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PREFACE

The rapid urbanization of the United States--71 percent of the
Nation's 203 million people today are concentrated in urban areas--
has perpetrated a crisis in locating suitable and unobjectionable
sanitary landfill disposal sites. By the year 2000, 85 percent of
a maximum estimated 320 million population will be concentrated
in afew megalopoles. Even now, in terms of amounts of wastes
generated and spatial concentration, cities are troubled most by
disposal problems. 7Public officials in many of these communities
are grappling with the same antithesis: the most accessible open
acreage around the city is already consumed while the demand for
disposal sites accelerates. So the sites are being located farther
and farther from the urban area. Collection vehicles are forced
to haul longer distances, and solid waste handling costs, that already
must vie for the public dollar rise.

The concept of transferring waste from many route—collection
vehicles to large-capacity transfer vehicles can afford one solution
to this increasingly intractable problem. This transfer of solid
waste to large-payload haulers, to conserve the travel time of the
whole collection vehicle force, is not a new practice. The transfer
station itself is basically very simple, but it can be designed to
incorporate several different types of transfer systems. And as its
use has become more prevalent, particularly in the last decade,
manufacturers have developed specialized equipment to meet the
demand.

This report is devoted largely to a discussion of the design,
operation, and cconomics of truck-to-truck transfer systems cur-
rently in use in the United States. The drop-box, or roll-on/roll-off
type container transfer system, although a popular and effective
method used by many industries, institutions, and smaller communi-
ties, has been excluded, because it has not yet been employed in a
central transfer operation that serves as an unloading point for route
collection vehicles.

The existing technology described here should be considered
discerningly in solving local solid waste problems. The implicit ques-
tion is this: Will use of a transfer station, as an intermediate handling
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step, represent an overall collection-transportation cost
savings? No general rule of thumb can be formulated to deter-
mine this; no two areas are the same. Although basic economic
criteria upon which to base the need for a transfer operation
are presented, the numbers used in any specific analysis must
be derived from a study of local conditions and variables.

Beyond the ''short haul' transfer systems described, transfer -

modes for longer distances are gaining impetus as urban entities
look to even more remote localities. A few communities have
been transferring waste via barges, and the use of railroads has
been under consideration for several years. Rail transfer oper-
ations undoubtedly will be employed if contract and political bar-
riers can be overcome. As part of its interest in technology
application in this area, the Office of Solid Waste Management
Programs is seeking now to initiate a rail-haul demonstration

project.

We hope that this information on current trends in solid
waste transfer, compiled by the Office of Solid Waste Manage-
ment Programs into a single source, will be helpful.

--Clyde J. Dial, Director
Systems Management Division

Office of Solid Waste Management

Prograns
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is involved.

When the contents of several collection trucks are transferred
to one large transfer vehicle, significant haul cost savings may
result. ' ' !

The solid waste transfer stations as of 1971 are located as
indicated on the map.

Over 75 percent of the transfer stations have been placed in
operation since 1965,

The round-trip driving time at which transfer and haul becomes
justifiable is shown by the breakeven point for each crew size.

A direct-dump transfer station in which a backhoe is used to
compact and distribute the load.

In a compaction pit transfer system a backhoe is used to
compact the waste before it is pushed into a transfer trailer.

Enclosed reinforced steel trailers are utilized in horizontal
compaction transfer systems. :
|
In some transfer systems stationary compactors are used for .

loading and compacting waste into the rear of a transfer trailer.

Small direct-dump transfer stations are sometinies constructed
with only a small shelter covering the unloading area. '

Although open-air, direct-dump transfer stations are usually
aesthetically objectionable, they are sometimes used in small-
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An open-air, direct-dump transfer station may be aesthetically
acceptable when the operation is well hidden by careful land-
scaping.

Shect metal structures are often used to house transfer station

operations.

Transfer stations of concrete construction present a very
pleasing appearance. '

Brick structures are occasionally used to house transfer station

operations.
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tractor is used and a 72,000-1b legal gross weight limit exists.

The maximum payloads allowable in an 80 cu-yd trailer are
shown at various empty trailer weights when a 16,000-1b
tractor is used and a 72,000-1b legal gross welght limit exists.

The maximum densities allowable are shown at various trailer
capacities when the empty weight of the tractor-trailer rig is
40,000-1b and a 72,000-1b legal gross weight limit exists.

The total annual hauling cost from a transfer station can be
significantly reduced by maximizing the average payload per
trip.

The stationary backhoe used in many direct-dump transfer
systems is permanently mounted and serves only a few
loading hoppers.

The self-propelled backhoe used in many direct-dump transfer
systems moves from hopper to hopper. :

The direct-dump transfer stations in King County, Washingtoﬁ,
are attractively housed under a steel roof.

The loading hoppers utilized in direct-dump transfer stations
are used to funnel the waste into open top trailers located one
level below.
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SOLID WASTE TRANSFER STATIONS

A State-of-the-Art Report
on Systems Incorporating Highway Transportation

CHAPTER I
DEVELOPMENT IN THE UNITED STATES

Historical Review

The basic concept of transferring solid Waste from a relatively
small payload route-collection vehicle to a bqu hauler has been
practiced for several decades. Reducing the travel distance of
several collection vehicles by replacing them with one large pay1oad'
vehicle going to the disposal site offers savings (Figures 1 and 2).
The savings, however, must recover the cost Qf'owning and operating
the transfer station and transfer vehicles. The economics will be
‘discussed later in this chapter. _ %

New York City started a system of barge transfer in the 1930's, |
and Chicago utilized rail transfer to some extent during the 1930's qnd
1940's. Truck transfer systems began emerging on a significant scale
in the 1950's and have developed into the major haul medium.A The only
significant barge traﬁsfer system currently in operation is in New York
City where nine installations have been established between 1937 and
1965. Rail transfer is not utilized to any significant extent, but is
receiving a great deal of study and consideration. With the tremendous
volumes of solid waste concentrated in our urban areas, extensive rail
haul may soon become a reality as contract, routing, disposal site,

materials handling, and location difficu]ties are overcome. Indeed,



 COLLECTION AREA

“DISPOSAL SITE

- Figure 1. Direct haul to the disposal site B‘y_e]é«h_cval-l.ecﬁo;i 'V;h'iﬁciemrﬁ;f result.
in large hauling costs if a considerable distance is involved.

