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FOREWORD

In the spring of 1972, the Office of Solid Waste Management
Programs engaged ACT Systems, Incorporated to conduct an extensive
evaluation of 11 specifically defined residential collection
systems. At that time, there was a dearth of good information on
residential collection system productivity and costs and how
various system parameters affect these items. The results of this
study effort would enable the evaluation of residential collection
systems and the design of more efficient and improved systems,
nationwide.

The 11 systems were defined to determine, insofar as possible,
the significance of specific system parameters on productivity,
efficiency, and costs for residential collection. These parameters
included point of collection, frequency of collection, crew size,
equipment type, collection methodology, incentive system, and
type of storage container. The impact of the amount of waste
generated was also examined. The systems selected were designed
to obtain as much interrelated information as possible from a
relatively small study sample.

Four crews in each of the 11 systems were studied for a period
of one year. The data gathering efforts included four quarterly
time and motion studies for the curb and alley systems, four
quarterly surveys for the backyard systems and daily operational
information gathered each working day for each system. The daily
information for each system was processed by a specially designed
computerized Data Acquisition and Analysis Program (DAAP). The
data was gathered between August 1972 and January 1974.

It is hoped that the information contained in this report will
make a significant contribution to the understanding of residential
collection system operations and to the improvement of collection
system productivity. The EPA project officers on this contract
were Dennis A. Schur, Donna Krabbe, and Kenneth A. Shuster.

--Arsen J. Darnay
Deputy Assistant Administrator
for Solid Waste Management
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PREFACE

Volume | of this report contains an overall summary
of each of the systems studied and thé significant
performance factors that resulted from the study. A
summary of the major conclusions that resulted from
the study efforts is provided.

Volume Il of this report contains the details of
the study effort and the analysis of data, and is
being published by EPA through the National Technical
Information Service. The basic data that were used
in making the analysis are included in this volume.

Volume 11l of this report is not being published,
although some copies are on file in OSWMP headquarters
in Washington, D. C., and contains the broad background
information and data that was generated by the study
effort.

A brief article on this study by the project
officer, Kenneth A. Shuster, has been accepted for

publication by the Solid Wastes Management/Refuse

Removal Journal.
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RESIDENT.IAL COLLECTION SYSTEMS

SUMMARY OF CONCLUSIONS

This study effort was designed to determine productivity and
efficiency measures for 11 specifically defined systems., The
systems were defined in terms of type of equipment, crew size,
frequency of colfécfion, point of collection, collection method-
ology, and incentive system. Bags and cans were prescribed as the
storage contaliners for all systems. The analysis was made in terms
of these factors and is contained in Volume || of this report. In
addition, an analysis was made of the productivity, efficiency,
and collection costs of these systems. For the purposes of this
report, production is defined as the total output of the collection
effort in tferms of homes served per day, and total weight collected.
Productivity is the production or output of an organizational
element related to the resources used to obtain that production.
Cost efficiency is productivity related fo the costs associated
with obtaining the productivifty. The following is a summary of the

conclusions that resulted from this study effort.

Conclusions Regarding Equipment

There was a strong tendency to underutilize the equipment from
a compaction standpoint. Only one system out of eleven was routinely
achieving a reasonable minimum "full" load weight for the equipment
being used. The majority of the systems were underutilizing the
equipment in terms of the weight achieved for "full" loads,

Onily two systems out of eleven averaged oniy one load per day,
and both of tThese unéerufilized their equipment capacities. All

other systems averaged more than one load per day.



In only two systems were the subsequent loads equal! to or
greater than the first or "full" loads. In both of these systems,
the capacity was underutilized for the first and subsequent loads.
In all cases, the weight of the subsequent loads was significantly
less than the minimum weight expected for "full" loads. This
indicates the equipment was underutilized for subsequent loads.
This procedure results in relatively more time being spent in trans-
porting and relatively less time being spent in colleqfing than there
should be in a system in which the vehicle characteristics are matched
with the route and crew characteristics.

Conclusions Regarding Crew Size

The productivity per crewman in terms of homes served and tons
collected per collection hour is greatest with the one-man crews.

On the average, the productivity of one two-man crew is less than
the productivity of two one-man crews, Likewise, the productivity
of one three-man crew is less than the productivity of three one-man
crews.

The percentage of on-route productive collection time for one-
man crews is significantly greater than the percentage of productive
+ime for two- and three-man crews. For one-man crews, the on-route
productive time is about 97 percent. For the two- and three-man
érews, the on-route productive time is approximately 70 percent.
There is no significant difference in the percentage of productive
time between the two- and three-man crews.

In going to the route and in transporting the collected waste,
only the driver is productive. All other crewmen, whether they ride
with the driver or not, are non-productive in these operational
phases. With these phases consuming approximately 30 percent of the

work day, then one-half and two-thirds of the man-hours of this effort
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are wasted for two- and three-man crews, respectively,

Conclusions Regarding Frequency of Collection

Increasing the frequency of collection from once a week to
twice a week required approximately 50 percent more crews and equip-
ment than the once-a-week systems. The average number of homes
served per week for the fwice-a-week collection systems was approxi-
mately two-thirds the number for once-a-week collection systems.
Conversely, to decrease the frequency of collection from twice a
week To once a week requires approximately 33 percent fewer crews
and equipment than the ftwice-a-week systems,

In terms of productivity factors, the twice-a-week collection
systems served approximately 50 percent more homes per collection
hour than the once-a-week collection systems. The weight collected
per collection hour, however, was only 80 percent of the weight
collected per collection hour by the once-a-week collection systems.

Conclusions Regarding Storage Point Locations

The productivity of a backyard system in terms of homes served
per collection hour and tons collected per collection hour, is
approximately one-half the productivity of a corresponding curb and
aliey system.

Conclusions Regarding Incentive Systems

Collection systems operating under the task incentive system
tend to work a smaller percentage of the normal work week than the
standard day systems.

The work effort of standard day collection systems has a tendency

to expand into overtime operations.



The collection production and productivity of the task incen-
tive systems tend to be greater than the collection production and
productivity of standard day systems.

Conclusions Regarding Storage Containers

The percentage of one-way items (bags and miscellaneous items)
does have a significant effect on the system productivity. An
increase in the percentage of one-way items reduces the time required
to service a home, and conversely, increases the number of homes
served per collection hour.

The weight per home per collection also affects the system
productivity, and this effect is greater and opposite in direction
to the effect of one-way items. An increase in weight per home
increases the time required to service a home and decreases the
number of homes served per collection hour.

Conclusions Regarding Productivity and Efficiency

Curbside is more productive and cost efficient than backyard
service.

For the curb and alley systems:

Systems that have a collection frequency of ftwice a week tend
to serve more homes per collection hour, but collect fewer tons per
collection hour, than their once-a-week counterparts.

The larger crew sizes have a tendency fo collect more tons per
collection hour.

When productivity and cost efficiency are considered on*a per
cfewman basis, there is a strong tendency for the smaller crew sizes
+o have the greatest productivity and best cost efficiency.

For backyard systems:

The system which uses the ftask incentive system has a greater



productivity than the system that uses the standard day system,
There is no clear pattern between the backyard systems regard-

ing coilection cost efficiency.

Conclusions Regarding System Costs

Regardiess of the kind of equipment that was being used, the
initial cost of the equipment, and the number of days per week the
equipment was being used, the daily equipment costs were of the same
general magnitude for all systems, except that the equipment costs
for System 6 with the detachable container equipment and mother truck
combination were significantly greater than the equipment costs for
the other systems.

The daily personnel costs were related directly to the crew
size,

For every system studied, using the study standardized cost data,
the daily personnel costs were significantly more than the daily
equipment costs. The manpower to equipment ratios averaged 1.4 for
one-man crews, 3.0 for two-man crews, and 4.5 for three-man crews.

The incremental effect of an increase in equipment costs of
$1,000 was small in comparison with'an effective increase in labor
costs per crewman of $0.50 per hour,

Since daily personnel costs were significantly more than the
daily equipment costs, cost reduction programs shouid look first in
the area of personnel costs. PFersonnel costs can be lowered by
improving personnel productivity, by reducing the numbers of personnel
or both. There was a\§frong tendency for personnel productivity to
increase as crew size decreases.

Since incremental cost effects of an increase in equipment
cost of $1,000 were small in comparison with an increase in the
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effective labor rate of $0.50 per hour, compromising equipment per-
formance for the sake of a lower equipment cost appears to be

counter productive.

Use of the Study Information

One of the primary purposes of this study effort was fo accumu-
late a base of reliable and factual performance data that could be
used by solid waste collection managers to evaluate their performance,
and also to evaluate other reasonable alternatives. Accordingly,
in reviewing the information of this report, the local manager should
ask the two following questions.

"How efficient is my system compared with the systems of the
study?".

"What will happen to my productivity and efficiency if | change
to a different system?"

The information of SECTION |1l and SECTION 111l provides the tools
for the manager to answer these questions. The primary emphasis of
this study effort was to concentrate on those factors that have the
greatest influence on productivity and efficiency. These are the
same factors for which general conclusions have been made and present-
ed in the preceding pages. More specific information for each of fhese
factors is included in Table 2 and in the discussion of the factors
in SECTION ti. All of SECTION I}, beginning on Page 75, is devoted to
evaluation and prediction procedures.

Ranking of Factors which Affect Productivity and Cost-Efficiency

All of the factors considered in this study have some i;fluence
on system productivity and cost-efficiency. All factors are interrelat-
ed to some degree. As such, it is impossible To isolate completely the
independent effects of fthe factors that were considered. However, an

attempt has been made to rank the effect of the various factors on
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system productivity and cost-efficiency and fo provide the relative magnitude of
the effect of the factors. This ranking was done by grouping the data according
To the factors being analyzed and then combining, for productivity, homes per crew-
man and tons per crewman per on-roufe hour, and for cost-effectiveness, on-route
cost per home per week and on-route cost per ton. The results of this analysis

are provided in the table below. |t must be emphasized tThat the relationships
indicated are for the results of this study and may not agree with the conditions of
a specific system. Differences in such factors as distance from street to storage,
fences and gates, ftraffic, parked cars, storage devices used, and crew mefhodology
(including routing) can significantly alfer the relative magnitude of effect, and
may even alter the order ranking for a specific system. The information in the
table, however, gives managers an indication of fthe relative effects of system
factors for the systems studied as a starting point for specific system change con-
siderations (i.e. what change(s) should |, as a manager, consider first if | want

to improve productivity and decrease costs?).

FOR ALL SYSTEMS

ORDER RELATIVE ORDER FOR RELATIVE

FOR MAGN | TUDE COST MAGN | TUDE

FACTOR PRODUCTIVITY OF EFFECT EFFICIENCY OF EFFECT
Point of Collection | 58 | 52
Crew Size (Per Crewman)* 2 38 3 9
Frequency of Collection 3 36 2 28
Incentive System 4 26 4 [
Percent One-Way !tems 5 | 4 |

(Per percent)¥**

* To obtain the effect of a decrease of 2 crewmen, muitiply the listed effect
by 2. Only (-3 man crew sizes can be used since these were the only ones studied.
** To obtain the effect of more than one percent change, muitiply the listed
effect by the percent change. Due to the |imited sample and non-linearity of this
function, a maximum of +20 percent should be used.

For each of these factors, the direction fo improve productivity and cosfs is,
from less to better: point of collection (backyard to curbside), crew size

(larger to smaller, but depends on point of collection, amount of waste, and
distance between stops), frequency of collection (twice to once-a-week), incentive
system (standard 8-~hr day to task system), and percent one-way items (less to more,

the impact is significantly greater with curbside collection than backyard).



SECTION |

BACKGROUND [INFORMATION

Definition of the 11 Collection Systems

The collection systems selected for the study were character-
ized by differences in type of equipment, crew size, frequency of
collection, point of storage, collection methodology and incentive
system. Storage containers of bags and cans were prescribed for
all systems. The eleven systems selected were defined as indicated
in Table 1. These systems were chosen to determine the relative
significance of the variables {isted, and to assure the study results

would have the broadest possible application.

Definition of a Solid Waste Collection Route

For the purpose of the collection system studies, a residential
solid waste collection route was defined as the total activities
of a collection vehicle and its crew for a period of one week.
On a daily basis, the activities begin with the departure of the
vehicle and its crew from the motor pool in the morning, and terminates
with the arrival back at the motor pool at the end of the day. The
daily activities, therefore, encompass the specific operations of
gofhg to the area in which collections will be made, collecting the
solid waste from residences, transporting the collected waste fo a
disposal point, and returning fo the route and disposal point, as
required, and finally returning to the motor pool. Special collec-
tions of items not normally handled by the collection vehicle such
as heavy logs, tree trunks or "white goods" are excluded in this

definition of a collection route.



TABLE 1

DEFINITION OF COLLECTION SYSTEMS STUDIED

Collection Frequency . Type of
System Type of Crew of Point of Collection Incentive Storage
Number Equipment Size | Collection | Storage Methodology System Container

1 Side Loader 1 1/week Curb-Alley | 1 Side of St. | Task System | Bags & Cans
2 Side Loader 1 1/week Curb-Alley | 1 Side of St. | 8-hr. day Bags & Cans
3 Side Loader 1 2/week Curb-Alley | 1 Side of St. | Task System | Bags & Cans
4 Rear Loader 2 1/week Curb-Altley | ¥ Side of St. | Task System | Bags & Cans
5 Rear Loader 2 1/week Curb—AIIey 1 Side of St. { 8~-hr. day Bags & Cans
6 Side Loader 2 2/week Curb-Alley {1 Side of St. | Task System | Bags & Cans
w/detachable
container
7 Rear Loader 3 1/week Curb-Alley | Both Sides Task System § Bags & Cans
8 Rear Loader 3 1/week Curb-Alfey | Both Sides 8-hr. day Bags & Cans
9 Rear Loader 3 2/week Curb-Alley | Both Sides Task System | Bags & Cans
10 Rear Loader 2 1/week Backyard Tote-barrel Task System } Bags & Cans
11 Rear Loader 2 1/week Backyard Tote-barrel B-hr. day Bags & Cans




In this report, reference to total hours worked does not include
time required at the motor pool at the beginning and at the end of
the day to check in and out, to check equipment or to conduct other

authorized matters. All reference to crew size includes the driver

and collectors.

General Method of Evaluating Solid Waste Collection Systems

For this study, the most productive collection systems which
met Th% requirements of Table 1 were sought. After a system was select-
ed, the four most productive routes were studied for one year. The
results of the four routes were averaged and used for analytical
purposes.

Two independent approaches were used to evaluate the systems.
One method used information which was obtained from the collection
routes on a daily basis for one year. These data were processed by
a specially designed computer program, the data acquisition and analysis
program (DAAP). Standardized costs were used with the DAAP and are
provided in Appendix 1. A summary report for the 12 months of study
is provided in Appendix 2. The second approach was based on data

obtained from time motion studies or backyard surveys which were con-

ducted on a quarterly basis.

Brief System Descriptions

General. All routes studied for each system were defined as
indicated in Table 1.

System 1, Salt Lake County, Utah. The right and left hand drive

side loading collection vehicle of Figure 1 was used. All vehicles
were 25 cubic yards in capacity. Commercial bulky construction or
bulky garden wastes were not collected. The crews averaged almost

30 hours per week working compared with a planned work week of 40 hours.
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COLLECTION VEHICLES

Figure 1
Side Loading
Collection
Vehicle

Figure 2
A Typical
Rear Loader

Figure 3
Side Loading
Collection Vehicle
with Detachable

Eight Cubic Yard
Container
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An average of 410 homes was serviced per day per crew with ‘an average
weight per home per collection of 46.2 pounds. Each crew averaged
1.8 loads per day. The average weight collected per crew per day

was 9.4 tons. The storage containers consisted of 34 percent bags,
52 percent cans, and 14 percent miscellaneous items.

System 2, Covina, California. The right and left hand drive

collection vehicle of Figure 1 was used. All vehicles were 25 cubic
yards in capacity. There was no mixing of residential and commercial
waste. The crews averaged almost 34 hours per week on collection
related activities compared with a planned work week of 40 hours. An
average of 254 homes was serviced per day per crew with an average
weight per home per collection of 71.0 pounds. Each crew averaged
1.6 loads per day. The average weight collected per crew per day

was 9.0 tons. The storage confainers consisted of 26 percent bags,
53 percent cans, and 21 percent miscellaneous items.

System 3, Phoenix, Arizona.. The right and left hand drive

collection vehicle of Figure 1 was used. All vehicles were 33 cubic
yards in capacity. There was some mixing of light commercial waste
with residential waste on all residential routes. The crews averaged

almost 32 hours per week working compared with a planned work week
of 40 hours. The City of Phoenix collected on a frequency of twice
a week. The collection da;s were Monday - Thursday, Tuesday - Friday
and Wednesday =~ Saturday. A personnel rotating system was used so
that the planned work week for the crews was only 40 hours. Cop-
sidering the six days of collection, each route averaged slightly
more than 38 hours per week compared with a pilanned period of 48 hours.
An average of 410 homes was serviced per day per crew with an average
weight per home per collection of 28.2 pounds. Each crew averaged 1.0

loads per day. The average weight collected per crew per day was 5.7
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tons. The storage containers consisted of 29 percent bags, 53
percent cans, and 18 percent miscellaneous items.

System 4, Rockford, lllinois. The residential collections in

the City of Rockford were performed by a private contractor to the
City of Rockford. The company used the rear loading collection
vehicle of Figure 2. All vehicles were 20 cubic yards in capacity.
There was no mixing of residential and commercial waste.

For this study effort, only operational data were provided.

By agreement between the OSWMP and the Corporate Office of the

conTrachr, financial information pertaining fo the collection

activities would not be provided. No financial information was
obtained during the study effort.

The crews worked an éverage of almost 36 hours per week working
compared with a planned work week of 40 hours. An average of 512
homes was serviced per day per crew with an average weight per
home per collection of 49.3 pounds. Each crew averaged 2.4 loads
per day. The average weight collected per crew per day was 12.6
Tons. The storage containers consisted of 56 percent bags, 28 per-
cent cans and 16 percent miscellaneous items.

System 5, Flint, Michigan. The rear loading collection vehicle

of Figure 2 was used. Vehicles were 20 and 25 cubic yards in capacity.
There was no mixing of residential and commercial waste.

There was no distinction between the driver and collector, and
they alternated between driving and collecting. The crews averaged
slightly more_ than 35 hours per week on collection related activities
compared with a planned work week of 40 hours. An average of 575
homes was serviced perbday per crew with an average weight per home
per collection of 50.5 pounds. Each crew averaged 1.9 loads per

day. The average weight collected per crew per day was 14.5 tons.
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The storage containers consisted of 85 percent bags, 6 percent cans

and 9 percent miscellaneous items.

System 6, Tucson, Arizona. The right and left hand drive

collection vehicle of Figure 3 was used. This vehicle used a
detachable container of eight cubic yards. The full containers

were serviced by a front loading auxiliary vehicle (mother +truck)

of 32 cubic yards capacity. There was some mixing of |ight commer-
cial waste with the residential waste on all of the residential
routes.

The four routes sftudies operated in a specifically designated
geographical area and were supported by one mother truck.

For the purposes of this study, all of the waste from the
four routes was kept separate from other wastes and was weighed
separately. This was not the normal procedure in the City.

The crew consisted of two men with no distinction between the
driver and collector. Both crewmen drove and collected. The crews
averaged slightly more than 23 hours per week compared with a
planned work week of 32 hours on residential collections. The fre-
quency of collection in Tucson was twice a week. The collection
days were Monday-Thursday and Tuesday-Friday. Wednesday was used
for ;pecial non-residential collections or for maintenance operations.

An average of 574 homes was serviced per day per crew with an
average weight per home per collection of 24.4 pounds. Two of the
four routes had a large percentage of mobile homes on them. Each
crew averaged 4.4 loads per day. The average weight collecfed'per
crew per day was 7.0 tons. The storage containers consisted of 19
percent bags, 61 percent cans, and 20 percent miscellaneous items.
Subsequent to the completion of the study, the sanifation adminisftrator

reported that changes were made to add approximately. 200 homes per day
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to the routes. With this change, the crews averaged approximately
28 hours per week compared with a planned 32 hours.

System 7, Warwick, Rhode Island. The rear loading vehicle of

Figure 2 was used. Vehicles were 16 and 20 cubic yards in capacity.
There was no mixing of residential and commercial waste.

The crew averaged 26 hours per week working compared with a
planned work week of 40 hours. An average of 407 homes was serviced
per day per crew with an average weight per home per collection of
62.2 pounds. One route had a high percentage of estate type resi-
dences on it with greater distances between stops than the typical
suburban areas. Each crew averaged 2.2 loads per day. The average
weight collected per crew per day was 12.7 tons. The storage ;on-
tainers consisted of 56 percent bags, 28 percent cans and 16 percent

miscellaneous items.

System 8, Oak Park, lilinois. The rear loading vehicle of

Figure 2 was used. Vehicles were 17, 18, 20 and 25 cubic yards in
capacity. There was no mixing of residential and commercial waste.
Approximately 98 percent of the refuse was colfected from a!leys
The crews averaged slightly more than 39 hours per week on collection
related activities compared with a planned work week of 40 hours.
Crews collected along the route as far as possible within the normal
eight-hour day, then continued from the stopping place on the follow-
ing day. An average of 306 homes was serviced per day per crew with
an average weight per home per collection of 64.9 pounds. Each crew
averaged 1.6 loads per day. The average weight collected per crew
per day was 9.7 tons. The storage containers consisted of 25 percent

bags, 47 percent cans and 28 percent miscellaneous items.

System 9, Metropolitan Dade County, Florida. The rear loading

vehicle of Figure 2 was used. Vehicles were 20 and 25 cubic yards in
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capacity. There was some mixing of light commercial waste with the
residential waste on all of the routes.

The crews averaged slightly more than 25 hours per week working
compared with a planned work week of 40 hours. Metro-Dade County
collected on a frequency of twice a week. The collection days were
Monday-Thursday and Tuesday-Friday. No collections were made on
Wednesday. The normal collection day was considered to be 10 hours.,
An average of 854 homes was serviced per day per crew with an average
weight per home per collection of 33.1 pounds. Each crew averaged
2.3 loads per day. The average weight collected per crew per day
was 14.1 tons. The storage containers consisted of 46 percent bags,
41 percent cans and 13 percent miscellaneous items.

System 10, San Leandro, California. The rear loading vehicle

of Figure 2 was used. Vehicles were 20 cubic yards in capacity.
There was some mixing of |light commercial waste with the residential
waste on all of the routes.

This was a backyard system. The crew size was Tyo men. There
was no distinction between the driver and collector, and they alter-
nated the driving. The crews averaged slightly more than 31 hours
per week working compared with a planned work week of 40 hours.

An average of 364 homes was serviced per day per crew with an average
weight per home per collection of 33.9 pounds. Each crew averaged
one load per day. The average weight collected per crew per day

was 6.2 tons. The storage containers consisted of 2 percent bags,

96 percent cans and 2 percent miscellaneous items.

System 11, Racine, Wisconsin. The rear loading vehicle of

Figure 2 was used. Vehicles were 13, 16 and 20 cubic yards in

capacity. There was some mixing of I%ghf commercial waste with the
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residential waste on all of the routes.

