (1-0-1) 4.50 17,640 21,168
g) Truck Drivers (2-2-0) 5.50 43,120 51,744
h) Fill Operators (1~1-0) 6.50 25,480 30,576
221,480 263,228
30 Percent Cost/Benefits 66,444 78,968
Subtotal 287,924 342,296
2. Electricity
a) Mills 2) @ 373 kw 746
b) Balers 2) @ 112 kw 224
c) Conveyors 50
d) Lights 40
1,050 1,060 (kw)
Use @ 50 Percent Capacity x 1,715 x 2,058 (kw)
1,817,900 2,181,480 (kwhr)
Cost @ $.015/kwhr x ,015 x 015
27,268 32,722
3. Fuel/Oil 16,000 19,200
4. Maintenance Parts
a) Mills® 38,000 45,600
b) Baler 45,000 54,000
¢) Other ‘ 35,000 42,000
Subtotal 161,268 193,522
Annual Total 449,192 535,818

@ Assumes 49 hrs/year, 14 hrs production/day, and 8 hrs/shift.

bMost data modified from St¢. Paul annual operating costs for two five=day shifts. Costs
for item 2 (d) obtained from Reinhardt and Ham, op.cit., ppl04-122.

“Two thirds Tollemache milling value plus $3,000.
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Summaries of capital and total system costs are given in Tables 9-20 and 9-21, respec-
tively. Table 9-21 gives costs for five~-day and six-day operating work week schedules.

A summary of capital costs is given in Table 9-20. As can be seen, the largest capital
expenditure was for the Harris high-density baler System |. In accordance with the EPA
contract requirements a 10-year amortization period was used.

A total cost summary comparison is given in Table 9-21. As can be seen, the Harris
high~density baling System |l was the least costly of the four system configurations at
$4.23 per kkg ($3.82 per s ton). System Il achieved a $0.32 per kkg ($0.29 per s ton)
savings in cost over the existing St. Paul baling plant transport and landfill operation.

The costs given in Table 9-21 are significantly lower than recorded during demonstration
operation. This resulted from the following factors:

e The demonstration plants incurred extra costs due to research and development
conducted during operation to refine the systems.

e Reduced labor was used for the four system cost estimates,
e Adjustments in labor hourly rates to standard rates.

The existing St. Paul baling plant, for example, was actually operating aof a cost of

$6.24 per kkg ($6.88 per ton) in late 1973. The Tollemache mill plant in Madison op-
erated at a cost of $3.97 per kkg ($4.38 per ton) in early 1972. Both plants operated

two shifts daily. Costs at the combined milling~baling San Diego plant were $8.77 per

kkg ($9.67 per ton) in March 1973 on a 6-hour per day operating schedule. The high

San Diego costs were due to the San Diego plant being put together in steps requiring
equipment modifications which resulted in inefficient plant layout and equipment operation.

C. Comparison of Processed Solid Waste Impacts on the Landfill and the Environment.

1. Density. One benefit associated with the processing system is that is increases the
density and the rate of settlement for solid waste in the landfill. The unprocessed and
processed landfill densities, in terms of actual solid waste and effective in-place

density (includes effect of cover soil), are given in Table 9-22. The Madison unprocessed
waste densities were used because the waste composition and compaction methods were
similar to the milled waste and thus provided a more valid comparison. The density of
this unprocessed waste was on the high end of unprocessed landfill densities normally
achieved, which were about 475 kg (800 Ib) per cu yd. Since moisture contents vary by
location, the most valid comparison of solid waste densities achieved between each of the
four systems and unprocessed waste should have been based on actual dry weight. This
dry weight was often unavailable. The System IV combined milled-low-pressure baled
waste had the highest wet or total weight density. The derivation of the noted density
values given in the San Diego project report was based on the total landfill volume plus
soil excavation and less soil cover quantities. Final volumes were determined by sur-
veying, but no indication was given of how soil quantities were measured.
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On o dry weight effective landfill density basis, Systems | and !l high~density baling
averaged the highest density.

Density in a bale landfill can be increased by improving the placement of bales or pro-~
ducing more regular bales (such as San Diego) to eliminate spaces between bales which
reduce the in-situ density. The extensive compaction by equipment of the landfilled
milled solid waste may have contributed to the reported high density. Heavy compaction
in a landfill of raw refuse will also give excellent densification. However, there are
improvements in average effective dry weight densities of mill processed over unprocessed
solid waste. The increase in processed over unprocessed landfill densification is pre-
sented as follows: Systems | and I, high density baling ~ 40 percent; System 111, milled -
4 percent; andSystem IV, milled/baled - 53 percent.

2. Landfill Operations. Baled solid waste required no spreading, and less transport
volume and landfill handling than either unprocessed or milled waste. The bales were
placed onto and from transport trucks and located directly into the working face of the
fill. Milled waste required compaction, and the degree of compaction will affect the
in-situ density. Since compaction is not required for bale landfills, less equipment
(no compactors) is required.

The Madison project final report included the assessment that daily cover soil was not
needed for milled solid waste. Operation of a sanitary landfill would by definifion
require daily soil covering. Thus, the cover soil requirements for milled waste would
be similar to unprocessed waste less the savings due to increased density. It should be
noted that bale working faces are vertical and 3 m (10 ft) or more in minimum height;
thus only the top horizontal surface is covered daily. Unprocessed and milled waste
are normally placed on a slope in 90 to 120 em (3 to 4 fi) layers; therefore, soil must
be placed on both horizontal and sloped surfaces which must be covered with 15 c¢m

(6 in) of clean earth daily. Thus, baled waste should require less soil cover than com-
parable processing on a |b per Ib basis.

Observations at the St. Paul bale landfill during wet weather indicated no impediment
of mobile equipment operations occurred during heavy rainfalls. Wheeled transport
trucks and landfill equipment were well supported by the solid bale surfaces, even when
the vehicle wheels sank through the 15 em (6 in) cover soil . It was reported in the
Madison project that wheeled vehicles could travel satisfactorily on the milled waste
due to its compact, uniform surface. Wet weather travel was difficult to impossible in
unprocessed waste landfills based on typical observations.

3. Environmental Impact. Less wind-blown litter was observed at the St. Paul bale
landtill than ot normal unprocessed waste landfills. Madison milled waste landfill litter
was also reported as less than for unprocessed waste, but litter fences were required at
Madison to catch plastic film, etc. In the case of the bales, the reduced surface area
of in-situ waste and the adherence of materials within the bales produced the low litter
level.
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The American Hoist and Derrick Company stated that no fires had occurred at the
balefill during its two years of operdation from 1971 to July 1973. During the twelve
month period between the first field survey of the bale landfill (July 1973) and the
end of the bale landfill monitoring (June 1974), no fires were reported or observed

in the bale landfill. During the same twelve month period,several fires were reported,
and one was observed by our staff at a private (Phoenix) landfill, located about one
mile from the bale landfill, that received normal unprocessed solid waste. The Phoenix
landfill received the same type of waste as the bale landfill, some of which was
delivered by St. Paul private collectors who did not want to pay the baling plant fee.
Although the twelve month period of record is relatively short, the similarity in solid
wastes and identical climate at the bale landfill and Phoenix landfill indicate the
possibility that the bales were a factor in reducing the incidence of fires.

The concentrations of various constituents found in the St. Paul bale test cell leachate
were generally less than or in the low end of the range of concentrations for leachate
from normal and shredded waste landfills (see Table 10-5). The relatively short period
of leachate monitoring may not represent long-~term trends.
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SECTION 10

SIMULATION OF BALE SANITARY
LANDFILL IN A TEST CELL

A. Purpose.

Evaluation of the bale sanitary landfill under controlled conditions was conducted in a
test cell constructed at the American Solid Waste Systems divisionof American Hoist

and Derrick Company landfill. The test cell was constructed to permit monitoring and
sampling of gas composition, leachate quantity and quality, settlement, and tempera~
ture. The test cell construction commenced on August 2, 1973, and was completed on
October 5, 1973, The baseline monitoring began on September 27, 1973, and continued
until November 30, 1974,

B. Method of Study.

1. Site Location. The test cell was constructed at the edge of the American Hoist

bale Tandfill about 12 miles from the bale plant (see Figure D10, Vol. 2). The loca~
tion of the test cell at the bale landfill is shown in Figure D11, Vol. 2. The area

under the test cell was filled with three layers of bales and covered with six to eight
inches of soil. Water drains away from the test cell to the north, east, and west over the
the edge of the fill area toward the Rock Island Railroad tracks. The cell is exposed

to wind and other normal weather conditions. Access to the cell is via the landfill

access road onto the filled area and up a ramp on the south side of the cell (see Figure
D11, Vol. 2),

2. Test Cell Design and Construction. The test cell design is shown in Figure 10-1.
The inside dimensions of the test cell were 30 by 33 meters in area and 5 meters in
height. The cell walls were constructed of solid waste bales to more closely simulate
the normal bale landfill environment. The cell height of three bales is the same as the
balefill height. The leachate collection sump was located 3 feet outside of the north-
west corner of the north cell wall to prevent damage during placement of bales in the
cell, The sump was installed after filling the cell.

Test cell construction consisted of several steps (see Photograph 10-1):

a. Grading. Initial grading of the test cell area provided a level base for the
cell walls and bottom.

b. Cell Walls. Three walls were built with bales as shown in Figure 10-2: the
east, west, and south walls. The north side was left open to provide access for the
forklift to place bales in the cell.

c. Cell Bottom. The bottom of the cell was filled with clean sandy clay soil of
15 to 46 cm thickness, groded with a one percent slope downward toward the north-
west corner for leachate collection. Three trenches were cut in the cell bottom con-
verging on the leachate sump. The trenches were cut into the cell bottom with a dozer
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PHOTOGRAPH 10-1
TEST CELL CONSTRUCTION
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blade beginning at grade and reaching a constant depth of 15 cm (six inches) below grade
to protect the leachate drain pipe. The trenches were about 40 cm wide and had an
additional one percent slope toward the northwest corner of the cell. The bottom of the
cell was cleaned of loose rock and other items that might possibly puncture the poly-
ethylene membrane by hand-raking and carrying off the detritus with a "bobcat” loader.

d. Polyethylene Membrane Installation. A layer of 30-1b roofing felt was hung
vertically along the three walls by nailing into the top bales. The 1-m wide felt was
cut into 4 m lengths and overlapped to protect the polyethylene. Two layers of 15-mil
polyethylene, 4.4 m wide and 31 m long were suspended along each wall by nailing slats
to the membrane edge and driving 10 cm nails into the top bales in front of the slats to
support them. A second layer of roofing felt was then hung from the walls over the
membrane. Scrap roofing felt strips were placed in the trenches to protect the membrane.
The bottom membranes were placed using 2 layers of 15 mil, 4.4 m by 34 m polyethylene
strips overlapped 0.3 to 0.5 m. All seams were sealed with a 15 cm wide layer of
"Henry" brand latex sealant and then taped with 10 cm wide waterproof industrial tape.
The fourth wall was completed after the cell was filled using the same technique as for
the first three walls.

e. Leachate Collection System. A 10 cm diameter flexible, perforated plastic
pipe was laid in each of the three trenches and subsequently connected to three 10 cm
PVC pipes which were connected to the leachate sump (see Photograph 10-2a). The
trenches were filled with 1 cm smooth gravel to protect the perforated pipe. A 60 cm
layer of clean, washed sand was placed on the polyethylene membrane and graded level
for placing bales.

f. Cell Filling. The cell was filled with eight days' production of bales using
the existing forklift placement method. The total number of bales placed in the test
cell was 1,542, which weighed a total of 1.98 million kg (2,179 tons). Probes for
monitoring temperature, settlement and gas (Photograph 10-2b) were placed at five
stations during the placement of bales, The test cell probe locatiens are shown in
the top view of Figure 10-3.

g. Completion of the Cell. The final membrane section and roofing felt protec-
tion was placed on the exposed north wall of the bales in the test cell. The leachate
collection sump, a 38 long by 30 wide by 20 deep cm box with lid, was placed about
1 m outside the wall in an excavation. The three perforated plastic leachate collection
pipes were epoxy-cemented to three 10 cm PVC pipe extensions, and then the PVC pipes
were epoxy-cemented to three pipe collar openings in the sump box. The polyethylene
membrane was sealed around the three leachate collector pipes at their juncture with
the extensions o the sump box using the latex adhesive and industrial tape previously
described. A5 cm |, D. PVC pipe was fitted to the sump box top and extended
vertically a height of 4 m to protrude 1 m above the top surface of the bales. This
access pipe was provided as a backup to allow the sump to be pumped empty. A 2.5 cm
I. D. PVC pipe was installed in a ditch extending from the sump north to the edge of
the fill at a two degree slope to drain leachate from the sump. A PVC cap was placed
on the vertical user access pipe, and a PVC ball valve was placed on the end of the
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c. View of filled cell

d. Completed cell with soil cover and access ramp

PHOTOGRAPH 10-2
TEST CELL INSTALLATIONS
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leachate drain pipe. A 7.6 cm I.D. cast iron sewer pipe was placed around the lea-
chate drain pipe for protection from vehicles, and the pipe was covered with 20 cm
of soil. The fourth (north) cell bale wall was placed. An access ramp was constructed
and a 15 to 60 cm cover soil layer was placed on the cell, the varying

depth resulting from variations in bale size. The walls were covered with soil for
aesthetic purposes, and a 30 cm soil berm was built along the outside edge of the test
cell membrane wall. The bemm retained water from rain or snow falling on the cell.
The purpose of the berm was to allow direct correlation between precipitation data
and the amount of water that fell and remained on the cell, This eliminated the need
to estimate any runoff. The completed test cell is shown in Photograph 10~3. Cell
construction was completed October 3, 1973.

3. Test Cell Probe Configurations. Five test cell monitoring stations were located as
shown in Figure 10-3. A rain gauge was located near Station 5. The center station
contained only settlement plates and risers (same as Item C below); each of the other
four stations contained all of the probes listed below. The probes in ltems a, b, and

¢ were installed during test cell construction and the lysimeters of Item d at a later time.

a. Gas Probes. Two 1.1 cm 1.D. polyethylene tubes ot 0.9 m and 2.4 m depths
were perforated af the bottom and used for gas monitoring (see Figure 10~4),

b. Temperature Probes. Three capped 2.5 cm |.D. PVC tubes at depths of 0.6,
1.5, and 2.4 meters were used for housing thermistors. An additional 2.5 em 1.D.
PVC tube at 2,4 m was used for backup temperature monitoring by thermometers.

c. Settlement. Three 0.7 x 0.7 meter metal settlement plates were located be-
low the botfom bale, between the middle and bottom bales, and between the top and
middle bales. Vertical risers of 2 cm 1.D. galvanized cast iron pipe were connected
to each plate and rose about 1 m above the test cell cover soil. Concrete block surface
benchmarks were placed on top of the top bales ot each of the five settlement probes.

d. Lysimeters, In addition to the station probes, 16 lysimeters (soil leachate
sampling devices) were installed in the test cell during the period from February 26
through March 10, 1974, The lysimeters were placed at four depths, 0.3, 0.8 or 0.9,
1.4 or 1.5, ond 2.3 meters af each of Stations 1 through 4. Variations in depth of
about 1 meter (0.8 and 0.9, 1.4 and 1.5) occurred at several probes due to restrictions
encountered during placement. One lysimeter was inserted to a depth of 3.4 meters.

4, Core Holes, Five holes, 15 cm in diameter, were augered on November 19,
1974, to samp'e solid waste for biodegradation, moisture and organic content, and
temperature: two at Stations 1 and 3, one in the most recently completed area (filled
June 1974), and two in on older landfill area (filled mid=-1972).

5. Test Cell Monitoring. Table 10-1 outlines the test cell monitoring schedule.
Photograph 10-2 illustrates monitoring devices. Sampling and monitoring procedures

and data forms are given in Appendix E. Laboratory analytical methods are given in
Table 10~2. A brief summary of the methods is given below. All analyses were per~
formed in the Ralph Stone and Company laboratory in Los Angeles, California. Samples
were shipped to Los Angeles by air on the day they were taken and analyzed the next day.
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PHOTOGRAPH 10-3
COMPLETED TEST CELL
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a. Gas sampling, temperature and settlement
probes, and leachate sump access in place

d. Rain gauge

c. Portable electric generator

e. Gas sampling apparatus

PHOTOGRAPH 10-4
TEST CELL MONITORING
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TABLE 10-1
BALE TEST CELL MONITORING SCHEDULE

Monitoring Parameter]  Frequency Constituent or Units
Gas Weekly Samples analyzed for: CH,, CO N
4 2’
02, HZS’ Co.
Temperature Daily during the =~ Measured in degrees centigrade.
first two weeks,
weekly thereafter.
Settlement Weekly Feet
Leachate from Weekly Quantity, liters.
sump
Weekly Samples analyzed for: pH, fofcll coliforms,
fecal collform BOD CI sulfides,
TDS, NO &rg N
Annually Composite of weekly samples analyzed for:

Lysimeter Moisture

Core Sampling

Al, As, Ba, Ca, Cd, Cr, Cu, F7, Fe, Hg,
Mg, Mn, Ni, Pb, Zn.

Weekly Quantity, liters.

Weekly Samples analyzed for: pH, total coliforms,
fecal coliforms, BOD,., CI, SO, S
sulfides, TDS, NO3, 5NH Org-N.

Once Samples analyzed for organic content,
(11/19/74) temperature, moisture content, decomposition.
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a. Gas Sampling. An illustration of the gas sampling apparatus appears in
Figure 10-5. A portable generator was used fo operate the electric pump. A hand
sampling pump was used as a backup for times when snow or mud prohibited automobile
access to the test cell, or when the generator malfunctioned. Separate on-site testing
for hydrogen sulfide was conducted using a calibrated volume-flow hand pump and H,S
detectors manufactured by Mine Safety Appliances (MSA) Company. The HyS
concentrations were also checked on the laboratory gas chromatograph during gas
analyses.

Basically, the procedure consisted of evacuating a 250- or 500-m! sample bottle and
connecting it to the test cell gas sample probe as shown in Figure 10-5, Prior to
sampling, the probe valve was opened, the probe and evacuated bottle were purged by
running the vacuum pump for at least one minute so that about 2,500 ml of sample gas
passed through. The bottle was then pressurized by additional pumping with the down-
stream bottle valve closed, and the upstream valve was closed when about 10 psi of
pressure in the sample was read on the pump gauge.

b. Temperature. Two methods of temperature measurement were used. Stainless
steel thermistors and a telethermometer manufactured by Yellow Spring Instruments
Company were inserted in the 0.6, 1.5 and 2.4 meter deep probes for primary tempera-
ture measurement. Since problems had been encountered with instruments and thermis-
ters on previous landfill monitoring projects, a thermometer backup system was provided.
The backup system consisted of lowering a thermometer in a test tube filled with water
to the bottom of each temperature probe by means of a string and leaving it there for
about 15 minutes so that the water temperature stabilized to the test cell temperature.
The test tube-thermometer was then raised, and the temperature reading was taken
immediately.

c. Settlement. Twenty settlement monitoring points existed: three plates with
risers, and one concrete surface benchmark at each of five stations. Four permanent
benchmarks placed in sirategic locations near the test cell were used as fixed reference
elevation points to check the test cell plate risers and benchmark elevations. Although
only one reference benchmark was needed, the extra benchmarks were installed in case
one was inadvertently destroyed. A surveyor's level, at a known elevation, was used to
read the test cell plate risers and concrete surface benchmark elevations on a surveyor's
rod. Since the test cell was constructed on an area previously filled with bales, the
relative change in elevations between the settlement risers beneath the three bale layers
and the surface benchmark were used to determine the differential and total settlement.

d. Sump Leachate, Leachate samples were taken in one-liter polyethylene sample
bottles (one liter samples were taken if enough leachate was present). The volume of
leachate was determined for small (up to 15-liter) quantities by filling a 19-liter
(5-gallon) gradudted container or the one-liter sample bottles. For larger quantities,
the leachate was drained into the 19-liter graduated bucket for one minute to determine
the flowrate. The drain was left open and the flowrate checked periodically until the
flow ceased. The time-averaged flowrate was used to determine the total volume of
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leachate. Samples were taken from the filled container at different times during flow
so that a representative sample would be analyzed. During cold weather, when the
exposed leachate drain valve and leachate were frozen, leachate was monitored through
the vertical access pipe using a vacuum pump and tube to withdraw a sample.

e. Lysimeter Monitoring. Soil water lysimeters were sampled using a vacuum

hand pump. The quantity of leachate withdrawn was measured and samples analyzed as
indicated in Table 10-2.

f. Core Sampling. Core sampling was undertaken at the test cell, the newest
landfill area, and the oldest landfill area. Temperature, decomposition, organic con-
tent, and moisture content were determined for the samples. In the test cell, the auger
drill sampling was in the top 0.2 meters of bales and at 1.83 m, 2,75 m, and 3.36 m depths.
The 3.36 m depth was determined to be the deepest tha could be reached and still provide
a margin of safety to avoid penetrating the polyethylene liner. At the new and old
landfill areas, the drilling continued until bottom soil or intermediate lift soil was
reached. Samples were taken from the top 0.2 m of the top bales, and at two inter-
mediate depths.