_TRANSFER’
STATION -

COLLECTION AREA

TRANSFER VEHICLES PATH

DISPOSAL SITE

* TOLLECTION VEHICLES PATH

Figure 2. When the contents of several collection trucks ‘are transferred toione

large transfer vehicle, significant haul cost savings may result.



as the location of available disposal sites become increasingly distant,
only the tremendoué bulk hauling capabilities of a rail system appear
economically feasible.

The location of disposal sites became an acute prob]em in the
1960's not only in the largest urban areas but in many intermediate and
smaller-size cities. As a result there was a tenfold increase inlthe
number of transfer stations over the previous decade as transfer became
a necessary economic alternative to direct haul to distant disposa]
sites. To meet the increased demand, specialized highway bulk transport
"~ vehicles have been designed along with processing equipment to maxi-
mize payloads within legal highway weight restrictiohs. The efficiency
of a transfer station depends largely on the speed with which tranéfer
vehicles are loaded and unloaded. The city of Chicago pioneered the
development of the large-capacity, van-type transfer trailers, but
encountered difficulty in the unloading operation. Finally a decision
was made to employ an end1es§;belt type of moving floor unloader, but
even this proved somewhat inefficient. Since the early 1950's. when
this system was uSed, many manufacturers have capitalized on the vast
increase in demand and have developed trailers with telescoping
hydraulic cylinders that move bulkheads from front to rear for rapid
unloading. Various other unioading systems designed by operating
authorities have a]sé been developed for specialized use. More

detailed equipment descriptions will be given later.



Transfer Station Locations

An inventory of nearly all the solid waste transfer stations in
the United States as of 1971 was made with the aid of the states, equip-

ment manufacturers, and the 1968 National Survey of Community Solid

Waste Practices. A list of the locations, their ownership, miles to
disposal site and annual tonnage are given in Appendix A. A few small
installations may have been overlooked, but each location listed
represents a facility that serves as a central transfer pointlutilizjné
a truck and trailer system (Figure 3). The fact that over 75 percenf
of the transfer stations have been placed in operation since 1965,
clearly illustrates their relatively recent popularity (Figure 4).

Transfer stations have been employed in many large cities for a
number of years and several areas have incorporated them as an integral
part of their long-range plans. In some cases operating authorities
have developed specialized equipment for processing and hauling. In
recent years emphasis has been placed on the regional approach to soiid
waste management, and in some areas this has resulted in the construction
of central transfer stations that haul to large regional landfill sites.
The use of systems of this type will undoubtedly increase as the
economy, efficiency and effectiveness of the regional approach is
realized.

The potential savings in transfer station utilization has unfortu-
nately misled some municipal officials. In attempting to justify a
transfer station through the use of a rule of thumb for breakeven haul

distance, some communities have constructed transfer facilities that



Figure 3. The solid waste transfer stations as of 1971 are located as indicated on the map.



NUMBER

200

180 — - -y .

160}~
o=
120}~
100 p—-
Bof—
60—

20

1950 1960 7965 1970
CYEAR

1940

Figure 4. Over 75 percent of the transfer stations have
been placed in operation since 1965



are unnecessary and even more costly than direct haul. City officials,
beset by many other problems, and with insufficient time for necessary
study, have been persuaded to construct a transfer station as a method
of reducing costs in their rap1d1y increasing solid waste budget. In
some cases transfer stations have been constructed without the location
of disposal siteé being firmly fixed, or at least not determined for
more than a few years in the future. Careful planning for long range
future needs is a must when capital expenditures for transfer stations

are under consideration.

Economic Justification

The utilization of a transfer station can only be justified by the
total cost reduction and convenience it offers to a given service area.
These potential savings must relate directly to the needs within a
service area whether the transfer station is intended to serve only
the collection vehicle fleet of a municipality or to serve the general
public on a free or user-fee basis. A transfer station will lower
neither the door-to-door collection cost nor the disposal cost. Savings
are realized only by reducing the haul distance from the collection
zone to the unloading area. Because collection trucks travel only
short distances to unload at a transfer station, they can be back on
their roﬁfeﬁ while a transfer vehicle containing several collection
truck loads is traveling to a distant disposal site.

Although a transfer operation offers potential savings it requires

an.extra materials-handling step and the construction of a transfer



facility. The associated costs must be recovered or money will be lost
in the transfer operation. The costs that are incurred are as follows:

(1) the capital expenditures for land, structures, and equipment;

(2) the labor, utilities, maintenance, operating, and overhead costs
at the transfer plant;

(3) the labor, operating, maintenance and overhead costs incurred V
in the bulk hauling operation.

Costs are saved with the utilization of a transfer operation
because:

(1) the non-productive labor time is cut since co11ectors_no longer
ride to: and from the disposal site; therefore, the larger the
co]]ecfion crew the greater the savings; | |

(2) any reduction in mileage traveled by the co]]eétion.trucks
results. in a savings in operating costs and in addition, it}méy
be possible to reduce the number of collection crews needed

because: of increased productive collection time.

Anyone considering a transfer operation must therefore determine
if the savings will exceed the costs. The primary variable is the
distance to the disposal site. Attempting to apply a rule of thumb
(i.e., a 10-miTe haul distance justifies transfer) to this determination
is. unrealistic and mere guesswork unless a study is made of local con-
ditions. A decisive distance in one area may be totally misleading in
another. Factors such as wage rates, type of access roads, collection
truck capacity, and size of collection crews (i.e., one man, two men,

etc.) change the breakeven distance considerably.



| Although distance to the disposal site is important in comparing
direct haul with transfer and haul, a more realistic criteria is the
time necéssary‘to travel the distance. Variables such as rdutes taken,
traffic conditions and speed Timits could result in a time of 15 minutes
to cover a 10 mile distance in one area and an hour in another area.
Also the major item in total haul cost is labor which is directly related
to time and not distance. For these reasons the usual cost per ton per
mile unit of comparison wfl] be rep]aéed by the more realistic unit of
cost per ton per minute in the following ana]ysis.]