While this was considered a backyard system, approximately
one-third of the collections were made from the curb or alleys.
The crew size was two men. There was no distinction between the
driver and collector, and they alternated the driving. The crews
averaged almost 35 hours per week on collection related activities
compared with a planned work week of 40 hours. An average of 243
homes was serviced per day per crew with an average weight per
home per collection of 51.1 pounds. Each crew averaged 1.9 loads
per day. The average weight collected per crew per day was 6.2 tons.
The storage containers consisted of 33 percent bags, 55 percent cans,

and 12 percent miscel laneous items.

How Representative Are the Systems Chosen

There is great variability in the conduct of residential collec-
tion operations across the country. This variability takes many
forms. There may be public and private collection operations.
Within the collecting organization there may be differences in the
operating parameters such as the kind of coliecting equipment that
is used, the size of the crew, the frequency of collection, the
residential collection point, the collection methodology, the incen-
tive system and the kind of storage containers that are used. There
are additional factors that have an impact on the collection opera-
tion. These may include the climate of the geographical area, the
affluence of the area, the amount and type of waste generated, the
housing densities, the types of structures (single or multi-family),
the distance to the disposal site and any queuing that might exist
at the disposal site, the local ordinances or rules and regulations,

the personnel administration policies, pay scales, and fringe
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benefits. This is not an all inclusive list, but does indicate most
of the factors that can influence a residential coliection operafionr

In conceiving this study, the OSWMP desired to obtain reliable
information on those facets of a collection operation that appeared
to have the greatest impact on the productivity and efficiency of
various systems. |In addition, it was desired to obtain quantified
measures of productivity and efficiency from the best operating
systems that could be reasonably found. Accordingly, the factors
included in Table 1 were used.

For the purposes of the study, it was desired fto study the most
productive and most efficient systems that could be found and that
met the prescribed definitions. 1|+ was hoped that the systems would
also provide a reasonable geographica] distribution to make the result
more generally applicable.

The systems described in the preceding section resulted from the
systems search. The system that was chosen for study was considered
to be the most productive and efficient of the systems that were
known at the time of selection.

‘That there may be more productive systems than the systems used
in this study does not invalidate the study results or conclusions.
I+ is felt that the results of this study are representative and
provide reasonable productivity and efficiency goals for comparison
purposes. These results will also provide solid waste managers with
a valid estimate of what can be expected if a change in system

operation is contemplated.
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SECTION 11

ANALYSIS OF STUDY DATA

Selected ltems From the DAAP and Time Motion Reports

To simplify the presentation and understanding of the study
data, items of key interest have been extracted from the DAAP and
time motion reports and are provided in this section and in Appendices
3-5. More complete data are provided in Volumes Il and |11I.

The yearly averages of selected parameters by system are provid-
ed in Appendix 3.

The monthly generation rates in pounds per home per week by
system are provided in Appendix 4.

The collection rates in tons per crew per day by system on a
monthly basis are provided in Appendix 5.

Collection System Productivity

and Cost Efficiency

There is considerable confusion regarding the terms production,
productivity. and efficiency. The following concepts will apply
for the purposes of This report.

Production, as it pertains to residential solid waste collection
activities, is the total output of a work effort in terms of homes
served per day and total welight collected. The concept of production
applies to every organizational element from the individual route
up to and including the highest level (city or company). Production
in a residential collection operation can be increased by adding more
resources. A manager can increase the number of homes served per
day and the number of fons collected by increasing the size of his

crews or by adding more crews or by a combination of these methods.

Both procedures are followed extensively in practice.
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Productivity is the production or output of an organizational
element related to the resources used to obtain that production.
Thus, if two organizational elements have the same production with
the same input of resources, the productivity will be equal for
both elements. However, if greater production is achieved with the
same input of resources, or if a constant fevel of output is
achieved with a smaller input of resources, the productivity will
be increased. Thus, a manager can also increase production by
increasing productivity.

For this report, the basic productivity measures will be homes
served per crewman per collection hour and tons collected per crew-
man per collection hour. That is, output is related to manpower
input. For information purposes, the less meaningful productivity
measures of homes served per crew per collection hour and tons
collected per crew per collection hour are also presented.

Another productivity concept that is included in this report
is marginal productivity. |In this concept the incremental effect
of adding a crewman is determined. An additional crewman may
increase or decrease the productivities of the other crewmen. |If
the additional crewman is able to produce more than the other crew-
meﬁ; and if he helps the other crewmen to produce more, then adding
the additional crewman is beneficial. |f the additional crewman
produces less than the other crewmen, and as a result the entire
crew produces less on a per crewman basis, then adding the additional
crewman is detrimental. The marginal productivities will alsd be
measured in terms of homes served per collection hour and tons collec-
ted per collection hour.

Most of the discussion of productivity has been limited tfo
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activities in tTerms of collection hours (fime on route) in order

to separate out transport activities to permit on-route productivity
comparisons. Because of the individual circumstances surrounding
the systems in this study. there were different round trip transport
distances and times, different dump times and a different number of
loads per day. On a dally basis, these differences would have a
gignificanT impact on productivity. By considering productivity on
a collection hour (on-route) basis, the differences are eliminated
and true productivity comparisons can be made.

While it is possible to design a single index to indicate the
level of productivity for various residential collection systems,
this approach was not considered for this report. No single item,
by itself, will permit a valid comparison of system productivities.
Instead, it is necessary to look at each factor separately in order
to compare system operations.

In place of a single index the productivity factors for the
various systems are related to the same factors for System 1. See
Table 1 for a definition of System 1. In this study. System 1 is
considered to be the basic system because it is the simplest in
concept. System 1 is also the most productive in terms of output
to input. These indices are presented later in this report. |In all
cases, the index is the performance value of a compared system
divided by the performance value for System 1.

For .comparative purposes, the most meaningful system performance
measure is the collection cost efficiency index. As used in this
report, this index associates the concept of productivity with
collection cost. Cost efficiency may be examined on an on-route

or fotal day basis.
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The organization that achieves a given level of productivity
at least cost has the greatest collection cost efficiency. For
example, if two crews have exactly the same performance parameters
per day in terms of homes served, weight collected, miles traveled
and ftime worked, their productivity would be exactly the same.

[f one crew was using a new vehicle of 20 cubic yards capacity

and the other crew was using one of 25 cubic yards capacity, then
the crew that was using the vehicle of 20 cubic yards capacity
would have the greater cost efficiency. The reason for this is
that the 25 cubic yard vehicle would cost more, and this additional
cost would be reflected as an additional incremental cost for each
parameter being considered. The system that has a collection cost
per home of $0.13 per week is more efficient than systems with a
collection cost per home per week greater than $0.13.

Before presenting the productivity and cost efficiency results
of the systems in this study, it is necessary to discuss the mul+ti-
variable nature of solid waste collection and the compariability
of systems. There are many community and system variables that
impact on productivity and cost efficiency. These variables are
so interrelated and dependent upon each other that It is.extremely
difficult to identify the full impact of any single variable. When
comparing systems, it is necessary to hold constant as many variables
as possible while considering other variables. Variables easily held
constant in comparing systems include: point of collection, ™ requency
of collection, crew size, incentive system and vehicle size and type.
Other variables are difficult, if not impossible, to hold constant.

They include amount of waste, type and number of storage devices,
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housing density, collection methodology, traffic, and street to
storage distance. Because the nature and effect of a variable may,
at times, be impossible to identify and define, even experienced
analysts may have difficulty in deciding which of two systems is
better. [t is also possible to overlook an important variable and
make an invalid conclusion. With these cautioning remarks in mind,
the next portions of the report present an analysis of the data that
were obtained during the study. In making the analysis the objective
is to highlight the significant impact of the variable being con-
sidered. The values reported are those that resulted from this study
effort. The magnitude of the relationship may not be the same in
another system comparison; however, the relationships that are
developed should apply generally. For example, the results clearly
show that curbside is more productive and cost efficient than back-
yard service, but for any given system, other factors may make this
difference more or less than that reported from the study.

Presentation of System Productivity and Efficiency Measures

The most significant descriptive and performance parameters
that relate to productivity and cost efficiency are summarized for
each system in Table 2. This information was extracted from the
DAAP and time motion reports.

The table is divided into several sections. At the top of
the table is a description of each system. The data are grouped
by curb/alley systems and backyard systems, then by frequency of
collection and by crew size.

The second section shows percent of total crew time spent
on various activities. Data in this section are derived from the

DAAP and the time motion reports.
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TABLE 2

SYSTEMS PRODUCTIVITY AND EFFICIENCY MEASURES

SYSTEM DEFINITION

24

CHARACTERISTICS CURB-ALLEY SYSTEMS ?¢§¥§Q§°
System Number | 2 4 5 7 8 3 & 9 10 |
Collections/Week 1 | 1 1 1 | 2 2 2 ! |
Crew Size ] ! 2 2 3 3 ] 2 3 2 2
Incentlive System Task [Std dy| Task |Std dyTask [Std dy|Task |[Task [Task Task |Std d
Collection Pattern I sidell side|l sidell 'side|B9%h, Both -l sideli side| BoYh[TOte 1[58te,,
Vehicle Size (Cu Yds) & Type |25 SL [25 SL |20 RL|25 RL |20 RL | 25 RL{33 sL|s-Dc. |20 RL Hzo RL| 13 RL

’ ACTIVITY PERCENT OF TOTAL CREW TIME SPENT ON ACTIVITY
To Route And Transport 34.8 {32.2 {315 | 30.2| 24,2 |35.4 |22.6 127.2 | 30.0{ 18.3 |20.6
g Driving* 17.9 113.5 ] 8.9 | 12.2| 5.8 3.1 |24.7 {10.0°] 7.2 --~= |----
R Riding* Walking ‘0.0 o.0f 7.8 | 11.6|11.8| 5.8 0.2 (18.1 14,5 f| ==== |----
o' ]cotiecting 45.8 | 51.5 |30.6 | 19.5]| 35,7 | 38.2 [50.1 [27.8 | 29.3[81.7 [79.4
g Waiting**# 0.81 1.8 |20.8 | 26.4(22.2{17.3 | 1.1 |6.5 |18.5~-=- |----
g |Other¥*# 0.7 1.0 0.4 0.2] 0.3| 0.4 | 123 {10.4 0.5 f| ~=-—- [----

* Driving Riding For |-Man Systems » A ;

*#¥Non-productive Time

# Waiting includes compaction delays TOTAL TIME UTILIZATION (PERCENT)
Crew Productive Time 98.5 197.2 |63.0:|58.3 .161.3 158.7 |97.6 |169,5461.0[ """ |====
Crew Non-Productive Time 1.5 2.8 |37.0 |41.7 38.7 {41.3 2.4 [30.5]39.0 [ ~om— fomm-
Total 100 100 { 100 | 100 |i00 |100 Jioo 100 ] 100 J~=-= |===-~

ROUTE CHARACTERISTICS (DAILY AVERAGES)
Pounds/Home/Col lection 46.2 71.0] 49,3{ 50.5)62.2 1/64.9 128.2 24.4 ) 33.1 33.91 51.1
Percent Bags/Numbgr Per Home lisyr\ sl26/1.356/2.6/85/4,6]56/3.625/1.529/0.9]19/0.546/1.2 2/0.0[33/1.4
Percent Caus/Jumbgr Ter Home 1L, 5 5ls3/2 728/1-.3] 6/0.4]28/1 .547/2.7|53/1.661/+.5|41/1.196/1..255/2.3
Percent. Misc/Number Per Home |4/0.7(21/1.1)16/0.7{9/0.5]167i.0R8/1.7[18/0.520/0.5]13/0.4] 2/0.0]12/0.5
On Route Mlies/Day® 10.5 6.1 10.1] 13,1 }10.5] 4.5 |13.7 | 20.5]10.4 6.9/ 6.6
Transport Miles/Day 46.1 | 18.8] 32.6] 29.9 | 14.3 [34.4 [22.2 | 12.0[33.4 ] 6.0] 17.6
On Route Hours/Day 3.83| 4.56) 4.82) 4.67 {3.91 {4.88 |4.88 | 4.14]|4.38.] 5.06] 5.47
Transport Hours/Day .71y 2.01.1.92| 1.75 ] 1.05 |2.50 |1.07 1.38 1 1.55 0.98 1.25
Hours Worked/Day 5.87{ 6.7)| 7.02| 6.69]5.16 |7.57 |6.32 | 5.6916.26 | 6.19] 6.89
Loads/Day 1.8) 1.6 | 2.4 |1.9 [2.2 |i.6 [i.0 4.4 | 2.3 1.0 | 1.9
Services/Day 410 | 254 | 512 | 575 | 407 306 | 410 | 574 | 854 364 | 243
Tons/Day 9.44] 9.00{12.62) 14.49/ 12.65/9.72 [5.73 | 6.96 | 1a.10f 6.18 6,18
ON=-ROUTE PRODUCTIVITY
Services/Crew/On Route Hour 107.3] 55,71107.01i23.3 ! 104,5¢{ 62.7} 84.2 1138.4 1200,.50 22 .1 ! A4 4
Tons/Crew/0On Route Hour 2.5 2.0 2.6] 3.1 3.3 2.0 1.2 1.7 3.3 1.2 1.1
Services/Crewman/On Route Hour 107.3] 55.7) 53.4 57.7 | 34.9f 20,9) 84.2 ]66.6 | 66.5] 35.3 2251
Tons/Crewman/On Route Hour 2.5] 2.0] t.3] 1.5 t.1] 0.7 1.2] o.8 I.tff o.6}] 0.6
COST EFFICIENCY

On Route Cost/Home/Haak 0.13] 0.20] 0.16] o.i5] 0.30] 0.36] 0,20 ] o0.37} 034l 0.27] 0,37
Total Cost/Home/Week 0.19] 0.30] 0.23]| 0.22] 0.391 0.55] 0.37.] o0.51] o0.48] 0.32]) ' 0.47
On Route Cost/Home/Year 6,76110,40| 8.32 7.80{15.60|18.72115,08 ] 19 .24%17.681114,04) 19,2
Tptal Cost/Home/Year 9.88)15.60[11.96 | 11.44] 20.28|28.60119.24'] 26.521 24.96/[16.64 | 24.4
On Route Cost/Ton 5.42| 5.75| 6.54 | 6.09] 9.71111.07410.42} 15,400 10,26[15,74 14,6
Total Cost/Ton 8.29| 8.46] 9.53 | 8.72}12.82{17.13(13.48] 21,15} 14.67/l19.26 |, 18.41
Indices of On Route Cos+ Per 1.00| 0.65] 0.81 | 0.87] 0.43]| 0.36| 0.45] 0.35] o.38) 0-48] 0.35
Indices of On Route Cost/Ton* | 1.00| 0.94] 0.83[ 0.89] 0.56] 0.49] 0.52f 0.35| 0.53] 0.34] 0.37
*|ndices based on corresponding costs for System I.



The third section summarizes the productive and non-productive
crew times for each of the systems studied. |In the collection
phase of operations, the waiting and other time are considered
non-productive. 1In going to the route and the transport phases
of the operation, only the driver is considered to be productive.

The fourth section summarizes the route characteristics for
each system to enable direct comparisons to be made among systems.

In the fifth section, productivity factors as they relate to
the performance of the crew and the performance of a crewman are
provided. The productivity factors are in terms of services per
collection hour and tons per collection hour.

The last section provides the cost efficiencies associated
with the various systems. Cost information based on the on-route
phase of operations and also on the total operations is provided.
The last two lines of this section provide indices of on~route
cost per home and on-route cost per ton.

Table 3 provides additional productivity and efficiency indices.
In each case the performance of System 1 is used as the basis for
determining the index. Since all systems are compared with System 1,
they may also be compared with each other.

The bar graphs of Figures 4 through 9 show graphically fthe
relationship among the systems for homes served per crew and per
crewman per collection hour, the tons collected per crew and per
crewman per collection hour, and the collection cost per home per
week and per ton collected.

Detailed Analysis of Systems Under S+udy

In This section, data are grouped to facilitate an analysis

of the information gathered in the study effort. An analysis will
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TABLE 3

PRODUCTIVITY AND EFFICIENCY INDICES
COLLECTION COST
PRODUCTIVITY INDEX EFFICIENCY INDEX
SYSTEM | POUNDS ] TOTAL | SERVICES SERVICES TONS TONS coST
NUMBER | PER  |SERVICES| PER CREW PER CREW PER PER PER
SERVICE] PER MAN PER | INDEX PER INDEX | CREW MAN | INDEX | CREW INDEX | SERVICE | INDEX | COST } INDEX
PER DAY COLL . HR, COLL. HR. ' PER PER PER PER
DAY COLL.HR. COLL .HR. WEEK TON
1 46.2 410 107.3 1.00 107.3 1.00 2.5 1.00 2.5 1.00 | .13 1,00 | 5.42 1,00
2 71.0 254 55.7 52 55.7 152 2.0 80 2.0 80 | .20 65 | 5.75]1 .94
3 28.2 410 84,2 78 84.2 78 1.2 48 1.2 48 1 .29 45 {10,421 .52
4 49,3 512 53.4 50 107.0 1,00 1.3 152 2.6 1.04 | .16 81 | 6.54) .83
5 50.5 575 57.7 54 123.3 1.15 1.5 .60 3.1 1.24 | .15 .87 16,091 .89
= 6 24.4 574 66.6 .62 138.4 1.29 8 .32 1.7 68 | 37 35 (1540 .35
7 62.2 407 34.9 33 104.5 97 1.1 A 3.3 1.32 | .30 A3 19,711 .56
8 64.9 306 20.9 19 62.7 58 7 .28 2.0 80 | .36 36 (11.071 .49
9 33.1 854 66.5 .62 200.5 1.87 1.1 A 3.3 132 | .3 38 10,26 | .53
10 33.9 364 35.3 33 72.1 .67 .6 24 1.2 M8 27 48 115,741 34
11 51.1 u3 22.1 21 44,4 A1 6 24 1.1 A4 37 35 (14,62 | .37
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FIGURE 8
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be made of the individual paramefers of Table 1, then an overall
analysis of system productivity, efficiency, and costs will be made.
All of the parameters under consideration are interrelated fto some
degree. It is impossible to isolate completely the independent
effects of each factor being considered. General trends and signifi-
cant conciusions, however, can be made from the analysis.

Performance Analysis by Type of Equipment

General. Systems 1, 2, and 3 used the side loading equipment
(Figure 1). The vehicle may be loaded and driven from either side,

The collection vehicle was designed to be operated by a one-man
crew. The packer is designed to achieve densities in the range of
500 to 550 pounds per cubic yard. The packer can be operated by
the main vehicle engine or by an auxiliary engine. The vehicle is
available in four sizes: 25, 29, 33, and 37 cubic yards.

System 6 used the side loading vehicle of Figure 3. This
vehicle used a detachable container of eight cubic yards. The full
confainers were emptied by a front loading mother truck. The
colliection vehicie may be foaded and driven from either side, and
was designed fto be operated by a one- or two-man crew. The vehicle
is designed to achieve densities in the range of 500 to 600 pounds
per cubic yard,

All other systems used the conventional rear loading equipment
of Figure 2. The vehicle was designed to be operated with a crew
of two o6r more. The rear loading equipment may be either medium
duty or heavy duty from a compaction standpoint. The medium duty
equipment is designed to achieve densities in the range of 700 to
750 pounds per cubic yard. The heavy duty equipment is designed

to achieve densities in the range of 900 fo 1,000 pounds per cubic
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yard. Rear loading equipment is available in many sizes, ranging
generally from 10 to 25 cubic yards.

A summary of the significant equipment performance data obtain-
ed during the study is provided by Table 4. For the purposes of
this study, the first loads were assumed to be "full" loads in terms
of the operating performance of each system. Figure 10 shows
graphically the relationship between the weight of the first loads
and the weight of the other loads.

The information of Table 4 shows the difference between the
equipment performance being achieved in actual practice and the
minimum performance that can reasonably be expected from the equip-
ment. While there were differences in the age of the equipment
being used in this study, all of the equipment was sufficiently
new to be able to achieve the minimum compaction densities establish-
ed in the table.

Discussion. Many factors influence the selection of collection

equipment. Some of these factors include the size of the crew,

the number of homes to be served, the waste generation rates, the
type of waste being collected, the time spent in collecting waste,
the distance to the disposal point and relative costs of the equip-
ment.

In considering compaction collection vehicles, the user has
the choice of front loading, side loading, or rear loading equip-
ment. The user can also select light duty, medium duty, or heavy
ddfy compacting equipment. Within each of these categories, a
wide range of sizes is available.

In selecting his equipment, the user should ma+ch +he equipment

specifications (size, type, and compacting performance) with the
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TABLE 4

EQUIPMENT PERFORMANCE DATA

STUDY RESULTS EXPECTED RESULTS

SYSTEM TYPE AVERAGE | AVERAGE AVERAGE AVERAGE WEIGHT RATIO WEIGHT PER MINIMUM| MINIMUM2 RATIO3
NUMBER EQU I PMENT SIZE LOADS WEIGHT FIRST ALL ALL OTHERS CUBIC YARD EXPECTED EXPECTED FIRST LOAD
(CU YD) | PER DAY PER DAY LOAD OTHERS TO FIRST FIRST LOAD WEIGHT PER WEIGHT TO MINIMUM
: (TONS) (TONS) (TONS) LOAD (POUNDS) CUBIC YARD PER LOAD EXPECTED
(POUNDS) (TONS) WEIGHT PER

LOAD

! SL 25.0 i.8 9.44 6.43 3.95 0.61 515 500 6.25 1.03

2 SL 25.0 1.6 9.00 5.93 4,90 0.83 474 500 6.25 0.95

3 SL 33.0 1.0 5.73 5.69 3.41 0.60 345 500 8.25 0.69

4 RL 20.0 2.4 12.62 5.92 4,92 0.83 593 700 7.00 0.85

5 RL 24,2 1.9 14,49 9.02 5.85 0.65 744 900 10.89 0.83

6 pc 8.0 4.4 6,96 1.56 .58 1.00 390 500 2.00 0.78

7 RL 20.0 2.2 12.65 6.61 4,89 0.74 662 700 7.00 0.94

8 RL 23,0 1.6 9.72 5.98 6.84 .14 525 700 8.05 0.74

9 RL 20,0 2.3 14,10 6.93 5.35 0.77 693 700 7.00 0.99

10 RL 20,0 1.0 6.18 6.14 2.38 0.39 614 700 7.00 0.88

H RL 15.0 t.9 6.8 3,86 2,60 0.67 522 700 5.25 0.74

ﬁ_—_
NOTES 1. Assumed densities based on expected performance by manufacturers of equipment,

Norma! densities for the side foading vehicle should range from 500 to 550 pounds per cublc yard.
Normal densities for medium duty rear loading packing equipment should range from 700 to 750 pounds per
cubic yard.

Normal
Normal

densities
densitles

per cubic yard.