C. Results and Discussion.

When the field test cell was completed, it was monitored at least once each week for
14 months, except that temperature was monitored daily during the first 14 days.

1. Leachate.

a. Sump Leachate Quantity. During the period from November 7, 1973, through
mid-September, 1974, cumulative rainfall on the test cell was 56.13 cm (22.1 in.),
which was equal to about 490,000 liters over the test cell surface area. The days on
which rainfall occurred, the quantity of rain and the daily quantity and cumulative
total volume of rainfall entering the test cell are summarized in Table 10-3.

The daily sump leachate flows are shown in Figure 10-6. Leachate flowrates were level
during each period they occurred. Sump leachate exceeding one liter per day was
initially observed June 1, 1974, dbout 250 days after filling the cell. This was
attributed to the cell accuinulating moisture to the point of saturation, and frozen ground
during the winter months which created a barrier to moisture entry.

The leachate and precipitation trends are plotted on Figure 10~7. As can be seen,
leachate began to be obtained in mid~March in very small quantities, usually less than
1 liter per day. Leachate flow increased during June 1 to August 27, 1974, and then
became negligible (less than one liter per day) in September.

A mass balance evaluation of moisture conditions at the test cell was completed as

follows. The factors involved in moisture behavior in the test cell are expressed in
the equation:
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TABLE 10-3

TEST CELL PRECIPITATION

Days Precipitation
Month Date Since Rainfall, cm (in.) Per Event Cumulative
Filled (Liters) (liters)
1973
Nov. 7 40 .15 (0.06) 1,278 1,278
20 53 4.78 (1.88) 40,042 41,320
2] 54 1.02 ( .4) 8,520 49,840
24 57 .36 (.14) 2,982 52,822
26 59 .30 (.12) 2,556 55,378
Dec. 5 48 .61 (.24) 5,112 60,490
9 72 2.03 (.08) 1,704 - 62,194
14 77 .15 (.06) 1,278 63,472
15 78 41 (.16) 3,408 66,880
23 86 .71 (.28) 5,964 72.844
24 87 .71 (.28) 5,964 78,808
26 89 .46 (.18) 3,834 82,642
1974 27 90 .51 (.20) 4,259 86,901
Jan. 9 103 .15 (.06) 1,278 88,179
20 114 41 (.16) 3,408 91,587
Feb. 1 126 .05 (.02) 426 92,013
2 127 .56 (.22) 4,686 96,699
3 128 30 (.12 2,556 99,255
4 129 .05 (.02) 426 99,681
5 130 .91 (.36) 7,668 107,349
14 139 1.02 (.04 852 108,201
16 141 2.03 (.08) 1,704 109,905
Mar. 8 161 .05 (.02) 426 110,331
14 167 .25 (.10) 2,130 112,461
15 168 51 (.2) 4,259 116,720
22 175 .15 (.06) 1,278 117,998
26 179 .76 (.3) 6,390 124,388
29 182 .25 (.1) 2,130 126,518
30 183 .25 (.1) 2,130 128,648
31 184 .86 (.34) 7,242 135,890
Apr 1 195 .30 (.12) 2,55 138,446
12 196 .97 (.398) 8,094 146,540
13 197 .30 (.12) 2,556 149,096
22 206 .10 (.04) 852 149,948
27 211 .81 (.32) 6,816 156,764
May 3 217 15 (.06) 1,278 158,042
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TABLE 10-3

TEST CELL PRECIPITATION

(Cont.)
Days Precipitation
Month Date Since Rainfall, e¢m (in.) Per Event | Cumulative
Filled (liters) (liters)
1974

May 7 221 46 (.18) 3,833 161,875
8 222 .56 (.22) 4,686 166,561
9 223 56 (.22) 4,686 171,247
10 224 2.48 (.98) 20,873 192,120
12 226 1.57 (.62) 13,205 205,325
14 228 .56 (.22) 4,686 210,011
16 230 .25 (.10) 21,299 231,310
18 232 .25 (.10) 2,130 233,440
22 236 .51 (.20) 4,260 237,700
June 2 247 1.52 (.60) 12,779 250,479
3 248 .36 (.14) 2,982 253,461
4 249 4.52 (1.78) 37,912 291,373
6 251 1.22 (.48) 10,224 301,597
9 254 .86 (.34) 7,242 308, 839
10 255 3.96 (1.56) 33,226 342,065
13 258 .25 (.10) 2,130 344,195
19 264 A1 (L16) 3,408 347,603
20 265 1.47 (.58) 12,353 359,956
21 266 .81 (.32) 6,816 366,772
July 1 276 .05 (.02) 426 367,198
3 278 15 (.06) 1,278 368,476
10 285 30 (.12) 2,556 371,032
12 287 .76 (.30) 6,390 377,422
18 293 15 (.06) 1,278 378,700
24 299 2.18 (.86) 18,317 397,017
Aug 2 308 3.15 (1.24) 26,411 423,428
3 309 4,83 (1.90) 40,468 463,896
4 310 .05 (.02) 426 464,322
10 316 41 (.16) 3,408 467,730
21 327 61 (.24) 5,112 472,842
Sept. 6 343 15 (.06) 1,278 474,120
9 346 61 (.24) 5,112 479,232
10 347 .25 (.10) 2,130 481,362
12 349 1.02 (.40) 8,520 489,882

Total 56.13 (22.10)
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A 4

(1) 1| = O+Et+S where: [is inflow (precipitation)
O is outflow (leachate)
Et is evapotranspiration
S is storage (both in fransit and as
specific retention)

The total inflow during the period June 1,1974, to August 27, 1974, was 235, 142 liters,
and total outflow was 18,810 liters. Outflow was 8 percent of inflow (total precipita-
tion for the period). Specific retention was assumed to be about 10 percent of the total
pore space for the conditions in the cell and the geographical location. Specific reten-
tion, or field capacity, is the proportion of the total pore space in a soil or other
material that will store water. This estimate wes provided by the University of Minnesota
Geology Department consultant, Dr. Pfannkuch.

The test cell contained the following distinct materials in layers:

Surface: glacial till, 0.3 m (1 ft) thick, pore space of 35 percent.
Bales: 3.35 m (11 ft) thick, pore space 6 percent.
Sand: Mixed, clean washed sand, 0.3 m (1 ft) thick, pore space 27 percent.

The pore space in the sand and fill were obtained from geology data provided by
Professor Pfannkuch. The empty space between bales (bale pore space) was calculated
from bale spacing measurements taken at the balefill during monitoring, and neglects
absorption into the bales. The fotal available storage space of 327,500 liters was

calculated as: sand - 69,000 liters; bales - 169,000 liters; and till - 89,500 liters.
Ten percent, or 32,750 liters were attributed to specific retention,

Values for evapotranspiration obtained from the Minnesota Geological Survey were
78 to 87 percent in the St. Paul region. A value of 87 percent was assumed for Et.
At 87 percent for Et the volume of 32,750 calculated for available storage space was
filled during the June 3, 1974 rainfall (see Table 10-3), as shown in the following
calculation using equation (1):

precipitation (Nov. 1, 1973 - June 3, 1974) - 0.87 x precipitation = Ssr + 0O
= 253,461 - 0,87(253,461) = 32,950 liters.

During the summer 1974 months, the rate of sump leachate outflow closely paralleled

the precipitation inflow. Precipitation not accounted for by outflow during June 1

to August 27, 1974, may be assumed to have been absorbed into the solid waste bales or
lost to evapotranspiration and runoff. Precipitation occurring from October 1973 through
May 31, 1974 filled the storage space in the till, bales and sand, and was lost to
evapotranspiration; hence no leachate was observed during this period.

b. Sump Leachate Characteristics. The chemical constituents in the test cell
sump leachate are given in Table T0-4." The analyses of the weekly and monthly
leachate samples from the test cell are given in Figures 10-8 through 10-12.
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The data in Figure 10-8 indicate an average pH of 6.7 for all sump leachate samples
which is approximately neutral. Figure 10-9 indicates an initial BOD4 (5/21) of

25 mg/1. Subsequently, the BODs level rose to a peak of 545 mg/| about 312 days
after test cell completion.

The nearly neutral pH and low BOD, values indicate that the biodegradation rate was
low and probably occurred only on the bale faces. Organic nitrogen levels fluctuated
between about 10 and 20 mg/liter (Figure 10-10). Chlorides (Figure 10-11) and total
dissolved solids show level trends (Figure 10-12),

The St. Paul bale test cell average leachate composition is compared on Table 10~5 with
leachate from other types of solid waste landfills. As can be seen, the bale leachate
is low in BODg, chlorides, and TDS, compared with values of other landfills.

c. Lysimeter Leachate. Leachate samples were also taken from the lysimeters
located at various positions on the test cell. The measured chemical constituents of the
test cell lysimeter leachate are given in Table 10-6. The trends of lysimeter leachate
analyses are illustrated in Figures 10-13 through 10-17.

Figure 10~13 shows that as the depth increases, the BOD¢ also increases. The total
dissolved solids (TDS) shown in Figure 10-14 is also a function of the depth of the cell:
TDS increases with an increase in depth. Figure 10-15 shows only two depths represen~
ted for organic nitrogen. Quantities of leachate sample were insufficient for organic
nitrogen determination in many cases. High values obtained in March are attributable
to first analysis of the winfer's nitrogen accumulations after the first thaw. However,
from the data plotted, quantities of organic nitrogen appeared to increase with an in-
crease in depth. Chlorides also increased with an increase in depth as seen in Figure
10-16. The pH (Figure 10-17) remained at an approximate average of 6.86 for all
depths.

2. Temperature. Figures 10-18 through 10~21 display temperature trends from data
collected at four different test cell stations. For each station, temperatures at three
different levels were recorded. Figure 10-22 shows the station average temperatures

at 0.6 , 1.5 , and 2.4 meter depths, and average ambient air temperatures. With the
exception of an early sharp increase in bale temperatures, trends in the baled solid
waste followed fluctuations in ambient air temperatures. The early increase in bale’
temperatures is a function of initial intense decomposition. Figure 10~23 compares
change in temperatures over time at Oceanside and Spadra, in California, and at St.
Paul. The comparisons are made to illustrate any similarities and differences between
baled and unbaled waste. The Oceanside data on mixed sludge and solid waste is in-
cluded because the potential exists for baling mixed sludge and solid waste (limited
testing was conducted in St. Paul). All curves show at least a slight initial increase in
temperature before decreasing to a levelling trend. Three differences between St. Paul
and other temperature curves are: a higher initial peak temperature; a generally higher
level trend (exceeded only by Spadra Cell B at 3 meters); and more extreme variation
during the "level trend" part of the curve. The higher initial peak temperature and
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higher long~term trend temperature level may be a result of the high bale density,
which will tend to retain more hedt per unit volume and have fewer entrapped air void
spaces that are not producing heat.

3. Gas Anadlysis. Figures 10-24 through 10-31 illustrate gas analyses trends af 0.9
and 2.4 meter depths for each monitoring station. Nifrogen percentages are omitted
since gaseous nitrogen does not play a part in decomposition. Carbon dioxide and
methane levels increased with time, while oxygen remained constant. These effects
were more pronounced at the 2.4 meter depth, possibly due to less entrapment of out-
side air. In all cases, hydrogen sulfide levels remained lower than 0.1 percent.
Sudden, infrequent drops in CO., concentrations and rises in O, pl'obcxbiJ represent
air entry into sample bottles during sampling or shipping, and nof actual decreased
CO» gas generation in the balefill.

Figure 10-32 shows differences between St. Paul balefill generation of CO,, and CH 4
and Los Angeles (conventional) and Oceanside (with sludge) landfill gas composition.

4. Expansion/Settlement. Elevation changes were determined at monitoring stations
1 to 5 by calculating the changes in distance between the elevation of the settlement
riser attached to the plate under the bottom bales, and the elevations of the risers
attached to plates and the concrete benchmark on top of the bottom, middle, and top
bales. The differential elevation measurement method is shown in Figure 10-33.

The results of the elevation measurements averaged over the five stations at each level
are plotted in Figure 10-34. Figure 10-35 compares data from St. Paul with data from
a normal landfill ot Spadra and a mixed sludge/solid waste landfill at Oceanside, both
in California. The major points are that the test cell bales expanded during the first
10 days and remained basically stable over the following 12 months. As would be
expected, the bottom bale expanded the least, due to the compressive weight of two
upper bales and six inches of cover soil. The bales appear to provide a stable
foundation which would allow immediate use of the land for light structures. However,
since the duration of the monitoring was only for one year, long-term settlement trends
are not yet known.

5. Core Sampling. The results of a one-time auger sampling are summarized in this
section with regard to temperature, moisture content, organic content, and decomposi-
tion. One borehole in the new landfill was analyzed (180 days old); two boreholes in
the test cell were analyzed (415 days old); and two boreholes in the old landfill were
analyzed (about 730 days old).

a. Temperature. Temperature profiles by depth are given in Table 10-7. The
average femperature decreases with the age of the fill material. This follows the
normal decreasing temperature with age curve in landfills.

Temperatures in all bore holes increased with depth. This is due fo the lessened effect
of ambient temperature, and a corresponding higher biodegradation rate. The tempera-

ture increase with depth was greatest in the newest fill material, and least in the oldest
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LEVEL DIFFERENTIAL SETTLEMENT
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fill material.

b. Organic Content. Organic content increased with depth in the newest fill,
and decreased slightly with depth in the test cell intermediate age fill (Table 10-8).
The intermediate soil layer in the old fill, a sandy-clay loam, had a negligible organic
content. Immediately overlying it was a layer of papéer waste of relatively high organic
content.

The average organic content of the solid waste (excludes soil) in each borehole showed
no discernable frend. In normal landfills, the organic content would be expected to
decrease as the age of the landfill increased due to decomposition. A decreasing
average borehole organic content was found as age increased during a two-year period
(equivalent to St. Paul fill ages) for the test cells and landfill (with and without sludge)
in Oceanside, California.

c. Moisture Content.  Moisture content decreased with depth in Station 3 of the
test cell and in Borehole T of the old fill (Table 10-9). Moisture content increased
with depth in the new fill, in Station 1 of the test cell, and in Borehole 2 of the old
fill. The intermediate soil layer in the old fill had a significantly lower moisture
content than that of the overlying paper layer. Average moisture content remained
essentially the same with age of the fill.

Moisture content is dependent on four factors (assuming no aquifer interaction):
(1) weather, (2) topography, (3) permeability of fill, and (4) composition of fill.

All three areas experienced the same weather conditions. The finish topography is

flat for all three areas. The test cell was bermed to prevent runoff. The different

trends in moisture content may be explained as a variation in factors 3 and 4 above. The
tandfill areas would have drainage flowing on and off with a minor net drainage

change or percolation difference from the test cell.

d. Decomposition. The decomposition of new versus older bales was examined
qualitatively during the core drilling. Changes related to decomposition such as color,
readability of printed matter (paper print, can and bottle labels, etc.) and material
structure were not observed in the test cell core samples (415 days old). The colors
were true (as in the waste when baled) and printing was readable. The newly placed
bales also were natural in color and had readable printing. The paper waste from old
bales (730 days old) tended to be easily pulied apart indicating some structural change.
Overall, the difference between the newer (180 days old) and older (730 days old)
waste bales was the slight structural change.
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Term

Ability

Accessibility

Activity Network

Balefill

Baler

Baler Cycle

Baler Feed Solid
Waste Samples

Baler Liquid Squeezing
Samples

Baler Operator

SECTION 11
GLOSSARY
Definition

Statistical measure of production rate. Ability of a system is
measured as a probability distribution of production rates.

Statistical measure of production time availability, Accessi-
bility of a system is measured by the maximum number of hours
a day that the system can be scheduled for production.

Schematic visualization of the sequential states occupied by a
given machine.

A land disposal site that receives baled solid waste, with or
without binding, for disposal on land by an engineered method

in a manner that minimizes environmental hazards by stacking the
highly compacted bales to achieve the smallest practical

volume, and applying and compacting cover material on the

top of the bale lift at the end of each operating day.

A machine used to compress solid waste, primary materials,

or recoverable materials, with or without binding, to a density
or form which will support handling and transportation as a
material unit rather than requiring a disposable or reusable
container. (Source: WEMI Baler Subcommittee).

The start-to~finish sequence of operations by the baler that
produces one solid waste bale.

A nine-kilogram composite sample of unbaled solid waste
received from collection vehicles and obtained at daily
intervals during the five-day study. The sample was composed
of waste materials accumulated during bi~daily solid waste
sortings, and was composed to correspond with percentages of
constifuents found in the bi-daily sortings.

Liquid samples obtained once or more per day during the five-
day study; collection occurred directly below the baler base.

Both unstrained and strained (through mesh screening) samples

were taken,

The baling plant employee responsible for control of the con-

veyor, scale, and baler equipment operation (see Control
Tower Operator).
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Term

Control Tower Operator

Conveyor

Forklift

Gantt Chart

Gate Attendant

Interference

Loader

Loader Operator

Maintenance Man

Definition

Employee responsible for supervising bale production, cycling
the baler, measuring the baler charge, allowing transports to
switch on time, and keeping the conveyor full.

Two conveyors are employed at the baling plant to move solid
waste from the unloading area to the scale platform. The first
conveyor is horizontal, and the second is inclined; both are
2-bar slat conveyors.

Machine that removes bales from the bale discharge platform
inside the baling plant; these bales are composed of special
materials such as corrugated paper or selected metals. The
forklift also removes broken bales from the platform and de-
posits them onto the incoming solid waste pile, as well as
[ifts up the edge of the loading platform to allow the transport
vehicle to fit under its edge.

A schematic method of illustrating relative times occupied by
processes within a given sequence.

Employee responsible for directing incoming traffic and charg-
ing and collecting fees from incoming solid waste collection
vehicles,

Statistical measure of the time one machine in a network is
forced to be idle while waiting for a second machine to
complete its task.

Mobile apparatus used in the baling plant to pile incoming
solid waste, load refuse onto the horizontal pit conveyor,
mix solid waste, scrape the unloading floor and sort large
metal objects and corrugated paper. The looder operator is
the employee responsible for running the loader. A small
"bobcat" loader is also employed at the baling plant for
general operations.

Employee responsible for operation of the forklift and general
purpose loader inside the baling plant.