To determine whether a transfer system is economically feasible,
it should be compared with direct haul. Such a comparison requires |
realistic data applicable to the particular service area in question.

If a contractor or municipality has aécurate figures for the hourly cost
of owning and operating their collection trucks, this information can

be utilized, and the detailed analysis that follows for determining
hourly costs is not necessary. If, howgver, these costs are not avail-
able, the éppropriate figures should be substituted fnto the example
that follows. Cqsts app]icabie to a private collection contractor such
as téxes, licenses, and insurance may not bé applicable to a municipal-
ity, and should be deleted from the analysis.

Assume that a'collection'agency uses trucks that average five tons
per load, that the crew consists of one driver and two collectors, and
that all three men ride to the disposal site located 20 miles from a
transfer station site under consideration. The haul cost analysis for

the collection truck will be presented first followed by that for a



transfer system; After the necessary figures from these analyses are

obtained, a graphical comparison between direct haul and transfer and

haul will be presented.

"TABLE 1
CAPITAL COSTS OF COLLECTION TRUCK

Item ’ Caff
Compactor truck (diesel) $15,000
Tires: _ ’
Rear: 4 @ $110.00 ’ 440
Front: 2 @ $110.00 - - 220
Total ' o 660 -
Truck cost less tires o $14,340

The capital costs for the collection truck, JesﬁAtires, is $14,340
(Table 1). Aﬁnua] owning and bperating costs can conyeniently be broken
into those 1hcurred on a time basis and those incurred on a ﬁsage basis.z_;
Costs incu;red on a time basis arelﬂepreciation, labor, insurance,
licenses, and taxes (Table 2). Cost incurred because of usage are

gas, oil, tires, repair, and maintenance (Table 3).
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~ TABLE 2
ANNUAL TIME COST OF COLLECTION TRUCK

tem | ®
- Depreciation on truck, less tires,»over 6 yeafs $ 2;390
(straight Tine)

Driver's salary ' 8,400
Collectors’ salaries 2 @ $7200.00 14,400
Fringe benefits @ 25 percent of sé]aries 5,700
Interest on truck investment less tires @ 6% ' | 860
Taxes and licenses B ‘ - 500
Insurance | ' | 500
Total annual time cost $32,750

The cost per minute assuming 260 working days per year and 8 hours per

day is:

$32,750

760 days X 8 hours X 60 minutes ~ J0-260/minute
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TABLE 3
USAGE COST PER MILE FOR COLLECTION TRUCK

Cost
- Ttem ($/miTe)
Fuel @ $0.20 per gallon and 4 miles per-gallon -+ $0.0500
0i1 @ $1.50 per gallon and 5,000 miles per gallon 0.0003
Tires: o L
Rear: 4 @ 20,000 miles L 0.0220
Front: 2 @ 30,000 miles | ©0.0073 ¢
Repair and maintenance ' - 7 0.0500
Total | 0.130

The transfer station site under consideration has been assumed -to
be located 20 miles from the disposal point,'and it should be locatedv
centrally to the‘aréa‘it is intended fo'sekvfée; ATtthgH'SOMétboT1eé;
tion trucks would have to travel less than 20 miles from fheir service..
area to the disposal point,.others'wou]d‘havg to travel more than 20
miles. An overall average distance of 20 miles will be assumed.

Both a time factor and a usage factor are available to analyze
the round trip of a collection truck from the transfer station site to
the disposal point. In the casé of the collection vehicle only the
actual driving time is included in the cost analysis. The unloading

time is not considered because this step is always required regardless
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of whether the truck unloads at the transfer station or at the disposal
point. With the transfer vehicle, however, the extra materials-handling
time involved in loading and unloading must be considered. This will
be discussed in more detail later. For this example assume that the
actual driving time required for the 40-mile round trip is one hour. In
a specific case this time can be determined by actually timing the
vehicles. The time cost was previously determined to be $0.260 per
minute. Ultimately the unit of cost per ton per minute is required so
the usage cost must also be converted from a per-mile to a per-minute
basis. The total usage cost involved in the 40-mile trip is: $0.13 per
mile X 40 miles = $5.20. Since the trip requires one hour of driving
time the per-minute usage cost is: $5.20 + 60 min = $0.087 per min.
The total cost per minute for the collection truck is the summation of
time and usage costs which is $0.260 per min + $0.087 per min = $0.347
per min. |

fhis figure is fér a driver and two collectors riding to the
disposal site. Identical calculations can be made for the driver and
just one collector, and for the driver only by simply deleting their
labor cost from the total tjme cost; usage cost will not éhange. The
total costs become $0.276 per minute and $0.204 per minute, respectively.
Labor therefore represents a substantial portion of transportation cost.

These cost per minute figures can easily be converted to the
desired cost per ton per minute units by dividing them by the average

payload of the truck which is assumed to be five tons (Table 4).
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TABLE 4

FIVE-TON PAYLOAD COLLECTION TRUCK-UNIT HAUL COSTS

. Cost

Crew Size ($/ton/min)
Driver only 0.041
Driver and one collector 0.055
Driver and two collectors 0.069

An identical procedure is used to calculate the cost per ton per

~minute for transfer vehicle haul. Assume that a 75-cu - yd tandem axle

trailer is pulled by a tandem axle diesel tractor and that a 20-ton

payload can be carried. The capital cost, less tires, would total

$34,520 (Table 5) and the annual time costs total $22,130 (Table 6).

The usage cost per mile for the transfer vehicle is $0.196 (Table 7).