2. Expected minimum

system vehicles.

for the detachable container should range from 500 to 600 pounds per cubic yard.
for heavy duty rear loading packing equipment should range from %00 to 1,000 pounds

load based on the minimum densities of Note 1 and average size (cubic yards) of the

3. Ratlo of the system first load welght which is assumed to be a "full" lo&d, and the minimum expected
welght per load,.
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characteristics of his operation (crew size, weight to be collected,
collection time and distance to the disposal point) such that full
loads are collected, insofar as possible, and the number of loads

is minimized. Full loads in this context means achieving the minimum
compaction density for the class of equipment being used or consider-
ed. Collecting full loads minimizes the proportion of time being

spent in the collection phase of the operation by minimizing The
transport time and number of loads and provides maximum cost effective-
ness in the utilization of the collection equipment.

The decision to select a specific kind and size of collection
equipment should not be taken lightly by the solid waste collection
manager. The most important reasons are that equipment impacts on
|labor productivity. and the equipment selected represents a consider-
able capital investment that will be used for several years. During
the period of use, there is little that can be done to change a bad
decision because in most cases the equipment is used until it is
worn out. This period is generally from five to ten years. Since
most packers tend to be competitive in cost, price should not be a
primary consideration in selecting equipment.

Two general methods can be used to determine the size of vehicle
that is required for the collection operations. The best method is
to match the equipment specifications with the expected operational
performance. |In this case, the kind and size of vehicle is determined
from a rational ahalysis of the factors that effect the collection
activities. The significant factors would include crew slze, the
annual generation rates, the time available for collecting, and
the performance standards expected from the crews. With this infor-

mation, the trade-offs between the kinds of vehicles and then sizes

37



can be analyzed to provide the most cost-effective solution for the
operation.

An alternate method is deciding on a general purpose vehicle,
such as medium duty packer of 20 cubic yards, and then designing the
route around this vehicle. This is the method that is probably used
most often; however, with this method there tends to be a significant
imbalance between the capabilities of the vehicle and the character-
istics of the route and capability of the crews. Thi; leads to the
underutilization of vehicles that is indicated in Table 4.

The difference between the minimum compaction density and
maximum compaction density constitutes a reserve that can be used
to handle peak generation rates or to permit growth in the route
structure. This reserve Is of the nature of 50 pounds per cubic
yard for the light and medium duty equipment and 100 pounds per cubic
yard for heavy duty equipment.

Iln only one system the weight of the subsequent loads exceeded
the weight of the first load. This condition indicates the time
at which collection ends for the first load is being dictated by
considerations other than having a full load. Even though the subse-
quent loads were heavier than the first loads, they were still
significantly less (0.85) than the minimum expected weight for a
full load.

Conclusions. The following conclusions resulted from a con-

sideration of the equipment used in the study.

There is a strong tendency to underutilize the equipment from
a compaction standpoint. Only one sysfem out of eleven routinely
achieved a reasonable minimum first load weight for "full" loads

for the equipment being used.
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Two systems out of eleven averaged only one load per day. and both
of these underutilized their equipment capacities. All other systems
averaged more than one load per day.

In two systems the subsequent loads were equal to or greater than
the first or "full" loads. |In all cases, the weight of the subsequent
loads was significantly less than the minimum weight expected for
"full" loads. This indicates the equipment was underutilized for
subsequent loads. This procedure resuits in relatively more time
being spent in transporting and relatively less time being spent in
collecting than there should be in a system in which the vehicle
characteristics are matched with the route and crew characteristics.

Performance Analysis by Crew Size

General. n this analysis only the curb and alley systems were
considered. Both backyard systems used a c¢rew of two men. The curb
and alley systems used crew sizes of one, two, and three men. While
there were significant differences in the operation of the nine curb
and alley systems, the analytical approach provides a general indi-
cation of what can be expected from crews of various sizes. Data
were examlined from the standpoint of the whole crew and also from
the standpoint of the individual crewman.

A summary of the significant crew and crewman performance data
for curb and alley systems is provided by Table 5. This table
shows the productivity of the various systems in terms of homes
served and tons collected.

A summary of crew productive time for curb and alley systems
is provided by Table 6.

The marginal productivity of the crews and individual crewmen

for curb and alley systems is provided by Table 7. In the first

39



oy

TABLE 5

CREW PERFORMANCE DATA (CURB AND ALLEY SYSTEMS)

CREW DATA CREWMAN DATA
sYsTeM | crew | HOMES SERVED| HOMES SERVED | TONS COLLECTED | ToNs coLLECTED) HOMES SERVED TONS COLLECTED
NuMBER | stzE PER CREW PER CREW PER CREW PER CREW PER CREWMAN INDEX | PER CREWMAN INDEX
: PER DAY  JPER COLLECTION PER DAY PER COLLECTION | PER COLLECTION PER COLLECTION
HOUR¥ HOUR HOUR HOUR
SYSTEMS COLLECTING ONCE WEEKLY

Rt 1 410 107.3 9.44 2.5 107.3 1.00 2.5 1.00

2 1 254 55.7 9.00 2.0 55,7 0.52 2.0 0.80
;541 2 512 107.0 12.62 2.6 53.4 0.50 1.3 0.52
s 2 575 123.3 14.49 3.1 57.7 0.54 1.5 0.60
7 3 407 104.5 12.65 3.3 34.9 0.33 1.1 0.44
8 3 306 62.7 9.72 2.0 20,9 0.19 0.7 0.28
4 SYSTEMS COLLECTING TWICE WEEKLY

'J; 1 410 84.2 5.73 1.2 84.2 0.78 1.2 0.48
.6 2 & 574 138.4 6.96 1.7 66.6 0.62 0.8 0.32
9 3 854 200.5 14.10 3.3 66.5 0.62 1.1 0.44

"*Col lection hour = on~route time
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TABLE 6

CREW PRODUCTIVE TIME (CURB AND ALLEY SYSTEMS)

ON-ROUTE ACTIVITIES

TOTAL ACTIVITIES

System Crew Relatlive Relative Percent Percent Relative Percent Percent
Number Size Time On Productive Productive Non-Productive Total Productive Non-Productive
a Route Time Time Time Time Time Time
b ! 65.2 63.7 97.6 2.4 100.0 98.5 1.5
2 I 67.8 65.0 95.8 4.2 100.0 97.2 2.8
3. | 77.4 75.0 96.8 3,2 100.0 97.6 2.4
4 2 68.5 47.3 69.0 31.0 100.0 63.0 37.0
5 2 69.8 43.2 61.8 38.2 100.0 58.3 41.7
6 2 72.8 55.9 76.7 23.3 100.0 69.5 30.5
7 3 75.8 53.3 70.3 29.7 100.0 61.3 38.7
8 3 64.6 46.9 72.6 27.4 100.0 58.7 41.3
9 3 70.0 51.0 72.8 27.2 100.0 61.0 39.0




TABLE 7

MARGINAL PRODUCTIVITY (CURB AND ALLEY SYSTEMS)

A4

CREW .HOMES PER MARGINAL TONS PER CREW MARGINAL HOMES PER MARGINAL TONS PER MARG I NAL

SIZE CREW PER HOUR INCREASE IN PER HOUR INCREASE 1IN CREWMAN PER DECREASE IN CREWMAN DECREASE IN
PRODUCTIVITY PRODUCTIVITY HOUR PRODUCTIVITY PER HOUR PRODUCTIVITY
- HOMES PER TONS PER HOMES PER TONS PER
CREW PER HOUR CREW PER HOUR CREWMAN PER CREWMAN

HOUR PER HOUR
AVERAGE OF ALL SYSTEMS

| man 82.4 |  ce--- 1.9 _— 82.4 ——- 1.9 -—-

2 man 122.9 40.5 2.5 0.6 59.9 22.5 1.2 0.7

3 man 122.6 (0.3) 2.9 0.4 40.8 19.1 1.0 0.2

AVERAGE OF ALL SYSTEMS COLLECTING ONLY ONCE A WEEK

[ man 8l.5 | ------ 2.3 -=--- 81.5 ———— 2.3 ---

2 man 115.2 33,7 2.9 0.6 56.6 24.9 1.4 0.9

3 man 83.6 (31.6) 2.7 (0.2) 27.9 28.7 0.9 0.5

| AVERAGE OF ALL SYSTEMS COLLECTING TWICE A WEEK

I man 84.2 -—- 1.2 - 84.2 ———- I R

2 man 138.4 54.2 1.7 0.5 66.6 17.6 0.8 0.4

3 man 200.5 62.1 3.3 1.6 66.5 0.1 1. (0.3)

MOST PRODUCTIVE PARAMETERS FROM ALL SYSTEMS

| man 107.3 -———— 2.5 —— 107.3 —-—— 2.5 ———

2 man 138.4 3. 3.1 0.6 66.6 40.7 1.5 1.0

3 man 200.5 62.1 3.3 0.2 66.5 0.1 I 0.4




section of the table, system averages by size of crew are indicated.
Each number for each crew size represents eight once-a-week and four
twice-a-week crews. |In the second portion, information for those
systems that collect once weekly was averaged by size of crew.
In the third section, information for those systems that colfect
twice weekly is provided., In the last section, the best single
parameter for each crew size was used, regardless of fThe frequency
of collection.

Ranges of crew and crewman productivity are provided by Table 8.

Discussion. Many factors influence the productivity of the
collection crews and crewmen. Some of these factors include the
point of collection, frequency of collection, routing, housing
density, traffic and parked cars, collection methodology, width of
the street, type of equipment being used, the expected work effort
in the normal work day, the waste generation rates, the type of
waste being colliected, the nature of the storage container, general
climate conditions, the kind of incentive system and the motivational
aspects of the collection organization to include the relative pay
scales. No attempt was made during this study to isolate the effect
of the individual factors that influence the crew productivity.

While there is considerable knowledge on the motivational aspects

of many kinds of workers, there is very little information in the

literature concerning the solid waste collector. +this study
shows that the one-man crew is significantly more productive than
his counterpart in muiti-man crews. One can speculate, based

on motivational studies that have been conducted with other work-
ers, that this is related to the degree of control the one-man

crew exercises over his task. He has control over his time
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TABLE 8

RANGES OF CREW AND CREWMAN PRODUCTIVITY (CURB AND ALLEY SYSTEMS)

CREW PRODUCTIVITY CREWMAN PRODUCTIVITY
HOMES PER COLLECTION HQUR* { TONS PER COLLECTION HOUR* HOMES PER COLLECTION HOUR¥ TONS PER COLLECTION HOUR
ﬁﬁﬁggg RANGE AVERAGE RANGE AVERAGE RANGE AVERAGE RANGE AVERAGE

1 92-124 107 1.9-3.2 2.5 92-124 107 1.9-3.2 2.5
2 50-68 55 1.7-2.3 2.0 50-68 55 1.7-2.3 2.0
3 77-92 84 1.1-1.3 1.2 77-92 84 1.1-1.3 1.2
4 94-135 107 2.1-3.1 2.6 47-67 53 1.1-1.6 1.3
5 110-165 123 2.7-3.8 3.1 45-78 57 1.2-1.9 1.5
6 130-159 138 1.5-1.9 1.7 62-79 66 0.8-1.0 0.8
7 87-125 104 3.0-4.0 3.3 29-41 34 1.0-1.3 1.1
8 58~66 62 1.5-2.3 2.0 19-22 20 0.5-0.7 0.7
9 179-226 200 3.1-3.5 3.3 58-74 66 1.0-1.2 1.1

* Collection = On-Route




and physical movement. He establishes the pace at which he chooses
to work. He is not dependent upon the activities of other crew
members. He also has complete control over his technical environment
He is generally freer from close direct supervision. These control
aspects may give the one-man crews dgreater job satisfaction, and
hence, result in greater productivity. In addition, the one-man
crews generally receive more pay than members of larger crew sizes.
This situation also probably contributes to the greater productivity
of one-man crews.

The time motion data indicate that the one-man crews spend a
significantly greater proportion of the on-route time in productive
activities in comparison with the two- and three-man crews. The
average on-route percentage of productive time for the one-man
crews was 96.7 percent. The non-productive time was about equally
divided between waiting and other time. The two- and three-man
crews show a significant decrease in the proportion of productive
time on-route. This percentage averaged 69.2 for the two-man crews
and 71.9 for the three-man crews. The non-productive time with the
two- and three-man crews was associated primarily with waiting.

In these cases, one crew member is waiting on another crew member
or the crew members are waiting on the compaction cycle.

The study addressed only the productive and non-productive
times associated with the collection or on-route phase of the
operafioas. For the ftwo~- and three-man crews there was also a signi-
ficant amount of non-productive time associated with the going to
the route and fransport phases of the operation. This non=-productiv
effort is included under the total activities columns of Table 5.

These columns indicate that the percentage of productive time for
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the total activities of the day averaged 63.6 for the two-man crews
and 60.3 for the three-man crews. These figures include the non-
productive time associated with going to the route and transport-
ing waste. Table 2 indicates that approximately 30 percent of the
time for the curb and alley systems is spent in going to the route
and in transporting waste. The one-man crews are completely effec-
tive in these phases. With the two-man crews, one man is non-produc-
tive. Therefore, one-half of the man~hours spent in these phases
is non-productive. For the three-man crew, TWO men are non-produc-
tive, and two-thirds of the man-hours spent in these phases is
wasted effort.

Table 7 indicates there is a considerable range in the producti-
vity factors for each system, both in terms of t+he crew performance
and the crewman performance. Much of this variability is undoubtedly
associated with the crew members pacing themselves to get the work
done in a reasonable tTime. A review of the monthly DAAP data indi-
cates that in periods of high generation, the rate at which the
weight is collected increases. Likewise, in periods of low genera-
t+ion, the rate at which homes are served increases.

Conclusions. The following conclusions resulted from a con-

sideration of the crew sizes that were studied.

The productivity per crewman in terms of homes served and
tons col lected per collection hour is greatest with the one-man
crews. On the average, the productivity of one ftwo-man crew is less.
than the productivity of fwo one-man crews. Likewise, the produc-
tivity of one three-man crew is less than the productivity of three

one-man cCrews.

The percentage of on route productive collection time for one-
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man crews is significantly greater than the percentage of productive
time for two- and three-man crews. For one-man crews, the on-route
productive time is approximately 70 percent. There is no signifi-
cant difference in the percentage of productive time between the
two-~ and three-man crews.

In going o the route and in transporting the collected waste
only the driver is productive. A}l other crewmen, whether they ride
with the driver or not, are non-productive in these operational
phases. With this transport phase consuming approximateily 30 percent
of the work day, then one-half and two-thirds of the man-hours of
this effort are wasted for two- and three-man crews, respectively.

Performance Analysis by Frequency of Collection

General. In this analysis only the curb and alley systems were
considered. Both backyard systems collected on a frequency of once
a week., Six of the curb and alley systems collected once a week and
three of the systems coilected twice a week. Of the six curb and
alley systems that collected once a week, two systems utilized a
crew of one man, two utilized a crew of two men, and two utilized a
crew of three men. The three systems that collected twice a week
consisted of one system with each crew size. A summary of the signi-
ficant performance data by frequency of collection is provided by
Table 9.

Discussion. The collection frequency adopted by a governmental
agency may be dictated by several factors. Probably the most impor-
tant factor is associated with the amount of waste compared
to storage space available. Also important are the general climates
and health conditions in the area, and the level of service desired

by the citizens and for which they are willing to pay. Collection
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TABLE 9

FREQUENCY OF COLLECTION DATA

SYSTEM POUNDS PER POUNDS PER HOMES SERVED HOMES COLLECTION | COLLECTION TONS COLLECTION
NUMBER HOME PER HOME PER PER WEEK SERVED PER COST PER COST PER COLLECTED COST PER
COLLECTION WEEK COLLECTION HOME PER HOME PER PER TON
- HOUR COLLECTION WEEK COLLECT!ON
HOUR
COLLECTION ONCE A WEEK
I 46,2 46,2 2,052 107.3 0.13 0.13 2.5 5.42
2 71.0 71.0 1,268 55.7 0.20 0.20 2.0 5.75
49,3 49,3 2,561 107.0 0.16 0.16 2.6 6.54
5 50.5 50.5 2,876 123.3 0.15 0.15 3.1 6.09
7 62.2 62.2 2,034 104.5 0.30 0.30 3.3 9.71
8 64.9 64.9 1,531 62.7 0.36 0.36 2.0 11.07
Averages 57.4 57.4 2,053 93.4 0.22 0.22 2.6 7.43
"COLLECTION TWICE A WEEK
3 28.2 56.3 1,231 84.2 0.15 0.29 1.2 10.42
6 24,4 % 48.8 1,147 138.4 0.19 0.37 .7 15.40
9 33.1 66. | 1,707 200.5 0.17 0.34 3.3 10.26
Averages 28.6 57.1 1,361 141.0 0.17 0.33 o i2.02




Tfwice a week is a higher level of service than collection once a
week. |In comparison with service once a week, collection twice a
week requires additional resources in terms of crews and equipment.
Twice-a-week collection has a greater impact on the number of
homes served per collection hour than on the tons collected per
collection hour when compared with the same productivity factors
for the once-a-week collection. This is undoubtedly related to the
lesser weight collected per home each collection day and a corres-
pondingly smaller number of containers present at each home.

Conclusions. The following conclusions resulted from a con-

sideration of the frequencies of collection that were studied.

Increasing the frequency of collection from once a week to twice
a week required approximately 50 percent more crews and equipment
than the once-a-week systems. The average number of homes served
per week for the twice-a-week collection systems was approximately
two-thirds the number for once-a-week collection systems. Conversely,
to decrease the frequency of collection from twice a week to once a
week requires approximately 33 percent fewer crews and equipment than
the twice-a-week systems.

In terms of productivity factors, the twice-a-week collection
systems served approximately 50 percent more homes per collection
hour than the once-a-week collection systems. The weight collected
per collection hour, however, was only 80 percent of the weight
col lected ﬁer coilection hour by the once-a-week collection systems.

Performance Analysis by Storage Point

General. Two storage point locations were prescribed for the
study effort. These were curb and alley and backyard. No distinc-

tion was made between the curb and alley for study purposes. Of
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the systems studied, only System 8 was basically an alley system,
Systems 10 and 11 were backyard systems. Al| other systems were
curb and alley systems with collection being made predominantly
from the curb.

For the purposes of this analysis, only the two-man crews were
considered. A summary of the significant performance data consider-
ed by storage point is provided by Table 10.

-

Discussion. Backyard collection is a higher level of service

than curb and alley collection. This kind of service causes the
least impact on the physical requirements of the citizens regarding
the removal of solid waste. This level of service is also the most
expensive as additional personnel and equipment resources are requir-
ed in comparison with curb and alley systems for the same number of

homes served per week.

Conclusions. The following conclusion resulted from a con-

sideration of the storage point locations that were studied.

The productivity of a backyard system, in terms of homes served
per collection hour and tons collected per collection hour, is
approximately one-half the productivity of a corresponding curb and
alley system.

Collection Methodology

Three collection methodologies were prescribed for the study
effort depending on crew size and point of collection. They were:
collection from one side of the street at a time for curbside
collection, one and two-man crews (Systems 1-6); collection from
both sides of the street at a time for curbside collection, three-
man crews (Systems 7-9); and use of the tote-barrel for backyard

collection (Systems 10 and 11).
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TABLE 10

STORAGE POINT DATA

SYSTEM COLLECT!ION WEIGHT PER COLLECTION SERVICES PER WEITGHT
NUMBER FREQUENCY HOME PER TIME PER CREW PER COLLECTED
COLLECTION HOME PER COLLECTION PER CREW PER
(POUNDS) COLLECTION HOUR COLLECTION
(MIN) HOUR
CURB AND ALLEY SYSTEMS - 2 MAN CREW
4 ! 49.3 0.56 107.0 2.6
5 | 50.5 0.49 123.3 3.1
6 2 24 .4 0.44 138.4 1.7
BACKYARD SYSTEMS - 2 MAN CREW
1o | 33.9 0.83 72.1 1.2
I | 51.1 1.36 44 .4 1.1




Both backyard systems used two-man crews. In each case, both
the driver and collector drove and collected. Both sides of the
street were collected at the same time.

These methodologies were selected because they had been shown
to be very productive and efficient in previous EPA studies. For
curbside collection, it is generally impractical to collect from
both sides of the street with one- and two-man crews.

With the three-man systems, there is a pracfiéal choice between
collecting from one side and collecting from both sfdes of the
street at a time. Factors which influence this decision are the
width of street, traffic flow, parked cars, and housing density.
With wide streets, heavy traffic and high density housing, it is
generally safer and best to coliect from one side of the street at
a time to avoid traffic and street crossing delays. However, with
narrow. streets and liftle traffic, there is greater potential for
waiting delays on the part of the crewmen in collecting only one
side at a Time.

Performance Analysis by Incentive System

General. Two incentive systems were investigated in the study
effort. They were the task incentive system and the standard day
system.

The task incentive system was used by seven of the eleven systems
in the study- .

The task incentive system is one in which a work effort is pre-
scribed for the crew. When this work effort is completedito the
satisfaction of the appropriate supervisor, the crew is dismissed

(unless another crew is unable to cover its route because of absentee-

ism or equipment failure). With the task Incentive system compensa-

t+ion is not generally paid to the crew for overtime work uniess The
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reason for overtime was clearly not the fault of the crew. For the
purposes of this study, overtime was not considered for the systems
which operated under the task incentive system.

The standard day system is one in which a work effort is usually
prescribed for the crew, but regardiess of how early the task Is
completed, the crew is required to work the full standard day. The
standard day for the four systems in this study was eight hours.
Thus, the crews were obligated to perform additional work if they
completed the collection effort in less than the standard day. |In
addition, compensation at the rate of 1.5 times the regular pay
was made for all overtime worked in this study.

In the scheme of systems studies in this effort, there was one
task incentive system and one standard day system for each crew
size in the curb and alley once-a~week systems. One of the backyard
systems used the task incentive system and the other used the
standard day system. A summary of the significant incentive system
performance data for the different collection systems is provided
by Tables 11 and 12,

Discussion. An exact proportion of systems that use the Task
Incentive system in comparison with the standard day system is not
available., It is generally believed that somewhat more than one-
half of the systems are operating under the task incentive system.