Employee keeping baling plant equipment in operating con~
dition, repairing minor breakdowns, used for filling=in for
missing personnel, and assisting in transport-vehicle rigging
and floor sweeping.
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Term

Platen

Pusher

Queueing

Reliability

Segregator

Utilization

Definition

A metal plate pushing solid waste across the scale and into
the baler charging box.

Hydraulic apparatus moving baled solid waste onto transfer
vehicles, Pusher one is activated every baler cycle, while
pusher two is operated every other baler cycle.

Procedure of organizing and processing vehicles in waiting
lines. Applied to describe where one or more collection
trucks are attempting to or actually are unloading solid
waste at the baling point.

Statistical measure of ability to maintain production.
Reliability of a system is measured as the probability
distribution for the fraction of time producing divided by
scheduled operating time.

Procedure by which bales are covered within transport
trucks prior to departure from the baling plant. Nylon mesh
curtains are pulled over the bales and attached to the
bottom of the truck trailer bed with hooks. The tailgate is
placed and secured following curtain rigging.

Employee responsible for separating corrugated paper and
selected metals from the baler feed solid waste.

Statistical measures of the use made of each machine in a
network. To obtain percent utilization of a machine for a
given state, the amount of time spent in that state per
cycle is divided by the machine total cycle time.
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EVALUATION OF SOLID WASTE BALING AND BALEFILLS
VOLUME II: TECHNICAL APPENDICES
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TABLE A-1
BALING PLANT ACTIVITY CHART 1-A
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TABLE A-2
BALING PLANT ACTIVITY CHART 1-8
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TABLE A-5

Date: DAILY BALE COUNT
NoJ Weight Lbs. || No. Weight Lbs.|| No.| Weight Lbs. || No.| Weight Lbs.
1 42 82 123
2 43 83 124
3 44 84 125
4 45 85 TIME
5 46 86 126
6 47 87 127
7 48 88 128
8 49 89 129
9 50 90 130
10 TIME 91 131
11 51 92 132
12 52 93 133
13 53 94 134
14 54 95 135
15 55 96 136
16 56 97 137
17 57 98 138
18 58 99 139
19 59 100 140
20 60 TIME 141
21 61 101 142
22 62 102 143
23 63 103 144
24 64 104 145
25 65 105 146
TIME 66 106 147
26 67 107 148
27 68 108 149
28 69 109 150
29 70 110 TIME
30 71 Hls‘ 151
31 72 112} ; 152
32 73 113 : 153
33 74 114! | 154
34 75 15 | 155]
35 TIME 16 | 156,
36 Z3 117 ‘ 157
37 | 77 118 b 158
38 |78 119 159
39 79 120 i 160
| 40 80 121 16l
|4 S:] 122, 162!




TABLE A-6
TENTH BALE DATA

™ TTime of Dayk ] B S T .
Bale Prod. No. . - L
Time to Produce B I _ o N
Ram Pressure I

Max
* Min
2 . S R IS I SO
§ g Max |
s Min
._q‘i Max
- Min ’
. Max ~

: :Cg‘ T Min

- . Max

Y P .

1 ? é Min

O| ¢ Max

1‘ 2 Ol Min

, W

| § ) Max

w T Min
<
ap Max
2
3': = Min
N Max
—
Min
. Max
* Min
~f + Max
o= —
=z Min
o
6 g Max
Min
L - Length W = Width H - Height
Comments
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TABLE A-12
EQUIPMENT MAINTENANCE LOG

Date started Date ended
Time started Time ended
Machine name Sheet #
No. Model Mfrs.

Downtime Action Taken
Date Start End Problem, Labor, Parts, Special Tools

Signature

13



TABLE A-13
EPA CONTRACT NO. 68-03-0332/AMERICAN HOIST COMPANY

ACCIDENT REPORT

Date Person to contact

Employee's name Date of accident Time

Job description

Type of injury

Effect on employee

(permanent/partial /temporary)

Lost time Therapy

Initial cost Therapy cost

———— P —

|

Reason for accident

Conditions at time of accident (time, weather, fatigue, equipment)

Signature of person completing form

14
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TABLE A-16
WEEKLY MOBILE EQUIPMENT COST

Vehicle

License No.

Comments

DAY 1

M + R*
Fuel
Oil
Total

Daily Total

DAY 2

M + R*
Fuel
il
Total

Daily Total

DAY 3

M + R*
Fuel
Oil
Total

Daily Total

DAY 4

M + R*
Fuel
Oil
Total

Daily Total

DAY 5

M + R*
Fuel
Oil
Total

Daily Total

DAY 6

M + R*
Fuel
Oil
Total

Daily Total

Individual
Totals

*
M + R denotes Maintenance and Repair

17



TABLE A-17
MONTHLY OPERATIONS SUMMARY

LABOR COST

Week 1

Week 2

Week 3

Week 4

Week 5

Plant
Transport
'Landfill
| Total

i
'

EQUIPMENT MAINTENANCE

‘Mobile
Stationary
Total

Gas
Electric
Water
Telephone
Other
Total

Identify

UTILITIES COST

MISCELLANEQUS COST

Total

| P| qn’r‘ 7
Transport

Landfill
Total

' Subtotals

FIXED COSTS

18




TABLE A-18
CAPITAL INVESTMENT REPORT

Size, Date | Est. 'TBTOT Cost Depreciation
Description Amount | Put In Use| Life New | Yearly Monthly |
efc.

PLANT:
Land X X
Surveys
Preparation
Roads
Buildings

Baler
Scales i
Bins ;
Motors
Pumps
Conveyor
Loader
Fork Lift
Control Unit
Other
TIQ TAL
TRANSPORT:
1
2
Trucks 3
4
5

Other

TOTAL

LANDFILL:
Land
Surveys
Preparation
Roads
Fork Lift
Loader

Generator
Other

TOTAL

TOTALS




TOTAL COST SUMMARY FOR PLANT

TABLE A-19

ftem

For This Period

Budget
This Period

Year
To Date

Budget
Year to Date

Tons of Waste Received

Number of Bales Produced

Total Operating Cost

Total Financing Cost

Total Cost

TOTAL COST PER TON

REVENUES:

Private Collectors

Public Collectors

Salvage:
Cardboard
Metals

OTHER

TOTAL REVENUES

TOTAL REVENUES PER TON

NET COST (PROFIT)

NET COST PER TON

NET COST/TON/DAY

20




TOTAL COST SUMMARY FOR TRANSPORTATION

TABLE A-20

ltem

For This
Period

Budget
This Period

Year
To Date

Budget
Year to Date

Tons of Waste Hauled

No. of Bales Hauled

Total Operating Cost

Total Financing Cost

Total Cost

Operating Cost Per Ton

Financing Cost Per Ton

Total Cost Per Ton

Total Cost Per Ton Per Day

21




TABLE A-21
TOTAL COST SUMMARY FOR BALEFILL

ltem

For This

Period

Budget
This Period

Year
To Date

Budget
Year to Date

Tons of Waste Received

No. of Bales Received

Total Operating Cost

Total Financing Cost

Total Cost

Operating Cost Per Ton

Financing Cost Per Ton

Total Cost Per Ton

Total Cost Per Ton Per Day

22




APPENDIX B

AMERICAN HOIST AND DERRICK COMPANY
BALING PLANT AND OPERATIONS DATA FORMS

23



OFFICE EMPLOYEE

TABLE B-1

TIME CARD

R

BOURS
FGLIAR

TOHOURS L BLRS
TIME & HAE DOURLE TIME

TOTAL

IST WLEK

ZND WIEF

S P S

|

IXD WEEN

4T WEEK

STH WELRK

TO1Al

-4

RATE

ADIUSTMFNT

TIME AILOWED

1

TIME LOST

AYPROVED—-DIPT. HFAD

MORNING

AFRTERANOON

DATE 1
In

orT

N oorT

IN

OYLKTIVF

Daidy

Tatals

16

P

14.30

!
15.31 |

NO. 6—030256

AHMERICAN HOIST & DERRICKE CO.

ST. PAUL 1, MIKN.

24
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TABLE B-6
TRUCK DRIVER DAILY LOG

Date Truck No.
Driver
Lunch from to Total Hr.

Time Start Time Fin.
List below every step: time started, finished; weight; unloading time; delays and reasons

Time
From To  Explanation (loading, unloading, etc.)  Trlr. Load Min.
No.

[
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TABLE B=7
PURCHASE REQUISITION

PAGE

P, 0. NO.

REQIVISITION DATE

P. 0. DATE

CPUARGE TO ACCT.,

DATE REQ'IRED

VRNDOR ¢
TERMS SHIPPING Fu ‘NT
RONTING F 0 B POINT
DELIVER TO| QTY ITEMS PRICE
SEND YELLOW ORIGINAL TO PURCHASING DEPARTMENT
SIGHED APPROVED
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APPENDIX C

BALING PLANT EQUIPMENT DESCRIPTION
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PROPOSAL SPECIFICATION:

AUTOMATIC BALING PRESS MODEL:

STYLE:

GENERAL LAYOUT DRAWING:

TABLEC -1
EXISTING 137 - SECOND CYCLE BALER DESCRIPTION

HARRIS PRESS & SHEAR CORPORATION

SALES OFFICE 63 SO ROBERT STREET. ST PAUL. MINNEGSOTA 55107

710925

Qffset Box

4A-5588

APPLICATION:

A CAPACITY AND RATING:

Al

A2

A3

A4

A6

A7

A8

WEIGH HOPPER LOADING DIMENSIONS:

CHARGING BOX OPENING:
PRESS BOX DIMENSIONS:

PRESS BOX CAPACITY:

Ad4.1  BALE CHAMBER:
A4.2  CHAMBER CAPACITY:
BALE SIZE:

BALING FORCES:

A6.1  FIRST COMPRESSION RAM FACE:
A6.2  SECOND COMPRESSION RAM FACE:
A6.3  THIRD COMPRESSION RAM FACE:
BALE WEIGHT:

A7.1  COMPRESSED:

A7.2  EXPANDED:

BALING CYCLE:

B COMPONENTS:

Bl

NO M-717€2CPt

ELECTRIC MOTORS:

Bl1,1  MAIN SYSTEM:

AREA CODE 612

38

DATE: —
SUBSIDIARY OF Al.i!1Li N HOIST

o

SWC-2528-36x36

Carefully selected solid waste material
suitable for packer truck handling

144" wide x 36" deep x 228" long
(684 cubic ft)

68' x 228"

68" wide x 60" deep x 280 1/2" long
680 cubic feet
70" wide x 123" deep x 36" long
179 cubic feet
36" x 36" x variable

172 p.s.i.

1450 p.s.i.

2740 p.s.i.

Average 2000-3000 1b

2500 1b average, 36''x 36''x 48"
2500 1b average, 38" x 38"x 60"

137 seconds (44 cycles/hour)

. Three (3) 150 HP, 1750 RPM, 460 volt,
34, 60 Hertz, protected.

* TELEPHONE 22 4236

C-2



B COMPONENTS: (Continued) HAPRS PHESS & Srean |
TABLE C- 1 (Cont.)

Bl ELECTRIC MOTORS: (Continued)

B1.2 PILOT SYSTEM: One (1) 25 HP, 1750 RPM, 230/460 volt,
34, 60 Hertz, protected.

Bl1.3 COOLING SYSTEM: One (1) 3 HP, 3500 RPM, 230/460 volt,
3¢, 60 Hertz, protected.

Bl.4 SUPERCHARGE SYSTEM: One (1) 25 HP, 3500 RPM, 230/460 volt,
34, 60 Hertz, protected.

B2  ELECTRIC CONTROL SYSTEM:
B2.1 One (1) NEMA Class 2, Type C, NEMA 1A enclosed motor control center
equipped with combination circuit breakers and across-the-line motor

starters for 440 to 600 volt power with control transformers.

B2.2 One (1) operator's station enclosure to include oil tight control
switches and signal lights, wired to terminal strips.

B3  HYDRAULIC SYSTEM:

B3.1 MAIN PUMPS: Three (3) Vickers 75 GPM and 3500 psi max.
Three (3} Vickers 150 GPM and 2000 psi max.

B3.2 PILOT PUMP: One (1) Vickers 18/7 1/2 GPM and 2000/750 psi

B3.3 HEAT EXCHANGER: One (1} 75 GPM and 20 psi

B3.4  SUPERCHARGE PUMP: One (1} 320 GPM and 50 psi

B3.5 VALVES: Harris or equal

B3.5.1 Individual relief valves protect each pump from
overload pressure.

B3.5.2 Directional valves are electrically controlled and
hydraulically operated.

B3.6 CYLINDERS: Harris double acting all places; Teflon protected pistons in
honed bores; rods flame hardened, ground and polished; stand-
ardized rod wipers, chevron packing and "0" ring gaskets.

B3.6.1 FIRST COMPRESSION: 16" bore, 352 tons

B3.6.2  SECOND COMPRESSION: 36' bore, 1780 tons

B3.6.3 THIRD COMPRESSION: 36" bore, 1780 tons

B3.6.4 BALE GATE: 12" bore, 113 tons

B3.6.5 HOPPER: 10" bore, 78 tonms

B3.6.6 COVER: 12" bore, 113 tons
C-3

PROPOSAL SPECIFICATION - SWC-2528-36x36 Page 2 of 5



TABLE C~1 (Cont.)
B COMPONENTS: (Continued)

B4  FILTERING AND COOLING SYSTLM:

B4.1 Filtering is by combination of screens, tank magncts and
replaceable cartridge type micronic filters.

B4.2 Standard cooling system is 0il to water type heat exchanger.

C  OPERATION:

€1 There are three modes of operation: Manual, semi-automatic and automatic
repeat. Manual operation is provided primarily for set up and maintenance
purposes. Semi-automatic is usually preferred in conjunction with batch
feeding. Automatic repeat mede is normally synchronized with conveyor or
other automatic methods of charging waste and handling finished bales.

€2 With weigh hopper ‘the charging sequence is as follows: All waste is
weighed by the hopper and dumped from the hopper into the press. When
the press is being operated in the semi-automatic mode, the hopper is
dumped by manual pushbutton and the baling cycle is initiated by manual
pushbutton, each from the operator's station. When the press is operated
in the automatic repeat mode, the hopper dumping cycle is synchronized
with the baling cycle and interlocked with the scale so that the press
is charged only when the baling cycle is in the correct phase and the
proper weight of waste is in the hopper. Dumping of the hopper also
initiates the subsequent baling cycle of the press.

C3 At the start of a baling cycle the first compression ram extends fully
forward; the second compression ram extends to the fully down position
and the third compression then extends to complete the bale. The bale
door opens and the bale is ejected by the third compression ram. In
proper sequence, the third compression ram retracts, the bale door closes,
the second and first compression rams retract to complete one baling cycle.

D  CONSTRUCTION:
Pl The Model SWC-2528-36x36 design follows established Harris standards.

D2 Major sub-assemblies are heavy plate and structural weldments, stress
relieved before machining to design dimensions.

D3  Final assembly is bolted and keyed in accordance with good engineering
practices.

D4 Press box, baling chamber and ram wear surfaces are fitted with replaceable
wear plates of heat treated alloy steel.

D5 All liner plates are sectional design for ease of replacement.

D6 The compression faces of all rams are fitted with replacezble wear plates
of heat treated alloy steel.

D7 All raplaceable wear plates are securely fastened with Harris patented
screws and through bolts,

C-4

PROPOSAL SPECIFICATION - SWC-2528-36x36 Page 3 of 5
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TABLE C-1 (Cont.)
D CONSTRUCTION: (Continucd)

R R N N O

D8 All rams are box type stcel weldments, stress relicved and machined to
design dimensions.

D9 Hopper is single weldment from steel plate and structurals.
D9.1 Weighing means is by load cells.

D10 All pipe is electrically welded and securcly anchored.

D11 Pipe flanges are steel, bolted type, with "0" ring gaskets.

D12 Each Harris machine is completely assembled, operated and tested before
shipment.

D13 Standard *paint is machinery enamel over primer coat.
D14 Shipping weight: 740,000 1b, approx
E  GENERAL:

El  Layout and foundation prints show above grade dimensions and conditions.

Below grade soil conditions, piers, piling, footings and associated ccm-
ponents are matters of local determination for which Harris can accept
no responsibility.

‘E2  Harris technical services are available on a free advisory basis to assist
in determining the location and material flow conditions best suited to
utilize the high production of Harris equipment.

E3 This proposal also includes the services of a qualified installation specialist
for 10 eight-hour working days. He will supervise the unloading and assembling
of the press, place the press in operation and instruct your operator in recom-
mended operating and maintenance procedures. (Transportation and sustenance
outside the continental United States is for the purchaser’s account.)

F  EXPENSES ASSUMED BY THE PURCHASER TO COMPLETE THE MACHINE INSTALLATION:

F1 Railroad freight from Cordele to destination.

F2  Preparation of foundation.

F3  Unloading and assembling the press.

F4 VWiring from power source to electric control panel.

F5 Wiring from panel to main and auxiliary motors, also control wiring from
panel to junction boxes and to pushbutton station.

F6  Furnishing all fuses.
F7 Making connections to filter and cooler.

F8 Furnishing approxipately 1800 gallons of hydraulic oil for the hydraulic
system.

C-5
PROPOSAL SPECIFICATION - SWC-2528-36x36 page 4 of S
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HARKIS Phi SG § 3 AR COmbURAT, i1y

TABLEC - 1 (Cont.)
G WARRANTY:

Gl The seller guarantees its product for the period of six months after date
of delivery FOB Cordele, Georgia, against defects in material and workman-
ship for use within the capacity defined in Section A. No guarantee shall
exist if unauthorized alterations have been made by the owner or user, or
stated capabilities of machine exceeded. In case any material or workman-
ship shall prove defective, the scller's liability will be limited to
repairing any defect in workmanship or replacing defective part packaged
for shipment FOB Cordele, Georgia. All outside purchased equipment and
accessories are guaranteed only to the extent of the original manufacturer's
guarantee, shear blades included, no exceptions. Manufacturer reserves the
right to change the design and construction of the product when in their
opinion it represents an improvement of any part or the entire product.
Seller -shall have no liability or responsibility for consequential damages
of any kind including damage or injury to persons or property arising out
of use or operation of said article.

PROPOSAL SPECIFICATION - SWC-2528-36x36 Page 5 of 5
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SW-10

PROPOSAL SPECIFICATION:
AUTOMATIC BALING PRESS MODEL:
STYLE:

GENERAL TAYOUT DRAWING:

TABLEC ~ 2
90 ~ SECOND, CYCLE BALER DESCRIPTION

711004

Offset Box
LA-5588

APPLICATION:

A CAPACITY AND RATING:

Al

A2
A3
Al

AS
A6

A7

WEIGH HOPPER LOADING DIMENSIONS:

CHARGING BOX OPENING:
PRESS BOX DIMENSIONS:

PRESS BOX CAPACITY:

Al.1l BALE CHAMBER:

Ak.2 CHAMBER CAPACITY:

PALE SIZE:

BALING FORCES:

A6.1 FIRST COMPRESSION RAM FACE:
A6.2 SECOND COMPRESSION RAM FACE:
A6.3 THIRD COMPRESSION RAM FACE:
BALE WEIGHT:

A7.1 COMPRESSED:

A7.2 EXPANDED:

A8 BPBALING CYCLE:

B COMPONENTS:

Bl EILECTRIC MOTORS:

Bl.l MAIN SYSTEM:

AMERICAN 5

43

PROPOSAL NO. PAGE

SWC-2528-36 x 36 - U4

Solid waste material suitable for
packer truck handling.

4" wide x 36" deep x 228" long
(684 cubie ft.)~

68" x 228"

68" wide x 60" deep x 280 1/2" long
630 cubic ft.

70" wide x 123" deep x 36" long
179 cubic ft.