TABLE 5

CAPITAL COSTS OF TRANSFER VEHICLE

Cost
1
tem ($)
Transfer tractor (diesel) $16,500
Transfer trailer (75 cu yd) 20,000
Tires:
Tractor - 8 rear tires @ $110.00 880
2 front tires @ $110.00 220
Trailer - 8 @ $110.00 880
Total tire cost 1,980
Transfer vehicle cost less tires $34,520

14



TABLE 6
ANNUAL TIME COSTS OF TRANSFER VEHICLE

Item %g?t
Depreciation on tractor less tires over six
years (straight line) : $2,570
Depreciation on trailer less tires over six
years 3,190
Drivers salary 9,600
Fringe benefits @ 25 percent of salary 2,400
Interest on transfer vehicle investment
less tires 0 6% - 2,070
Taxes and licenses 800
Insurance 1,500
Total annual time cost $22,130

The cost per minute assuming 260 days per year and 8 hours.per day is:

$22,130
260 days X 8 hours X 60 minutes

= $0.177/min

15
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TABLE 7
USAGE COST PER MILE FOR TRANSFER VEHICLE

‘ Cost
Item ] ($/m1--|e) .
Fuel @ $0.20 per gallon and 4 miles per gallon $0.0500
0i1 @ $1.50 per gallon and 5000 miles per gallon 0.0003
Tires: . _
Tractor - 8 rear tires @ 20,000 miles 0.0440
2 front tires @ 30,000 miles 0.0073
Trailer - 8 tires @ 20,000 miles 0.0440 !
Repair and Maintenance 0.0500°
Total usage cost per mile | $0.196

A time factor and usage factor are now available for the ané]ysis
of the transfer vehic]és 40-mile round trip to the disposal site. As
mentioned previously, however, the time for a complete cycle of events-
including loading, travel time and unloading must be included because
the transfer operation requires extra materials~handling steps. During
the actual travel time, both time and usage costs will be incurred but
during the loading and unloading time only time costs are involved.

Because the transfer vehicle is less maneuverable than the lighter
collection vehicle assume the round-trip driving time is 1.25 hours but
that each transfer vehicle and driver make four trips per day or that
each complete cycle requires two hours. Therefore, each round trip

requires 45 minutes (2.00 hr - 1.25 hr) of unproductive time in loading

16



and unloading. The cost of this unproductive time is $0.177 per min X

45 min = $7.97. For the 20-ton payload the cost per ton is $7.97 %-20
tons = $0.40 per ton. This cost will be p]otted'at zero travel time in
the graphical cost comparison presented later. For the 1.25 hours

(75 minutés) of driving time both time and usage costs are incurred.

The time cost equals $0.177 per minute. The usade cost must be converted

to a per minute basis:

$0.196/m;gém§n40 miles _ ¢.105/min

The total cost per minute while traveling is therefore:

$0.177/min + $0.105/min = $0.282/min

This cost is simply divided by the 20 ton payload to get the desired

cost per ton per minute:

$0.287

50 tons - $0-014 per ton per minute.

A transfer operation involves not only haul costs but the costs
involved in owning and operating the transfer station. This cost
includes all depreciation of buildings and equipment, labor, utilities,
repair and maintenancé, overhead and operating expenseslof equipment
kept permanently at the station. In this example, instead of attempting
to determine the cost based on a hypothetical installation, a figure
of $1.50 per ton will be used. This is representative of what is

experienced in typical transfer stations in the United States.
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A graphical comparison between direct haul and transfer and haul
can now be made (Figure 5). The slope of each haul cost line is equal

}

to the cost-per-ton-per-minute figure determined for each case. For; _
the transfer and hay1 operatioh, the unproductive costs of owning and
operating the transfer station plus the unproductfve césts of 1dad{nq‘i
and unloading the transfer vehicles must be included. These costs |
($1.50 + $0.40 = $1.90 per ton) are plotted at zero travel timé in
Figure 5. It should be emphasized that the abscissa of Figure 5 is the
actual travel time invdived and not the total-round trip time. The
points where the collection vehicle lines intersect the transfer and
haul 1ines are the breakeven points for each crew size. For the three-
man collection truck, transfer becomes justifiable at found-trip travel

times of over 35 minutes and with one and two man trucks at 71 and 46

minutes, respectively.

Transfer Station Systems and Equipment

The trend toward solid waste transfer has led to thé_déve]opment
of equipment specificai]y suited to the need. Early tranSfer station
operations relied completely on equipment built by various manufacturers
to specifications of the operating authority. In the 1960's, however,
as the popularity of transfer increased rapidly, solid wasté equipment
manufacturers developed specialized processing ana-haul equipment. At
the present time those interested in a transfer operation have the
option of either designing their own system and writing specifications
for desired equipment or of buying specialized equipment from the maﬁu—

facturers and designing the system around it.
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Figure 5. The round-trip driving time at which transfer and haul becomes justifiable
is shown by the breakeven point for each crew size.
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Two basic types of transfer systems have developed as a result of. .
this option: The first is the basic direct-dump system where a collec-
tion truck dumps by‘gfévity into a'iarge'open-top trailer. Thé trailer
is located under a.fuhnel shaped hopper to prevent spillage and a
backhoe 1is usually uséd to.compactvand distribute the load after it
has been p]aced in the trailer (Figure 6). An offshoot of this system
utilizes a dumping pit where a crawler tractor crushes andfcompacts the
waste before pushing it into the trailer via the hopper (Figure 7).
Because of the densities achieved with the compaction tractors, a back-
hoe is usually required for load distribution only. The compéction pit
system is used prfmari1y in high-volume transfer stations because of
the expense of incokpbrating the extra equipment whereas the‘basic
direct dump $ystem has been used_in both small and large ihéta]]ations;
A11 direct dump syétemé are characterized by the fact that open-top
trailers are used and the equipment employed is usually nof_specifica1]y
predesigned for so}id waste tranéfer. Some type of cable system~is
usually empidyed to pull the loads out of the réar of the.trai1ef at
the disposal site. Thé specifications for hoppers, trailers, and any
other desired equipment are written and bids are let to various manu-
facturers. |

The secdhd basic transfer system utilizes hydraulic pressure to
achieve horizontal compaction of the waste within the trailer. Two
methods have been used to achieve compaction but both are characterized
by the use of enclosed reinforced steel trailers specifically manufac-

tured for solid waste transfer (Figure 8). The first compaction method
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Figure 6. A direct-dump transfer station in which a backhoe
is used to compact and distribute the Toad.

Figure 7. In a compaction pit transfer system a backhoe
is used to compact the waste before it is pushed into a
transfer trailer.
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Figure 8. Enclosed reinforced steel trailers are utilized
in horizontal compaction transfer systems.