The application of the standard day system takes many forms
in actual practice. This ranges from a fully productive application
such as is indicated by System 5 to a deliberate expansion of the
work effort to consume the entire work day or to a diversion of
personnel to other efforts after the collection activities have

been completed.
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TABLE 11

INCENTIVE SYSTEM PERFORMANCE DATA - COMPARISONS BY INCENTIVE SYSTEMS

SYSTEM INCENTIVE PLANNED HOURS PERCENT TOTAL DAAP TIME MOTION DAAP TIME
NUMBER SYSTEM WORK WEEK WORKED OF WEEK ANNUAL COLLECTION PRODUCTIVE PER HOME TO
(HOURS) PER WEEK WORKED OVERT IME TIME PER TIME PER HOME TIME MOTION
COST PER CREW HOME (MIN) PRODUCTIVE
(MIN) TIME PER HOME
CURB AND ALLEY = COLLECTION ONCE WEEKLY -~ 1 MAN CREW
| Task 40 29.62 74.1 | —=e-em-- 0.56 0.58 0.97
2 Standard Day 40 33.74 84.4 107.81 1.08 0.83 I.30
CURB AND ALLEY - COLLECTION ONCE WEEKLY - 2 MAN CREW
4 Task 40 35.64 89.1 ] =memme-- 0.56 0.43 .30
5 Standard Day 40 35.17 87.9 1,492.12 0.49 0.35 1.40
CURB AND ALLEY - COLLECTION ONCE WEEKLY - 3 MAN CREW
7 Task 40 26,03 65.1 ]| =eeeme-—- 0.58 0.53 1.09
8 Standard Day 40 39,22 98.1 2,804.32 0.98 0.72 .36
BACKYARD - COLLECTION ONCE WEEKLY = 2 MAN CREW
10 Task 40 31.32 78.3 | =mmme--—- 0.83 ~———— ————
i Sfandard?Day 40 34,75 86.9 62.85 1.36 ~——— —-————
Averages Task 40 30,65 76.6 | —mc-me-- 0.63 0.51 1,12
Standard Day 40 35.72 89.3 1,116.78 0.98 0.63 .35
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TABLE 12

INCENTIVE SYSTEM PERFORMANCE DATA - COMPARISONS BY PRODUCTIVITY MEASURES

SYSTEM INCENTIVE HOMES TONS HOMES SERVED TONS COLLECTED
NUMBER SYSTEM SERVED COLLECTED PER CREW PER CREW
PER DAY PER DAY PER COLLECTION PER COLLECTION
HOUR HOUR
CURB AND ALLEY - COLLECTION ONCE WEEKLY - 1 MAN CREW
| Task 410 9.44 107.3 2.5
2 Standard Day 254 9.00 55.7 2.0
CURB AND ALLEY - COLLECTION ONCE WEEKLY - 2 MAN CREW
4 Task 512 12.62 107.0 2.6
5 Standard Day 575 14.49 123.3 3.1
CURB AND ALLEY - COLLECTION ONCE WEEKLY - 3 MAN CREW
7 Task 407 12.65 104.5 3.3
8 Standard Day 306 9.72 62.7 2.0
BACKYARD - COLLECTION ONCE WEEKLY - 2 MAN CREW
1o Task 364 6.18 72,1 1.2
I Standard Day 243 6.18 44 .4 I
Averages Task 423 10,22 97.7 2.4
Standard Day 344 9.85 71.5 2.0




IT is generally acknowledged that the task incentive sys+tem

Is more productive in practice than the standard day system.
Indeed, the results of this study indicate this in three direct
comparisons of systems out of four. When the results of all of
the task incentive systems are averaged and compared with the
standard day systems, this is clearly the case in this study.

The task incentive system, however, is a good system only
if the work effort which is expected to be accompliéhed in a8 normal
work day bears some reasonable relationship to what should be
accomplished in the normal work day. The data of Table 11 indicates
that the portion of the normal work week that was spent on collec-
tion activities (+o route, collection, and ftransport) for the task
inceﬁfive systems ranged from a low of 65.1 percent to a high of
89.1 percent. The average of these systems was approximately 76.6
percent. Each individual manager will have to appraise his own
situation and decide what objective figure would be right for his
organization. In most of the task incentive systems sftudied in this
effort, an additional planned one-half hour per day would have
resulted in better utilization of the equipment and greater cost
effectiveness in the operation, even if a fair percentage of the
savings were returned to the crews in the form of higher wages.

In considering the productivity of the standard day systems,
there is a tendency for the task to expand to fill the day, and if
not controlled, to go into overtime. Even with System 5, which was
t+he one standard day system that out-performed the task incentive
system, the DAAP collection time per home (actual time) was 1.40
times the time motion productive time (actual time minus non-productive

+ime) per home. This was the highest ratio among the standard day
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systems. Consequently,; other factors must account for the high
productivity of System 5. The high percentage of bags and one-way
items undoubtedly has a favorable influence on this performance.

The significance of the percentage of one-way items will be discussed
in the next section.

In the case of systems using a one-man crew, it would appear
that the standard day system would be counter productive. [f the
higher productivity that is indicated by the one-man systems can be
explained by current motivational concepts, then productivity must
be associated with the high degree of control the crewman has over
his work. 1In this context, it makes |ittle sense to give the crew-
man this control so he can establish his work pace and, at the same
Time, require him to work a full standard day. The task incentive
system should be used with all operations involving a crew of one
man.

In general, it appears that the majority of the task incentive
systems have a higher level of collection production and productivity
than the standard day systems. This is frue in an absolute sense,
but, more importantly, the task incentive systems appear to be doing
the work more efficiently. Stating this differently, the task
incentive systems tend to do more work and do it more efficiently
than the standard day systems.

Conclusions. The following conclusions resulted from a con-

sideration of the incentive system data that were studies.

Collection systems operating under the task incentive system
tend to work a smaller percentage of the normal work week than the
standard day systems.

The work effort of standard day collection systems has a
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tendency to expand inftfo overtime operations.
The collection production and productivity of the task incen-

tive systems tend to be greater than the collection production and

productivity of standard day systems.

Performance Analysis by Type of Storage Container

General. Bags and cans were prescribed as the storage con-
tainers for all of the systems that were studied. The relative
quantities of bags, cans and miscellaneous items were determined
from the time motion studies and backyard survey.

Miscellaneous items are considered to be one-way items from
a collection standpoint and are considered in the same category
as bags. Miscellaneous items include things such as cardboard
boxes of waste, bundies of péper, and bundles of small twigs and
branches. One-way items need to be handled only once on the part
of the collectors, and hence, should have a tendency to improve
the productivity of the crews. On the other hand, poorly contained
waste tends to slow the crews down.

A summary of the significant data pertaining fo storage con-
tainers is provided by Table 13.

Discussion. System 10 averaged only 1.2 containers per service.

This was the smallest average among the systems. [In addition, 96
percent of the containers were cans. This was also the highest
percentage of cans. System 10 required all ifems to be placed in
cans and charged for service on the basis of the number of cans
served. These requirements tended to [imit the number of bags and
miscel laneous items that were used in service. They also tended to
limit the number ot_cans that residents used as storage containers.

System 7 averaged 6.1 containers per service. This was fhe
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TABLE 13

STORAGE CONTAINER DATA

SYSTEM AVERAGE AVERAGE NUMBER (AND PERCENT) OF STORAGE CONTAINERS PERCENT HOMES SERVED DAAP
NUMBER NUMBER OF - BAGS CANS M1SC ONE WAY | TWO WAY | PER COLLECTION | COLLECTION
CONTAINERS I TEMS I TEMS HOUR TIME PER
PER HOME (MIN)
COLLECTION
CURB AND ALLEY, SYSTEMS - BAGS AND CANS
! 4.5 1.5 (34.0) 2.3 (52.0) 0.7 (14.0) 48.0 52.0 107.3 0.56
2 5.1 1.3 (26.0) 2.7 (53.0) [.1 (21.0) 47.0 53.0 55.7 1.08
3 3.0 0.9 (29.0) 1.6 (53.0) 0.5 (18.0) 47.0 53.0 84.2 0.72
4 4.6 2.6 (56.0) 1.3 (28.0) 0.7 (16.0) 72.0 28.0 107.0 0.56
5 5.5 4.6 (85.0) 0.4 (6.0 0.5 ( 9.0) 94.0 6.0 123.3 0.49
6 2.5 0.5 (19.0) 1.5 (61.0) 0.5 (20.0) 39.0 61.0 138.4 0.44
7 6.1 3.6 (56.0) 1.5 (28.0) 1.0 (16.0) 72.0 28.0 104.5 0.58
8 5.9 1.5 (25.0) 2.7 (47.0) 1.7 (28.0) 53.0 47.0 62.7 0.98
9 2.7 1.2 (46.0) 1.1 (41.0) 0.4 (13.0) 59.0 41.0 200.5 0.31
BACKYARD SYSTEMS - TOTE-BARREL
10 1.2 0.0 ( 2.0) 1.2 (96.0) 0.0 (2,0 4.0 96.0 72,1 0.83
1 4.3 1.4 (33.0) 2.4 (55.0) 0.5 (12.0) 45.0 55.0 44.4 1.36




largest average among the systems. A l|ifttle over one-half of the
containers were bags, but 72 percent of the containers were one-
way items. This was the second highest percentage of one-way items.
System 5 had the highest percent of one-way items. Ninety-four
percent of the items were one-way items, and 85 percent of the items
were bags. The ordinance under which System 5 operated tended to
generate a high percentage of bags even though these were provided
by the residents. Cans were limited to 15 gallons-capacity. Bags
were |imited to 30 gallons capacity- Although there was no Ilimit
on the number of items that could be placed on the curb, these
requirements tended to limit the number of cans to a large degree.
Intuitively, it appears that the percentage of one-way items
and the weight per home per collection would have an important
influence on the productivity of collection systems, especially for
the curb and alley systems. To investigate this possibility,
selected data were subjected to regression analysis. The resulting

equation was Y= 0.489 - 0.008X, + 0.013X

1 2
where Y = collection minutes per home

X1= percent one-way items

X2= pounds per home per collection
This equation does indicate that the percent one-way items (X])
does have a beneficial effect on crew productivity and tends to
decrease the collection minutes per home (Y). The pounds/per home
per collection (XZ) has an adverse effect on productivity and tends
to increase the time required to service a home. These conditions
are in agreement with what we would expect in the field. The actual

effect of a change in percentage of one-way items and pounds per

home per collection depends on the magnitudes of these variables.
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For a 10 percent change in the average values of X, (59.0 percent)

1
and X2 (47.8 pounds) the equation indicates that the pounds per
home per collection has about 1.3 times the effect of percent one-

way items and is in the opposite direction.

Conclusions. The following conclusions resulted from a con-

sideration of the type of storage containers.

The percentage of one-way items (bags and miscel laneous ifems)
does have a significant effect on the system productivity. An
increase in the percentage of one-way items reduces the time requir-
ed to service a home, and conversely, increases the number of homes
served per collection hour. A decrease in the percenfage of one-
way items increases the time required to service a home, and con-
versely, reduces the number of homes served per collection hour.

The weight per home per collection also effects the system
productivity, and this effect is greater and opposite in direction
to the effect of one-way items. An increase in weight per home
increases the tTime required to service a home and decreases the
number of homes served per collection hour. Conversely. a decrease
in weight per home per collection reduces the time required to
service a home and increases the number of homes served per collec-

tion hour.

Performance Analysis by Productivity and Efficiency

General. For the purpose of this analysis, productivity will be
considered in terms of homes served per collection hour and tons
collected per collection hour. Productivity will be considered
from the standpoint of the crew and the individual crewman. The
productivity of each system will be compared with System 1.

Efficiency for the purpose of this analysis will be considered
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in terms of the cost per service per week and the cost per ton.

The efficiency of each system will be compared with System 1.
Productivity and efficiency indices were provided in Table 3.
Systems are ranked according to their productivity in Table 14.
Systems are ranked according fo their collection cost efficiency

in Table 15.

Discussion. Productivity and efficlency are interrelated

with the factors that have already been considered previously.

The total influence of these factors results in a collection rate
per hour in terms of homes served and tons collected. From the
information that has been presented previously. it appears that the
system that has the greatest productivity per crewman and the besT
balance among all of the factors that influence system performance
will have the best cost effectiveness and, hence, the greatest cost
efficiency. Of the systems studied, System 1 clearly meets this
requirement to a greater extent than any other system and, hence,
has the best collection cost efficiency.

Conclusions. The following conclusions resulted from a con-

sideration of the productivity and efficiency factors.

Curbside is more productive and cost efficient than backyard
service.

For the curb and alley systems:

Systems that have a collection frequency of twice a week tend
to serve more homes per collection hour, but collect fezer tons per
collection hour, Thén their once-a-week counterparts. .

When productivity and cost efficiency are considered on a per

crewman basis, there is a strong tendency for the smaller crew sizes

+o have the greatest productivity and best cost efficiency.
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TABLE

14

RANKING OF SYSTEMS BY PRODUCTIVITY

SERVICES PER CREWMAN PER HOUR TONS PER CREWMAN PER HOUR SERVICES PER CREW PER HQUR TONS PER CREW PER HOUR
SYSTEM | CREW ACfUAL INDEX SYSTEM | CREW | ACTUAL | INDEX SYSTEM| CREW | ACTUAL | INDEX SYSTEM | CREW | ACTUAL | INDEX
S1ZE SIZE SI1ZE SI1ZE
CURB AND ALLEY SYSTEMS
| | 107.3 1.00 ! | 2,5 1.00 9% 3 200.5 1.87 9% 3 3.3 1.32
3% | 84,2 0.78 2 | 2.0 0.80 6% 2 138.4 1.29 7 3 3.3 1.32
6% 2 66.6 0.62 5 2 1.5 0.60 5 2 123.3 1.15 5 2 3.1 1.24
g% 3 66.5 0.62 4 2 1.3 0.52 | | 107.3 1.00 4 2 2.6 1.04
5 2 57.7 0.54 3% | 1.2 0.48 4 2 107.0 1.00 | | 2.5 .00
2 | 55.7 0.52 7 3 l.1 0.44 7 3 104.5 0.97 2 | 2.0 0.80
4 2 55.4 0.50 9% 3 (I 0.44 3% | 84,2 0.78 8 3 2.0 0.80
7 3 34.9 0.33 6* 2 0.8 0.32 8 3 62,7 0.58 6% 2 1.7 0.68
8 3 20.9 0.19 8 3 0.7 0.28 2 | 55.7 0.52 3% | 1.2 0.48
BACKYARD SYSTEMS
10 2 35.3 0.33 10 2 0.6 0.24 10 2 72.1 0.61 10 2 1.2 0.48
11 2 22,1 0.21 I 2 0.6 0.24 | 2 44 .4 0.41 | 2 (I 0.44

*Collection twice weekly.
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TABLE 15
RANKING OF SYSTEMS BY COLLECTION COST EFFICIENCY

COLLECTION COST PER SERVICE PER WEEK COLLECTION COST PER TON PER WEEK
SYSTEM CREW SIZE COST INDEX SYSTEM CREW SiZE COST INDEX
CURB AND ALLEY SYSTEMS
{ { 0.13 1.00 | ! 5.42 1.00
5 2 0.15 0.87 2 ! 5.75 0.94
4 2 0.16 0.81 5 2 6.09 0.89
2 { 0.20 0.65 4 2 6.54 0.83
3% | 0.29 0.45 7 3 9.71 0.56
7 3 .30 0.43 g* 3 10.26 0.53
9¥ 3 0.34 0.38 3% ! 10.42 0.52
8 3 0.36 0.36 8 3 11.07 0.49
6% i 0.37 0.35 6% , 2 15.40 0.35
BACKYARD SYSTEMS

L% 2 0.27 0.48 1 2 14.62 0.37
H 2 0.37 0.35 {0 2 15.74 0.34

*Collection twice weekly,




For backyard systems:

The system which uses the task incentive system has a greater
productivity than the system that uses the standard day incentive
system,

There is no clear pattern between the backyard systems regard-
ing coliection cost efficlericy.

Cost Analysis of Systems Performance

General. The standard cost data of Appendix 1 were used for
all systems of the study effort to eliminate the effects of local
cost variations and to facilitate a cost analysis of system per-
formance. By using standard costs, any significant cost differences
among the systems would then reflect differences in the operational
performance of TQe systems. These differences may be related to
the kind of equipmenf that Qas used and the cost of that equipment,
the crew size, the frequency of collection, the storage poinT loca-
tion, collection methodology and the incentive system used for the
collection effort. |In addition, the differences in cost would be
related to the location of the route relative to the motor pool and
also the Ioéé;ion of the disposal point relative to the route.

Since the study effort concentrated on the collection (on-route)
phase of the operations, this aspect of the operation will be empha-
sized in tThe cost analysis. For this analysié cost data are grouped
by systems on fhe_p;sis of crew size in Table 16.

Discussion. Even with standard costs, there was considerable

variation in the cost related factors of the collection system
operations; althaugh crew size, frequency of collection, and point
of collection explained much of this. Differences in local costs

would increase these cost variations. How then does the local

65



99

TABLE 16

SYSTEM COST DATA - COMPARISONS BY CREW SIZE

SYSTEM | COST TO] COST TO COST TO EQUIPMENT ] MANPOWER | TOTAL COST MANPOWER COST | COST PER COLLECTION COLLECTION RATIO
NUMBER ROUTE COLLECT | TRANSPORT CosT CosT PER DAY COST TO PER HOME PER COST PER COST PER COLLECTION
PER DAY| PER DAY PER DAY PER DAY PER DAY EQU I PMENT TON WEEK TON HOME PER COST TO
. COoST WEEK TOTAL COST
CURB AND ALLEY - CREW SIZE - 1 MAN
1 4.32] 51.07 22.717 32.54 45.62 78,16 1.40 8.29 0.19 5.42 0.13 0.65
2 1.60 | 51.75 22.80 30.70 45.44 76.14 1.49 8.46 0.30 5.75 0.20 0.68
38 4.45 | 59.66 13.10 31.60 45.62 77.22 1.40 13.48 0.37 10.42 0.29 0.77
CURB AND ALLEY - CREW SIZE - 2 MAN
4 4.87 | 82.23 32.86 30.66. 89.30 119.96 2.91 9.54 0.23 6.54 0.16 0.69
5 5.07 | 88,24 32.98 31.68 94.60 126.28 2.99 8.72 0.22 6.09 0.15 0.70
6P 4.34 1107.14 -35.70 43,69 103.48 147.17 2,37 21.15 0.51 15.40 0.37 0.73
BACKYARD = CREW SIZE - 2 MAN
10 2,941 97,23 18.88 28.74 90.31 119.05 3.14 19.27 0.32 15.74 0.27 0.82
1 2.78 1 90.25 20.63 23.98 89.68 113.66 3.74 18.41 0.47, 14,62 0.37 0.79
CURB AND ALLEY - CREW SIZE - 3 MAN
7 6.25 |122.52 32.80 28.70 132.87 “161.57 4,63 12.82 0.39 9.71 0.30 0.76
8 3.93 107.;4 54.88 30.18 135.77 165.95 4.50 17.13 0.55 11.07 0.36 0.65
gbsc 10.24 |143.33 51.23 38,18 166.62 204.79 4,36 14.67 0.48 10.26 0.34 0.70

a. Opérates six days per week.

b.

C.

Operates four days per week.

Norma |

work day

Is 10 hours.




collection system manager relate his costs to the systems studied?
While it is possible to convert systems study costs fto local costs
and vice versa, the most practical approach is to consider both
the systems study performance and the local performance in terms of
the local costs.

The total daily costs for a local operation may be determined
by completing the form of Figure 11, The local daily costs can be
related to the three phases of collection operations, and also to
the cost per home per week, and cost per ton by the formulas provided
in Figure 12,

The formulas for cost per home per week and cost per ton provide
the local manager with a simple and powerful tool for analyzing
his performance in terms of the performance of the systems studied.
By using his daily costs per day, and the operational productivity
and performance factors of the system or systems under consideration,
the manager can make direct cost comparisons with his own performance.

Increasing the effective labor rate by $0.50 per hour increases
labor costs approximately $1,000 per man per year. Two tables of
data have been prepared to demonstrate the effect which various local
labor rates would have on the collection cost per ton, Table 17,
and collection cost per home per week, Table 18. These tables can
be used to approximate very closely what the collection costs
per ton and per home per week would be using local labor rates and
assuming the study system performance.

Increasing the capital costs by $1,000 increases the equipment
costs by $200 per year wifh a five-year depreciation schedule.

Table 19 provides the incremental effect on collection cost

per home per week and per ton for an increase in equipment costs of
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Total

FIGURE 11

PROCEDURE FOR DETERMINING LOCAL
TOTAL PERFORMANCE COSTS PER DAY

Costs = Manpower Costs + Equipment Costs

Manpower Costs (Per Day)

Labor Costs (Wages)
Fringe Benefits Costs
Personnel Overhead Costs

Total Manpower Costs

Equipmenf Costs (Per Day)

Total

Depreciation

Maintenance

Daily Consumables (gas and oil)
Other (lnsurance, Fees, Etc.)
Total Equipment Costs

Costs (Per Day)
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Cost

Cost

Cost

Cost

Cost

FIGURE 12

PROCEDURE FOR DETERMINING LOCAL PERFORMANCE COSTS
FOR COMPARISON WITH SYSTEM STUDIES COST

*
to Route (Per Day) =

Average Time fo Route (Per Day)
Average Total Time Worked (Per Day)

Local Total Cost (Per Day) X

*
to Collect (Per Day) =

Average Time to Collect (Per Day)

Local Total Cost (Per Day) X Average Total Time Worked (Per Day)

to Transport (Per Day)*=

Average Time to Transport (Per Day)

Local Total Cost (Per Day) X Average Total Time Worked (Per Day)

Per Home Served (Per Week)

Local Total Costs (Per Day) X Frequency of Collection (Per Week)

Average Homes Served (Per Day)

Per Ton =

Local Total Costs (Per Day)

Tons Collected (Per Day)

Coltlection Cost Per Home Served (Per Week) =

Local Collection Costs (Per Day) X Frequency of Collection (Per Wk)

Average Homes Served (Per Day)

Collection Cost Per Ton =

Local Collection Costs (Per Day)
Average lons Collected (Per Day)

¥ Cost by activity is determined on the basis of relative time spent
on the activity. Therefore, the average total time worked per day
‘serves as the basis for the activity costs, and not the fotal paid
time. The total paid time is reflected in the ftotal cost per day.
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TABLE 17

THE EFFECT OF LABOR COSTS ON COLLECTION COST PER TON

[-Man Crew
System
Number Labor Rates
3.50 4.00 4,50 5.00 5.50 5.70% 6.00 6.50 7.00
I 4.19 4.47 4,75 5.02 5.30 5.41 5.58 5.85 6.13
2 4.43 4.73 5.03 5.33 5.63 5.75 5.93 6.23 6.53
3 8.04 8.58 9.12 9.66 10.20 10.41 10.74 11.28 |1.81
2~Man Crew
System
Number Labor Rates
7.00 8.00 9.00 10.00 [11.00 Il.I5% 12,00 12.70%*|3.00 14.00
4 4.72 5.15 5.59 6.03 6.46 6.53 6.90 7.20 7.33 7.81
5 4.39 4,80 5.2l 5.62 6.03 6.09 6.44 6.72 6.85 7.26
6 10.54 11.39 12,24 1(3.09 13.94 14,07 14.80 15.39 15.65 16.49
10 11.29 12.36 13,43 14,50 15,57 15.73 16.64 17.39 17.71 18,78
i 10.31 11.35 12,38 (3,42 14.45 14.60 15.48 16.21 16,52 17.55
3-Man Crew
System
Number Labor Rates
10.50 12.00 13,50 15.00 16.50 16.60*% 18,00 "9.50 21.00
7 6.76 7.48 8.20 8.92 9.64 9.69 10.36 11.08 11.80
8 7.7] 8.52 9.34 10.15 10.97 11.02 11.78 12,60 13.41
9 . 7.13 7.87 8.62 9.37 10,12 10.17 10.86 11.61 12,36

¥ Study Standard Rate

*¥* Standard rate for System 6 70



TABLE 18

THE EFFECT OF LABO

R COSTS ON

COLLECTION COST PER HOME PER WEEK

I-Man Crew
System
Number Labor Rates
3.50 4.00 4.50 5.00 5.50 5.70% 6.00 6.50 7.00
| 0.i10 0.10 0.11 0.12 0.12 0.13 0.13 0.13 0.14
2 0.16 0.17 0.8 0.19 0.20 0.20 0.21 0.22 0.23
3 0.22 0.24 0.25 0.27 0.28 0.29 0.30 0.32 0.33
2-Man Crew
System
Number Labor Rates
7.00 .00 9,00 10.00 (1,00 [I1.15% 12,00 12.70%*|3,00 14.00
4 0.12 A3 0.14 0.15 0.16 0.16 0.17 0.18 0.18 0.19
5 0.1l .12 0.13 0.14 0.15 0.15 0.16 0.17 0.17 0.18
6 0.26 .28 0.30 0.32 0.34 0.34 0.36 0.37 0.38 0.40
10 0.19 .21 0.23 0.25 0.26 0.27 0.28 . 0.30 0.30 0.32
il 0.26 .29 0.31 0.34;, 0.37 0.37 0.39 0.41 0.42 0.45
3-Man Crew
System
Number Labor Rates
10.50 12.00 13.50 15.00 1(6.50 16.60*% 18.00 19.50 21.00
7 0.21 0.23 0.25 0.28 0.30 0.30 0.32 0.34 0.37
8 0.24 0.27 0.30 0.32 0.35 0.35 0.37 0.40 0.43
9 0.24 0.26 0.28 0.31 0.33 0.34 0.36 0.38 0.41

*¥ Study Standard Rate
** Standard Rate for System 6
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TABLE 19

THE EFFECT OF CAPITAL COSTS ON COLLECTION RELATED COSTS

An increase of $1,000 in equipment cost has the following

incremental

effect on collection related costs.