36" x 36" x variable

172 p.s.i.
1450 p.s.i.
2740 p.s.i.
Average 2000-3000 1b.
2500 1b. average, 36" x 36" x h8"
2500 1b, average, 38" x 38" x 60"

90 seconds {40 cycles/hour)

Four (4) 150 HP, 1750 RRM, 460 volt,
3¢, 60 Hertz, protected.

63 SO. ROBERT ST. » ST PAUL, MINNESOTA 55107
DIVISION OF AMERICAN HOIST & DERRICK COMPANY

Cc-7

' SYSTEMS

CPl



SW.10

TABLE C ~2 (Cont.)
PROPOSAL NO. PAGE

B COMPONENTS: (Continued)

Bl EIECTRIC MOTORS: (Continued)

B2

B3

Bl.2

Bl.3

BL.4

PILOT SYSTEM: One (1) 25 HP, 1750 RPM, 230/L460 volt,
34, 60 Hertz, protected.

COOLING SYSTEM: one (1) 3 HP, 3500 RPM, 230/460 volt,
3f, 6C Hertz, protected,

SUPERCHARGE SYSTEM: one (1) 25 HP, 3500 RPM, 230/460 volt,
38, 60 Hertz, protected.

ELECTRIC CONTROL SYSTEM:

B2.1

B2.2

One (1) NEMA Class 2, Type C, NFMA 1A enclosed motor control center
equipped with combination circuit breakers and across-the-line motor
starters for 440 to 600 volt power with control transformers.

One (1) operator's station enclosure to include oil tight control
switches and signal lights, wired to termimal strips.

HYDRAULIC SYSTEM:

B3.1

B3.2
B3.3
B3.4
B3.5

B3.6

MAIN PUMPS: Four (&) Vickers 75 GPM and 3500 psi max.
Four (&) Vickers 150 GPM and 2000 psi max.

PI1OT PUMP: one (1) Vickers 18/7 1/2 GPM and 2000/750 ps

HEAT EXCHANGER: One (1) 75 GPM and 20 psi

SUPERCHARCE PUMP: One (1) 320 GPM and 50 psi

VALVES: Harris or equal

B3.5.1 1Individual relief valves protect each pump from
overload pressure.

B3.5.2 Directional valves are electrically controlled and
hydraulically operated.

CYLINDERS: Harris double acting all places; Teflon protected pistons in
honed bores; rods flame hardered, ground and polished; stand-
ardized rod wipers, chevron packing and "Q" ring gaskets.

B3.6.1 FIRST COMPRESSION: 16" bore, 352 tons
B3.6.2 SECOND COMPRESSION: 36" bore, 1780 tons
B3.6.3 THIRD COMPRESSION: 36" bore, 1780 tons

:
Vicoiioid
AMERICAN /7= SYSTEMS
63 SO. ROBERT ST. » ST. PAUL, MINNESOTA 55107
DIVISION OF AMERICAN HOIST & DERRICK COMPANY

C-8
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SW-10

TABLE C -2 (Cont.)
PROPOSAL NO. PAGE

B COMPONENTS: (Continued)

Bh4

B3.6 CYLINDERS: (Continued)
B3.6.4 BALE GATE: 12" bvore, 113 tons
B3.6.5 HOPPER: 10" bore, 78 tons
B3.6.6 COVER: 12" bore, 113 tons
FILTERING AND COOLING SYSTEM:

B4.1 Filtering is by combination of screens, tank magnets and
replaceable cartridge type micronic filters.

B4.2 Standard cooling system is oil to water type heat exchanger.

C OPERATION:

Cl

ce

c3

There are three modes of operation: Manual, semi-gutomatic and automatic
repeat. Manual operation is provided primarily for set up and maintenance
purposes., Semi-automatic is usually preferred in conjunction with bateh
feeding. Automatic repeat mode is normally synchronized with conveyor or
other automatic methods of charging waste and handling finished bales.

With weigh hopper the charging sequence is as follows: All waste is
weighed by the hopper and dumped from the hopper into the press. When
the press is being operated in the semi-automatic mode, the hopper is
dumped by manual pushbutton and the baling cycle is initiated by manual
pushbutton, each from the operator’s station. When the press is operated
in the automatic repeat mode, the hopper dumping cycle is synchronized
with the baling cycle and interlocked with the scale so that the press

is charged only when the baling cycle is in the correct phase and the
proper weight of the waste is in the hopper. Dumping of the hopper also
initiates the subsequent baling cycle of the press.

At the start of a baling cycle the first compression ram extends fully
forward; the second compression ram extends to the fully down position

and the third compression then extends to complete the bale. The bale
door opens and the bale is ejected by the third compression ram. In
proper sequence, the third compression ram retracts, the bale door closes,
the second and first compression rams retract to complete one baling cycle.

D CONSTRUCTION:

Dl

D2

D3

The Model SWC-2528-36 x 36 design follows established Harris standards.

Major sub-assemblies are heavy plate and structural weldments, stress
relieved before machining to design dimensions.

Final assembly is bolted and keyed in accordance with good engineering
practices, %

AMERICAN

63 SO. ROBERT ST. » ST PAUL, MINNESOTA 55107
DIVISION OF AMERICAN HOIST & DERRICK COMPANY
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TABLE C - 2 (Cont.)
PROPOSAL NO. PAGE

D CONSTRUCTION: {Continued)

ok

D10
n11

D12

D13

Press box, baling chamber and ram wear surfaces are fitted with replaceable
wear plates of heat treated alloy steel.

All liner plates are sectional design for ease of replacement.

The compression faces of all rams are fitted with replaceable wear plates
of heat treated alloy steel.

All replaceable wear plates are securely fastened with Harris patented
screws and through bolts.

All rams are box type steel weldments, stress relieved and machined to
design dimensions.

Hopper is single weldment from steel plate and structurals.
D9.1 Weighing means is by load cells.

All pipe is electrically welded and securely anchored.

Pipe flanges are steel, bolted type, with "QO" ring gaskets.

Each Harris machine is completely assembled, operated and tested before
shipment.

Standard paint is machinery enamel over primer coat.

D1k Shipping weight: 750,000 1b., approximate
E GENERAL:
El layout and foundation prints show above grade dimensions and conditions,

E2

E3

Below grade soil conditions, piers, piling, footings and associated com-
ponents are matters of local determination for which Harris can accept
no responsibility.

Harris technical services are available on a free advisory basis to assist
in determining the location and material flow conditions best suited to
utilize the high production of Harris equipment.

This proposal also includes the services of a qualified installation specialist
for 10 eight~hour working days. He will supervise the unloading and assembling
of the press, place the press in operation and instruct your operator in recom-

‘mended operating and maintenance procedures. (Transportation and sustenance

outside the continental United States is for the purchaser's account.)

F EXPENSES ASSUMED BY THE PURCHASER TO COMPLETE THE MACHINE INSTALLATION:

Fl

F2

Railroad freight from Cordele to destination.

Preparation of foundation. s
AMERICAN g;~m__, SYSTEMS

63 SO. ROBERT ST. » ST PAUL, MINNESCTA 55107
DIVISION OF AMERICAN HOIST & DERRICK COMPANY
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F EXPENSES ASSUMED BY THE PURCHASER TO COMPLETE THE MACHINE INSTALIATION: (Continued)

F3 Unloading and assembling the press.

Flt  Wiring from power source to electric control panel.

F9 Wiring from panel to main and auxiliary motors, also control wiring from
panel to junction boxes and to pushbutton station.

,F6 Furnishing all fuses.

F7 Making connections to filter and cooler.

F8 Furnishing approximately 1800 gallons of hydraulic oil for the hydraulic
system.

G WARRANTY:
Gl The seller guarantees its product for the period of six months after date

of delivery FOB Cordele, Georgia, against defects in material and workman-
ship for use within the capacity defined in Section A. No guarantee shall
exist if unauthorized alterations have been made by the owner or user, or
stated capabilities of machine exceeded. 1In case any material or workman-

* ship shall prove defective, the seller's liability will be limited to

repairing any defect in workmanship or replacing defective part packaged
for shipment FOB Cordele, Georgia. All outside purchased equipment and
accessories are guaranteed only to the extent of the original manufacturer's
guarantee, shear blades included, no exceptions. Manufacturer reserves the
right to change the design and construction of the product when in their
opinion it represents an improvement of any part or the entire product.
Seller shall have no liability or responsibility for consequential damages
of any kind including damage or injury to persons or property arising out
of use or operation of said article.

AMERICAN /; SYSTEMS
63 SO. ROBERT ST. « ST PAUL, MINNESOTA 55107
DIVISION OF AMERICAN HOIST & DERRICK COMPANY
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TABLE C~3

EPA CONTRACT NO. 68-03-0332/AMERICAN HOIST COMPANY
EQUIPMENT DATA FORM

Equipment name  Forklift

Use Remove cardboard bales, lift wood, lift parts, etc.

Manufacturer __ Clark Equipment Company
Model Clarklift CF 40 Type G Serial_CF 40B-149~2052 049
Size NA Class NA

Mfrs.max. load 4,000 Ibs (1,816 kg) Mfrs. max. rate 2,000 tbs (908 kg)

Bale plant design load_ 4,000 Ibs(1,816 kg)Bale plant design rate 2,000 lbs (908 kg)

Utilities 1) None 2) 3)

(Voltage, pipe size, flow capacity)

4) 5)
New price Depreciation rate __period
Overhaul price Setup price

Parts inventory

Backup equipment

Specs Weight 3,940 lbs Dimensions_38" W x 84" H x 118" L

T,789 k 97 mx2.13m x 3.0 m)
Mounting Rubber tires ( o) Power © X *

Auxiliary equipment/
fittings/tools/attachments  None
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TABLE C-4

EPA CONTRACT NO. 68-03-0332/AMERICAN HOIST COMPANY
EQUIPMENT DATA FORM

Equipment name Bobcat Loader (On Loan)

Use Push segregated cardboard to store; feed conveyor, cleanup

Manufacturer International Harvester

Model 3200 A Serial
Size Class
Mfrs.max. load 1,500 Ibs (13 cu ft) Mfrs. max. rate Speed 0~8 mph (0- 5 km/h)
(681 kg) (0.36 cu m)
Operating capacity 1,250 Ibs Bale plant design rate
(568 kg)

Utilities 1) 2) 3)

(Voltage, pipe size, flow capacity)

4) 5)
New price Depreciation rate ~period
Overhaul price Setup price

Parts inventory

Backup equipment

(1.09 mx 1.42m x 295 m)

Specs:: Weight 3,620 Ibs Dimensions Overall W - 43" i "
(643 Tg) wi fk éucEef)

Mounting Rubber tires (4) Power_30 brake horsepower
. ] @ 2,800 rpm
Auxiliary equipment/
fittings/tools/attachments Engine: Wisconsin VH 4D, 4cyl. dcycle
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TABLE C-5
EPA CONTRACT NO. 68-03~0332/AMERICAN HOIST COMPANY
EQUIPMENT DATA FORM

Equipment name__ Bobcat - Wheeled loader (in repair during monitoring)

Use__Segregate to stack carboard & metal; general cleanup; pile solid waste; feed baler

- conveyor
Manufacturer Melroe Div. Gwinner, No. Dakota
Model Hlork Equipment Company ¢ o 70393
Size Class NA
Mfrs.max. load 1/2 cu yd (.38 cu m) Mfrs. max. rate NA
Bale plant design load  1/2 cu yd (.38 cumBale plant design rate  NA
Utilities 1) 2) 3)

(Voltage, pipe size, flow capacity)

4) 5)
New price Depreciation rate _period
Overhaul price Setup price

Parts inventory

Backup equipment

(16.4m x 16.4 m x 29.5 m)

Specs: Weight Dimensions5 ft H x 5 ft W x 9 ft L
Mounting Wheeled - rubber tire =4 Power Wisconsin; heavy duty air~cooled,
Auxili . |'/ Model VF4D ( 26

uxiiary equipmen Size = 31/4% 3 1/4" 8.25 m

fittings/tools/attachments 2990461

JPU\‘ o 11U o JLZUVUUNY

Serial no. 4905230
Xx 7coni<n ‘Motor Corp.

waukee , Wusconsm

50



TABLE C=6
EPA CONTRACT NO, 68~03-0332/AMERICAN HOIST COMPANY
EQUIPMENT DATA FORM

Equipment name___ 42 F Sweeper
Use Sweep_up tipping f floor

Manufacturer_Jenngnt Co,, Minneapolis, Minnesata

Model_42 Heay cluf 42F- Serial Q555
Overall= 89 m x 86 m)
Size sweeper area on floor = 2 " W x 120 L fl’

(8.8 cm x 30.5 cm)

Mfrs.max. load NA Mfrs, max. rate NA
Bale plant design load NA Bale plant design rate NA
Utilities 1) 24 volt 2) 3)

(Voltage, pipe size, flow capacity)

4) 5)
New price Depreciation rate ~_period
Overhaul price Setup price

Parts inventory

Backup equipment__ Truck sweeper

Specs: Weight 150 Ibs (68 kg) Dimensions See size above

Mounting_Rubber wheels 9" O.D. x 1 1/2" Thd Power__Wall socket for chargi

Auxiliary equipment/ (22.9 cm x 3.8 cm) battery
fittings/tools/ottachments___ Electric cord for charging battery
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TABLE C-7

EPA CONTRACT NO, 68-03-0332/AMERICAN HOIST COMPANY
EQUIPMENT DATA FORM

Equipment name _ Loader

Use Feed solid waste to conveyor

Manufacturer  Caterpillar
Model 930 Serial
Size See dimensions below Class

Mfrs.max. load 27 cu yd (1.72 m3)

Mfrs. max. rate

79,700 1b (8,930 kg)

NA

Bale plant design load NA Bale plant design rate NA
Utilities 1) 2) 3)

(Voltage, pipe size, flow capacity)

4) 5)
New price $31,781 Depreciation rate _period

Overhaul price

Setup price

Parts inventory

Backup equipment

Specs: Weight 20,494 1b

22
Mounting %,220kg)

15'61"H X 20'6" L

Dimensions _(4.74 m X 6.25 m)_

Power 100 flywheel horsepower @

Auxiliary equipment/
fittings/tools/attachments

2,200 rpm
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TABLE C-8

EPA CONTRACT NO. 68-03-0332/AMERICAN HOIST COMPANY
EQUIPMENT DATA FORM

Equipment name_Portable Light Generator

Use 4 mercury vapor load lights

Manufacturer Onan

Model 6DJB-3E2236

Serial 71170268978

Size 6 KW 120/240 A.C.

Class 60 cycle 1800 rpm Battery = 12V

Mfrs.max. load A.C. Amp =25

Mfrs. max. rate Diesel 220V

Bale plant design load

Bale plant design rate

Utilities 1) 2) 3)
(Voltage, pipe size, flow capacity)
4) 5)
New price $2,185.00 Depreciation rate ~period

Overhaul price

Setup price

Parts inventory

Backup equipment

Specs: Weight 485 Ib (218 kg)

Dimensions 34 3/4" Lx 17 1/8" Wx 27 1/4" H

Mounting

(ggcm x 43 cm x 69 cm)
ower

Auxiliary equipment/
fittings/tools/attachments
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TABLE C-9

RECOMMENDED SPARE PARTS LIST

ltem | Quan-
No. | tity Part No. Part Name Price
FIRST COMPRESSION - GATHERER
] 1118-M1 Rod Packing $ 67.37
2 2119-H5 Rod Bushings = Inner & Quter 175.61
1 818956 Rear Head "O" Ring (1700.25) 5.31
1 21643-A0 Bolting Flange 689.74
1 4289-A0 Packing Ring 824.55
1 20527-GO Packing Ring Dowel 3"x1" 14
1 818950 "O" Ring (1300.25) 3.65
SECOND COMPRESSION & THIRD COMPRESSION
2 1118-51 Rod Packing 110.72
2 5834-Al Rod Bushings = Inner & Quter 265.25
2 818970 Rear Head "O" Ring (3500.25) 7.62
2 818971 Rear Head "O" Ring (3600.25) 11.60
2 818885 Back-Up Washer (3600.25B) 87.26
1 6104-A0 Bolting Flange 910.05
1 7937-A0 Packing Ring 1,204.73
1 20527-FO Packing Ring Dowel 3"x3/4" .56
] 818969 "O" Ring (3200.25) 9.23
BALE DOOR & LID CYLINDERS
2 1118-H1 Rod Packing 28.43
2 1102-B5 Rod Bushing -~ Quter 15.18
2 1102-C5 Rod Bushing ~ Inner 15.18
3 818949 Cylinder Head "O" Rings (1200.25) 3.34
1 5188-A2 Bolting Flange 133.15
1 4083-A5 Packing Ring 359.84
1 20527-DO Packing Ring Dowel 3/8 x & 14
] 818945 "O" Ring (1000.25) 1.78
"Q" RINGS & SEALS FOR ROTARY VALVES & SHIFTER CYLINDERS
4 818937 "O" Ring (700.13) .87
2 819273 U-Cup Seal 2.47
8 818942 "O" Ring (900.13) 1.69
4 818847 U-Cup Seal 3.81

54



TABLE C-9 (Cont.)
RECOMMENDED SPARE PARTS LIST

ltem van- Part
No. jtity Number Part Name Price
29 12 818888 Back-Up Washer (100.13 B) .06
30 6 818892 "O" Ring (100.13) .13
31 12 818901 "Q" Ring (200.13) .20
32 12 811671 "Q" Ring (275.13) .25
33 12 818925 "Q" Ring (375.13) .36
PIPING "O" RINGS
34 12 805403 "Q" Ring (275.19) .24
35 12 810787 "O" Ring (388.19) .29
36 5 818912 "O" Ring (488.19) .56
37 1 811517 "Q" Ring (500.13) .60
38 12 818936 "O" Ring (675.25) 1.14
39 12 818941 "Q" Ring (875.25) 2.66
MISCELLANEQUS COMPONENTS
40 ] 818380 Vickers Piston Pump PFA50~30-R~12 2,998.27
41 1 833519 Vickers Vane Pump 50V100A-1C-10L 670.34
42 1 819456 Vickers Vane Pump 2520V12A-5-100-10 341.19
43 1 833520 Vickers Vane Pump 4535V60A38-1AC-10-L 553.13
44 ] 819457 Vickers Solenoid Valve DG454~016~-CH-50 190.70
45 1 818439 Vickers Solenoid Valve DG454-012-AH-50 122,00
46 1 818586 Vickers Solenoid End Assembly 195053 50.63
47 ] 818410 Dual Snap Pressure Switch 604~PR-21 68.20
48 1 818409 Dual Snap Pressure Switch 604~PR-31 76.19
49 1 818412 Dual Snop Pressure Switch 604-GR-11 47.40
50 1 819326 Allen Bradley Limit Switch ASC2-1 30.48
51 ] 819851 Sier-Bath Pump Coupling C2 38.05
52 ] 819114 Sier-Bath Pump Coupling C2 104.35
53 1 833556 Sier=Bath Pump Coupling C2 90.05
54 1 825532 Electric Motor, 150 HP, Frame 445 TCZ 3,270.05
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TABLE C-9 (Cont.)
RECOMMENDED SPARE PARTS LIST

ltem 1 Part 1
No. | Quantity | Number ___Part Name Price
5582-)
55 12 (20753-12)  Capscrew 1"-8 unc x 4" Ig. 50° fl. hd, 4.89
56 12 819966 Lock Nut 1"-8 unc=-2B .52
57 12 5582-C5 Capscrew 1"-8 unc x 23" Ig. 50° fl. hd. 4.66
58 12 5582-D5 Capscrew 1"-8 unc x 23" Ig. 50° fl. hd. 3.25
59 12 5582-E5 Capscrew 1"-8 unc x 2-3/4" lg. 50" £l, hd. 4.09
60 12 5582-F5 Capscrew 1"-8 unc x 3" lg. 500 fl. hd. 4.13
61 12 5583-D4 Capscrew 11"-8 un x 2-3/4" lg. 50° fl. hd. 5.97
62 12 5583~E4 Capscrew 11"-8 un x 3" lg. 50° fI. hd. 6.49
63 12 5583-F4 Capscrew 13"-8 un x 33" Ig. 50° fl. hd. 10.32
64 5 5583-L4 Capscrew 13"-8 un x 6" Ig. 50° fi. hd. 10.38
65 12 5583-R4 Capscrew 13"-8 un x 83" Ig. 50° fi. hd. 23.44
66 12 5584-D5 Capscrew 13"-8 un x 31" Ig. 50° fl. hd. 13.02
67 12 5584~E5 Capscrew 117-8 un x 4" 1g. 50° fl. hd. 13.32
68 8 5584~F5 Capscrew 15"-8 un x 41" Ig. 50° fI. hd. 12.66
69 12 5586~D13  Capscrew 2"-8 un x 5" Ig. 50° fl. hd. 24.82
70 12 5586~F13  Capscrew 2"-8 un x 53" lg. 50° fl. hd. 22.72
71 12 5586=F13 Capscrew 2"-8 un x 6" Ig. 500 fl, hd. 17.42
72 12 5586-G13  Copscrew 2"-8 un x 63" Ig. 50° fl. hd. 24.08
MISCELLANEQUS CAPSCREWS
73 12 809554 Capscrew 3/4"-10 unc x 1-3/4" lg. soc. hd. .64
74 12 812053 Capscrew 3/4"-10 unc x 25" lg. soc. hd. .82
75 12 818038 Capscrew 1"-8 unc x 45" Ig. soc. hd. 2.45
76 8 818039 Capscrew 1"-8 unc x 5" lg. soc. hd. 2.73
77 12 818051 Capscrew 14"-7 unc x 4" lg. soc. hd. 6.39
78 12 2445-A19 Capscrew 2"-8 un x 9-3/4" lg. Harris hd. 36.42
79 12 2445-N19  Capscrew 2"-8 un x 10" lg. Harris Hd. 53.95
80 8 2444-F18 Capscrew 23"-8 un x 64" lg. Harris hd. 24,64
TOTAL: $ 13,931.01
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APPENDIX D