Figure 9. In some transfer systems stationary compactors
are used for loading and compacting waste into the rear of
a transfer trailer.
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is partially a direct-dump operation in that waste is dumped directly
into the trailer near the front. A hydraulic-powered bulkhead traverses
the length of the trailer and compacts the waste against the rear doors.
The entire compaction process is seIf—contained within the tfai]er body
and the bulkhead also pushes the load through the rear doors at the
disposal site. The second compaction method involves the use of a
stationary compactor (Figure 9). The transfer vehicle is backed up and
securely fastened to the compactor. Waste is fed by gravity fnto the
compactor chamber from an overhead hopper located above. The compaction
ram forces the waste forward through the rear doors of the trailer in
horizontal reciprocating cycles. This trailer i§ also equipped with

a hydraulic-powered bulkhead which traverses the length of the trailer
for unloading at the disposal site. Either compaction method can easily
produce maximum ]ega1 payloads. A list of the major manufacturers of
‘transfer station eduipment is given in Appendix B. This 1list includes
6n1y major manufacturers of total package, transfer-station equipment
systems.

Either of the two basic transfer systems may be equipped with
storage provisions if they are needed to prevent queuing problems with
incoming vehicles during peak delivery periods. Some systems are more
adaptable to the incorporation of storage than others. If the compaction
pit direct-dump system is employed, a large storage area can be made
available in the pit much the same as in incinerator operations. Direct
dumping from one vehicle to another requires many dumping hoppers and

trailers to accommodate heavy incoming traffic flow unless waste is
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stockpiled in the unloading area and later pushed into the hoppers with =~
a front end loader. In compactor systems, front-end-loaders, conveyors, °
crane buckets, and specially designed hydraulic push-pits can be utilized
to charge the compactors from a floor or pit storage area.

Any transfer system can be an enclosed or nonenclosed operation.
A nonenclosed or open-air transfer station is cheaper to construct, of
course, but aesthetic and public health problems will probably resulg
unless the facility is well hidden or isolated. Open-air installations
-are used primarily in dry, year-round warm climates or in smé11 direct
dump operations. In many areas solid waste transfer operations are
‘housed in very aesthetically designed structures resulting in very little
neighborhood opposition and few citizens complaints.

One mefhod of transfer not investigated as part. of this study
that has had application in reducing costs in rural areés, apartment
Eomp]exes, commefqia]lestab]ishments, industries, and recreational
areas is the drop box, the roll-on/roll-off, and the 1ift-on/lift-off
container. In this system the full container is replaced with an empty
one and then carried to the disposal site. These systems can be used
in connection with compaction devices to achieve large payloads. Some
manufacturers are conducting research of this system in connection
with a large municipal transfer station as an alternative to the use of
transfer trailers. One manufacturer is marketing a mobile transfer
system. Solid waste picked up on the collection route is compacted
into a seven cu-yd detachable container by a hydraulic apparatus on a

small truck. This truck drops a full container off at a transfer yard,
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picks up an empty one, and then proceeds back to the collection route.
The full containers are later picked up and emptied into a large com-

- pactor truck which hauls the solid waste to the disposal site.

Operation and Management

A transfer station may be designed to serve only as part of the
collection system of a contractor or city or in addition to serve as a
convenient solid waste unloading site for the general public. As the
number and types of incoming vehicles increase, both the initial con-
struction costs and the station operating costs rise. If only large
packer trucks use a trahsfer station, less processing is required to
produce legal payloads and less traffic congestion is encountered. On
the other hand, if the general public has access to the site, much of,
the incoming waste will be uncompacted, additional unloading space mugt
be provided, and more traffic flow regulation is required.

The simplest and most economical transfer operation is therefore
one that has the sole purpose of providing haul cost savings to a fleet
of contractor or city-owned collection trucks. Waste inputs are rela-
tively predictable and record keeping is simple. Weighing of incoming
vehicles may not be required if the outgoing transfer vehicles are
weighed. The utilization of an inexpensive direct-dump system may be
desirable because of the precompacted nature of the incoming waste.

A transfer station which is open to the general public is usually
financed either by a system of user-fees or from some type of general

fund. To break even with a user-fee system, the charge at the transfer
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station must cover both the cost of transfer and disposal. It must,
therefore, be cheaper for the prospective user to pay the transfer fee
than to haul directly and pay only the disposal fee. The cost per ton
for a user-fee-financed transfer system will be higher because of
necessary weighing and billing expenses. A transfer system financed
from a general fund Wi11 be subjected to a heavy incoming traffic flow
because no direct charges are made. This type of operation is often
‘used in an effort to reduce indiscriminate dumping within the area.

In a transfer station utilized by only a fleet of city or private
collection trucks, the hours per day and days per week of station
operation are set to meet the needs of the collection schedule. Open
access transfer stations, however, are sometimes operated a specified
period of time, seven days per week for the convenience of customers.
If storage is available, dumping may be permitted 24 hours a day with
the transfer vehicles operating during a single daytime shift. To avoid
excessive overtime costs, most transfer operations, operating six or
seven days a week, utilize a rotating shift labor scheduling procedure.

In summary, transfer station design should not be attempted until
a determination is made of who will use the facility and how the opera-
tion will be financed. Plant layout and the type of transfer system

to be utilized are largely dictated by the type of incoming vehicles.
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CHAPTER 11
DESIGN AND LOCATION CONSIDERATIONS

A detailed economic analysis of transfer station feasibility cannot
be made until a transfer system suited to the particular area is decided
upon. Major design decisions concerning buildings, processing equipment
and haul equipment for systems basically equivalent may have to be
determined at the discretion and personal preference of the deciding
authority. Basic criteria upon which to analyze different systems should
not, however, be ignored. Primary considerations related to site selec-
tion are: (1) traffic accessibility; (2) type of neighborhood (zoning);
(3) proximity to collection routes; (4) proximity to disposal site.
Basic considerations related to the transfer system are: (1) volume
handled; (2) haul vehicle restrictions; (3) type.of wastes handled;

(4) types of incoming vehicles; (5) processing equipment; (6) peak load

allowances - storage; (7) traffic patterns.