These costs are

based on a 5 year depreciation period and the number of work days

a year In each system.

System Collection Cost/
Number Number Workdays/Year Home /Week Collection Cost/Ton
| 260 .001 .053
2 255 .002 .059
3% 310 .002 .087
4 261 .001 .041
5 261 .001 .035
6% 208 .002 .098
7 260 .001 .046
8 252 .002 .051
9% 207 .002 .047
10 255 .002 .103
11 260 .003 .098

¥Col lection twice weekly.
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$1,000 for the systems studied.

The analysis of crew size indicates that the productivity of
crewmen has a strong tendency to increase as the crew size decreases.
The greatest productivity per crewman is with the one-man crews.

To reduce personnel costs, a logical avenue would be to reduce
crew size and, at the same time, increase the productivity of
crewmen. This procedure will enable the collection system to pro-

vide the same services with less personnel.

Conclusions. The following conclusions resulted from a con-

sideration of the system costs.

Regardless of the kind of equipment that was being used, the
initial cost of the equipment, and the number of days per week the
equipment was being used, the daily equipment costs were of the same
general magnitude for all systems. The equipment costs for System
6 with the detachable container equipment and mother fruck were
significantly greater than the equipment costs for the other systems.

The daily personnel costs were related directliy to the crew
size.

For every system studied, the daily personnel costs were
significantly more than the daily equipment costs. The manpower
to equipment ratios averaged 1.4 for one-man crews, 3.0 for two-
man crews, and 4.5 for three-man crews.

The incremental effect of an increase in equipment costs
of $1,000 was small in comparison with an effective increase in
labor costs per crewman of $0,50 per hour.

Since daily personnel costs are significantly more than the
daily equipment c;s+s, cost reduction programs should look first

in the area of personnel costs. Personnel costs can be lowered:
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by improving personnel productivity, by reducing fthe numbers of
personnel or both. There is a strong tendency for personnel! pro-
ductivity to increase as crew size decreases.

Since incremental cost effects of an increase in equipment
cost of $1,000 are small in comparison with an increase in the
effective labor rate of $0.50 per hour, compromising equipment
or crew performance for the sake of a lower equipment cost appears

to be counter productive,
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SECTION |11

EVALUATION AND PREDICTION PROCEDURES

General
Two general methods can be used by the local manager to
evaluate his system in terms of the systems studied. The first
method is to use the study data provided in SECTION tl. The
second method is to use mathematical models or equations. Both
methods will be considered in this section.

Use of System Study Data

Where the local system meets the definition of one of the
systems studied, a direct comparison of local data can be made
with the data in the tables of SECTION Il. Where the local system
does not meet the definition of one of the study systems, the
method used in presenting the study data can be used in making an
analysis of the local system performance. All of the data of
SECTION Il can be used as guides for a reasonable expected perfor-
mance if the local system were to change to meet the definition
of the system being considered.

Even though the local system may not match one of the study
systems, the data provided in SECTION Il can still be used for
analyzing the local system performance. Considerations for using
the data are provided in the following paragraphs under the same
system factors that were considered in SECTION I1.

Analysis by Type of Equipment. The minimum expected weight

per cubic yard of Table 4 provides reasonable standards that are
applicable to equipment used regardless of other system factors.
If the densities of 500, 700, and 900 pounds per cubic yard are not

being achieved routinely with "full" loads for light, medium, and
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heavy duty packing equipment, respectively, there is an obvious
mismatch between the performance capabilities of the equipment and
the other system parameters. Under this condition the manager should
determine the reasons for not achieving the proper density and take
appropriate corrective action. Some of the conditions which may

lead to light densities include the following:

Packer capacity too large for the designated route area.

Packer capability too great for the designated route area.

Planned or actual collection time too short to service
enough homes to fill the packer.

The time of leaving the route for the disposal point is being
dictated by conditions other than having a full load.

Equally important with obtaining "full" loads is a consideration
of the number of loads being collected per crew per day. This number
should be the least possible consistent with obtaining full loads.
When there is a proper match of the vehicle capabilities with the
route and crew characteristics,minimizing the numbe} of loads per
day will maximize the collection time. This should be a primary
objective of the collection manager.

None of the systems studied used a front loader for the resi-
dential collections. Front loaders are used for this purpose tfo
a limited extent. Front loaders are classified as light duty from
a compaction standpoint and should obtain densities from 550 to 600
pounds per cubic yard. A._density of 550 pounds per cubic yard
would be a good general planning figure for "full" loads with front
loaders.

Analysis by Crew Size. The crew performance data of Tables

5, 6, 7, and 8 will provide reasonable standards for evaluating the
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crew performance of the local system. The most significant items
are associated with the productivity of the individual crewman in
terms of homes served per collection hour and tons collected per
collection hour. |f the loca! performance is reduced to the produc-
tivity of individual crewmen, then this can be compared to the study
system data. This procedure will enable the productivity of four-
man and larger crews to be compared on an equitable basis with

study systems.

The second most important factor is the percent of productive
Time both during the collection phase of the operations and for
the total activities. The non-productive time should be reduced
to the lowest possible amount based on the specific conditions of
the local collection system.

By comparing the crewman productivity and the productive time
of the local system with an appropriate study system, the local
manager can determine whether or not changes to his system are
necessary. |f the crewman productivity and percentage of productive
time are too low, the local manager should review the conditions
that are contributing to the lost or non-productive time. Some of
these conditions may include the following: excessive break time,
excessive waiting tTime, frequent travels off the collection route
and, especially, back to the motor pool. |In making his review,
the local manager should also consider reducing the crew size as a
means of increasing productivity and increasing the percentage of
productive time.

Analysis by Frequency of Collection. For curb and alley systems,

the information provided by Table 9 can be used as performance guides

by the local manager for frequencies of collection of once and twice

weekly. This information is most usable as standards for managers
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who are contemplating a change in the frequency of collection.

Analysis by Storage Point. Only curb and alley and backyard

storage point locations were considered iIn this study. The back-
yard service was limited to the use of the tote-barrel and the

data in Table 10 were limited to the two-man crews for the purpose
of making direct comparisons. Data were not obtained in this study
for backyard systems using a crew size larger than two men; there-
fore, no direct comparisons with study system data can be made for
larger crew sizes. More definitive performance data for three-man

curb and alley systems can be found under other system parameters.

Analysis by Incentive System. Tables 11 and 12 provide the
study system performance data structured according to incentive system.
The systems include one-, two-, and three-man crews and curb and
alley and backyard storage points. The general pattern of performance
by incentive system, as indicated by the data of Table 11, is
generally the same regardliess of the crew size and regardless of
the storage point location. The same general trend would probably
apply to the larger crew sizes, as well. The ranges of hours worked
per. week for each incentive system are probably representative of
most systems. Any system performance outside of these ranges should
probably be reviewed closely. The local manager should take a close
look at the amount of overtime being paid to the personnel operating
under the standard day system, and if it appears to be excessive,
review closely the productivity factors. Where overtime appears to
be excessive, the task incentive system should be strongly considered.

The incentive system productivity factors of Table 12 are
probably good targets. 1f the local system productivity factors

are significantly below these levels, the manager should review the
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operational performance to determine the reasons and institute
appropriate corrective action based on the local conditions.

Analysis by Type of Storage Container. The equation

Y = 0.489 - O.OO8X1 + 0.013X

2
Where Y = collection minutes per hour
X1 = percent one-way items
X2 = pounds per home per collection

provides a general relationship between the percent of one-way
items and the weight per home per collection as they affect the
tTime required to service a home. This equation was based on the
performance of the nine curb and alley systems studied. The equa-
tTion should be a reasonable predictor for systems which closely
approximate the systems studied. This equation indicates that the
local manager should try to create conditions that will tend fo
increase the percentage of one-way items.

Analysis by Productivity and Efficiency Measures. The basic

information regarding productivity and efficiency measures for all
of the study systems is provided by Table 3. These are the most
important factors to be considered in comparing local systems with
the study systems. Productivity should be compared on a crewman
basis. Since all indices are based on the performance of System |,
a convenient method Is provided for making comparisons among systems.
Where there is a significant adverse difference between the local
system and the study system, the local manager should determine

the reésons and take appropriate correction action based on local
conditions. The factors that have a direct influence on the homes
served per collection hour and tons collected per collection hour

should be reviewed first.
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The best method for making a comparison of the local system
with a study system is by use of the collection cost per service
per week and the collection cost per ton. The local total costs
can be determined from the procedure of Figure 11. The total costs
can be converted to collection costs, and coliection cost per home
served per week, and collection cost per ton by the formulas of
Figure 12. Using the local collection costs and the performance
factors of the study systems, the constructed collection cost per
home served per week and the constructed collection cost per ton
can be determined.. These constructed costs can be compared directly
with the costs based on [ocal performance. |If there is a signifi-
cant adverse difference between the constructed costs and the local
costs, the manager should determine the reasons and take appropriate
corrective action. The factors that have a direct influence on

crew productivity should be reviewed first.

Use of Regression Analysis

Productivity Equations

Selected parameters from the DAAP data were subjected to
regression analysis in order to obtain methematical equations that
related to productivity measures. Three dependent variables (Y)
were considered for analysis and included the following:

Collection minutes per serviée
Services per collected hour
Tons collected per collection hour

Each of the dependent variables was considered in terms of
the following independent variables:

X

1

X2

pounds per service per collection

crew size

U}
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X

3 percent one-way items

X

1]

4 collection miles per day
All of the equations were of the form of:

Y = aX1 + bX, + cX3 + dX, + e.

2 4

For each dependent variable, the data were stratified into
three groups as fol lows:

Curb and alley collecting once weekly
Curb and alley collecting twice weekly
Backyard collecting once weekly

The equations that resulted from these regressions define the
dependent variables in terms of the operational performance of the
systems studied. The equations, however, cannot be used to predict
a performance.outside the |limits of the systems studied. For example,
the equations cannot be used fto predict the performance of a four-
man curb and alley system or a three-man backyard system or a two-man
backyard system collecting twice weekly. Because there exists many
systems that closely approximate the definition of the study systems,
the regression models should have a broad general application.

In the regression equations for curb and alley systems collecting
tfwice weekly, and only these systems, the crew size numbers of 1, 2,
and 3 can also be used to represent type of equipment. |In this case,
the number 1 represents the side loader, the number 2 represents
the detachable container system, and the number 3 represents rear
loading equipment,

Of the four independent variables considered, only one is
wholly outside of the control of the solid waste collection manager.
This one is the generation rate or pounds per service per collection.

The other variables can be controlled to some extent. The crew size
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is completely within the control of the manager. The percent of
one-way items may be influenced by the manager. This influence
may range from prescribing bags be used completely to the érea+ing
of conditions whereby the use of more bags will be encouraged and
used. The collection miles per day may also be influenced by the
manager. By more efficient micro-routing and by placing some reason-
able restrictions on travel for breaks, which may be included in the
collection phase of operations, the manager can favorably influence
tThe collection miles per day to keep them at a minimum.

In general, the four independent variables have the following
effects on the collection operations:

An increase in generation rates adversely affects productivity
parameters and increases cost.

An increase in crew size increases production and also increases
the cost of providing service.

An increase in the percentage of one-way items increases
productivity and decreases the cost of providing services.

An increase in collection miles decreases productivity and
increases cost.

Collection Minutes Per Service. On-route collection minutes per

service is one of the parameters directly related to the productivity
of collection operations. The equations that resulted from the
regression analyses were as follows:

Curb and Alley Collecting Once Weekly

= . - 0. - 0.05X
Y 0.76 + O 01X1 0 07X2 05 4
Curb and Alley Collecting Twice Weekly
= - + .
Y 0.44 + 0.01X1 O.24X2 O.OIX4
Backyard Col lecting Once Weekly
Y = 0.75 + 0.01x

3
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All three equations can be expected to provide excellent
results in projecting the collection minutes per service.

Services Per Collection Hour. Services per collection hour

is one of the parameters directly related to the productivity of
collection operations. The equations that resulted from the regress-
ion analyses were as follows:

Curb and Alley Collecting Once Weekly

~<
i}

94.63 - 1.06X, + 0.55X3 + 2.77X

1 4
Curb and Alley Collecting Twice Weekly
Y = 57.20 - 2.55X1 + 54.14X2 + 1.14X3
Backyard Collecting Once Weekly
Y =

74.84 - 0.68X4

All three equations can be expected to provide excellent results
in projecting tThe number of services per collection hour.

Tons Per Collection Hour. Tons per collection hour Is one of

the parameters directly related to the productivity of collection
operations. The equations that resulted from the regression analyses
were as follows:

Curb and Alley Collecting Once Weekly

Y = 0.16 + 0.01X, + 0.14X, + 0.01X5 + 0.12X,

Curb and Alley Collecting Twice Weekly
Y = 1.72 + 0.02X, + 0.78X2 + 0.03X3

Backyard Collecting Once Weekly
Y = 0.52 + 0.02X, - 0.01X

1 3

The first equation should be used cautiously because a signifi-
cant amount of the variations in the DAAP data were not explained

by the designated variables. The other two equations should provide
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excellent results in projecting the tons collected per collection

hour.
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SECTION 1V

SUMMARY

This study has produced a great wealth of valid information
concerning the productivity and cost efficiency from selected resi-
dentail solid waste collection operations and the interrelationship
of the key factors that effect the productivity of the collection
operation. Data were obtained over the period of one year for each
of the 11 specifically defined systems. A concerted effort was made
to select only highly productive systems for this study. Also, the
most productive four routes of each system were selected for study.
The study data, then, represent reasonable productivity targets for
similar systems. It is expected that this information will give
residential solid waste collection managers everywhere a valuable
tool for appraising the productivity and cost efficiency of their
operations. |In addition, it is hoped that this study will stimulate
other approaches for improving collection system productivity.

Each system was defined according to operating parameters which
can be controlled by the collection system manager. These factors
included the type of equipment, crew size, frequency of collection,
point of collection, collection methodology, and the incentive
system. Bags and cans were prescribed as the storage container for
all systems, The significance of each factor, as it relates fto pro-
ductivity and cost efficiency, was determined for each system and
collectively for several groups of systems. The general conclusions
that were reached from an analysis of the factors were summarized
at the beginning of this volume and also in SECTION ||l under the

analysis of each factor.
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All of the factors considered did have a significant Impact
on productivity and cost efficiency. How significant each factor
would be with a specific system would depend on the objectives and
conditions of that system. The individual factors were analyzed
separately in this study. There was no effort to determine the
collective effects of all factors on a given system. In applying
the results of this study to a local situation, it is suggested that
the organizational objectives be clearly established before any
detailed analysis is made. Once the goals have been defined, then
the study factors can be considered as alternatives for meeting
the desired goals. The affects of making changes in the study
factors can then be determined or predicted in a logical manner as
they apply to a specific situation.

Finally. the conclusions that were reached in this study should
be applicable in the general situation. All residential collection
system managers should be able to apply the results and conclusions
from this study to their own operations and should strive to do so.
It is also recognized that regardless of how desireable i1+ may be
to implement certain study procedures, this becomes practical only
if it is feasible under the political constraints of the organiza-
tion. The solid waste manager, at best, can accomplish only what

is politically feasible In his organization.
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APPENDIX 1

DAAP STANDARD DATA

The DAAP computer program was designed to facilitate the
analysis of the daily collection route data that were obtained
from the study effort. 1In order to eliminate the local cost
differences that existed among the various systems being studied,
standard costs were used. Costs for services being performed
would then be primarily a function of the operational performance.
Insofar as possible, the standard costs that were used were the
average costs for all of the systems and were as follows:

Initial Cost of Vehicles

Capacity (cu yds) Side Loader Rear Loader
13 $15,900
16 $16,700
18 $17,000
20 $22,700
25 $23,900 $23,900
33 $30,000

Detachable Container $28,100

Vehicle plus 1/4 cost
of mother truck
Depreciation
The depreciation period is five years.
Maintenance Cost Per Year
Maintenance cost (first year) = .055 X initial cost of vehicle.
Consumable Costs
Fuel - $0.17 per gallon. Engine oil - $0.23 per quart.
Insurance and Fees
The yearly cost of insurance and fees is $1,200 per vehicle. The
effective cost of insurance for one detachable container route
(including mother tfruck) is $1,500 per year.
- Salaries (dollars per hour)
Driver - $4.34. Collectors - $4.15. The effective cost of the
detachable container crew (including mother truck driver) is $4.93
and $4.73 for the driver and collector respectively.

Fringe Benefifs

Fringe benefits are 18.3 percent of salary.-
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Personnel Overhead

Personnel overhead is 13.1 percent of salary.
Overtime Factor
Overtime factor of 1.5 for drivers and collectors.
The daily cost of depreciation, maintenance, and insurance and
fees is a function of the number of normal work days for each of
the systems. The number of normal work days that was used in the

program for each of the systems is listed below:

System Number of “Work Days

260
255
310
261

261

208
260
252
207
255
260

O WONOUVMHAWN-—-

—_—

In determining the cost of equipment, the 1972 replacement cost
was used as the standard. Where 1972 equipment was being used in
conjunction with the system studies this cost was used. No problems
were encountered with the costs of the side loading equipment. There
was a considerable range of costs associated with the rear. loading
equipment depending on whether the equipment was designed for medium
or heavy duty packing and depending on the chassis and packer make.
Average costs were determined for medium duty packing equipment, and
these were used.

There was a wide variation in the maintenance costs reported by
the participating agencies. Looking at the reported maintenance costs
for the first yearly increment of equipment use and comparing these
with the reported purchase price indicated a maintenance cost of between
five and eight percent. The yearly maintenance costs were averaged
and converted to a percent. The value of five and one-half percent
was used.

The average of the reported fuel and engine oil unit costs,
salaries, fringe benefits and -personnel overhead rates was used.
Personnel overhead included all supervisory personnel and other
support personnel that were directly reiated to the collection opera-
tion.
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APPENDIX 2
DATA ACQUISITION AND ANALYSIS PRDGRAM
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DATA ACQUISITION AND ANALYS1S PROGRAM
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DATA ACQUISITION AND ANALYSIS PROGRAM
DAAP COMPUTER PROGRAM CUTPUT
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6 & (PER DAY) * (PER DAY) » (PER DAY) » (PER DAY) s(LDADS PER DAY) » (PER DAY) & (PER DAY)s
* BH2HRIRR USRS BEH VIS HRAF VLSSV VA BBV IARAW GHUAEE VN VNIV EBIRSEBIRGVIBHLNOY VARGV H OV BB O SN S [TUNS) -] -]
-] -] -] & -] - ® ] -] ] & LAND -] XFER - - -]
® o HILES ® HOURS % WILES ® HDURS ® MILES ® HDURS * MILES * HOURS * INCIN * FILL * STA » » ®
SV X XA G55V VUG L VR VR BERAVIHVIVDOVAVO L VOB RV GBI VLTIV AFRASELVIVVVOIGROXDVXVASONVIDHVVLVVOSHOVIDBVB VN RVNIBLOIIREBEBSOODY
01-01 9.3 0.39 11.7 3.77 45.3 1.55 66.3 5.70 0.0 1.8 0.0 8.93 1.8
01-02 9.0 0.30 9.0 4.06 49.9 1.83 67.9 6.19 0.y 1.7 0.0 $.24 1.7
01-03 7.5 0.30 9.0 3.67 47.9 1.79 64.4 5.76 0.0 1.7 0.0 9.99 1.7
01-04 7.7 0.31 12.3 3.84 41.4 1.67 61.4 5.82 0.0 1.8 0.0 9.59 1.8
SUM 33.4 1.30 42.1 15.364  184.5 6.84 260.0 23.47 0.0 7.1 0.0 37.74 7.1
AVG 8.4 0.32 10.5 3.83 46.1 1.71 65.0 5.87 0.0 1.8 0.0 9.44 1.8
YTp 8.4 0.32 10.5 3.83 46.1 1.71 65.0 5.87 0.0 1.8 0.0 9.44 1.8

20000V RADHVBRIFOUBVSVRVZHBIIVEVNBVBV0IVLGHIRHORJALHVOIDBOF/VAEARAVICRAIAIRIIRYIEIVVEVIVLLIVIVVBVSAVIVVVVVVVDN VDRV RBHORBUBOY

02-01 1.8 0.12 8.8 4.76 21.7 1.85 32.3 6.72 0.0 1.5 0.0 9.12 1.5
0z-02 2.1 0.15 6.8 4.44 25,4 2.20 34,2 6.79 0.0 1.7 0.0 9.05 1.7

' 02-03 1.2 0.12 6.4 4,48 22.4 1.95 30.0 6.55 0.0 1.6 0.V 9.C5 1.6
02-04 0.3 0.18 2.4 4.55 5.8 2.04 8.0 6.77 0.0 1.7 0.0 8.78 1.7
SUM 5.4 0.56 24.5 18,24 75.3 8.04 105.1 26 .84 0.0 6.6 0.0 35.99 6.5
AVG 1.4 0.14 6.1 4.56 18.8 2.01 26.3 6.71 0.0 1.6 0.0 9.00 1.6
Y10 l.4 0.14 6.1l 4,56 18.8 2.01 26.3 6.71 0.0 1.6 0.0 ° 9.00 1.6

SRSV NBHHR S LB VLGN RIBER YR EVNVAI SIS FEIVASKVVRLVORPLVRDO LSS RLER GV X EIXVRVXEABHROPUDC RV IS DS BSRHIBAVSOVR LGB OVIDOILRBADGBAD