BALING PLANT AND BALEFILL DETAILS
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®

Power on

Semi-auto

Aufo® Hand

In weight
range

©

Controls on

Cycle start

®
Hopper
dumping

Emergency Cycle stop Hopper
stop dump
Legend: )
A - Amber (\; = Light
G = Green .
R -Red ()= Button FIGURE D-3
W - White e CONTROL PANEL = MIDDLE SECTION
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O

High pressure

© © © | ®
Gatherer in| Tramper in [Long ram in| Bale  Conveyer 2 {Conveyer 1
differential| differential |differential] complete Run Run
Gatherer | Tramper Long ram |Bale door | Conveyer 2 { Conveyer 1
Open forward down forward open start start
Moving Cyer 2 Co’eyer 1
Opening { Advancing down Advancing § Opening stop stop
®| ®| ® | ® | ®
Moving Conveyer 2 | Conveyer 1
Closing Retracting up Retracting| Closing slow slow
® G
Lid Conveyer 2 | ConvEyer 1
closed Retracted Up Retracted Closed| Fast Fast
Close Fwd Up Fwd Open
Open Ret Down Ret Close
Lid Gatherer Tramper | Long ram | Bale door
Legend: i
A-Amber ()} = Light
B - Blue .
G - Green ( /‘.\} = Button
R - Red =
W - White FIGURE D-4
Y = Yellow CONTROL PANEL - RIGHT SIDE
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© ® @

Heater on Low oil Supercharger
pressure
Microphone Blowers on Pilot pump Supercharger
run pump run

Cooler/heater
circ. pump on Start Start

Off Heat
Cool @ @

Qil temp. Stop op
control

© © © ©

Main pump Main pump Main pump
Start Stop #1 run #2 run #3 run

Forward Forward Start Start

Retract Stop op Stop
Face of
scale
dial
Legend:

A - Amber \:) = Light FIGURE D=5

G - Green g

R - Red O = Button CONTROL PANEL - LEFT SIDE
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‘ARobert Streét,
Route

1"=1 mile

Route 1 - Highway 52
Route 2 - Highway 56

.. FIGURE D-10
67 BALE TRANSPORT
TRUCK ROUTE TO BALE FILL
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a. Flatbed Trailer Used
To Haul Bales

b. Articulated Forklifi

PHOTOGRAPH D-2
LANDFILL BALE HANDLING
EQUIPMENT
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PHOTOGRAPH D-3
COVER SOIL LOADER
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APPENDIX E

BALING PLANT SYSTEM AND
HUMAN PERFORMANCE ANALYSIS
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APPENDIX E
Appendix E details the system and human performance facets of the time and method
study, as specified in Section 7. These analyses were the basis for the plant perform~

ance evaluation within Section 7.

A. System Performance.

[n order to analyze the baler plant, transport net and balefill, eleven machines were
defined. Each machine was used in processing solid waste, and each had a network
description with average time per state. The eleven machines were the gateman,

loader, conveyor, scale, baler, pusher, four transportrucks, and forklift. The machines
represented one man and ten items of equipment in the system.

Each machine had o set of defined operafing states. The states were complete and
sequential in that one and only one state exists for a single machine at each instant.
Thus, according to the network modei, a machine spends fime in a state, shifts instantly
to a new state, spends time in the new state, etc. Each sequence of states was
constrained.

The gateman and loader were located inside the front door. Together they handled
incoming solid waste. The gateman had six defined states that were task-oriented, in
that, for example, no mention was made of how he directed the dumping or measured
truck volume. The break points between his tasks were those instants when he finished
one task or started another, as indicated by his eyes and body movements. The defined
operating states of the loader were also task-oriented. The baling plant description
illustrates how the loader operates in each state. The break points for loader states

were consistent; the stopping of the four wheels, shifting info gear, contact of the bucket
with waste, and raising of the bucket were four break points delineating "unload, "
"return," "travel," "load," "mix," “carry," and "clean floor" states.

The conveyor, scale, baler, and pusher states were identified by control panel lights
connected to sensors on these machines. Again, the defined states were task-oriented;
Section 2 of this report included machine layouts and other aids for visualizing the
physical system. These states identified the processing of the solid waste through the
central part of the baling system.

The conveyor had two simple states of "run" and "idle." Idle time was often due to

some delay in another machine. The scale was more complex in concept and operation;
"load," "idle/loader," "“idle/conveyor,” "idle/baler," "dump," and "return" states
were separately distinguished. During the "load" and "idle/. . ." states the scale
platen was in place and possibly locked down to prevent large waste items from jarring
the scale load cells. The load time was the time from when the conveyor started a new
load cycle until the desired waste charge was measured out, less periods over 0.2 minutes
when the conveyor was stopped. ldle time was blamed on interference by other machines;
the basic distinction is that idle time while loaded is due to the baler, and idle time
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while unloaded is due to the loader or conveyor. The baler had a cycle of item states,
but the states worked in a simple, steady, repetitive sequence. The states were
indicated by panel lights showing the release and application of hydraulic and mechan-
ical locks.

The transports were logged by the two truck drivers as to arrival, departure, gas, repair,
and lunch times. The fime intervals were labeled "idle/load,” "transport," idle/unload,"
“return," "gas," and "repair." "Rigging" and "lock tailgate" fimes were stop-watch
measured by Ralph Stone and Company, Inc., engineers daily. In the transport truck data
presentations, the average time in each state would be that for all four trucks. 1t can be
assumed that at any instant one transport was in each of the four states of "idle/load, "
"transport,” "idle/unload,” and "return," as this was usually the case.

The balefill forklift was also timed by stop-watch in "load,” "carry,” "unload,"
"position," "return," "travel," "“handwork," and “idle" states during weekly monitoring.
The breakpoint between most states was marked by the motion of the forklift's wheels.
"Return” and "travel" were distinguished by the subsequent state: whether the forklift
returned to load another bale or went elsewhere.

At any instant, the processing system was identified by the eleven instantaneous states

of the eleven defined machines. Processing time was represented as the average machine
cycle time, or as the sum of average state times for the sequence of states used., These
times are presented in the following sequence of presentations. The first three parts are
basic descriptive summaries of fime performance. The later presentations are more
sophisticated network models. For the final presentation, average time values are
subtotaled by four plant operating conditions of manual or automatic baler control and
dry or wet solid waste. This is done to show the stability of the average state processing
times under fluctuating conditions.

1. Utilization. Utilization is a statistical measure of the use made of each machine.
By definition, the sum of the percent utilization of all machine states is 100 for each
machine. Figure E-1 presents state utilization by machine, except those at the balefill.

These values were derived by dividing the average measured time in a defined state per
machine cycle by the average measured cycle time of the respective machine. This
information was specific fo each machine.

The significance of percent utilization lies in comparing design and actual use. Thus,
the percent idle time per cycle shows the percent decrease from maximum production.
Yet the total lack of idle time in a single machine conversely indicates a bottleneck in
production. Both extremes are undesirable.

The utilization of each state signifies the relafive time-cost of each operating state.

The costliest states will yield the greatest improvements in system performance for a
percent improvement in the state performance.
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2. Interference. Interference is a statistical measure of the time one machine waits
idle for another machine in the sequence. For example, the baler sometimes waits for
the conveyor to load the scale platen and the conveyor sometimes waits for the baler
lid to open. In interference terms, the conveyor interferes with the conveyor another
time. Thus, A interferes with B for X percent of B's cycle, and B interferes with A for
Y percent of A's cycle. This concept can be viewed as blaming some of B's idle time
on A, and some of A's idle time on B. This is valid since A was waiting until B
finished its operations, and B waited on A at other times. Thus, all of A's and B's idle
time can be blamed on the machines in the system.

Table E-1 presents the interference between seven different machines in the plant.
Notice the pusher and transports did not interfere with other machines; it is possible

for the plant fo stop due to the pusher or fransport, but this did not occur:under measured
operating conditions. The gateman was a different case, though, in that he could not
interfere with any subsequent machines. The forklift is not considered here since the
results would be valid only af St. Paul.

The best-designed machines will interfere due to statistical fluctuations. The pattern of
interference is an indicator of conditions. The condition of matched production rates
results in mafched interference values; in other words, X interferes with Y the same
amount that Y interferes with X. The condition of integrated machines in a sequence
also results in small interference values for all the machines. At the plant, the
machines formed a balanced production system, with the conveyor causing the most
interference.

3. Gantt Chart. In order to visualize the dynamic operation of the plant, a Gantt
Chart 1s presenfed in Figure E~2. The seven defined machines are represented by their
operating states for a hypothetical six-minute period of plant operation. The results
are considered typical of any six-minute period. Notice that the scale, baler, pusher,
and transports were highly structured in their cycles and operating times. The gateman
and loader were very unstructured in their cycles; they depended on random incoming
trucks and stockpiled solid waste to determine their necessary operations. The conveyor
was semistructured , depending on the height of solid waste piled on by the loader
operator, with possible stop-starts in the load cycle.

The times on the Ganit Chart are from the average observed times for each state; random
number tables were used to choose a specific value for each mean and standard deviation.
Basically for each state two numbers from 0 to 99 were picked from a column of random
numbers, The first number fixed the sign of the deviation by being greater than or equal
to or less than 50, The second number picked the magnitude of the deviation in percent
of the confidence level; for example, 10 is 65 percent, 20 95 percent, and 3¢

99 percent. Notice that normal distributions are assumed in these approximate, but
representative, random times.
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4. Machine Networks. Each machine is described herein as a network of complete
sequential states. Mean observed time and standard deviation for each state are listed
in the activity networks, Figures E-3 through E-10, These times represent standard
times for the defined operations. This is a basis for evaluation and comparison with
alternative methods and different systems. These standard times represent the current
state-of-the-art in the St. Paul baling plant.

Some machines possess simple network descriptions. Examples are the conveyor, scale,
baler, pusher, and transports; these are simple sequential machines with highly structured
operations. Conversely, the gateman and loader have complicated network descriptions
of their relatively unstructured operations. At the St. Paul baling plant a number of
altemative cycle paths was indicative of operating consistency, and the ratio of the
standard deviation time over the mean fime for any state indicates the time uniformity

of that operation over many cycles. For example, some states of the baler were very
uniform, such as "lid open” and "lid close;” conversely, the states of the gateman were
constantly changing each cycle. The times presented in Figures E-3 through E-9 are based
on observations by Ralph Stone and Company, Inc.,engineers on September 20 through

28, 1973. The fimes in Figure E-10 result from long~term field observations over one year.

5. System Network. Table E-2 presents the sequence of operations that solid waste
undergoes during processing af the plant. There are 24 defined operations on the solid
waste. Operations not performed on solid waste, such as lid opening, are lumped in
idle categories. Notice that the times are average observed times per bale. Thus, the
times for operations two through six were changed to reflect 2.7 loader-tractor cycles

per baler cycle. The time for step one was the average observed time to dump, times
the average observed number of trucks, divided by the average observed number of bales .

Sections 3 and 4 of this report contain these truck and bale figures. The time waste is
stored on the plant floor varied greatly, depending on the rates of incoming solid waste
and bale production, but never ran longer than 72 hours, the weekend figure. Usually,
solid waste was processed the same day, yielding a storage time of less than 16 hours
on the floor. The minimum processing time per unit of solid waste baled, using mean
times, was 48.85 minutes.

The reduced plant network in Table E-3 sums up the system performance as twelve distinct
operations on the solid waste. This is a general level of activity useful when com-
poring the existing plant with redesigned plants. The defined operations are the minimum
number necessary. Therefore, they are basic to baled solid waste systems rather than
specific to the St. Paul plant.

The time values in the two tables follow directly from the observed mean times. Two
Ralph Stone and Company engineers measured these times as described below.

6. Movement of Standard Times. The information presented so far has been average times
and standard deviations with the resulting percentages, as measured during nine hours of
observation. The present discussion presents the observed time data subtotaled by plant
conditions ond totalled. Tables E-4 through E-7 present the mean times and standard
deviations that were used to calculate all previous figures and tables. The standard

79



*peAojdws s sseooid 0]ndjisipd 10 Aomysnd

AYOMIIN ALIAILOY NVWILYD p|Nndi4ind yoyy 8242 8aj4us dUO uj b:Eono& 0} 18}84 sabpjusoliay
INVY1d ONI1Ve "D} 84} ys}|dwiooop o} seynuill uj sawi4 9BDISAD 8D sow) |
=1
£€-3 NI 410N
09°0 @)
00°1 405
o9
%z %5C %0
ol
TAN 4
3|P]
%€ %EE .
szo | ° > -.l.lwm.”
Gg9°0 .
awnjop BN
%91
Aoy
UOLIDIASE” pis S¢°0
G20

*ujw ul upsw

AyiALyoy dwnp 3084)




NYOMLIN ALIAILDY ¥43AVOn
INV1d ONITVE
=3 [NOIL4

d 1o sseooud

-pakojdus sl Aomyjod Jp|nd 40
abpjuasiag
<}

ap|nogpnd Joy4 9] 24D @i4us duO U} Aji|iqpqosd oy 1848l
uwGgey =

awiy 9]242 ppo]

‘upw QL ‘L = owy 8]94d sboisAy
‘11ON

n(%Th) f

I

om |
100} 4 cov_U\M

REOF

UO14DIADP" Pi$
‘ujw u} upsw
AJIALOY
x5y

31



AYOMIIN ALIAILDY YOAIANOD "$82UBLIND00 May b Ajuo
INV1d ONITve Uo pasnq spm upsw ayy 8ouls peyndwiod Jou spm UOIDIASP v._o_ucEmc
=3 N4

*9]949 10AaAu0s Jad pabplaAb asom Sow1} py4 ajop
"9]240 18|pq 1ad sowyy Aupw A|qissod = —ee
*9]2A> J9|pq Jod 90UC JSOW 4D = g — o

‘Ui GZ°Z = w4 8|2Ao abbisAy

‘110N

(7)
0L°0
§¢'o

9|p2s /8|p|

T

|

!

_
L

Y

0g°0 mw.w ] b - h
or°0 _ oL°0

18|pq/3)p| — Hny 1spooj /ap) \
]
(€) » (1) |
_
|
_
UO1DIABP P S 0, #
*ulw Ul ubsw Ge°0 !
AHAijoy suoyypiado o|p) __

N (2)

82



MNYOMIIN ALIAILDY FTVOS
INV1d ONIVd *13|Dq UO SD wEoma

9-3 NI
*UOIDIASP PIDPUDJS D 2}DWiS3 ©f ||OWS 00} 3SDG PP !s9dDOSPIA WOI} PAIPWILIST |

‘sajnuiw 0O °E = awy 924D
‘310N

0v°0 50°0 -
GG - 0¢ 0 = SL0
1210g/41 ®iP| gdwng Lwinisy
—Q.
0 e 0979
YB1om 05°1
po:
UOLDIASP P4S S1 1
*ulw uj ubow 090
AJALOY 10A8AU0D-13pDOT /| @|P]
LE3

83



*3|DOS UO SD BWDG

o

AYOMIIN ALIAILDY 437V

INV1d 9ONI1vd .
£-3 3¥NOI UOLDIASP PIDPUDYS D 34DWI1ISS O} |[DWS 00} 5 950G P4OP ¢ sadp) OPIA WOy paspwilisy
‘sainuiW GO°E = Bwii 84
‘310
G600
Ggeo
S0°0 dwou | URY
0€°0 05°0
SETITCYS) $opdwon)
S00_ 00
510 oL'o
%012 P uado uoop 403l3
00 500
o Ge'o
Q&E:D =
N
™~
S0°0 -
UOLIDIASP *Pys §1°0 c8°0 ge’o
bl uado
“ulw ul ubsuw P 090 pHop ey
Airiioy |P|

>0V_

84



AYOMIEAN ALIAILOY d3HSNd
INV1d ONITVE

8-31 NSO

*UOI3DIAGP PIDPUBYS D SJDWISS Of |{DUIS 00} S| 9s0q DIOP ! adby 0BPIA WOl BN|DA PAIBWIST |

‘soynuiw (0] °9 = °|2Ad8|Pg X 7 = Wi} 924D
‘310N
q tﬂm/ﬂ
S0°0
ov°0
gl “°N Yysnd
y G9°C 02°0
oll 2IPI ol 11 @IPI
v g
500 0L’0
0r°0 060
Aoy V1 ‘N Y51d 7 *ON] Usn
UOIJDIASP pis
‘UiW uj uobaw /Y GG 1L
AJALOY v HRIS ol 2Pl

85



AYOMIIN ALIAILOV LIOdSNVYL
INVY1d ONITvE

Aoy

UoL{D1ASP Py
*uiw U] ubsw
AlAL oy

6-1 NSO

S
(1A
y1odsupi |

Iojnoypind yoyy 8194o sugyus auo uy Ay

0z
Ly
ppojun /ap|

\

(%91)

(Uiw G *BAp)
¢
9¢
N Y)

(uiw 0| *6An)

oouo&m Z)

9l
w | <

poo|/2|pj

"ulw g[Sy g
‘ulw mm.m‘_i l
"upw zetsy g

sujw N.V.m.:._ ¢ =

*pakojdwa si ssed0ud Jojnojyind 10 Aomyiod
}jiqeqosd o} 1981 sebojussiay

— ©oecoesse Yysm

~———  ypum
= -—-———  £Juo
Swly 81940 abolany

‘410N

£
8¢
uIn}ay

L 0L
c6" ——— 55°E
2408} by 5007 Biy

86



V_M_O>>.—.MZ >._._>_.—.U< \A._._>m._.00 m_r_._. vm_uD_UCm oyi mm_UxAO jo Juasiadp

LAIDIYOL TH431ve ‘Ul gy | = swld 9oAd sbpseAy
0L-3 34N SOi4 SILIN
(% 1)
S¥ 0 o(%61)
g0 .
[2ADI | AN
eLro
uol}iso g
Sgo0'o
80°0
poojun)
(%00 1) 800
TN
uingey
%66
£l 0
0g°0
Aupo
o(%001) (%00 1)
S0°0
Lo
proq
A
‘ _
Uol4pIAGp *PiS W'z v6 |
‘ulw Ul updW 08°'2 97" 1
AhAnoy >Hompun 3IPI

A C)Y nvA@NoONv UA Q&v

87



TABLE E-2

PROCESS SEQUENCE ON UNIT OF SOLID WASTE BALE D

e

—

Machine Operation on Solid Waste Mean Time (min.)
Collection 0 Enter Plant 0.00
Trucks 1 Dump 2.409
2 Idle on Floor b
3 Mix on Floor 0.15
Loader 4 Load Bucket 0.30
5 Carry 0.55
6 Unload Bucket 0.15
7 Setting on Conveyor 12.70¢
Scale 8 Load Scale 1.50
9 Idle Waiting on Balerd 0.55
10 Dump into Charging Box 0.20
11 Lid Close 0.15
12 Gather 0.30
13 Tramp 0.35
Baler 14 Compact 0.50
15 Door Open 0.10
16 Eject 0.35
17 1dled e
Pusher 18 Push No. 1 0.40
19 Idled 1.85¢
20 Push No. 2 0.90
21 Idle on Truck Bed 21.00
Transport 22 Rig 3.50
23 Lock Tailgate .95
24 Leave Plant 0.00

Total Time From Enter to Leave Plant

48.85 + Step 2

o

—

a
Estimated from video tapes.
Usually less than 16 hours, max. up to 3 days over weekend.