Site Selection

Ideally a transfer station should be located so that costs are
minimized in the tradeoff between the travel time of the route-collection
vehicle to the transfer point and the travel time of the transfer
vehicle to the disposal site. This may result in the need for several
transfer stations within a service area. Operations research techniques

have been used to develop mathematical optimization models for the
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number and Tocation of transfer stations. In Mathematical Anqﬂysis of

Solid Waste Collection by Marks and Liebman of Johns Hopkins University,

one such example of this type of work is presented.3

A Timited number of sites will usually be available, however, and
often the acquisition of even one site may be difficult due to the |
reputation of "garbage" being a bad neighbor. If several sites are
obtainable, the choice may be obvious because of proxihity to waste- E'
generation areas and uncongested streets and freeways. o

The type of neighborhood can have a large influence on the coét-of
a transfer station. A residential section may be the 1deaT location f
from a waste concentration standpoint but considerable initial opposition

by residents of the area should be expected. To be aesthetically
acceptable, large capital costs in structures and ]andscaping.hay bé 5
necessary. If a residential location provides obvious advantages andf
neighborhodd opposition is overcome, it is imperative to mainta%n a
"good neighbor" standing. This usually requires that all waste be
removed from the site at the end of each working day, and that the site
be kept free of litter and well maintained.

It may prove advantageous to locate in an industria]ly or commer-
cially Zoned area even though a greater haul distance is involved. This
will probably result in fewer citizen complaints, a smaller iﬁvestment
in buildings and landscaping, and fewer problems with access streets.

This does not mean sloppy operations will be condoned, but in these

areas the operation is less likely to be visible to the public.
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Of prime importance in site location is accessibility to streetsf
highways, or freeways where fast moving traffic flows freely. Time
saVings resulting from the use of rapid moving access routes may'easijy
offset additional distances resulting in usage of such routes. Indeeﬁ,
an authority may be well ahead if efforts are initially made to start
looking for a site in a centrally located industr1a11y or comnercia11y
zoned area near existing primary roads.

Again, every area must deal with its own set of conditions concérn-
ing waste generation areas, zoning and access routes, but thorough an—
sideration should be given to the above-mentioned points before commit-
ment to a site location is made. Easy inflow and outflow of traffic}
combined with a location as near as possible to waste generation areas

are of primary importance.

Design Considerations

Once a site has been selected a basic transfer system must be deter-
mined. A structure that is aesthetically acceptable to the surrounding
neighborhood can then be chosen to house the operation. The following
detailed discussion elaborates on the various considerations involved in
building design, plant layout, and system selection. The basic systems
briefly described in the previous chapter will be discussed in detail
along with the advantages and disadvantages of each.

Building Design. Buildings for housing transfer stations range

from none at all (open-air) to large concrete and steel structures that
aré very pleasing in appearance. An open-air transfer station works

well only in a dry climate with year-round warm weather. In some areas,
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however, small transfer stations that employ a direct-dump system often
utilize only a small shelter over the unloading area (Figure 10) or iﬁ
some cases not at all (Figure 11). Unless open-air transfer stationsr
are well hidden or in remote areas, such as one'examb]e located in ’
Southern California (Figure 12), they often create aesthetic prbblems}‘
These stations are also faced with wind prob]éms.andirequire constantf
policing to keep litter from accumulating. In many cases, operatorS'Ef
open-air transfer stations have convertéd to an enclosed operation or?'
'strohgly recommend that only enclosed insta11étions be considered'in%
rainy or windy climates. |

Conventional sheet metal, concrete, or brick construction is used

I
|
1
!
{
!

in the majority of transfer station buildings (Figures 13-15). Any

type of transfer system (direct-dump or compactor types) can be housed

in any of the building enclosures above. Sheet metal budeings are
usually cheapéer to‘construct_per square foot of space and can be erected
the fastest; they may not, however, be as architectura11yAattréctivé
as some concrete buildings. As mentioned earlier, the landscaping and
architectural requirements will usually become greater, the c1oser,the
transfer station js to residential aréas. | |
Transfef station buildings are usually eﬁuipped with water sprays
and/or ventilation fans for dust control and enclosed with chéin 1ink |
fence to control Titter and access; ‘Buildings should also contain
rest rooms and an offfce for communication and record keeping purposes.
The foundation requirements and physical dimensions of the'bui1ding

" cannot be determined until the plant capacity, layout, and type of
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Figure 10. Small direct-dump transfer stations are sometimes
constructed with only a small shelter covering the unloading
area.

Figure 11. Although oqen—air, direct-dump transfer stations
are usually aesthetically objectionable, they are sometimes
used in small-volume operations.
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Figure 12. An open-air, direct-dump transfer station may be aesthetically
acceptable when the operation is well hidden by careful landscaping.




Figure 13. Sheet metal structures are often used to house
transfer station operations.

Figure 14. Transfer stations of concrete construction
present a very pleasing appearance.
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Figure 15. Brick structures are occasionally used to house transfer station operations.



transfer system are determined. Keep in mind, however, that considerable
expense beyond that for the buildings proper is usually required in the
form of excavation, access roads, utility provisions, fencing, and land-
scaping.

The transfer station should be equipped with a scale to weigh
incoming vehicles especially if user-fees are levied. Estimation _of fees
on a volume basis can prove very inequitable. Accurate tonnage figures
also provide valuable information needed for_future planning. In addi-
tion, a record of incoming loads permits close estimates on outgoing
transfer vehicle loads so legal highway weight restrictions are not
exceeded. Of course, this estimate is not necessary if outgoing loads
are weighed. Several large-volume transfer stations incorporate scales
in the transfer vehicle loading platform so a continuous weight readout
is available as the trailers fill up. In this way maximum payloads are
always achieved without risking costly fines for overweight conditions.
Thé expense of utilizing these scales, however, is seldom justified in
1ow—vo1ﬁme operations so estimates are necessary.

The scale must be capable of handling the largest incoming trucks
anticipated and a scale house should be provided for the scalemaster
and his records (Figure 16). If user-fees are charéed, considerable
time can be saved by equipping the scale with a printer and calculator
for determining fees (Figure 17). In some large transfer stations the
scale is coordinated with a computer system so all weight data are
received instantly at a central data processing point for record keeping

and billing purposes.
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Figure 16. When scales are utilized, a scale house should
be provided for the scalemaster and his records.