03-01 7.7 0.36

13.9 4,93 21.8 .1.00 43.4 6.30 0.0 1,0 0.0 5.48 1.0
03-02 7.5 0.39 11.8 4.91 22.3 1.14 41.5 6.43 0.0 1.0 0.0 5.76 1.0
03-03 9.3 0.38 13.7 4.68 22.0 1.09 45.0 6.16 0.0 1,0 0.0 5.71 1.0
03-04 7.5 0.32 15.7 5.00 22.6 1.06 45,8 6.38 0.0 1.0 0.0 5.98 1.0
SUM 32.0 1.46 55.0 19,53 88.7 4.29 175.7 25.28 0.0 4.1 0.0 22.93 4.1
AVG 8.0 0.36 13.7 4.988 22.2 1.07 43.9 6432 0.0 1.0 0.0 5.73 1.0
Y70 8.0 0.36 13.7 4.88 22.2 1.07 43.9 6.32 0.0 1.0 0.0 5.73 1.0

IXHVBLLVVNHVBVZVEVAVV RSOV VVDIVVABINBRVOBL BV HRVAB XD VPGV EHRRVVVDIVOOUR VBBV OLISAENIRDIVVOBV YNV VBV IGIBRLDVIVHNAIDBHIBHRSD



UVATA ACQUISITION AND ANALYSIS PROGRAM
DAAP COMPUTER PROGRAM OUTPUT
CETAILED ROUTE OPERATIUNS KEPORT

PERIUD FOR WHICH DATA APPLIES JANUARY-DECEMBER
L T T T T T T P T Ty Y

o o ® @ # T0 RUUTE, o ¢ ® o
o ROUTE @* MOTOR PCODL @ CCLLECTION * TRANSPORT » COLLECTION, # DISCHARGE * AVG WT & AVG '
® NUMBER *» TO ROUTE ® OPERATION ¢ UPERATION ® TRANSPURT @ POINT ¢ COLLECTED = LOADS @
L « (PER DAY) ~ ¢ {PER DAY) » (PER DAY) ® (PER DAY) #(LOADS PER DAY) % (PER DAY) & (PER DAY)2
® PR ENUNINRE NS IIO OISO IR NNENEI L NN ANN PO GILNNNDHOLLODRNRNANICOOIRDOIGAVO BB (TONS) s °
° © ° ® @ @ & & ® o ¢ LAND *= XFER = ° b
» # MILES ® HOURS = MILES * HOURS #® MILES # HOURS #» MILES * HODURS # INCIN = FILL » STA =» L L
PNV ABDHBHS AR VOB ARV RN U DROO LA NN EIBHI N AU OUAR OB OAR A NSO ARG RIS SO U ANV SN ER OO G S AIGOE OGO UL ICOOBD PO ABDBASBOBRO KD
04-01 64 0.32 9.9 5.24 32.9 2.15 49.2 7.71 0.0 1.5 1.0 13.21 2.5
04-02 5.3 0.24 11,6 4.64 29.7 1.65 46.6 6.53 0.0 1.4 0.9 11.74 2.3
04-03 6.6 0.31 9.0 5.03 31.4 2.00 47.0 7.33 0.0 1.4 1.1 12.60 2.4
04-04 6.7 0.27 9.8 4.33 36.4 1.90 52.9 6.50 0.0 l.4 0.9 12.87 2.3
SUM 25.1 1.14 40.3 19.264 130.3 7.69 195.7 28.07 0.0 5.6 3.8 50.41 9.4
AVG 6.3 0.29 10.1 4.81 32.6 1.9¢ 48.9 7.02 0.0 1.4 1.0 12.60 2.6
YT 6.3 0.29 10.1 4.81 32.6 1.92 48.9 7.02 0.0 1.4 1.0 12.60 2.4

RE0DROU SRS S EHR S VS EBIGRNESHPEVBRBBNBROL0DB VSRR BVZXSBLVVVL VISR EFHRNSVXIVL VRSNV XXV OBRADHILIBHVLEX VDIV SLIVISRERANVEBASRO D

05-01 4.8 0.27 12.7 4.37 28.9 1.67 46.49 6.31 0.0 2.0 0.0 13.¢7 2.0
05-02 4.4 0.26 13.9 4.75 30.7 1.63 48.9 6.65 OV 2.0 0.0 14.94 2.0
05-03 3.6 0.2% 12.9 5.03 28.4 1.78 44.9 7.05 6.0 1.9 0.0 14,74 1.9
05-04 4.4 0.30 12.8 4.55 31.8 1.90 49.0 6.75 0.0 1.9 0.0 l4.62 1.9
SUM 17.2 1.07 52.3 18.70 119.8 6.99 189.2 26,76 G0 7.8 0.0 57.97 7.7
AVG 4.3 0.27 13.1 4.68 29.9 1.75 47.3 6.69 0.0 1.9 0.0 14. 49 1.9
Y10 4.3 0.27 131 4.68 29.9 1.75 47.3 6.69 0.0 1.9 0.0 14.49 1.9

BOBBESANS0OBLOVOSH RN HOSOHHNSHRRVIVNIVV0RVOVVHBOVRARCVRIICVVISXVES/BVOEOB S VSV R SO VOB INHBVRI LAV IVVVAVL VBV VL VBBIBABRRBRGD

06-01 2.4 0.15 21.0 4,06 12.0 1.42 35.4 5.63 0.0 c.0 4.3 6.71 4.2
06-02 2.4 0.15 22,0 4.25 10.9 1.22 35.3 5.63 0.0 0.0 4.3 6.83 4,3
06-03 2.3 0.17 2C.7 4.01 12.6 1.45 35.6 5.64 0.0 0.0 4.5 7.10 4.5
06-04 2.3 0.20 18.4 4.25 12.3 1.42 33.0 5.87 0.0 c.0 4.6 7.21 4.5
SUM 9.4 0.67 82.0 16.58 47.9 5.52 139.3 22.717 0.0 0.0 17.7 27.86 17.6
AVG 2.4 0.17 20.5 4.14 12.0 1.3¢4 34.8 5.69 0.0 c.0 4.4 6.96 4.4
YT0 2.4 0.17 20.5 4.14 12.0 1.38 34.8 5 .69 0.0 0.0 4.4 6.96 4.4

SOLOBHODBUNDROINIV VROV OB IEL VRNV OBV ORBOD L HSIVSLHIVE DRIV HOBHUDVHIVH0VVVVDILIBOBIVVI ROV 0D HIPVHIDOBYIVHIRVOBIIVODRVODY

07-01 5.0 0.23 11.3 3.77 12.8 0.89 29.0 4.89 0.0 2.0 0.0 11.61 2.0
07-02 1.9 0.12 8.7 4.40 14.0 1.08 24.7 5.60 0.0 2.3 0.0 13.17 2.3
07-03 5.5 0.34 11.5 3.81 17.9 1.29 34.9 5.44 0.0 2.1 0.0 12.20 2.1
07-04 2.5 0.11 10.6 3.64 12.4 0.94 25,5 4.68 0.0 2.5 0.0 13.64 2.5
SUM 14 .8 0.80 42.1 15.62 57.1 4.20 114.0 20.62 0.0 8.9 0.0 50.62 8.9
AVG 3.7 0.20 1C.5 3.91 14.3 1.05 28.5 5.16 0.0 2.2 0.0 12.65 2.2
Y70 3.7 0.20 10.5 3.91 14.3 1.05 28.5 5.16 0.0 2.2 0.0 12.65 2.2

Y02 BORRR0NRB V0L BEVSR VAR NRILSNNDIRELRIVFDEDNSCRVANSLRBVHPVRPVRIDN VAV VVXV IOV OV LR SIOXDSJVVSVNVVVVB VDV VVVEVHOH R



DATA ACQUISITION AND ANALYSIS PROGRAM
DAAP CUMPUTER PROGRAM LUTPUT
DETAILED ROUTE DPERATIONS REPORT

PERIOD FOR WHICH DATA APPLIES JANUARY-DECEMBER
BEHOHAB AR LIRS VONEHAVCUFROASE VLAV LI NV ANDHVAIVEHRGOIRGOERRLINC N0 NNV LIDIVOIOLIDRLONBIINNVII00HSOVILOANLHDBLBLOILBIBOG0

s * ® % ® 10 ROUTE, ° ° » ?
® ROUTE < MOTOR POOL * COLLECTION ® TRANSPORT ® COLLECTION, » DISCHARGE o AVG WT u AVG ”
* NUMBER * TO ROUTE ¢ OPERATICN ¢ DPERATION & TRANSPORT" ® POINT : ¢ COLLECTED » LDADS L4
® * (PER DAY) % (PER DAY} 2 (PER DAY) & (PER DAY) ®(LOADS PER DAY) ¢ (PER DAY) ¢ (PER DAY)»
o BOGIOLHOIDURRVBILHRIOBOBAVSOLANUVBBINLRHROACNDRNRAGIRIDNBIVABRVVQBAB RGBT XNVAGOBBBB0N02s (TUNS) 2 o
° & o % 5 & : & s Y ° ® LAND ® XFER ¢ ® o
® % MILES ¢ HDURS * MILES * HOURS * MILES * HDURS ® MILES » HOURS » INCIN *» FILL » STA » ° °
L R I I T I I I I T LI I D I T I T T e e T P S P T T L T T R AT LS R
08‘01 1.1 0017 2.7 5009 39.1 2.68 42.8 7.%4 0.0 107. Ce0 10.67 1.7
08-02 0.8 0.10 1.9 4.92 3l.6 2.53 40.3 7.55 0.0 1.7 0.0 9.27 1.7
08-03 1.7 0.27 4.0 4.88 31.8 2.22 37.6 7.38 0.0 1.3 0.0 8.54 1.3
08~04 0.8 0.17 3.2 4.65 35.3 2.57 39.4 7.39 0.0 1.5 0.0 10.C1 1.6
SUM 4.5 0.71 17.8 19.54 137.8 10.01 160.1 30. 26 0.0 6.2 0.1 38.89 6.3
AVG 1.1 0.18 4.5 4.88 34.4 2.50 40.0 7.57 0.0 1.6 0.0 9.72 1.6
YTD 1.1 0.18 4.5 4.88 34.4 2,50 40.0 7.57 0.0 1.6 0.0 9,72 1.6

SR NFESR0 SIS DN SRS DOSRSR VNSRBI LV 02N SO VSNV BORBELVELGRNSBA VAR LSRGV L AND IRV VVESO VSV 020IVV VDSOS OS VLR SSPLBRL S

09-01 10.0 0.54 8.2 5.23 31.1 1.76 49,3 7.52 0.6 1.4 0.0 12.58 2.0
0%-02 7.4 0.22 8.9 3.62 35.9 1.60 52.2 5.43 U.0 2.5 0.0 14.70 2.5
09-03 6.2 0.14 12.1 3.93 30.4 1.21 48.6 5.34 0.0 2.5 0.0 1l6.¢2 2.5
09-04 16 .8 0.42 12.3 4.74 36.1 1.59 65.2 6.75 1.7 C.6 0.0 12.92 2.3
SUM 40 .64 1.32 41.4 17.52 133.4 6.21 215.2 25.05 2.3 7.1 0.0 56,42 9.4
AVG 10.1 0.33 10.4 4.38 33.4 1.55 53.8 6.26 0.6 1.8 0.0 14.10 2.3
Y7D 10.1 0.33 10.4 4.38 33.4 1.55 53.8 6.26 0.6 1.8 0.0 14,10 2.3

COYVRNVEVRL VRNV SHO VLUV CIDCV0 OOV VSBOVGRVEROEIF VPSR LAV GEVEVEYOVIIV VNSNS LUSVEVEVSVHVRAVYVLOIVE0IFOLALRLARGL0D

10-01 1.1 0.12 6.6 5.21 1.4 1.01 15.1 6.34 6.0 1.0 0.0 6.07 1.0
10-02 1.2 0.19 4.9 5.01 5.0 0.87 11.1 6.08 0.0 1.0 0.0 b.14 1.0
10-03 3.3 0.24 7.3 4.91 6.5 1.05 17.0 6.20 0.0 1.0 0.0 6.34 1.0
10-04 0.4 0.06 8.6 5.10 5.3 0.99 14,3 6.15 0.0 1.0 0.0 - 6.17 1.0
SUM 6.0 0.61 27.4 20.23 26.1 3.93 57.5 24.17 0.0 4.1 0.0 24.72 4,1
AVG 1.5 0.15 6.9 5.06 6.0 0.98 14.4 6.19 0.0 1.0 0.0 6.18 1.0
YTD 1.5 0.15 6.9 5.06 6.0 0.98 14.4 6.19 0.0 1.0 0.0 6.18 1.0

220022000000 02 08000000 R0H000R LSRN N D000V RVNOREEVOPEVRSURL0OLVVSSRGOH2PVLYOIRSIPLOSIRVVLOHCVEIVDLLIIVOVOLOHVBETORD

11-01 2.5 0.19 5.5 5.30 20.4 1.42 28.4 6.91 0.0 2.0 0.0 6.20 2.0
11-02 1.8 0.16 1.6 5.33 17.0 1.33 26.4 6.81 0.0 2,0 0.0 6.53 2.0
11-03 2.3 0.13 6.8 5.67 15.1 1.08 24,2 6.87 0.0 1.6 0.0 6.18 1.6
11-04 2.7 020 6.3 5.58 17.9 1.18 27.0 6.96 0.0 2.0 0.0 5.83 2.0
SUM 9.4 0.68 26.2 21.88 70.4 5.01 106.0 27.56 0.0 7.6 0.0 24,74 7.6
AVG 2.4 0.17 6.6 5.47 17.6 1.25 26.5 6.89 0.0 1.9 0.0 6.18 1.9
ALl 2.4 0.17 6.6 5.47 17.6 1.25 265 6,89 0.0 1.9 0.0 6.18 1.9

V400302220 HVBJ0SVL VPO VELVRVV SNV ELOVLR00IHRELVLVOAVIVVVOILVAONERV0PVNLVRLVVORGOV0VROVIVV0VUVVVLOVVLOVREVOV2GHRVNGLHRSORDY
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DATA ACQUISITION AND ANALYSIS PROGRAM
DAAP COMPUTER PROGRAM OUTPUT

COLLECTION ROUTE COST REPORT

PERIOD FDR WHICH DATA APPLIES JANUARY-DECEMBER
SUOBBOOEBLBASIRARLLOABLONRIBOALOHIBBUIBILHLEHIVVVABRVALOAIIBVOABECHBLINABOAEROOIBS OISRV VEAABVIVIOBOVLBGHAOBHAXASDER VAV ABBE D SRBE

&

CDST Tp » COST TO * EQUIP

COLLECT #TRANSPORT®» COST

PER DAY = PER DAY
@

»

* PER DAY

»
L

&

*

* MANPOWER®* TOTAL

# COST

®
&

» COST
% PER DAY ¢ PER DAY

&

=
*
]
]

L

»

o
TOTAL

* TOTAL

BREAKOOWN *= INCENTIVE
cast = COST

(MANPOWER ) 2
»

»
2
L
&
?

L

TOTAL
OVERTIME
CosT

]
o
&
-
-]

®

casT
PER
TON

ARG ORS 22O L0200 RSB REONRAD OBV SOV HSEIRGSHVR L VR H2 VRV A VLAV VSRV EAR S VNG ERARAVRARLEDERAVDESSEV O XB AR FO SRS HOSHOVSBGASADG

01-01
01-02
01-03
01-04

SUM
AVG
Y10

5.23
3.75
4.11
4.21

17.30
4.32

4.32

50.97
51.10
50.58
51.60

204.26
51.C7
51.07

20.92
23.08
24,67
22.41

91,07
22.717
22.71

31.50
32,31
33.74
32.60

130.15
32.54

32.54

45.62
45.62
45,62
45,62

182.49
45.62
45.62

77.13
77.93
79.36
78.22

312.64
78.16
78.16

37.45
62.02
200.39
130.66

430.53

3236.28
2700.51
3146.46
3125.08

12208.33

0.00
0.C0
0.60
0.C0

0.00

8.64
8.43
7.94
8.16

33.18
8.29
8.29

o b4
» COST PER ¢
b HOME b
* SERVICED =
VVBOBRBBLHS B
® WEEK* YEAR®
0.19 9.88
V.20 10.40
0.19 9.88
0.17 8.84
Q.75 39.00
C.19 9.75
0.19 9.88

SRRV EHCHRSRLORRBABORDEV VLRSSV RNV OB SR SHUR O VAR DS RS AFBIEN OSSR SH VXAV LRV VORVVLRSRVIBVDVLER VDB VS VSRS PHCR2LDV0INSVGR GRS

02-01
02-02
02-03
02-04

_SUM
u AVG
YT0

1.31
1.63
1.40
2.05

6.38
1.60
1.60

54.15
49.55
51.89
51.41

207.00
51.75
51.75

20.98
24,57
22.54
23.10

91.19
22.80
22.80

30.66
30.63
30.73
30.79

122.81
30.70
30.70

45.79
45.11
45.10
45.76

181.75
45.44
45.44

76 .45
15.74
75.83
76.55

304.517
76.14
16.14

111.25
44.86
32.77
47.28

236.15

0.00
0.00
0.00
0.00

0.00

41.23

8.C4
31.95
26.58

107.81

8.39
8.37
8.72

33.86
8.46
8.46

0‘30
0.29
0.31
0.29

1.19
0.30
0.30

15,60
15.08
le.l2
15.08

61.88
15.47
15.60

2 E LR 2R 2R R R R R 2R RR SRR RERR-R--E R R R 22 R 22 R 22 2R RS R RSS2 R 22222 RS2 R R RRRREEREEER-EEFYTYEETE LS R0 Y]

03-01
03-02
03-03
03-04

SUM
AVG
Y70

4.44
4.64
4.82
3.90

17.81
4.45
4.45

60.45
58.92
58.76
60.54

238.66
59.66
59.66

12,28
13,63
13.70
12.79

52.41
13.10
13.10

31.55
31.56
31.66
31.61

126.38
31.60
31.60

45.62
45.62
45.62
45.62

182.49
45.62
45.62

17.117
77.19
77.28
77.23

308.87
17.22
77.22

30.17
26,69
136.54

100.49

299.90

2948.96
2755.92
3155.21

2757.35

11617.43

0.00
0.C0
0.00
0.C0

0.00

l‘. .08
13.41
13.53
12.92

53.94
13,48
13448

0.36
g.38
Q.34
0.42

1.50
0.37
0.37

18.72
19.76
17.68
21.84

78.00
19.50
19.24

DONOBDBEHTL OO R NUODVRVLLOBNOVOZ OOV BBYVS0UHOSSONBS LDV VYD POV GHVV LGSV OBCO RNV PANZF VSR DV 0GB OB LV SAG NSNSV OOVBHXDAHVVDDD
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ROUTE
NUMBER

1
|
%
b4
L]
L]

04-01
04~-02
04-03
04-04

SUM
AVG
YTO

%

L

'S

COST TO
ROVUTE
PER DAY

5.01
4.45
4.99
5.03

19.49
4.87
4.87

o
-3
%
»
5
L4

=

DATA ACQUISITION AND ANALYSIS PROGRAM
DAAP COMPUTER PROGRAM QUTPUT

COLLECTION ROUTE COST REPORT

PERICD FOR WHICH DATA APPLIES JANUARY-DECEMBER
SUBRILR OB LR VNP0V I EDH OO GV ORR ORI IR VIO NN AR RS URN OB OB E ANV R OR ARV R IV OB NI OII RIS IB GO VI OOB OV VBN COEALRLOIDROIDINOORNORARLD

&

COST Tp * COST TO * EQUIP
COLLECT ®TRANSPORT®* (OST
PER DAY =» PER DAY = PER DAY

81.83
84.88
82.27
79.95

328.93
82.23

82.23

e
Y

33,53
30.19
32.67
35.05

131.43
32.86
32.86

%
L4

30.91
30.28
30.68
30.78

122.64
30.66

30.66

3

& o 8 N8

&

MANPUNWER®* TOTAL
» COST
PER DAY * PER DAY

CosT

89.47
89.25
89.25
89.25

357.21
89.30
89.30

2

120.37
119.53
119.93
120.03

479.85
119.96

119.96

@
»
%
&
%
3

5
TOTAL

* TOTAL

BREAKDOWN # INCENTIVE
cosTt » COST

(MANPOWER ) %
o

88.57
144.86
123.71
153.28

510.43

1885.78
.3674.53
2323.38
3839.63

11723.33

x
»

* OVERTIME

o
]

L
SROAH ARV ABB VIS XIHEARIVVIONXBROPOV RS BIFAXVBBAVFORXFIHOIXBRFCIIVOSR YO AV KV GVDHP YOI AN RSDIB RSV BYZA VAN I VWO ABEXFASRAABVOIARKORN

TOTAL

€CST

0.00
0.C0
0.00
0.C0

0.00

cosT
PER
TON

3.11
10.18
2.52
9.33

38.15
92.54

2.54

o ]
¢ CUST PER *
» HOME ®
o SERVICED =

BUXBVHBAVHE B
& WEEK® YEAR?