Estimated from 39 meters of travel at 6 meters per minute, with idle percent at

49 for conveyor.

_Waiting on lid to open, runs to retract, and possibly other baler operations.

~ of 17 and 19 is 1.85, averaged for two bales.
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TABLE E-3

REDUCED BALED SOLID WASTE NETWORK

Cycles Per Average Process Times (min.)
Operation Baler Cycle Per Bale Per 1,000 Kilograms

(1) Dump on Floor - 2.40° 1.90

(2) Store/Mix - - -

(3) Load Conveyor 2.8 1.50 1.20

(4) Convey ] 3.00 2.35

(5) Measure Charge 1 0.05 0.04

(6) Bale 1 3.05 2.40

(7) Load Trailer 0.5 3.15 2.50

(8) Wait on Trailer 0.07 21.0 16.5

(9) Transport - 2.0 1.6
(10) Wait on Trailer - 25.0 19.7

(1)
(12)

Stack

Cover

a - -
Estimated from video tapes.

89



*juipuw/jlos/aip! jo E:ma

GL'0 [ 0c0| Sy {ioL°0| GZ°0| zZL|lOL"0{GZ°0| LL|GL°O| OE0] 91 }j0OZ°0|0OV'0O | 9 XIW

oL'0 | 020 86 lloL"0| 0zZ'0f Lzllot'0{ 0z 0| 0Z|OL'0| OZ'0| 8Z || GL°0[0C°0 | &C |9ADI]

oL°0 | 0Z°0 | £€2T|s0"0| SL'0f ¥¥|lOL°0j0Z°0| &5]iOL°0| 0C0| 69 || SO°0|GL°0 | IS wingay _

G0°0 | GO0°0 | Z£ZlG0°0 | S0°0} 2G| S0°0) GO0 | 09}/G0°0 | OL0] £9 || S0°0|S0°0 | €S projun 9

01°0 | 0Z°0] ZZglOL°0 | GL°'0] €¥ | SL'0]0Z°0| Z9JlOL"0| OZ°0| LL|{OLO(SZ 0| 9F A110) m.

G0"0 | OL° 0| Z¥TiS0°0} oL'0| SS|loL"0lSL'0| 09(60°0 | OL0{ 8Z |{OL QlOL°Q | ¥S ppoT

05°0 | 0z'0| zzllisy'o| oF°0| €L|l 0z0[SZ°0| ¥Z| Sy 0| 0€°0| 8E || OV"0{GE"0 | Ly [} 400l 1°3{D

GZ°'0|0€ 1} € -- | 0¢°0| 1 - -~ | 0 {|0°0| s¥° L} € - - 10 * JulpW

GZ°0| 09°0| ZL | =-- --1 0 |lsZ0o{sv0o| G [[0€°0]| 09°0} TL -] =10 Hog

GO°€| 06 L| €7 {{00°G | OL"Z| 9LIl0£0}06°0 | 8 [[09°L | OE"L| €L {{OL"0{00°L | 9 2|p|

Sr LGz L| €9 100°G | 00°Z| £L|[S£°01 040 | €L{j09"L | 00" L] £Z |jOL'0({00°L | 9 gf°iPI3UIYIPW

AT x N TAS]T x | NJAS] x IN QS X | NJITQS] X [N

Syl 06" L] 8F ||6G 0| 080 QL|lOC L{ 0L L} LL{OL L] OG L} L ffoL/L|se T | 6 * OsIW

- -~ {0 -- -1 0 -- -~ 10 -1 =10 -~ == 10 o5 QO

66" 0| G270 €2 ({590 | 08°0l 8 {05 0 08 0| ¥ |joc0| 00| 8 || SS°plog* 0| ¢ | dwnpioaug 5

09°0| 00°L| GE||0£°0] Ot"Lj €L}] S5 0 060} 9 ||09°0| OL" L] ¢l ||GL 0lSL°0| ¥ o234 3

GZ°01! S9°0| ¥ {{O¥°0} 070l € }J09°0 09" 0} i -— ] == |0 - 0 swnjoA 3

OL'¥ | ST¥| 9 }iS9°'v| SL'¥| 6 |l 08°€ 66°€| 6 [|G1'G | GO'G| OL || 0T €[0T’V | 8 3P|

S| X | N Q@S] X | N[@S X[ N{[@S] X | NJ['dS] X [N suwnjo
[p4o] 9%/¥T - 6 GZ-6 8Z/vZ~ 6 1g/0C- 6 sApQ

90

JIAVOT ANV NYWILVDO ¥04d
(STLOANIW) STIWIL QIVANYLS 4O INIWIAOW
¥-3 3189Vl



*painspaw A[4oal1p  JoN 5

*19|pq SO SWDS

q
* 19|bq/10AaAU0D /10pDO| /3|P} 4O wng
-~ (G0 | ==f— {GlLO} — -=|GL1°0 ) ==y == {G1°0} -~ -=-|S1°0 | -- RV VEH
G0°0 | 0Z°0 | S01)ls0°0 | s1°0| sz ||s0°0{0Z2°0 | Sz | S0°0|0Z°0 | €€ ||G0°0 [0Z°0 | 22 dung
09°0 {0S° 1 |S6 ([0£°0 | SZ°L| 2z liszolse L | gzl 69°0{69 1| 6T ||06°0 5L L | (T 9 poo7 8
ov'0 16570 | 26 llo¥'0 | 870 2z |[s€°0{09°0 | €Z || 0€°0jOV°0 | LE [|6Z°0 |S€°0 | 1T B)og/31p]  ©
0z°0 105°0 | 26 ll5z°0 | 06°0| vz ||0Z°0 S50 | €2 | S0°0|S¥°0 | OE ||S€°0{0¥°0 | 1Z| ‘AeAuod/aip|
G6°0 |01°0 |26 || - | O¥VO| €T |- ~~ | 0 |lsyoloLo]|¥e ||-- - 10 18pooj /3|pj
0Z° L ISL"L |26 Il == | s2oL] €z l|65°0(G0°L | €2 G£°0]66°0 | 0€ ({0970 [5£°0 | (Z p2IPI
*a‘s X | N *a‘s X N {"a’S | X N {'a°S| X N [{°a’S X N suwn|od)
G9°0 [GL°L | SZL{se°0 | 06°0| LE {|0S 0{OL"L | 6z SL0lS¥ L ]| €€ |j0oL00T" L | T€ uny |
0€°0 |0V°0 | €Z11102°0 | §9°0| OF ||0€°0|GE°0 | OE || SZ°0| 0€°0 | ¥€ ||0Z°0 [SZ°0 | 6T iv|oq/3|p| g
01°0 |6Z°0 | €zL//0L"0 | 0€°0| o€ JjoL*0{oc0 | oc| oL°0oloc°0| ¥€ ||OL"0|SZ°0 | 62 9|pas/3Ip|
- |ol'0) €L}l =~ joe0l0E] ——| == | O ||SyOjOLO] VE - =10 sepool/3IPl 3
00°1 toL L gzLll = | 69°t] 62165°0100°( | 0€{l 65°0/S6°0 | 9€ |/09°0|5/°0 | 82 p°1Pl
"a's{ X [N (@S X | NlJ'as] X NJ°a's)] X | N JJas| X N suwnjo?)
[p40) QUYL -6 A 8Z/¥7 -6 12/0Z - 6 sApQ

3TVDS ANY Y¥OAIANOD 304
(SLNNIW) SIWIL QIVANVLS 3O INIWIAOW

-3 1gvl

21



* ajpwiisy

43IHSNd ANV ¥31ve 304
(STLANIW) STWIL QIVANVLS 4O INIWIAOW
9-3 318Vl

SO WDg 9

5 *painspbow A|4d011p N
06°0} G¢ 8 10 G8°0| 6 Z1 Z *ON Yysnd
ov-o| 6/ gllic ov° 0| 8i 8¢ | "ON Ysnd
qoz" | -- - — | - -- NIl
4597 -- - -— | - - oll @IPI
qss t| - - -— - - ol 3P
q0z°2| -= - -—| - - o2|PI

X N N X N N suwnjoo)
geo| -- Ge'o| -- ce'o| -- -- quin+ed
G0°0| S€°0| S6| sool oy'0| 1zljso*0| sc'0| €2 6zlls0°0 40sl3
50°0| O1°0} €6 s0°0l o1°0| zz||soo| ol°0| €z 9zlls0°0 uado Joop }oal3
01°0| 05°0| ¥6]| sL°0] 0s°0| zzllsoo| ss o0l €2 gzloL0 sopdwod
G0°0] sc°0| 66| s0°0l se*0| 9z|[s0°0| se0l €2 6Z1l50°0 dwoi
G0°0| oc°0| vol|l oL°0{ 0 0| cz||s0°0| 0c'0| vT L€ {[50°0 SENTETSY
c0°0| sio| vot|l oto[ st°0| szlls0'0] Ssi°o| ve eetls0°0 950} pi
G0°0| 0Z°0| sol|l so‘ol s1*0| sz|ls0"0! 0z'0f st ee1/60°0 odung
g0°0| s1°o| voull so'ol sL°0| szllsoco| oL'of ¥z ze {150 0 uado p1
oz'o| otof voiff -~ -- | o listro| se0| zz 0 {10970 1oy013do /3| p|
6s'0| ov°o| youf ssc0{os'0| zzfl -1 --1lo 0€ 1oLaAuoo/a|p|
0°0| oL°0| voill =-|o0€0| CC -~ 10 0g 1apoa|/3|p|
G8°01 09°0} ¥& ¢8'0| oz ge'0| zz o¢ 3P

"a’s! X | N X | N X | N X | N suwn|o?)

[P0} 9Z/¥C - 6 GZ-6 8%/¥T - 6 sAbQ

92



*9Z/6 PUR GZ/6 j0 wns 3up saunBly GZ/6p

0€°0166°0 | Gl b GE0l G870 G || ST0|SL°L} G || §T°0 G601 S 94pB| 104 5207

0" 1105°¢ | 61 06°Ql 02°2| ¥ 09°1166°€ L 0£°0 68°€! g Bry

ce Ly Gl - £C 1 LE 8¢ | S - - 0 6C | vE | 6 1pday m.u
A 9z 2L | 8l 8¢ | € - 0l i g¢ | 8¢ L -1 0¢C L S 32

L 8C | 4L [4 LC el € LZ | 1¢ A e 61 14 9¢c | ¥v¢C wnisy .m

0C | 4¥ | 49 8l 1% LL g1 0S¢ | 0¢ L1 )4 81 GZ| ¢v | 8l poojun/sip| &

G 6C | LL 4 0€ €l 14 6¢ 4 L 6C 61 14 0oc | v¢ Hodsuoi §

9l 8¥ 19 ¥4 14 Ll vl 9y | 61 gl Ly 91 ¢l 9v | Gl proj/3|p}

‘a’s] X [ NJFas{ X [N{Fa's] X [N @S X [N [dST X |N smnfosS T

[Pio] 9t -6 G¢-6 ve-6 12/02 -6 SADQ

(STLNNIW) SIWIL QYIVANVLS 4O INIWIAOW

SI¥OdSNVYL ¥O4

Z-3 319vl

o~



times and percentages are averages of over nine hours of observation recorded on
activity charts,

In order to measure how much the plant operation usually varied each day, the data were
subtotalled into four groups. The four subtotals are for four different conditions. Group
one on 9/20 and 9/21 is for automatic control and dry waste; group two on 9/24 and
9/28 is for automatic control and wet waste; group three on 9/25 is for manual control
and moist waste; and group four is manual control and wet waste. Tables E-4 through
E-7 present these subtotals, as well as the totals presented previously .

The four groups cover four disparate conditions, but other possible conditions were not
included in the present data. A fuller view must include downtime, described in the
subsequent section of this report on maintenance. This time and method study measured
operating conditions, not the downfime conditions. It should be understood that these
standard times are for the running system; no conclusion is drawn to how long machines
run between breakdowns.

Figures 4-1 and 4-2 show the time that every 10th and 25th bale was produced on the
days of September 20th to 26th. On any given day, the production rate varied due to
the effects of breakdown and changing conditions, such as fatigue and incoming waste
composition.

B. Human Performance.

This section presents information on present human performance at five full-time positions.
These positions are production jobs: gateman, loader operator, control tower operator,
transport driver, and sorter. Notice that four positions were not studied: superintendent,
balefill lift operator, maintenance man, and plant forklift operator. The five positions
studied are general to baled solid waste system design. The superintendent, maintenance
man, and plant lift operator are not integral to the baler production system.

This information is presented as defined tasks, sub-tasks, skills, and human factors.
Based on official job descriptions and actual observations, each position had a set of
responsibilities or tasks. In order to perform these defined tasks, a man performed a
sequence of subtasks, providing detailed performance descriptions. This is @ macro-
motion level of analysis in that many micromotions of a man's body are lumped together.
Activity Charts I-A and [-B (see Appendix A) and videotapes were used to develop
standard times. Based on the observed behavior and environment of each position,
needed skills and human factors were identified.

Tasks were divided into production, information, and safety categories. This distinction
between meaningful areas allows positions to be compared and methods to be redefined.

Subtasks divided each task into a network of meaningful operations that reflect physical

activity. At the subtask level, standard times were given.
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Skills were divided into physical, mental, and task skills. This is a natural distinction
allowing specifications of a position in these terms. Basically, strength, endurance,
visual acuity, hearing, and muscular control were physical characteristics listed as skills.
Ability to read, knowledge of machines and procedures, and understanding of work
environment were basic mental skills. Task skills were defined as the ability to perform
the stated tasks in the standard times with the stated results. Physical and mental skills
were general abilities usually present before employment, while tasks' skills would be
developed for specific positions during employment.

Human factors are factors affecting production, part of the man-machine interface.
Human factors were divided in this discussion into areas affecting perception, machine
control, fatigue, and wasted motion. For example, instrument meter location and
design had human factors in all four areas; scale precision, force size, numbering,
distance from operator, and location relative to other items are factors improving or
hindering operator performance. Since labor is a relatively expensive and sensitive,
yet powerful tool for production, human factors must be identified and considered in the
system design. Human factors were identified for each position.

1. Gateman. Tasks, subtasks, skills, and human factors for the ‘gateman are described
below. These tasks divided this position's activity into areas of production, information,
and safety. Tasks relating to maintenance and other areas were not defined for two
reasons: first, these were minor activities with few controls and little conscious effort;
and second, these areas of responsibility were specific to just one set of conditions,
subject to many changes.

a. Tasks. A gateman worked on each shift; his job description included
responsibility for checking customer credit, filling out data on each ticket, taking
money from customers without charge accounts, filing cash and charge tickets, manag-
ing incoming waste truck movements, cleaning gate area, and reclaiming pallets and
metal .

Table E-8 lists the gateman's tasks and subtasks in production, information, and safety
categories. The times are mean fimes measured from video tapes and Activity Chart 1-A.
Gateman task movement is illustrated in Figure E-11. In actual perfor mance the gate-
man did not work in a set sequence. Depending on many factors, he may not have
directed a specific truck into the dump area. Thus, incoming trucks were completely

or partially directed to their dumping point; this depends on whether the gateman was
already busy, the truck driver was experienced at the baler plant, or the loader

operator saw the truck waiting outside. As in the task "directing dump,” the safety

task of watching the front floor area was only a partially completed task. Thus, at times,
the gateman missed the activity on the floor, but when possible he monitored activity

to avoid collisions and helped organize the solid waste piles on the floor.

The activity of the gateman was largely dependent on the distribution of vehicle arrivals.

Figures E-12 and E-13 show daily and weekly arrival distributions during the survey period.
Figure E-14 shows the distribution of arrivals by vehicle size.
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TABLE E-8
GATEMAN TASKS

Task Time (min.)

Production Tasks: Kean Std Dev.
A. Direct dump 0.75 0.55
1. Guide to door : - b
2. Guide through door - b
3. Direct loader clear - b
4, Guide to stop - b

Information Tasks:

B. Charge fee 1.10 0.60
1. Walk to booth 0.20 -
2. Obtain ticket 0.05 -
3. Walk to front of truck 0.15 -
4. Estimate volume (12 percenf)cJ 0.65 0.25
5. Fill in vehicle data 0.25 -
6. Walk to cab 0.05 -
7. Charge fee & driver sign 0.30 -
8. Walk to booth 0.20 -
9a.Record transaction ]
%. N‘\ake.change l 0.050r -~
9c.File ticket a 0.309 _
9d.Walk to truck ’
9e.Give chcmgeCl

C. Prepare tickets 1.50 1.45
1. Walk to booth - b
2. Fill in dates - b

Sofe'rz Tasks:

D. Monitor front floor Continuously
1. Monitor incoming trucks - b
2. Monitor loader tractor - b

uSpeciul subtasks for private vehicles.

bUnobserved or highly random times.
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Incoming Vehicle Volume Groups - size in cy meters
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FIGURE E-14
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b. Skills. The necessary physical skills required for the gateman are good vision
and hearing, and endurance to stand all day. About 20/30 vision (corrected or un-
corrected) is needed to see the location of vehicles, license numbers, items of solid
waste, and the print on fickefs and schedules. Hearing plays an important role in ful-
filling the gateman's responsibilities: he can monitor vehicle location, speed, and
direction while filling out forms. Although strength is not necessary for a gateman, he
must be able fo ambulate and stand all day. During the monitoring the gateman was
sometimes overloaded with incoming trucks, but he was idle 55 percent of the day.

Mental skills are: 1) ability to read and write at a high school level, 2) ability to
visualize in two dimensions using visual and auditory inputs, 3) ability to understand
the operation of incoming trucks and the loader tractor, and 4) ability to understand
and manage the size, shape, and location of the solid waste on the floor. Actually,
the gateman must understand the basic operations of the loader and trucks; he manages
the dumping of the solid waste and so affects the efficiency of the incoming dump trucks
and loader tractor. The gateman faced no crucial task skills in that much of his task
behavior was writing. Directing dumps, charging fees, and monitoring operations were
not time-intensive tasks.

c. Human Factors. The gateman used little equipment: pen, clipboard, tickets,
file drawer, and cash register,

The most time-intensive activity was walking. Thus, floor layout was the primary factor
in his productivity. The location of his work area is shown in Figure E-11.