SR U]
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Figure 17. Scales incorporating a printer
and calculator can speed up the weighing
operations considerably.
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Sanitation must be considered an integral part of any transfer
station operation. Besides créating public health hazards, unsan{tary
conditions will quickly résﬁ]t in'the 1st of badly needed pub]fc
‘support. Opekationé must be kept free of 1ittef and traﬁsfer vehicles
must be adequéteiy covered during tfave] to the disposal site. High
pressure hoses should bé available at the transfer station for frequent
washdown of storage areas, solid waste handling equipment, and fransfer
vehicles. A vehicle washing center has been incorporated into the
design of some transfer stations. Frequent washdown of vehicles is a
routine part of the haul operatﬁon and adds immeasuréb]y to the public

image of the overall solid waste manégement system.

Transfer Systems and Plant Layout. The basic transfer systems

déscfibed briefly in Chapter I are those that are curkent]y used in the

Unitéd States. The system best suited to a specific»drea must bé:defer—
mined by considering local conditions. A system that has abp1i¢ation

in one area may not be flexible enough in another} The advantages and

disadvantages of thé various basic systems will be discussed as they

relate to such considerations as; ~volume of solid waste handied;

- types of solid waste handled; transfer véhic]é weight and size restric-
tions ; types of vehicles using the facility. -

| . The th basic transfer systems previously discussed were the direct-
dump éysfem characterized by the use of open-top trai]érs, and the com-
pactor system chardcterized by the use of enclosed feinfqréed §tee1

trailers. Each system can be subdivided into the following categories.
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‘Direct‘qumpétransfer systems: (1) Gravity dumping from oné vehicle
: }to.anotherajno‘coﬁpéction; (2) Gravityvdumpﬁng from 6ne vehjc1e to
anpthér‘f911owed by‘10ad leveling and compaction with a backﬁoe; (3) Com-
paction pit method - waste is unloaded into a storage pit or onfo a
floor area and crUShéd under crawler tractor trequ before being pushed
over a ledge‘into an open trailer below. Load 1éveling'1s usually- per-
formed with a backhoe. When incoming traffic is heavy, the first aﬁd
second methods may have an intermediatg step whereby the waste is firét
dumped onto a storage floor befpke beihg pushed over‘ a ledge into the
open-top trailer. | % | M o | |

Comﬁactﬁon transfér_systems:» (1) Internal cbhpacfok‘system~- waste
is p]aced'in the traf]er through a,door Tocated on toh and-neér the_,
front. Waste may be dumped direétiy from the co11ection~vehicle thrdugh |
the dbbr or it may be pushed over a ledge and into the fﬁaijer by a .
front-end loader working from d storage area. The internal hydraulic
compactof ;ompacts the WaSte toward the rear of.the trailer in cycles.
(2) Stationary compactor system - the trai]er'{s backed up to the .
compactor which horizontally pUsHes the waste thropgh a doorvfn‘the réar
of the trai]er.in reéiprocating §£rokes. Waste can be,fed'to the c6m=
pactof'ih different,ways'as'will.be diécussed 1ater;" .) | |

The_foTlowing basic fnformation applicable tb any-trﬁnsfer syétemf'
is p§esehted beforé'each system'ié discussed in‘detaiT. |

The primary burpose of the utilization of_aﬁy transfer statioh is to
reduce costs through reduction in haul time. It follows that maximizing

the payload of each transfer vehicle is mandatory to fully utilize the-
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costs gayings of a transfer system. An upper limit, however, is p]aced
on the'payload obtainable with:a given transfer vehicle because of gross
weight and ax]elweight restriétiohs. In additién; State restrictibhs
on maximum 1engths, heights, and widths that 1imit total volume must be
adherred to (Table 8). Maximum legal payloads for most State motor
vehicle codes will result from.a vehié1é confiéuration in which the
number of éx]esxand theif spacfng allow an upper Timit of combined dead:t
Idad and live locad to the maximum permissibie gross vehic1e'we1’ghts.'4
Some States allow mu1t1tra11er r1gs to be used within certain overa11
1ength restr1ct1ons, wh1ch w111 often be the veh1c1e conf1gurat1on
whereby maximum pay]oads can be ach1eved They are not compat1b1e how-
ever, with some transfer systems and qsua]ly comp]1cate the un1oad1ng
operation.. Trailer manufacturers are very familiar with vehicle con-
figurations that give ma*imum payloads under different Stéte‘motor
vehicle codes. ‘ .
o Stété highwayiregﬂ1ationsishou1d be carefully checked before the ‘
se]egtion”of a‘tfaﬁsfér véhic]e is attempted. The designer is faced with
the legal ]imitations and must work backward to determine optimum vehicle
confighration. “When a direct-dump opefation with Timited compaction is
used, a large-volume vehicle is required to obtain maximum»pay1oads{
Cbmpéctor sysfems‘produce higher densities so smaller voiume trailers
can be uséd,‘but”necessary strength reinforcement increases tare weights,
thereby lowering payloads.

The primary goa1 is to determine an inexpensiQe and re1iéb1e method

of obtaining maximum payloads. Obviously the lighter the transfer
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‘TABLE 8

MAXIMUM MOTOR VEHICLE MEASUREMENTS FOR EACH STATE*

32,000

- - L Length - Axle weights
State Height “Width . Single - Double - - Single Tandem Gross comb.
‘ (in) (in) trailer trailer A1b) - (1b) weight
(ft) (ft) - S ~{1b)

- Alabama - 162 96 55 N.P. - 18,000 36,000 73,280
Alaska - 162 96 60 65 20,000 34,000 100,000
Arizona - 162 96 65 65 18,000 32,000 76,800
Arkansas 162 96 55 65 18,000 32,000 . 73,280
California 162 96 60 65 18,000 32,000 76,800
Colorado 162 96 65 65 18,000 36,000 74,600
Connecticut 162 102 - 55 N.P. 22,400 36,000 73,000
Delaware 162 96 - 55 65 20,000 36,000 73,280
Dist. of Columbia 150 96 50 N.P. 22,000 -38,000 70,000
Florida+t+ 162 86 55 ~ N.P. - 20,000 40,000 - 66,610
Georgia 162 96 55 . 55 120,340 40,680 73,280
Hawaii 156 108 55 65 - 24,000 32,000 73,280