0.23
Q.23
0.23
0.23

0.92
0‘ 23
0.23

11.9¢
11.96
11.96
11.96

47,84
11.96
11.96

NN AAN NI RIR RO IR ARV O AAIBOIONOO OO0 00ADIBONNANBNVOLEOL0SEI0RNNNNNNALVRVABVORROSOVOCOSBORBISIERARAVIRIVNROOBEHO0ULEOOTOBOERNY

05-01
05-02
05-03
-05-04

SUM
AVG
Y70

5.27
4.94
4.4}
5.64

20.26
5.07
5.07

85.8¢
89.37
92.13
85.64

352.96
88.24
88.24

32.87
30.64
32.52
35.89

131.92
32.98
32.98

31.49
31.85
31.54
31.85

126.74
31.68
31.68

92.46
93.11
97.52
95,31

378.40
94.60
94.60

123.95
124.906
129.06
127.17

505.14
126.28
126.28

318.20
174.81
128.49
180.75

802.26

0.00
0.00
0.00
0.00

0.00

293.10
375.01
465.01
358.54

1492.06

9.07
8.36
8.75
8.70

34.88
8.72
8.72

0.22
0.19
0.23
0.22

0.86
0.21
Q.22

11.44

9.88
11.96
11.44

44,72
11.18
11.44

LAt Al A L R R L R Rl At R R T T R R R A R R i R R R A R R R R R S Rt

06-01
06-02
06-03
06-04

SUM
AVG
Y710

3.95
3.93
4.53
4.93

17.34
4.34
4.34

107.03
110.53
104.41
106.57

428,55
107.14
107.14

37.55
31.7¢6
37.72
35.75

142.78
35.70
35,70

43,70
43.66
43.74
43.66

174.717
43.69
43.69

104.84
102.56
102.92
103.59

413.91
103.48
103.48

148 .54
146.22
146 .66
147.25

588.68
147.17
147.17

302.43
205.19
169.24
251.97

928.83

5714.23
5662.88
5246.53
5083.75

21707.39

0.00
0.00
0.00
0.00

0.C0

22.12
23.40
20.64
20.43

84.60
21.15
2).15

0.54
G.53
0.53
0.45

2.05
Q.51
0.51

28.08
27.56
21.56
23.40

106.60
26.65
26.52

OSSFBESESSVBRESS STV RRSVNRL SN0V 20000 SAXRVSSSVR VSNV IS0V 0 V0SB0V VX R VB LSS OSSR VS0 VX NABRERSBLADRAVEDNGEVVOEGDB DB RROGOGOSD

07-01
07-02
07-03
07-04

SUM
T ANG
YTp

7.61

3.58
10.01
3.81

25.01
6.25
6.25

1264.57
126.89
113,28
125.34

490.08

122.52

122.52

29.39
31.03
38.45
32.32

131.19
32.80
32.80

28.69
28.63
20.87
28.60

114.79
28.70
28.70

132.87
132.87
132,87
132.87

531.49
132.87
132.87

le1.56
161.50
161.74
161.47

646.27
161.57
161.57

39.21
63.94
65.11
90.63

258.88

12756.37

9938.68
10459.37
13726.05

46880.46

0.C0
0.00
0.00
0.C0

0.00

13.92
12.26
13.26
11.84

51.28
12.82
12.82

0.41
0.38
0.39
0.40

1.58
0.39
0.39

21.32
19.76
2@.28
20.80

82.16
20.54°
20.28

OBV VARBVVOL OOV VOEUNO0VD VRO L B0 NOACLRGRVRIVAV VBT XLRVVEXVROB VBBV OVRVDRVVLEVPOR VSOV VDVSV VOV FLVVJVVDVDOVVIFBHRGRVEVBVSVRSLHRRD



ROUTE

L33 BK BN -2 -]

08-01
08-02
08-03
08-04

SUM
AVG
Y10

]
&

NUMBER »

[
*
®

L]

®

DATA ACQUISITION AND ANALYSIS PROGRAM
DAAP COMPUTER PROGRAM OUTPUT

COLLECTION RDUTE COST REPORT

PERIOD FOR WHICH DATA APPLIES JANUARY-DECEMBER
SOBUNBLOBOUIBVGHILVRR0GOR0DOVDOBIO0I0OHAVONVBOOUBBOVISOOIRORELVESRVICONBHOOUSHO0IILOGDOVVOBOHODOITVOIVOIRDBAGRGOBIBEVLVOBOOARGHGE

L4

COST TD * COST TD » COST TO * EQUIP
 COLLECT °*TRANSPORT® COST
¢ PER DAY ¢ PER DAY

ROUTE
PER DAY

3.66
2.14
6.10
3.81

15.70
3.93
3.93

L4
®

108.98
104 .54
109.46
105.58

428,57
107.14
107.14

&
b4

57.43
53.83
49.84
58 .44

219.54
54.88
54.88

& PER DAY
°

o

32.48
24.37
32.03
31.83

120.71
30.18
30.18

&

% MANPOWER®* TOTAL
* COST
¢ PER DAY ¢ PER DAY

L3
b

137.58
136.14
133.37
136.01

543.09
135.77
135,77

s COST

L]

170.06
160.51
165.40
167.83

663.80
165.95
165.95

L]
|
L
&
*

3

-

TOTAL * TOTAL
BREAKDOWN » INCENTIVE
CoSsT & COST
(MANPOWER) *
°
292.61 0.00
328.96 0.00
393.57 0.00
450.07 0.00
1465.20 0.00

L
%
%
%
-

-]

TOTAL
OVERTIME
CDST

1168.54
7417.34
113.76
174 .69

2804 .32

1]
&
L]
L
]

&

CO0sT
PER
TON

15.94
17.31
18.50
16.76

68.52
17.13
17.13

>

L4

* COST PER =
» HOME i
& SERVICED =
BBBIBBER SR S

o WEEK®* YEAR=®
BRSO R0ASHOBVRSCRVHVLRVD0SRLRB0NSLVXX0N0HRV VRV REBALR V0PI EVVBB OV L OIXLVNSISNOIR VSO VRVEHLRVSINRV0BUVVIVBLVNBRIVBROBSHDRRRGD

0.48
0.69
0.50
0.53

2.20
0.55
0.55

24.96
35.88
26.00
27.56

114.40
28.60
28,60

COFPUVRAVILHVV IS0 CVUDOTRADOOVEV0VIBVBRRDOVLHVNGAG LUV OHNSVIBCHLVLOAVVOBIRV VDGV DRIV EV AV XA VAR LHOILHORITBIVAVRBVOVLATDII0BDOORORDS

09-01
09-02
09-03
09-04

SUM
AVG
Y70

14.66
8.14
5.31

12.86

40.96
10.24
10.24

142.27
136,55
150.54
143.95

573431
143.33
143,23

47.87
60 0‘0
48.51
48.11

204 .90
51.23
51.23

38.71
38.74
36.96
38.30

152.71
38.18
38.18

166.09
166.35

167.40
166.62

666.46
166.62
166.62

204 .80
205.09
204.36
204 .92

819.17
204.79
204.79

89.76
121.96
145.93
203.55

561.21

8539.42
15583.10
15999.46
10676.74

50798.71

0.00
0.00
0.00
0.00

0.c0

16.28
13.95
12.60
15.86

58.70
14.67
14,67

0.48
Q.47
0.42
0.55

1.92
0.48
Q.48

264,96
24.04
21.84
28.60

99.84
24+96
24.96

SOV BHOLIBOVOOPSOVINLNOB0V0BD AR HPOVODBONBEVORRVVOVTIVO0NIVNINVIBLBDIVIVLIOVVADIOBVAIBUONBOLAINIROBHABDIIABVGVRIBVOBHOIRHCABIOSD

10-01
10-02
10-03
10-04

SUM
AVG
Y70

2.20
3.717
4.59
1.19

11.76
2.94
2.94

97.51
97.46
93,53
100.43

388.93
97.23
97.23

18.94
16.99
20.05
19.52

75.50
18.88
18.88

28.73
28.64
28.76
28,83

114.96
28.74
28.74

89.92
89.58
89.42
92.31

361.24
90.31
90.31

118.65
118.23
118.18
121.14

476.19
119.05
119.05

33.33

9.79
19.42
18.72

81.27

4632.72
5472.80
4869.00
5265.68

20240.21

0.C0
0.C0
0.00
0.00

0.00

12.55
19.26
18.64
19,62

77.07
19.27
19.27

0.32
0.32
0.33
0.32

1.29
0.32
Q.32

lo.64
l6.64
17.16
le.b4

67.08
16.77
16.064

LA 22 A2 22 22 2 E 2 2 a2 R 2 R R i Rt A R i R R S RS 2 R R R R A 2 R Rt I Y Y TNy

11-01
11-02
11-03
11-04

SUM
AVG
Y70

3.14
2,63
2.20
3.17

11.13
2.78
2.78

86.08
87.70
97.33
89.90

361.01
9C.25
90.25

23.10
21.80
18.53
19.08

82.51
2C.63
20.63

22.83
22.33
28.53
22,25

95.94
23.98
23.98

89.48
89.81
89.52
89.91

358.71
89.68
89.68

112.31
112.13
118.05
112.16

454 .65
113.66
113.66

100.67
84.78
64.76
93.56

343.78

.00
0.00
0.00
0.00

0.00

12.76

0.C0
22,33
27.176

62.85

18.12
17.17
19.11
19,24

73.63
18.41
18.41

0."2
0.47
0.49
Q.48

1.86
0.46
0.47

21.84
24.44
25.48
24.96

96.72
24,18
24.44

PO00SHPOOBNGHSORVRIBVRVNBA0DIDLOVAVEBORVVOVDUROICBENDBVRVRBODRISHOFVSOAEABAIVGRHIDAIDHODOV0DOOBAVVODISOBVVOVVVADBVIVHLVYDOORBARDD



86

DATA ACQUISITION AND ANALYSIS PROGRAM
DAAP COMPUTER PROGRAM QUTPUT
COLLECTION CREw PRGDUCTIVITY REPDRT

PERIGD FOR WHICH DATA APPLIES JANUARY-DECEMBER
R R T R g e R R T L P e e R T e R T R P e R R L e A R AR it

& & o ® @ » CREW PRODUCTIVILTY & COLLECTOR PRCDUCTIVITY L 4
* ROUTE =» HOMES & AVERAGE WEIGHT « COLLECT ® COLLECT ®000202siddaadddadstotsRitdasddddtosddddosodsisonnne o
4 % SERVED * CGLLECTED PER HOME* TIME PER » TIME ® HOMES ¢ WEIGHT °HDH§S SERVEL *WEIGHT “INDEX L
® NUMBER ##ddvadaesondipndovosasdesnsanesnss HOME PER #= PER ¢ SERVED o HANDLED *PER COLLECTGR ©HANDLEDC PER = OF L
» = PER * PER = PER ® PER ¢ COLLECTION® 100 LBS.* PER ¢ PER “pPER COLLECTION®*COLLECTDR PER®PRODUCT=-#
® & DAY * WEEK = CCLLECT-# WEEK ® (MINUTES) » (MINS) #COLLECTION®*COLLECTIDON®HUUR =(OLLECTION elVLITY “
® % % # 1ON(LBS)?* (LBS) ® % * HOUR *HOUR (TONS ) » *HOUR(TONS ) b L
AR ABIVNDEA (GBS UB XSS IS VLR B2 IS IRV LR RS R VD BBHBAEINAOSAPENBRAH R0 R RN SV HEI0 LB IVEB2HEIVBNVBLO[B XA VORGSRV ASASASRSR0RGAGRk
01-01 392. 1962. 45.5 45.5 0.58 1.27 104.1 2+4 104.1 24 161.30
01-02 375. 1874.,. 49.3 49.3 0.65 l.32 92.3 2.3 92.3 2.3 150.68
01-03 415. 2077, 48,1 48,1 0.53 1.10 113.1 2.7 113.1 2.7 170.27
01-04 459, 2294, 41.8 41.8 0.50 1.20 119.5 2.5 119.5 2.5 173.64
SUM 1641, 8207. 184,17 184.7 2.26 4,89 429.1 9.9 429.1 9.9 655.90
AVG 410. 2052. 46.2 46.2 0.56 1.22 107.3 2.5 107.3 2.5 163.97
Y70 410, 2052, 46.2 4642 0.56 1.22 107.3 2.5 107.3 2.5 163,97

A2 UREND02N VLR ARV Q2L N VA0 LNV RV VIS 0NV G VSRV ORIXODOVEDLPR SV SR LSS0 GIHDH2N XD ALV RDBLVAIPISRHAPVVBEBHIDLADVORLV0N0ABOLD S

02-01 249. 1247. 73.1 73.1 1.15 1.57 52.4 1.9 52.4 1.9 134.31
02-02 259. 1295, €9.9 69.9 1.03 1.47 58.3 2.0 58.3 2.0 135.00
02+-03 244. 1222, 74.0 74.0 1.10 1.49 54.5 2.0 54 .5 2.0 134 .98
02-04 261. 1307. 67.1 67.1 1.04 1.56 57.5 1.9 57.5 1.9 127.03
SUM 1014. 5072. 284.1 2841 4,32 6.08 222.7 7.9 222.7 7.9 531.33
AVG 254. 1268. 71.0 71.0 1.08 l.52 55.7 2.0 55.7 2.0 132.83
YTp 254. 1268. 71.0 71.0 1.08 1.52 55.7 2.0 55.7 2.0 132.83

S22 EPAESDIHCASSESARP B0V ACR VOG0 VDAV SXREBIGENS S SBSHSIDOERBREIDRXGERRLBEFSSEPGV SRSV 0 XSG SCODOUIVVOLVOXB VDAV EGEISLBEBESVSBBR G

03-01 424. 1272. 25.9 51.7 0.70 2.70 85.9 l.1 85.9 l.1 125.65
03-02 402. 1207. 28.6 57.2 0.73 2.56 82.0 1.2 82.0 1.2 122.34
03-03 448. 1344. 25.5 51.0 0.63 2.46 95.6 1.2 95.6 1.2 134.79
03-04 366. 1099. 32.6 65.3 0.82 2.51 73.2 1.2 73.2 1.2 121.50
SUM 1641. 4922. 112.6 225.2 2.88 10.23 336.7 4.7 336.7 4.7 504.29
AVG 410. 1231. 28.2 56.3 0.72 2.56 84.2 1.2 84 .2 1.2 126.07
Y10 410. 1231. 28.2 56.3 0.72 2.56 84.2 1.2 84,2 1.2 126.07

V2B APHVLPBNE VX SABESAVOVAVENOIDOIVBIBBASRLDVROXA PRV IV NONISRRBVICNOO POV RSN OVAD ORIV APAENSOLOD AR VPR VUV OEREIRO RV HOGATANRY

-



DATA ACQUISITION AND ANALYSIS PROGRAM
DAAP COMPUTER PROGRAM DOUTPUT
COLLECTION CREwW PRODUCTIVITY REPORT

PERIOD FOR WHICH DATA APPLIES JANUARY-DECEMBER
SOIRIEBRELOIBIB LA LOOUIV ARV AIABORR OBV U NIV AASUDNLIGAOIBBUNFCVOLAVNOOOAG VRGOV RHOONBIVHRRBOAVOORABELROVROVOIRPOBVORHHRBOIIBE

» & ® * & o CREW PRODUCTIVITY o COLLECTOR PRODUCTIVITY L s
e ROUTE = HOMES * AVERAGE WEIGHT * COLLECT ® COLLECT o022022000083 00000 903008003 0000000000 000800000 000380 o
° * SERVED ® COLLECTED PER HOME®* TIME PER = TIME ® HOMES * WEIGHT *HOMES SERVED =WEIGHT ¢ LNDEX °
® NUMBER »ooadsddotttaddtosdssbdososnsserss HOME PER *= PER * SERVED ¢ HANDLED #PER COLLECTOR *=HANDLED PER ¢ OF L
° * PER ® PER * PER 2 PER ¢ COLLECTION®* 100 LBS.* PER & PER *PER COLLECTION®*COLLECTOR PER2PRODUCT-%
b4 @ DAY © WEEK » COLLECT-* WEEK © (MINUTES) #= -(MINS) *COLLECTION*COLLECTION®HOUR eCOLLECTION oVITY s
& o o & JON(LBS)* (LBS) & & * HOUR SHOUR(TONS )» oHOUR(TONS) s =
PR SRNN AN OISO IRNV NN LANRIEORNO 0NN NI LOONOONTOORNLDILEONINOINNLINOBOADLOOUROOORLL0IILDRNR0RRORERABOUN0OSVLOERS
04-01 510. 2549. 51.8 51.8 0.62 1.19 97.3 2.5 96.8 2.5 159.04
04-02 510. 2548. 46.1 46.1 0.55 1.19 109.9 2.5 109.9 2.5 167.55
04-03 514. 2572. 49.0 49.0 0.59 1.20 102.2 2.5 102.2 2.5 160.22
04-04 515. 2575. 5.0 50.0 0.50 1.01 118.9 3.0 118.9 3.0 178.68
SUM 2049, 10244, 196.8 196.8 2.25 4.58 428.3 10.5 427.8 10.5 665.49
AVG 512. 2561. 49,2 49.2 Q.56 1.15 107.1 2.6 107.0 2.6 166.37
YTo 512. 2561. 49.2 49.2 0.56 1.15 107.1 2.6 107.0 2.6 166.37

SRSV OHIE S BBV BE VRGBSR A LISV 00NV BBV LIV VBBVVBGOSBXOLESJ VUV IRV VESR VNNV RS L0 R VOV G STV FEV LRV VVSSVSERSOVXTTHVVPSHV/BB VDB IV SO0 BD

05-01 549. 2744, 49.8 49.8 0.48 0.96 125.6 3.1 121.8 3.0 188.10
05-02 633. 3163, 4.2 47.2 0.45 0.95 133.1 3.1 128.4 3.0 194.16
05-03 559. 2796. 52.7 52.7 0.54 1.02 111.1 2.9 98.7 2.6 176.74
05-04 561. 2805. 52.1 52.1 0.49 0.93 123.4 3.2 113.2 3.0 188.32
SUM 2302. 11508. 201.9 201.9 1.95 3.87 493.2 12.4 462.1 11.6 T47.32
AVG 575. 2877. 50.5 50.5 0.49 0.97 123.3 3.1 115.5 2.9 186.83
Y70 575. 2877. 50.5 50.5 0.49 0.97 123.3 3.1 115.5 2.9 186.83

SHVRSEORR RO RXPPRSHEOBBEDBD PV VXAV VBNV UBH ARV BVABAZALADAZAVDIO SISO XXV RAXB AL BB PVUIO VOBV RL SV LBV BOAVRAZVVLRZRODVBEOOHGHOD

06-01 544. 1088. 24,7 49.4 0.45 1.81 134.0 1.7 125.7 1.6 179.69
06-02 549. 1098. 24.9 49.8 0.47 1.87 126.0 1.6 126.4 1.6 175.87
06-03 549. 1098. 25.9 51.8 0.44 1.70 136.7 1.8 133.0 1.7 183.27
06-04 653. 1306. 22.1 44.1 0.39 1.77 153.8 1.7 147.7 1.6 194,22
SUM 2295. 4589. 97.5 195.1 1.74 T.14 553.5 6.7 532.8 6.5 733.05
AVG 574. 1147. 24.4 48.8 0.44 1.79 138.4 1.7 133.2 1.6 183.26
Y10 574. 1147. 24 .4 48.8 0.44 1.79 138.4 1.7 133.2 l.6 183.26

REHBLBUREREERXRRERRIERHIRENP RGNV IDO VLSS R VRS S RSAGR BN GEB AL AR VOIS FHSASEH OB RROURIVVH VX0V SOVD ROV DV VL L DI BEAX0V2SOVAPABVAIG D

07-01 391. 1956, 59.4 59.4 0.58 0.98 103.6 3.1 51.8 1.5 174.32
07-02 424, 2120, 62.1 62.1 0.62 1.00 96.4 3.0 48.2 1.5 167.19
07-03 408. 2042. 59.7 59.7 0.56 0.94 107.2 3.2 53.6 l.6 178.39
07-04 403. 2017, €7.6 67.6 0.54 0.80 111.0 3.8 55.5 1.9 189.19
SUM 1627. 8136, 248.8 248.8 2.30 3.71 418.2 13.0 209.1 6.5 709.08
AVG 407. 2034, 62.2 62.2 0.58 0.93 104.5 3.3 2.3 1.6 137.21
YTo 407. 2034. 62.2 62.2 0.58 0.93 104.5 3.3 52.3 1.6 177.27

LEEES RS - ER-E RS 222 R T2 R 222 R R R R R R RE 2222 2R R RS R IR R Y Y N R R L T T



DATA ACQUISITION AND ANALYSIS PRUGRAM
DAAP COMPUTER PROGRAM DUTPUT
COLLECTIUN CREW PRODUCTIVITY REPORT

PERIOD FOR WHICH DATA APPLIES JANUARY-DECEMBER
SRRV LINONEDOHVOABGONI VNI VIR INAB ORI DANSVOBAEI FHNOAAFH VLIV IRHAR L VOOV ERIOBHOEAVDOIGRVAVEAGELAVLOIHOAVOOVIADAAFBELDIOVOA NNV A

) % ® ) & » CREW PRODUCTIVITY % COLLECTOR PRODUCTIVITY ® ®
¢ ROUTE +# HOME S ¢ AVERAGE WEIGHT o COLLECT o COLLECT ©%0202000020000R000002 0800 0Rd08R0Rd0dRddadddbtddddosd %
9 * SERVED % COLLECTED PER HOME* TIME PER * TIME & HOMES * WEIGHT sHOMES SERVED *WEIGHT *INDEX @
® NUMBER #*#sndsadadddodxssovsssessssovesnndx HOME PER # PER ® SERVED ® HANOLED »PER CULLECTOR ®*HANDLED PER # OF &
@ % PER * PER # PER * PER & COLLECTION® 100 LBS.» PER ® PER SPER COLLECTIDM*CDLLECTDR PER®PRUDUCT-2#
& ® DAY ® WEEK » COLLECT-* WEEK ® (MINUTES) # (MINS) *COLLECTION®*COLLECTION®HOUR sCOLLECTION =1VITY »
® ¥ * % ICN(LBS)®* (LBS) ° » ¢ HOUR *HOUR{ TONS) * «HOURITCONS ) » b
OVSHOBEDVEDLUOAV0 ANV ABHOOONOSHORYINOEROLABAUBUDANOLHUBOBARR LGB HOBOBROERAIOL AR AN HHROEILAVIEDOVR VLRV HBUAOVEDOBIURORIBVED
08-01 349. 1746. 61.1 61.1 0.87 1.43 68.7 2.1 34 .4 1.1 132.41
08-02 229. 1147, 80.9 80.9 1.29 1.59 46.6 1.9 23.3 0.9 135 .43
08-03 331. 1653, 54.1 54.1 0.89 1.64 67.7 1.8 33.9 0.9 125.86
08-04 316, 1580, 63.4 63.4 0.68 1.39 67.9 2.2 34.0 1.1 134,48
SUN 1225, 6125, 259 .4 259.4 3.93 6.05 250.9 8.0 125.6 4.0 528.18
AVG 306. 1531. 64.9 64.9 0.98 1.51 62.7 2.0 31.4 1.0 132,04
¥YTD 306, 1531, 64,9 64.9 0.98 1.51 62.7 2.0 31.4 1.0 132.04

AHRORXEDRVI DU VPPV R VAR EBHVRHBOIVV VLV R VIV VISV ANRTR0V VLIV HSIRHVI VGV VIVOVIFVVUIISHCAROOBASVNSRVHHOHEVPNRBBOUDSUVRBBSEINBOGIS0S

09-01 847. 1694, 29.17 59.4 0.37 1.25 162.0 2.4 81.0 1.2 199.92
09-02 862. 1724, 34.1 68.2 0.25 0.74 238.4 4.1 118.9 2.0 281.33
09-03 962. 1925. 33.7 67.4 0.25 0.73 264 .9 4.} 121.0 2.0 290.68
09-04 T44. 1487, 34.7 69.5 0.38 1.10 156.7 2.7 8.0 1.4 203.73
SUM 3415. 683C. 132.3 264 .5 1.25 3.81 802.0 13.3 398.9 6.6 975.66
AVG 854. 1707, 33.1 66.1 0.31 0.95 20C.5 3.3 99.7 1.7 243.92
Y10 854. 1707. 33.1 66.1 0.31 0.95 200.5 3.3 99.7 1.7 243 .91

L T Ty T T T T T P T T T T T L 3 1

10-01 368. 1838, 33.0 33.0 0.85 2.57 70.6 1.2 69.5 1.1 110.24
10~-02 365. 1827, 33.6 33.6 0.82 2.45 73.0 1.2 12.4 1.2 111.46
10~03 357. 1786. 35.5 35.5 0.82 2.32 72.8 1.3 72.5 1.3 115.51
10-04 367. 1837, 33.6 33.6 0.83 2.48 72.0 1.2 67.3° 1.1 116.27
SUM 1458. 7288. 135.7 135.7 3.33 9.82 288.3 4.9 281.7 4.8 451.48
AVG 364. 1822. 33.9 33.9 0.83 2.46 72.1 1.2 70.4 1.2 112.87
YD 364. 1822. 33.9 33.9 0.83 2.46 72.1 1.2 70.4 1.2 112.87

SVVEVLEVRSHAV RGOV RNV IVNOBVBODIDHYOLNDIRGDLVYOLRDILODBALORIDOVVORILOINOANDHNVIVNDNOIOROSIOVVBILRVOVUOVDOOOOROBAINDVODI DD