The structure of the booth was a second factor of his performance. The booth was heated,
with a counter near elbow height and with all forms and equipment located together in
front of the gateman. Large windows allowed unobstructed vision of the working floor,
but no window provided direct vision outside. Thus, he could always see trucks waiting
outside. The forms he used are a third factor, especially in processing trucks; in order

to handle all the trucks that arrive at once, he had to process them quickly. Basically,
booth location, booth heating, inside and outdoor visibility from the booth, booth
counter, drawer and cash register arrangement, and the forms were primary factors
affecting the gateman.

2. Loader Operator. The description of the leader operator does not include main-
tenance and other relatively unstructured activities.

a. Tasks. A loader operator worked each shift. His position was defined as
responsibility for keeping the conveyor full, keeping the front floor clear of solid waste
so that incoming trucks could maneuver, mixing the solid waste so it baled properly,
and removing rejects and recyclables, Activity Chart 1-A and videotapes were used to
record and measure time data.

Table E-9 lists production and safety tasks. Since the operator and his machine were

integral, the defined tasks for this position were listed as machine operations. The
sequences of subtasks were fixed by material handling constraints, but many factors
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TABLE E-9
LOADER OPERATOR TASKS

T' ]
Production Tasks: Meanlm*e%é? 'gev.
A. Load conveyor 0.55 0.15
1. Load bucket 0.10 0.05
2. Carry 0.20 0.10
3. Unload bucket 0.05 0.05
4, Return 0.20 0.10
B. Mix solid waste 0.50 0.20
1. Mix 0.30 0.15
2. Travel 0.20 0.10
C. Clear floor 0.40 0.50
1. Clear floor 0.20 0.50
2. Travel 0.20 0.10
D. Reject /recycle items - b
1. Separate from solid waste
2. Pull out of pile with bucket
3. Push to side of floor
4. Travel
. a b
E. Direct dump -
1. Point to correct door
2. Point to stopping point
Saferx Tasks:
F. Monitor front floor Continuously
1. Watch gateman - b
2. Watch trucks - b
3. Watch front doors - b

A0ccasional task when gateman is busy.

bUnobserved or highly random times.
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affected standard times. The "load,” "mix," and "clean floor,” tasks have been
previously defined. The "reject/recycle items" task is an occasional task performed
when appropriate items are found by the loader operator. The safety tasks were
constantly performed as neck and eye motions to detect obstacles and thus avoid collision.
Occasionally, when many trucks arrived simultaneously, the loader operator directed
these trucks from his cab.

b. Skills. Necessary physical skills are stringent: good vision (corrected or
uncorrected) and hearing, body strength, endurance, good body coordination, and
flexibility in neck and back. Basically this operator must have the physical strength,
endurance, and coordination to operate an articulated loader on a relatively simple
ground layout. The actual skill involved is the ability to watch the entire front floor
area while working. The avoidance of collision with other trucks depends heavily on
this operator. The loader operator constantly turned his head and twisted at the waist
to view rear areas. Hearing is very important in locating other trucks and recognizing
verbal warnings.

Necessary mental skills are 1) understanding of the dumping operation, 2) understanding
of the need and reasons for mixing solid waste and rejecting and recycling items, 3)
ability to manage the piles of solid waste so that trucks can move in and out, and 4)
the ability to load the conveyor to the correct height. The loader operator worked

the waste piles so that the incoming trucks could move in and out quickly. He mixed
the waste sufficiently so that the bales were stable. He was responsible for identifying
rejects and recyclables. The loader operator, in loading the conveyor, greatly
affected the time for scale loading. He stacked the conveyor to the proper height,

and positioned large items correctly, avoiding both long load times and heavy weights
falling hard on the scale,

Task skills were typical operating skills of a loader operator under dirt loading and
grading operations. He operated at the design efficiency of the loader while observing
the floor, waste pile, conveyor, gateman, and other trucks. It is important that he was
able to operate at standard fime rates with his mind free fo observe the surrounding
environment. Usually a well-experienced operator was needed to perform under these
constraints,

c¢. Human Factors. The human factors of the loader operator deal with: the loader
instruments and controls; the overall layout of the solid waste pile, conveyor, gateman
and trucks; and the method of working the face of the pile.

The loader itself was a single unit. The choice of loader was based on other than human
factors, such as capacity and cost. Thus, the only loader factors mentioned here are
operator visibility over 360° and a heated cab. The manufacturer has presumably
optimized instrument and control factors in the loader,
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The physical layout of the front area and the method of working the waste pile were two
important factors in performance of both incoming trucks and the loader. Basically,
time idle, fatigue, and collision-possibility were affected. For example, working one
side of the conveyor at a time, while trucks dump on the other side, avoided the need
for the operator to wait on these trucks. A procedure keeping obstacles from behind

the loader eliminated many twisting motions of the operator, Basically, layout affected
possible travel routes, patterns of head motion, methods of mixing and loading at the
face of the pile, and waiting on incoming trucks. And the method of working the waste
pile determined the effects, such as fatigue, on the operator.

The past pattern of loading is presented in Figure E-15.
3. Control Tower Operator. Tasks, subtasks, skills, and human factors for the control

tower operator are described. Only tasks relating to work in production, information,
and safety systems are defined.

a. Tasks. A control tower operator worked each shift. Tasks are listed in Table E-10,
and involve supervising production on the shift, cycling the baler, measuring the charge,
getting the transports switched on time, and keeping the conveyor full. The control tower
operator worked under three sets of conditions - automatic, semiautomatic, and manual
sequence control of the conveyor-scale-baler-pusher.

Figures D-2 through D-5"illustrate the control panel. Under automatic cperation, the
operator merely watched and listened to the machines, and stopped the conveyor when a
full charge was on the scale. Under typical semiautomatic operation, the operator used
the stop~start buttons for the conveyor, the dump toggle for the scale, and the push No. 1
and No.2 buttons for the pusher. Under manual operation the operator manually switched
all operations. He used the bottom row of toggle switches, the conveyor buttons, and

the pusher buttons.

Under all conditions, the control tower operator watched the transport and conveyor as
he controlled the conveyor-scale-baler-pusher sequence. If the conveyor was empty, he
directed someone to start loading the conveyor. If the transport was full he informed the
driver and lift operator by the P. A. system speaker. He recorded data on time, weight
of bales, and reasons for shutdowns.

b. Skills. Physical skills center on perception, in that the control operator mainly
observed and pushed buttons. Good vision, about 20/20 (corrected or uncorrected) was
necessary to observe the machines and floor from the control tower. Hearing was important
in monitoring the machines; an experienced operator received much auditory information.

The mental skills of this operator were the tightest constraint. He has to understand the
limits and abilities of the machines in the baling sequence, be able to decide waste charge
sizes and bale dimensions, locate jams in the conveyor, pressure losses, jammed bales,

and general equipment problems; and to coordinate the central operations of the plant,
including directing the activifies of other employees.
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TABLE E-10
CONTROL TOWER OPERATOR TASKS

Standard Times (min.)

Production Tasks: (Machine Times)
A. Cycle baler 3.05
1. Open lid 0.15
2, Dump platen 0.20
3. Return platen 0.15
4, Close lid 0.15
5. Gatherer forward/differential 0.30
6. Tramper forward/differential 0.35
7. Compactor forward/differential 0.50
8. Bale door open 0.10
9. Compacter forward/differential 0.35
10. Return all rams and close bale door 0.35
B. Load scale
1. Start conveyor -
2. Monitor weight and volume of waste 1.50
3. Stop conveyor -
C. Load transport
1. Push No. 1 for a bale 0.40
2. Push No. 1 for a second bale 0.90
3. Push No. 2 for both bales 0.90

Information Tasks:

D. Switch transports -
1. Monitor number of bales on transport
2. Call driver and lift operator on P, A,

E. Keep conveyor full -
1. Monitor conveyor load
2. Call for actionon P. A,

F. Record production -
1. Write bale numbers
2. Write reasons for downtime

Safety Tasks: Continuously
1. Watch floor
2. Watch machines
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The task skills of the control operator deal with the control panel, scale didl, scale,
platen, and conveyor. The operator must be able to locate controls without fooking;
once located, the controls are easy to activate. He must instantly read the scale dial
by the needle angle. He must estimate the volume of waste on the scale and conveyor,
and the impact force of waste falling onfo the scale. He must constantly observe the
transport being loaded and floor areas. His degree of involvement varied under the
possible modes, automatic to manual, of operation.

c. Human Factors. The human factors revolved around instrument and control
focation and design, and the operafor's perspective and visibility from the tower. The
control panel contains all of the instruments and controls except the scale meter.

The panel layout was crifical in that the operator had to keep his eyes on the plant
operations while using the controls. Basically, all necessary controls were within reach
at the bottom of the panel, spaced far enough apart to avoid interference during
actuation. Modifications of the controls were undertaken in stages. Thus, the panel
had been extended on the left and right sides. The pusher controls were ot the far left,
while the conveyor controls were at the far right. The new operating scale meter was
on the left wall. (See Figure E-16 for the layout.). Operator speed and fatigue were
influenced by meter and control location. The control tower floor was five meters

(17 feet) above the plant floor. The tower enclosure was glass from the waist to the
ceiling. The tower was higher than the conveyor, platen, and charging box, allowing
direct observation into these critical areas.

4. Truck Drivers. Tasks, subtasks, skills, and human factors for the truck drivers are
described. Only tasks relating to production, information, and safety are defined.

a. Tasks. Two truck drivers worked each shift. They were responsible for driving
transport trucks to and from the balefill, rigging and de-rigging the trucks, positioning
trucks at the pusher platform, gassing and light maintenance on the trucks. Table E-11
lists the tasks. Each driver was rigidly constrained to the basic sequence of switch trucks at
plant, transport, switch trucks at balefill, and return, with occasional stops to gas up
and morning chek-outs of equipment on the trucks. Unscheduled repairs were handled
by the driver if minor; otherwise, the driver phoned the plant for instructions. (Major
repairs were scheduled by a maintenance contract with a private company.)

b. Skills.  Physical skills were related to driving a transport. Vision, hearing,
strength, and endurance are basic physical qualities. The truck drivers needed to pass
the usual medical tests of physical ability. Mentdl skills also revolved around driving.
Reading, mechanical understanding, understanding of the loading and unloading
operations, and understanding of the operation of the transports were basic. Task skills
were driving the transports, backing down a 33 meter (100-foot) straight path to the baler
ejection platform, and rigging and de-rigging the curtain.

c. Human Factors. The human factors of this position revolved around the transports.
The truck was designed for driving, and so had factors presumably optimized for productive
use. The curtain and railgate were specially designed for the St. Paul bale-haul con-
ditions. The design of the curtains and tailgate required two men to draw and retract
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TABLE E-11
TRUCK DRIVER TASKS

“Time Y
Production Tasks: Mearn ?F‘é.ljev.

A. Switch trucks at plant - b
1. Position at ramp (truck 1) -
2, Rig using two men 3.5 1.3
3. Pull out (truck 2) - b
4, Back in (truck 1) -
5. Lock tailgate (truck 2) 1.0 0.3

B. Transport 36 22
1. Drive (truck 2) q 29 5
2. Gas (8 percent) a 26 21
3. Repair (12 percent) 41 32

C. Switch trucks at bale fill - b
1. Pull in (truck 2)
2. De~rig using two men

D. Return 35 24
1. Drive (truck 3) 28 7
2, Gas (8 percent) 26 21
3. Repair (12 percent) 4] 32

Information Tasks:

E. Driver's log - b

1. Record times of arrival and departure
Safety Tasks:

F. Check truck - b
1. Tires
2. Oil
3. Accessories
4. Brakes

cjSpec:i<:|| subtasks performed as needed.

|OUno|:>served times,

109



the curtain while the drive handles the tailgate alone. In practice the rigging was done
once before the transport left the plant; the de-rigging was done once after the fransport
arrived at the balefill. Rigging times measured during the survey period are shown in
Table E-12, The average time to rig was 3.5 minutes, and the average time to lock the
tailgate is 0,95 minutes.

Figure E-17 shows the layout of the loading dock and balefill. In both cases, the truck
being processed was in position two or three as the next transport arrived at position one.
At the loading dock, rigging was done at position two before moving, while the tailgate
was put on at three. At the balefill, de-rigging was done at position two; notice that
the balefill loader operator swept the bed of the empty fransport at position two or three.

5. Resource Recovery. Tasks, subtasks, skills and human factors related to segregation
of corrugated paper are described in this section. It should be noted that segregation
was nof necessary to baling solid waste and could have been discontinued if salvage
corrugated paper prices declined significantly.

a. Tasks. Segregation by sorters for recycling was organized o use fwo men on
each shiff, Asused, the sorters recycled only corrugated paper. Other items were to
have been considered for sorting in the future. The only task of the sorters was fo
segregate the corrugated paper (see Table E-13). They worked either ot the top of the
conveyor, one on each side, or on the floor piles. From the conveyor sides they reached
over to pull out large, dry, clean pieces of corrugated paper. They then turned about
12 degrees and dropped the items down a chute to the floor.

b. Skills. Physical skills were medium-acuity vision and hearing, muscular
coordination, and endurance to stand for several hours. The sorter stood on a small
platform high in the qir; thus, he needed to have a good sense of balance. The dbility
to identify and judge corrugated paper items required little mental activity. The job
required no training or skill development.

c. Human Factors, Figure E-18 illustrates the sorter layout. Factors affecting
human performance are sorter platform height relative to the conveyor, the distance the
sorter needed to reach, the use of mechanical tools such as hook poles, and the location
of the place corrugated paper was dropped.

As performed, the sorters used their hands. This required that they reach farther than
the length of their arms ot the shoulder. Then they needed to bend forward. Then they
twisted 120 degrees and placed the corrugated paper in a chute 180 degrees from the
conveyor side of their standing position. Sorters could not reach the middle of the
conveyor. )

Metal poles 1.9 meters (6 ft} long with hooks were used to reach corrugated paper in
the middle of the conveyor. The hook poles also allowed one sorter to remove items
from almost the entire width of the conveyor. These poles were not used while the five-
day study was conducted.
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TABLE E-12
TRANSPORT VEHICLE RIGGING TIME

Date ] Riggm Place l\}o Tanll ate In- !&o. Bales Loaded
1973 Time n?é‘r:-mmuf’es) Men frr?an-n:\ri'rwﬁéQ Men __per Truck
9/20 9:00 AM. 7.60 2 - - 14
9:50 ALM. 6.20 2 - - 16
10:14 AM, 6.50 2 1.20 1 14
9/21 7:00 A.M. 10.40 2 1.16 1 14
7:50 AM, 7.48 2 0.88 1 14
8:38 A.M. 8.19 2 - - 14
11:05 A.M. 6.40 2 0.86 1 14
11:45 AM, 8.98 2 0.53 1 16
2:50 P M. 4,80 2 1.35 3 14
9/24 705 AM.  6.72 2 2.76 2 14
8:35 A.M, 3.82 2 0.89 1 14
9:20 ALM,  10.66 2 1.10 1 14
9:58 A.M, 6.40 2 - 14
10:43 A M, 8.25 3 1.50 1 14
12:40 P .M. 6.50 1 0.98 1 16
1:40 P .M, 4.50 1 - - 14
9/25 7:55 A.M, -~ - 1.19 i 14
8:34 A.M, 2.20 2 0,61 i 14
9:30 A.M. - 2 1.00 2 14
10:00 A.M. -~ - - - 14
9/26 9:25 A.M. 6.36 2 1.56 2 14
12:58 P.M. 5.20 2 1.22 1 14
Average 6.69 1.95 1.17 1.29 14.3
Standard Deviation 2,06 0.39 0.51 0.61 0.73

9-- Data missing because person taking data was occupied taking tenth bale
measurements.
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TABLE E-13

SORTER TASKS

Production Tasks:

Time (min.)

Mean Std. Dev.

A. Sort corrugated paper
1. Refrieve one or two items
2. Drop on a pile

0.25 11
0.20 0,10
0.05 0.05
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6. Utilization of Positions. Figure E~19 presents the percent utilization of the five
position: gafeman, loader operator, control tower operator, driver, and sorter. The
first three men were observed during plant operations as recorded on Activity Charts
1-A and 1-B. The truck drivers were timed by their logs, video tape, and stopwatch
observations. The sorters were video taped for 20 minutes of continuous operation
with the conveyor working at the normal rate.

The utilization of the control operator was not totalled. This operator did little physical
work, but he continuously watched the machines. Thus, it is very difficult to identify
when he was monitoring or idle. In fact, even when all the machines were idle, he was
monitoring conditions from his position. Thus his time had been divided to show running
utilization of the baler and conveyor. The sorter was watching the conveyor 84 percent
of his time. Contrary to the control operator who controlled equipment, the sorter
accomplished nothing during the 84 percent watching time. The utilization for the truck
driver was obtained from the utilization of the transports. Each driver handled one

and a half transports, so that the mean times were increased by 50 percent,

Figure E-19 shows utilization percentages of the average times for each operation. It

is important to note that this ignores idle time due to machine breakdowns; if all
machines run as designed, the utilization would be as shown. Also, startup and shutdown
procedures have been ignored. The time observations were of steady-state operating
conditions only. Downtime was analyzed in Section 8.
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APPENDIX F

YEAR-LONG SYSTEM MONITORING
DATA FORMS

117



TABLE F-1
FIELD ACTIVITIES LOC

Observer(s) Date

Hours: start end Checked

METEOROLOGICAL: Humidity

Ambient Temperature °c Weather:

Wind: Speed Precipitation in.
Direction Cloud cover

Other and comments:

TEST CELL

] 1. Survey settlement
[ 2. Gas samples

Work task no's.

Work Tasks

(3 3. Temperature
3 4. Collect leachate

[J5. Lysimeter samples
{Z 6. Rain gage

Date Time

Samples mailed:

Shipper

Equipment condition

Comments

(Continue on back of page)

LANDFILL Work Tasks

= 1. Surface water {J 4. Bale spacing {1} 7. Dust {310, Fly traps

3 2. Cover soil 31 5. Timestudies [ 8. Odor {j11. Data mailed

(1 3. Litter {2 6. Broken bales {1 9. Vectors to R. S. & Co.

Truck unload. time

Landfill operator(s)

min. Bales, no.

min.

R ——

Bale unload. time

Equip. in use

Activities

Comments on operations

(Continue on back of page)
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LANDFILL OPERATION RECORD

TABLE F-3

Date

urface Water

Broken

No.