11-01 266. 1330, 46.6 46.6 1.19 2.56 50.2 1.2 50.0 1.2 102.27
11-02 234. 1168. 55.9 55.9 1.37 2.45 43.8 l.2 43.3 l.2 107.32
11-03 240. 1198, 51.6 51.6 1.42 2.75 42.3 l.1 42.1 l.1 100.70
11-04 231. 1155. 50,5 50.5 1.45 2.87 41.4 1.0 40.9 1.0 98.20
SUM 970. 4852, 2C4.5 204.5 5.43 10.64 177.7 4.5 176.3 4.5 408.48
AVG 243. 1213. 51.1 51.1 1.36 2.66 44,4 l.1 44,1 l.l 102.12
Y10 243. 1213, 51.1 51.1 1.36 . 2466 44.4 l.1 44.1 1.1 102.12

SRV VVVNIVVHVOVBACHIVV ROV NRNHIFSRGR OOV VHVIRVOFVORVEPVAVBVCOZRGVBARVRAIPDNFILAIXVBRVDXVCHRRCARRLEBVVNVRBEFVIAICHVYNVYIRVVORBGY
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DATA ACQUISITION AND ANALYSIS PROGRAM
CAAP COMPUTER PRDGRAM OUTPUT
COLLECTION SYSTEM EFFICIENCY REPORY

PERIOD FOR WHICH DATA APPLIES JANUARY-DECEMBER
I PR E TE PE T e e T P R R L Ly I Ty T T T e T T Y P E P

® ° s ® ° * ° @ P &
SROUTE & RATIO ® RATID ® RATIO * RATID  ®COLLECTION RELATED COSTS* WEIGHT ¢ AVERAGE s WELGHT ® INDEX DE »
» » WORK SCGLLECTION® ECUIP  » MANPOWER® % HANOLED ¢ WEIGHT PER LOAD® FER CU.* ROUTE °
SNUMBER® TIME & TIME » CDST o COST TO sossouovsossssssesssssssss PER ° (TONS ) o YARD * EFFICIENCY »
» * 10 * 10 » 70 o TUTAL  ®COLLECTION *COLLECTION ¢ COLLECTOR®®%000ss8585000888 FJRST @ °
» ® STD. * TIME * MANPOWER® COST »COST PER  sCOST PER TGN® PER DAY # FIRST & ALL ® LOAD » »
° » TIME © WORKED ¢ CDST » ®HOME SERVEDSCOLLECTED ® (TONS) © LOAD  ® OTHERS®(PDUNDS)® °
20000 HeR ARV 0EVOHOEVEB0LL VN LRV B CR0 IV SV RNV LIHRFR LR VN NABOVL0VL000IVEVVIVLOVVVCV0URVSVON VB0 SLOVB DOV VGETVDVUVHSS2EBE20H
01-01 0.72 0.66 0.69 0.59 0.13 5.71 8.93 6.08 3.38 486.6 316.44
01-02 0.78 0.65 0.71 0.59 0.14 5.53 9.24 6.65 3.66 531.9 294 .86
01-03 0.73 0.63 0.74 0.57 0.12 5.06 9.99 6.73 4.49 533 .4 336.62
01-04 0.74 0.65 0.71 0.58 0.11 5.38 9.59 6.26 4.25 500.9 336 .50
SUM 2.96 2.59 2.85 2.34 0.50 21.69 37.74 25.72  15.78 2057.8 1284.41
AVG 0.7¢ 0.65 0.71 0.58 0.13 5.42 9.44 6.43 3.95 514.5 321.10
YTD 0.74 0.65 0.71 0.58 0.13 5.42 9.44 6.43 3.95 514.5 321.10

V2S00V EVEHVODVEVSDOBHN V0SS HP00FRVONBE VUV ASYBER YRS VR VB GRRSLIREVVLORVLL VOB VOB HAFIEVOUVESUVISVLVLSIH2IEB0VI G 2 BHVLVVRVISHOPEED

02-01 0.85 0.70 0.67 0.60 0.22 5.94 9.12 6.29 5.21 503.0 248.03
02-02 0.85 0.65 0.68 0,60 0.19 5.47 9.05 5.90 4.60 472.4 272 .47
02-03 0.82 0.68 0.68 0.59 0.21 5.73 9.05 5.85 5.12 467.7 260.14
02~04 0.85 0.67 0.67 0.60 0.20 5.86 8.78 5.67 4.68 453.0 267.11
SUM 3.317 2.70 2.70 2.39 0.82 23.01 35.99 23.72 19.61 1896.1 1027.74
AVG 0.84 0.68 0.68 0.60 0.20 5.75 9.00 5.93 4.90 474 .0 256 .94
YTD 1.00 0.68 0.68 0.60 0.20 5.75 9.00 5.93 4.90 474.0 256.94

SOV ONOBEBIRB VSV EOSRUNSOVOL 00RO DONO0OBB0DVYNSOSARVERVRVVLARVGUEVBUEVVGS VOBV LPVIVOBRIVOVBOSLUIIINEBOSROIAUVEBOCONVHRIAFHVOOETR

03-01 0.79 0.78 0,69 0.59 0.14 11.03 5.48 5.47 4,06 331.9 207.86
03-02 0.81 0.76 0.69 0.59 0.15 10.24 5.76 5.71 3.09 346.7 207.65
03~03 0.78 0.75 0.69 0.59 0.13 10.29 5.71 5.68 3.62 344.5 229.41
03-04 0.80 0.78 0.69 0.59 0.17 10.13 5.98 5.88 2.48 356.5 200,71
SUN 3.18 3.07 2.77 2436 0.59 41.68 22,93 22.74 13.65 1379.5 845,64
AVG 0.79 0.77 0.69 0.59 0.15 10.42 5.73 5.69 3.41 344 .9 211.41
Y10 0.79 0.77 0.69 0.59 0.15 10.42 5.73 5.69 3.41 344.9 211.41

HVGHROVABOV SOV AR VORI BIBIIVOG 20N FOVRLDFHABONVVORANEPNLOIISNOLIVISVIL0BINORLONEVGYLBOVELL VIRV OVELVAISEOVOVIDIVLAIRRRVVSVSAORGR
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DATA ACQUISITION AND ANALYSIS PROGRAM
DAAP CUMPUTER PROGRAM QUTPUT

COLLECTION SYSTEM EFFICIENCY REPORT

PERIOD FOR WHICH DATA APPLIES JANUARY-DECEMBER
LTI R T L T R e e P R e e I i e e L I e L E e L R R A At A L g

-] » -] -] & * & -1 ] =
*ROUTE #= RATIC * RATIQ ® RATIO » RATID *COLLECTION RELATED COSTS# WEIGHT ¢ AVERAGE * WEIGHT ® INDEX OF °
s * WORK *COLLECTIDA® ECUIP s MANPDWER® s HANDLED © WEIGHT PER LOAD® PER CU.¢ ROUTE ®
SNUMBER® TIME * TIME * COST s COST TD sosssoosnodsessssantsssses PER » (TONS) ® YARD © EFFICIENCY #
» » 70 s TD * T0 ® TOTAL  *COLLECTION #*COLLECTION # COLLECTORe®sooomussssssssee FIRST * s
9 » STD. # TIME » MANPOWER® COST »CDST PER  #COST PER TON® PER DAY ¢ FIRST @ ALL ¢ LOAD * °
® » TIME » WORKED * CQOST » ®HOME SERVED®COLLECTED » (TONS)  ® LOAD  © UTHERS®(POUNDS)?® ¢
VXD BOH VRIS RDN AR GE XIS PSRN SRS OV OBHDIIND RV YIS RT VAN BV IS EB VYOV ES VN SSR VAV 2 V0DV VSV ISR BEHVDHOIV DV HASOVVLOBESIS VPR VSRSAHESBUXOBSHY
04-01  0.97 0.67 0.35 0.74 0.16 6.20 13.14 5.99 4.96 599.0 194.35
04-02 0.8 0.70 0.34 0.75 0.17 7.23 11.74 5.71 4.73 572.1 197.39
04-03 0.93 0.68 0.34 0.74 0.16 6.53 12.60 5.77 4.84 577.2 194.76
04-04 0.83 0.65 0.34 0.74 0.16 6.21 12.87 6.22 5.14 622.4 223.50
SUM 3.56 2.70 1.37 2.98 0.64 26.17 50.34 23.69 19.66 2370.7 809.99
AVG 0.89 0.68 0.34 0.74 0.16 6.54 12.59 5.92  4.92 592.7 202.50
YTD 0.89 0.68 0.34 0.74 0.16 6.54 12.59 5.92  4.92 592.7 202.50

SAVSXDSAVRVUV NGV SVUR VSR SER SOV BRVBE BV OB LN 4LV OV S VRN RAS AL XXX NEOSL VSOV HVEIHVVHE0 RGBSRV EIRSLVHLLVVS00AS LB V0AS BRSO IRDIILPLHOVER

05-01 0.86 0.64 0.34 0.75 0.16 6.28 13.26 8.13 5.80 687.6 219.19
05-02 0.89 0.67 0.34 0.75 0.14 5.98 14.42 8.98 6.00 738.5 217.26
05-03 0.90 0.70 0.32 0.76 .16 6.25 13.10 9.67 5.68 776.7 191.84
05-04 0.87 0.65 0.33 0.75 0.15 5.86 13.41 9.27 5.91 774 .3 219.89
SUM 3,52 2.66 1.34 3.00 0.62 264 .37 54.18 36.06 23.38 2977.1 868.17
AVG 0.88 0.66 0.34 0.75 0.15 6.09 13.55 9.02 5.45 144 .3 212.04
YID 1.00 D.66 0.34 0.75 0.15 6.09 13.55 9.02 5.85 744 .3 212.04

T T T I Ty Y P P T I T Ry T T P P P R R R e T P T RS EE R R Y P Y ¥ 2]

06-01 0.73 0.70 0.42 0.71 0.20 15.94 6.30 1.57 1.58 392.9 167.488
06-02 0.72 0.74 0.43 0.70 0.20 l16.18 6.70 1.57 1.59 392.7 159.11
06-03 0.72 0.70 0.43 0.70 0.19 14,70 6.91 1.56 1.57 389.5 175.52
06-04 0.75 0.71 0.42 0.70 0.16 14.79 6.92 1.56 1.59 389.3 182.25
SUM 2.92 2.84 1.69 2.81 0.75 61.60 26.83 0.26 6.33 1564 .5 684.16
AVG 0.73 0.71 0.42 0.70 0.19 15.40 6.71 1.56 1.58 391.1 171.19
YTD 0.73 0.71 0.42 ¢.70 0.19 15.40 6.71 1.56 1.58 391.1 171.19

SN RELABXR L2 L2000V VSV VNV AVCAIN SV BVVRADVRVO LS V2V I 2P VEB VS RNL LR SA PO VAVIROV2EVEVXV X AN SEBBNLCISXVIIBIBHSIXSCS VA0 XOXPHHSND

07-01 0.62 0.76 0.22 0.82 0.32 10.73 5.80 6.97 4.66 700.5 139.94
07-02 0.71 0.78 0.22 0.82 0.30 9.64 6.58 6.44% 5.11 642.1 131.76
07-03 0.69 0.69 0.22 0.82 0.28 9.28 6.10 6.66 4,84 666 +5 157 .48
07-04 0.59 0.77 0.22 0.82 0.31 9.19 6.82 6.38 4,94 638.5 150.93
SUM 2.60 3.00 0.86 3.29 1.21 38.84 25.31 26.45 19.54 2647.6 580.11
AVG 0.65 0.75 0.22 0.82 0.30 9.71 6.33 6.61 4.89 661.9 145.03
Y10 0.65 0.75 0.22 0.82 0.30 9.71 6.33 6.61 4,89 661.9 145.03

20500 0RSHISBB NN SN SIRRSSIR VAU S AV IE R VR IBRERRARR VBGOSRV LSVBSDEUT OB S XSV 0IB NSOGB R VS VXDV BIRF LIV EOBVIDHNDORVS VIS XSSOV ESVBBBBBG
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DATA ACQUISITION AND ANALYSIS PROGRAM
DAAP COMPUTER PROGRAM DUTPUT
COLLECTION SYSTEM EFFICIENCY REPORT

PERIOD FOR WHICH DATA APPLIES JANUARY-DECEMBER
VIVEBANGVOABORALORAN RGO AR HIADIRSUOI RV OSBIASBOAVBL ORIV REBEAUBBOIEVORAVOIR VOOV L LV NG RPAIH VOOV EARVOIRVLEIABAYVHOOEBOEABOBRODBB0

-] ] & L L] ] -] -] ¥ -]
BROUTE *» RATIC * RATIO » RATIO ® RATIO  ®COLLECTION RELATED CGSTS® WEIGHT AVERAGE * WEIGHT * INDEX OF »
» » WORK =COLLECTION®* EGUIP  » MANPOWER® » HANDLED * WEIGHT PER LDAD® PER CU.® ROUTE s
SNUMBER® TIME » TIME » COST 5 COST TO ososscosssassssanssstnanss PER » (TONS ) ® YARD ¢ EFFICIENCY @
» » 10 » 10 s 10 » TOTAL  *COLLECTION #COLLECTION » COLLECTDR#®#vosssesssnovess FIRST @ »
» % STD. * TIME % MANPOWER® COST »COST PER  ®COST PER TGN®* PER DAY = FIRST = ALL % LOAD » »
» » TIME = WORKED # COST s »HOME SERVEDSCOLLECTED » (TONS) =* LOAD * LTHERS®(POUNDS)? »
(222 FY T LRI EI R IR 2R R R RS X222 RS 2R R R 2 R 2-2-22- R E-2-2-F X R-R R R-R AR R R R YR ISR RE RS RRREREYIREEEERRESSRRRR SRR SS RS 2R- S 2SS YR
08-01 1.02 0.62 0.24 0.81 0.31 10.22 5.34 6.27 6.18 511.7 121.50
08-02 0.97 0.63 0.18 0.85 0.46 11.27 4.66 5.47 5.41 591.9 129.54
08-03  0.96 0.64 0.24 0.81 0.33 12.24 4.47 5.97 9.27 486 .4 114.98
08-04 0.97 0.60 0.23 0.81 0.33 10.55 5.02 6.19 6.49 508.9 127.37
SUM 3.92 2.49 0.89 3.27 1.43 44.28 19.47 23.90 . 27.36 2098.9 493.39
AVG 0.98 0.62 0.22 0.82 0.36 11.07 4.87 5.98 6.84 524.7 123.35
YTD 1.00 0.62 0.22 0.82 0.36 11.07 4.87 5.98 6.84 524.17 123.35

JEEFRBXVCEITL SRV RESBIS BSOS E VS VAP E2 RSB NXAB LRV VIBGX XXV ELL 0SSOV VNV LSS UAVARRAREXHOLB SRV FALSH PV OB OREPILSVIVLEVVURHY R

09-01 0.76 0.69 €.23 0.81 0.17 11.31 6.29 7.05 5.50 704.3 140.52
09-02 0.55 0.66 0.23 0.81 0.16 9.29 7.33 6.57 5.30 657.3 206 .03
09-03 0.54 0.73 0.22 0.82 0.16 9.28 8.02 7.32 5.75 731.8 19 3.09
09-04 0.69 0.69 0.23 0.81 0.19 11.14 6.43 6.77 4.83 6717.7 141.53
SUNM 2.54 "2.76 0.92 3.25 0.68 41.02 28.06 27.71 21.38 2771.0 681.17
AVG 0.63 0.69 0.23 0.81 0.17 10.26 7.02 6.93 5.35 692.8 170.29
Y10 0.63 0.69 0.23 0.81 0.17 10.26 7.02 6.93 5435 692.8 170.29

LA XV RSBV SVO IR EBOBPROLSASEVAIZS 022 VIXBB L0V VROV EOSILSVIV XV VLB ESEIL 0V VIV HVRSHESIVC XV VLR RL OV ESFORXBROJ0SCVESHOVISEBIV[OTAD

10-01 0.80 0.81 0.32 0.76 0.27 16.07 5.98 , 6.01 3.217 600.5 113.05
10-02 0.76 0.82 - 0.32 0.76 0.27 15.88 6.09 b.12 1.69 6ll.7 114.36
10-03 0.79 0.78 0.32 0.76 0.2¢6 14.75 6.32 6.29 3.09 629.3 123.50
10~04 0.78 0.82 0.31 0.76 0.27 l6.27 5.77 b.14 l1.46 614.0 113.78
SUM 3.13 3.23 1.27 3.03 1.07 62.97 24.15 24.55 9.52 2455.5 464.70
AVG 0.78 0.81 0.32 0.76 0.27 15.74 6.04 6.14 2.38 613.9 116.17
Y70 0.78 0.81 0.32 .0.76 0.27 15.74 6.04 6.14 2.38 613.9 116.17

S0VVVOVBVNGARH VDRSSV RE IV CETAN OGSOV IVADOVOHLHUBURTIVHUVVPVEDLVSDGVODII DIV GLODASAGHIONLRASORE XSV BHEVEVAVOHORADOBAGAVVBHERBOBIRD

11-01 0.87 0.76 C.26 0.80 0.32 13.89 6.17 3.76 2.42 554.2 118.81
11-02 0.86 -0.78 0.25 0.8V 0.38 13.43 6.45 3.62 2.93 549 .9 122.37
11-03 0.86 0.82 0.32 0.76 0.41 15.75 6.15 4.44 2.76 458.4 103.46
11-04 0.88 0.79 0.25 0.80 0.39 15.42 5.76 3.61 2.30 525.7 i09.22
SUM 3.48 3.15 1.07 3.16 1.49 58.49 24 .53 15.43 10.41 2088.2 453.87
AVG 0.87 0.79 .27 0.79 0.37 14,62 6.13 3.86 2.60 522.0 113.47
Y70 0.96 0.79 0.27 0.79 0.37 l4.62 6.13 3.86 2.60 522.0 113.47

#“###‘#0#0#‘0‘#000#¢¢#######0‘##°#########v#####‘##0##0#?##0########‘#0##tta###t#o##‘###t#ﬂtoc##on#gngauggggg““googgagggpggg*



Appendix 3
SELECTED DATA

YEARLY AVERAGES BY SYSTEM
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) [ T o, - o~ (&) — - — = T (&) (&) 0
| 9.44 410 {10.5 48 52 3,83 .71 {.8 46.2 .56 | 107.3 A3 ) 8.29
2 9.00 254 6.1 47 53 4.56 2.01 .6 71.0 {.08 55.7 .20 .30 8.46
1
3 5.73 410 13.7 47 53 4,88 .07 1.0 28.2 .72 84.2 .29 38 1 17.13
4 12.62 512 10.1 72 28 4,82 1.92 2.4 49.3 .56 1107.0 .16 .23 9.53
5 14,49 575 3.1 94 6 4.67 1.75 .9 50.5 .49 {123.3 .15 .22 8.72
6 6.96 574 20.5 39 61 4.14 .38 4.4 24 .4 .44 |1 138.4 .37 Sl 121,15
7 12.65 407 10.5 72 28 3.91 |.05 2.2 62.2 .58 1104.5 .30 .39 112.82
8 9.72 306 4.5 53 47 4.88 2.50 | .6 64.9 .98 62.7 .36 B55 1 17.13
9 14,10 854 10.4 59 41 4,38 | .55 2.3 33,1 .31 | 200.5 .34 .48 | 14.67
10 6.18 364 6.9 4 96 5.06 .98 1.0 33.9 .83 72.1 .27 .32 | 19.26
] 6.18 243 6.6 45 55 5.47 | .25 | .9 51.1 1.36 44 .4 37 .47 | 18.4]

¥From Time Motion Studies
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GENERATION RATE IN POUNDS PER HOME PER WEEK BY SYSTEM

Appendix 4

MONTH

SYSTEM
NUMBER

JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC

I 36.3 37.0 43,2 46.5 55.7 52.3 52.3 55.2 47 .6 44 .| 44 .9 38.8

2 63.2 73.0 74.7 77.2 80.9 78,0 80.2 66. 1| 69.4 66.9 68.0 63.8

3 50.6 54,9 63.2 65.4 62.7 57.4 61.4 56.0 51.9 50.1 49.9 50.2

4 38.8 | 36.I 45,1 54.0 61.9 | . 61.3 -—-- -——-- 52.2 53.3 50.3 37.9

5 46 .5 44 .4 52.9 55.4 -——— 60.6 LY 48.5 ——— 55.8 52.6 46.6

6 43,5 4974 46 .4 50.5 48,1 48.7 | 55.4 48.2 49.3 46 .4 46.0 53.6

7 50.1 46.4 56.7 63.6 70.4 64.0° | 70.6 62.2 59.8 59.6 85.8 56.3

8 57.9 48 .8 59.6 68.8 76.0 16.9 68.4 71.0 67.8 68.3 |.63.0 50.5

9 65.0 60.6 63.8 63.2 65.2 68.0 76.9 66.4 66.8 64.7 63.8 68.6

0 32.9 34.3 34.0 34.2 34,9 33.3 33.7 34.4 34,1 33.2. 35.1 33.4

I 42.2 37.4 44 .9 52.9 63.7 65.3 55.9 54.6 55,8 53.8 51.3 40.3
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COLLECTION RATE

Appendix 5

IN TONS PER CREW PER DAY BY SYSTEM

AVERAGE
SYSTEM MONTHS TONS PER

NUMBER . DAY PER

JAN ) FEB | MAR | APR | MAY | JuN | Jur | aue | sept| ocT | Nov | DEC TOTALS

| 7.35 | 7.49 | 8.99 } 9.43 )11.33)10.76 | 10.73 | 11.30] 9.78] 8.93| 9.25] 7.88 9.44

2 7.87 | 8.98 | 9.25 | 9.41 }10.07 | 9.5I [10.32]| 9.93| 8.50| 8.38| 8.40| 8.06 9.00

3 4.99 | 5.33 | 6.34 | 6.72 | 6.43] 5.91 | 6.41 | 5.75{ 5.33| 5.15]| 5.09| 5.1 5.73

4 9.72 | 9.09 }11.42 [13.92 |16.25 [ 15,99 | ===un | —=—=- 13.50] 13.60 | 13.02| 9.55 12.62

5 |i13.15 |12.47 |16.15 {15.55 | ----- 17.41 [ 12.69 [ 15,27 | =mm- 15.03 | 15.27 ] 13.23 14.49

6 6.18 | 7.06 | 6.62 | 7.25 | 6.83| 6.90| 7.91 | 6.96| 7.09]| 6.53| 6.55| 7.7 6.96

| 7 Ji1o.40 ] 9.59 [i1.64 {13.22 [14.5513.08 | 12.81 |(2.49]) 12,19 12,08} 17.75] 11.63 12.65

8 8.70 | 7.34 | 8.94 |10.48 | 11.32 | 11.44 | 10.33]|10.57| 10.17] 10.26 | 9.53]| 7.48 9.72

9 |13.86 |12.92 |13.59 |13.48 | 13.90 | 14.49 | 16.46 | 14.15] 14.24 | 3,82 13.61| 14.62 14.10

10 5.96 | 6.19 | 6.08 | 6.17] 6.28| 6.02| 6.09 | 6.47-| 6.35| 6.21| 6.33| 6.0l 6.18

L3

¥ 5.11 | 4.58 | 5.50 | 6.44 | 7.83| 7.71 | 6.81 | 6.63| 6.81| 6.21| 6.17] 4.84 6.18
=
Q
ot
=
[y
[ ]
[