Puddles

(F+“xFt)

A .Size]

Area

C?%-:-)red

Bales
(N/100)

Cover Soil

No.
Buckets

Yd o

Bucket | (Ft 2)

Coveragé Depth

(tn )

4/22

4/28
5/20
5/27
6/9
6/16
6/26
7/2
7/8
716
7/25
7/30
8/6
8/14
8/21
8/27
7/3
9/17
9/25
10/14
10/27
10/28
11/1/73
11/8
11/15
11/25

16

75 x 1
70x2.5

750x0.5
$500x0.6

15

10

3 200

5I|

5-1/2
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TABLE F-3 (Cont.)
LANDFILL OPERATION RECORD

Surface Water Broken Cover. Soil

Dat No. {Avg.Sizd Area Bales | No. | _Yd®> [overage Depth
are Puddles |(Fr¢xFt) ,C(q%?red (N/100 |Buckets |Bucket [(Ft 2) (In )

12/1 2
12/9
12/15
12/27 4
1/4/74
1/13 0
2/11
2/17
2/21 5 20x50 | 3-5 6"
3/3 3 {3500x2.5| 65-70
3/10 7 10x0.72|
3/20
3/23
3/31 4 10x7 3 1
4/7
4/13 1 1600x0.5 15
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TABLE F-4
LANDFILL ENVIRONMENTAL RECORD

Litter Dyst Qdor Vector:

Date | Time |Below Above{Access|Cause |HeightArea Siﬁt\eng ype Birds| Flies | Other
(FrY | (%)

1/1 |
11/8 | 0800 |68/10Q10/10Q 2%0 med.rggét
11/15| 1100 §67/100 21{00 wo
11/25] 1400 mod.| "
12/1 9/100({9/100 light | "
12/9 | 1000 slight! "
12/15]| 1400 |2/100 {4/100 mod. "
12/27 48/10( med.|"
1/4 69/10( med.| "
1/13 14/104 slight] "
2/7 81,/100 o1t 100
2/17 10/100 32(00 S
2/24 | 1030 17/]0034{00 " "
3/3 | 1600 0/100 med.| "
3/10 68,/100) med.| "
3/20 | 1000 [24/100 mod 5
3/23 | 1320 47/10023{00 1%0 mod.| 3
3/31 med.| "
4/10 | 1200 B5/1001 27/, 2240 mod.[" | 30
4/13
4/22 ‘301|60
4/28 12%0
5/21 | 1500 465{ 00 1q% 3/] 00 | SO 7 24
5/27 4%4)(12/]00 6
6/9 31/100 27(00 trong| " 5
6/16 R
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TABLE F-4 (Cont'd)
LANDFILL ENVIRONMENTAL RECORD

Litter Duyst Oerr Vectars
Date | Time {Below AboverAccessCause HeightiArea BfmengType Birds| Flies | Other
Fr) | (%)
6/26 91,{00 5(00 truck| 4 5 ktrong arl 10 3
7/2 truck | 12 light{ "
7/8 20%0 10{00 2{00 10 light {"
7/16
7/25 4/100 1/100f “ 6 4
7/30 é/100 {3/100 car 8'
8/4 car 6
8/6 6
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TAELE F-5
TOTAL COST SUMMARY FOR PLANT

Period By Checked
From To Page Of
No. of Days
ltem For This Period ' _ Year ;
To Date

Tons of Waste Received

Number of Bales Produced

e o g

Total Operating Cost

Total Depreciation/Interest
on Investment

Total Cost

Operating Cost Per Ton

Financing Cost Per Ton

Total Cost Per Ton

Comments:
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TABLE F-6
TOTAL COST SUMMARY FOR TRANSPORTATION

Period
From To Page Of
No. of Days By Checked
]
It , For This { Year :
o . Period |  To Date
|
e S i -
i
Tons of Waste Hauled
‘4&
. No. of Bales Hauled
o e e e e s s e bt . s s — i e AP R s iy i et _._._-r..__.-_—‘Aw_-—- e §
Total Operating Cost
Depreciation and Interest

on Capital Investment |

Total Cost

Operating Cost Per Ton

1

| — S

Financing Cost Per Ton

Total Cost Per Ton

e — ——

Total Cost Per Ton Per Day

125



TABLE F-7
TOTAL COST SUMMARY FOR LANDFILL

Period
From To Page Cf
No. of Days By Checked
| For This Year
To Date

ltem Period

Tons of Waste Received

No. of Bales Received

Total Operating Cost

Depreciation and
Interest on Capital

Total Cost

i
|

S
Operating Cost Per Ton

b
P
[

}

Financing Cost Per Ton

¢
[
1
|
I

Total Cost Per Ton

|
| Total Cost Per Ton Per Day
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TABLE F-10
PERIOD TRANSPORT EQUIPMENT COST

Period Covered

From To

e e e e e L T LT S S _.t PR

Vehicle
' License Noﬁ

Checked

Page of

Weekly
Total

-

Lease
M+R*
Fuel
Oil
Total

Week 1

Lease,
M+R
Fuel
Oil
Total

Week 2

Lease
M+R*
Fuel
Oil
Total

Week 3

Lease
M+R*
Fuel
Oil
Total

Week 4

Leose*
M+R
Fuel ;
oil | f
Total )
Individual °
Vehicle

Totals

Week 5

*
M + R = Maintenance and Repair

B
¢
3

'
e e e e o

NOTE: For leased vehicles enfer applicable cost of lease and other direct operating

costs.
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TABLE F-11
PERIOD LANDFILL EQUIPMENT COST

Period C¢  -ed: By Checked

From To Page of

V_ehicle Forklift
LI cense Loader+
Lease ,

* B

M+R |
Fuel !
Oil ]
Total

5

| Trailer, Lights) Weekly

Dozer land Generator Total

[PPSR |

Loader®™ |

[ESPSIN

= de

-

; j
A %
i

Week 1

H
]
|

J

Lease,
M+R
Fuel
Oil
Total

Week 2

Lease
M+R*
Fuel '
Oil !
Total
Lease
M+R"
Fuel {
Oil
Total

Week 3

Week 4

Lease
M+R*
Fuel
Oil
Total

Week 5

Individual j
Vehicle
Totals

¥ Forklift, atticulated, Allis Chalmers Model 840, deisel
aintenance and Repair

Loader, articulated, Trojan Model 4000
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TABLE F-12
PERIOD OPERATIONS SUMMARY

Period Covered By Che °Hd

From to Page o. =

-%\
LABOR COST

o Vweek] Week 2 Week 3 Ji Total for MOHE]

Plant
Transport ‘
Landfill B J
Total |

- S e B e e e

EQUIPMENT MAINTENANCE
| Mobile { o R

-

Stationary
Total

UTILITIES COST

Gas
Electric
Water
Telephone
Other
Total

MISCELLANEQUS COST

(dentify

S -

FIXED COST

lant
‘ransport
andfiil

‘otal

ub Totals
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APPENDIX G

LANDFILL OBSERVATIONS AND

TEST-CELL MONITORING DATA
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TABLE G-I
TENTH BALE DIMENSIONS AT 16 MINUTES
AND ONE HOUR- 9/20/73

Mean St. Dev,
Meters Inches Meters Inches
10 Minutes
Max. Height 1.13 44,33 0.052 2.06
Min. Height 1.05 41,23 0.025 1.00
Max. Width 0.99 39.05 0.023 0.91
Min. Width 0.96 37.70 0.018 0.73
Max. Length 1.34 52.63 0.106 4,19
Min. Length 1.27 50.00 0.107 4,22
Ave. Height 1.09 42,78 0.056 2.19
Ave. Width 0.97 38.37 0.024 0.95
Ave. length 1.30 51.32 0.047 1.86
One Hour

Max, Height 1.14 44 .96 0.058 2.29
Min. Height 1.05 41,36 0.036 1.41
Max. Width 1.02 40.11 0.047 1.86
Min. Width 0.97 38.25 0.025 1.00
Max. Length 1.38 54,39 0.106 4,17
Min. Length 1,28 50.36 0.111 4,36
Ave. Height 1.10 43.16 0.064 2,55
Ave. Width 1,00 39.18 0.033 1.31
Ave. Length 1.33 52.37 0.072 2.85
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TABLE G-2
TENTH BALE DIMENSIONS AT 10 MINUTES
AND ONE HOUR - 9/21/73

Mean St. Dev.
Meters Inches Meters Inches
10 Minutes
Max. Height 1.20 47 .29 0.097 3.81
Min. Height 1.09 43.04 0.068 2.66
Max. Width 1.06 41,64 0.070 2.74
Min. Width 1.00 39.36 0.042 1.67
Max. Length 1.48 58.11 0.152 5.98
Min. Length 1.39 54,68 0.155 6.10
Ave, Height 1.15 45,16 0.076 3.00
Ave. Width 1.03 40.50 0.041 1.62
Ave. Length 1.43 56.39 0.061 2.42
One Hour

Max. Height 1.17 46,04 0.087 3.42
Min. Height 1.07 42,07 0.052 2.05
Max. Wtdth 1.03 40,46 0.035 1.39
Min. Width 0.98 38.71 0.029 1.15
Max, Length 1.43 56,39 0.142 5.61
Min. Length 1.35 53.14 0.137 5.39
Ave. Height 1.12 44,05 0.071 2.80
Ave. Width 1.01 39.59 0.031 1.24
Ave. length 1.39 54.77 0.058 2.30
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TABLE G-3
TENTH BALE DIMENSIONS AT 10 MINUTES
AND ONE HOUR - 9/24/73

Mean St. Dev.
Meters Inches Meters Inches
10 Minutes
Max. Height 1.16 45.71 0.064 2.55
Min. Height 1.06 41.68 0.027 1.08
Max. Width 1.04 41.00 0.033 1.29
Min. Width 0.98 38.68 0.029 1.14
Max. Length 1.38 54.43 0.072 2.83
Min. Length 1.23 48.46 0.083 3.26
Ave. Height 1.1 43.70 0.072 2.85
Ave. Width 1.01 39.84 0.042 1.64
Ave. length 1.31 51.45 0.107 4,22
One Hour

Max. Height 1.21 47 .57 0.074 2.93
Min, Height 1.08 42.71 0.036 1.41
Max. Width 1.08 42,36 0.055 2.15
Min. Width 0.99 39.14 0.032 1.25
Max. Length 1.44 56.86 0.099 3.88
Min. Length 1.26 49.71 0.085 3.33
Ave. Height 1.15 45,14 0.087 3.43
Ave. Width 1.04 40.75 0.058 2.27
Ave. Length 1.37 53.29 0.128 5.05
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TABLE G-4
TENTH BALE DIMENSIONS AT 10 MINUTES
AND ONE HOUR - 9/25/73

Mean St. Dev.
Meters Inches Mefters Inches
10 Minutes
Max. Height 1.19 46,82 0.052 2.04
Min. Height 1.14 44,86 0.047 1.85
Max. Width 1.09 42.91 0.036 1.41
Min. Width 1.04 40,91 0,040 1.59
Max. Length 1.38 54.50 0.170 6.70
Min. Length 1.31 51.45 0.181 7.12
Ave. Height 1.16 45,81 0.035 1.38
Ave. Width 1.06 41.91 0.036 1.41
Ave. Length 1.35 52.98 0.054 2.15
One Hour

Max. Height 1.22 48.09 0.078 3.10
Min. Height 1.18 46,32 0.051 2.00
Max. Width 1.13 44 .50 0.048 1.90
Min. Width 1.07 42.21 0.046 1.81
Max. Length 1.47 57.77 0.149 5.85
Min. Length 1.40 55.09 0.151 5.96
Ave. Height 1.20 47.20 0.032 1.25
Ave. Width 1.10 43.33 0.041 1.62
Ave. Length 1.36 53.43 0.048 1.90

137



TABLE G-5
TENTH BALE DIMENSIONS AT 10 MINUTES
AND ONE HOUR - 9/26/73

Mean St. Dev.
e Meters  Inches _ Meters Inches
10 Minutes
Max. Height 1.18 46.61 0.060 2.37
Min. Height 1.05 41.17 0.035 1.39
Max. Width 1.17 46.00 0.108 4,24
Min. Width 1.06 41,67 0.061 2.41
Max. Length 1.44 56.72 0.081 3.17
Min. Length 1.31 51.72 0.093 3.67
Ave. Height 1.1 43.89 0.098 3.85
Ave. Width 1.11 43.83 0.078 3.06
Ave. length 1.38 54,22 0.136 5.36
One Hour
Max. Height 1.22 47.89 0.049 1.93
Min. Height 1.06 41,72 0.021 0.83
Max. Wtdth 1.18 46.39 0.068 2.69
Min. Width 1.05 41,33 0.054 2.1
Max. Length 1.51 59.28 0.125 4,92
Min. Length 1.36 53.61 0.140 5.52
Ave. Height 1.14 44,81 0.111 4,36
Ave. Width 1.1 43.86 0.091 3.57
Ave. length 1.43 56.44 0.102 4,01
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TABLE G=-6
BALE SPACING RESULTS

Spacing Between Bales, cm

Std., Deviation

Width

Average

Width

Minimum

Width

Maximum

Date

Length Length Lengtn

Length

Width
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** Working Face
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TABLE G~6(Cont.)
BALE SPACING RESULTS

Spacing Between Bales, cm

Date Maximum Minimum Average Std. Deviation

Width  Length Width Length Width Length Width  Length

1973

10/10 20,3 - 0 - 6.6  -—- 7.2 --
10/14 20,3 - 1.3 - 8.4 - 6.2 -
10/16 7.8 - 0 - 3.1 - 5.3 -
10/17 6.4 584 0 0 2.2 17.8 2.3 17
10/18 51 15.2 0 0 1.3 6.0 1.5 5,
10/20 76,2  38.1 0 0 14.8 7.9 22.3 10,
10/27 61.0 61.0 0 0 17.8  21.6 17.1 17
1/3 1.3 35.6 0 0 0.1 8.4 0.4 9.
11/10 1.3 254 0 1.3 0.1 1.4 0.4 6.
11/15 2, 254 0 0 0.4 107 0.9 8.
12/1 15.2 25,4 0 0 2.8 8.8 5.3 9
12/9 3.8 30.5 0 0 0.9 7.5 1.3 9.
12/15 5.1 21.6 0 0 1.0 9.8 1.8 7
12,27 152 22,9 0 0 2.7 7.9 47 6.

ownv=NwVWoouwu

145



TABLE G

-7

LITTER COUNT RESULTS

Below Face

Above Face

Access Road

No. Observations

25

15

Range
no. pieces
( prtr—)

100 r Z

2 to 425

3 to 207

1 to 82

Average
no. pieces
(o pieces

81

39

22

No. Observations
Excluding
Values > 100

20

13

6(!

Range

no. pieces';
( 100 fr

21070

3 to 50

1 to 27

Average
( ho. pieceS)

700 fr 2

48

21

12

“No values > 100; excludes the 82 value, which appeared to be errant considering

the range of other values.
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FIGURE G-6

FLY EMERGENCE TRAPS
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b. Traps

PHOTOGRAPH G-I
FLY EMERGENCE TRAPS
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TABLE G-8

FLYING INSECTS COLLECTED

IN THE BALEFILL FLY EMERGENCE TRAPS*

Traps on Traps on
Cover Soil Families Bales Families
C Metopiidae A Specimens
(bottle flies) mangled
MAY E Asilidae B None
(robber flies) collected
F None
collected
A Scarabacidae 8 Staphylinidae
(dung beetles) (scavenger beetle
Silphidae Mycetophilidae
(carrion beetles (fungus gnats)
JUNE Mefo;.nu.ldae C Silphidae
Prosophilidae Staphylinidae
(fruit flies)
E Silphidae
Staphylinidae
Asilidae
Scatopsidae
(scavenger
flies)
Metopiidae
Drosophilidae
Culicidae
(mosquitos)
Mycetophilidae}
F Metopiidae
Scatopsidae

Mycetophilidae

* Trap D was destroyed by the loader during placement of cover soil .
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TABLE G-9
LAND DISPOSAL EVALUATION SHEET

EMPLOYEE FACTORS

1. Facilities

a. Adequate shelter, hygiene facilities
b. Adequate shelter-minimal hygiene facilities
c. Inadequate shelter, hygiene facilities

2., Communications

a. Reodio or telephone on-site
b. Telephone or radio within 3-miles
c. No communications

3. Accident Prevention and Safety

a. Periodic training given, equipment provided with
safety features, first aid readily available on-site

b. Periodic training given, equipment provided with
safety features, first aid availeble within 3-miles
of site

c. No fraining, no first aid available

d. Unsafe equipment and/or practices

4, Fire Protection

a. Adequate water supply, local fire company

available on call, open burning prohibited
b. Poor fire protection, open burning prohibited
c. No fire protection, open burning allowed

5. Parking Facilities and Access Road Conditions

a. All weather, adequate parking
b. All weather, inadequate parking
c. Negotiable only in good weather

Sub Total
OPERATIONAL FACTORS

1. Weighing Facilities

a. Fixed or portable scales available on-site
b. Scale available near site
c. No weighing facilities nsarby

2. Access Limited

a. Access by uncuthorized vehicles and padestrians
prohibited and prevented

b. Access prohibited except during day

c. Uncontiolled access to site
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TABLE G-9 (Cont.)

LAND DISPOSAL EVALUATION SHEET

Solid Waste Unloading Control

a. Controlled, area restricted
b. Controlled, area unrestricted
c¢. No control

Working Area

a. Size of working area small, but adequate for
peak traffic
b. Working area larger than necessary fo handle traffic
c. Much larger working area than necessary and/or
uncontrolled dumping

Waste Spreading and Compacting

a. Refuse spread evenly and adequately compacted
b. Refuse spread, but not compacted
c. No spreading or compacting

Depth of Waste

a. If woste compacted in cells of 8 ft depth or less

b. I|f waste compacted in cells less than 12 ft depth
but more than 8 ft

c. If uncompacted or cells greater than 12 ft deep

Daily Earth Cover

a. |f cover material is of good quality and is compacted
in unbroken layers no less than 6 in. deep

b. If cover material is of poor quality, but is
compacted well

c. |f cover is not earth matericl (e.g., incinerator ash)
but is greater than 6 in. thick

d. No cover provided

Intermediate Cover

a. One foot or greater thick, good quality

b. One foot or greater thick, poorer quality

c. One foot or greater thick, not soil

d. No intermediate cover or, if so, poor applicafion

Final Cover and Grading

c. Minimum depth - 2 ft good soil and grading

b. Minimum depth = 2 ft poor soil and grading

c. No final cover, or poorly constructed and
poorly graded
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TABLE G-9(Cont.)

LAND DISPOSAL EVALUATION SHEET

10. Equipment Maintenance

a. Maintenance facilities availcble on-site or standby
equipment recdy

b. Routine maintenance equipment available, service
arrangements made for major repairs

c. Nonexistent or inadequate maintenance:
facilities available

11. Hazardous, Liquid and Bulky Waste Handling

Provisions

a. Procedures adopted for hondling hazardous, liquid,
and bulky products

b. Hozardous and liquids excluded from site

c. Such materials accepted without special handling
provisions

12. Record Systems

a. Complete daily records are maintained (e.g., type
of waste, location of deposition, total weight,
number of vehicles served)

b. Inadequate records are kept

c. No records maintained

ENVIRONMENTAL FACTORS Sub Total

1. Blowinglitter

a. Fences or other barriers control blowing litter
b. Some litter control exercised, but results are poor
c. No controls established

2. Burning

a. No burning allowed any time
b. Burning dllowed

3. Salvage

a. No salvage af disposai site proper allowed
b. Controlled salvage procticed
c. Scavenging allowed

4. Vactor ntrol

a. Not practiced because unnecessary
b. Proper vector control supplied
c. Vectors (rats, flies, eftc.) present, but no control

EEOPOR
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TABLE G~9(Cont.)
LAND DISPOSAL EVALUATION SHEET

Points
St. P
Possible 1-Si f:u‘

5. Dust Conirol

a. Not required, or suitable control measures

are supplied ( 2) 2
b. Control provided, but inadequate (D
c. Necessary, but not provided ( 0)
6. Placement of Solid Wastes in Groundwater
a. Refuse placement above high groundwater mark (3) 5
b. Intermittent contact possible ( 3)
c. Refuse deposited in water ( 0)
7. Surface Drainage
a. Surface waters diverted from fill areg; no
ponding present ( 6)
b. Occasional water runs onto surface ( 4) )
c. No surface water control, cover scouring
and erosion ( 0)
‘8. Animal Feeding
a. No animal feeding allowed, fencing provided
to prohibit animals (2) 2
b. Animal feeding allowed (0)
° Sub Total (27) 23
Total (100) 66 **

* |ndicates points fo be assigned if condition is met

#% Score of 85 is rated acceptable by EPA
Score of 70-85 is rated marginally acceptable
Score of 55-70 is rated minimally acceptable
Score less than 55 is rated unacceptable
9 Eirst aid limited to kit in trailer.
All weather access for trucks, not cars.
SWeighing facilities af baler.
Bales compacted to greater density permitting greater cell depth.
€L itter control consists of periodically scraping work area. Not much blowing litter.

uo1280
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