~ Idaho 168 96 60 65 ~ 18,000 32,000 76,800
I11inois 162 96 55 65 18,000 32,000 73,280
Indiana+ 162 96 55 65 18,000 32,000 72,000
Iowa 162 96 55 60 - 18,000 32,000 73,280
Kansas+ 162 - 96 55 65 18,000 32,000 73,280
Kentucky - 162 96 - b5 65 - 18,000 - 32,000 - 73,280"
Louisiana 162 96 - 60 - N.P. . 18,000 . 32,000 - 73,280
Maine 162 102 .. 55 - N.P. 22,000 36,000 73,280
Maryland 162 - 96 . 55 65 - 22,400 40,000 "73,280
‘Massachusetts+ 162 96 . 65 - N.P. - 22,400 - 36,000 73,000
Michigant+ . 162 96 1 65.. - 18,000 26,000 . 143,000
Minnesota 162 96 . b5 N.P. 18,000

- 73,280
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TABLE 8 (Cont'd)

Mississippi 162 . 9 55 85 18,000 32,000 73,280

Missouri 162 . 96 55 65 18,000 32,000 73,280
Montana+ ' 162 " 96 " 60 . - 65 18,000 32,000 76,800
Nebraska ' . 162 96 - 60 65 - 18,000 32,000 : 71,146
Nevada* N.S. A " 96 70 70 - - 18,000 32,000 76,800
New Hampshire 162 96 . 55 55 22,400 .36,000 73,280
New Jersey 162 . .96 - 55 . 55 22,400 32,000 + . 73,280

- New Mexico - 162 96 65 65 21,600 34,320 . 86,400
New York* . 162 96 55 N.P.. 22,400 36,000 A 85,000
North Carolina _ 162 96 ' 55 N.P. 18,000 36,000 ' 73,280
North Dakota 162 96 ‘ 60 65 18,000 32,000 73,280
Ohijo+ : 162 - 96 55 65 ' 19,000 32,000 . . 78,000
Oklahoma . 162 - 96 55 65 ' 18,000 32,000 : 73,280
Oregon+ A - 162 96 60 75 18,000 34,000 76,000
Pennsylvania 162 96 55 . N.P. 22,400 36,000 v 71,145
Rhode Island 162 : 102 55 N.P. - 22,400 36,000 - - 73,280
South Carolina. 162 96 55 N.P. 20,000 36,000 - 73,280
South Dakota 162 96 - 65 65 18,000 . 32,000 73,280
Tennessee B 162 .96 55 N.P. 18,000 . 32,000 73,820
Texas . 162 96 55 65 18,000 - 32,000 72,000
Utah+ 168 " 96 . 60 65 18,000 33,000 - 79,900
Vermont _ 162 9 - 55 N.P. - 22,400 36,000 73,280

" Virginia . 162 96 55 _ N.P. - 18,000 32,000 ' 70,000
Washington+ 162 . 96 60 65 18,000 32,000 76,000
West Virginia ~ 162 96 - 55, N.P. 18,000 32,000 73,280
Wisconsin =~ . 162 96 55 N.P. 19,500 32,000 - 73,000
Wyoming ' 162 _ 96 65 65

18,000 36,000 73,950

*These figures should serve only as a rough guide because they are subject to change and certain
Timitations. : . :

-+Greater length and gross weights’a]]owed on designated highways'
N.P. - not permitted '



vehicle, the larger the payload. Controversy develops as to whether
this goal ;én be best accomplished with an open-top direct-dump trailer
“or an enclosed compactor loaded trailer. Open-top, tractor-trailer kigé
have empty weights ranging from about 26,000 to 33,000 1b.and the initial |
purchase price is usually lower tHan the heavier compactor trailer rigs:
which weigh from about 39,000 to 42,000 1b. Assuming a gross vehicle
weight limit of 72,000 1b, the opeﬁ—tbp'vehic1es can carry a maximum
pay1oad of about 19.5 to 23 tons while the enclosed compactor fjgs are .
limited to about 15 to 16.5 tons. Graphical comparisons of trailer
characteristics versus allowable densities and pay]oad5'c1ear1y iITus—
trate the hauling restrictions placed on transfer syétéms by iéga]
Weight,]imits (Figurés 18 to 20). Enclosed compactor_trai1ers; however;
| have,definite time saving advantages in'unioading and in their ability
to handle various bulky wastes. In addition, maximum payloads may be
difficult to obtain with certain types of wastes when using opén»top
-trucks. ' These points Will be discussed in.more detail later.

| To obtain an idea of the sensitivify of total haui cost_tb payload,
assume that a transfer'étation hand]es'100,000 tons per year and that
the approximate total cost per transfer vehicle trip is.$30,.which'js
a realistic figure. If each:trip'averages a 16-tonApayToad; 6,250‘..
trips are required while a 20-ton payload requires only 5,000 trips.
Thus, 1,250 trips are eliminated giving a total annual savings.of $37,500 -
(Figure 21); The total annual haul cost can therefore be reducéd sub- |
sténtia11y by maximizing the payload each trip. The cost per trip is
nearly constant regardless of payload so transporting less than maximum

payloads increases the cost pe@’ton per minute accordingly.A
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Figure 18. The maximum densities -allowable in an 80 cu-yd trailer are shown
af various empty trailer weights when a 16,000-Ib traclor is used
and a 72,000-1b legal gross weight limit exists.
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~Planning the size of a transfer statiqh redu%res_that expected
© future solid waste duanfities be estimated. To allow forkfutUre expan-
sion, necesséry 1and‘mUSt be aVai]ab]e_and provisions for easy additions
to initial buildings should be provided. Foundation work for future
expansion can usually be most easily dohé during initial construétion.
~ Hauling and handling equipment for expanded operations should be acquired
as needed to prevent operatfon s]owdowns. If a tranéfer station is con-
structed in a well-developed area, it may never be necessary for the
station to draw upon a larger population area ﬁn1ess a ‘more dfstant dis-
iposé] site is used. An increase in volume, however, should be expected
-over the years as the per capita waste generated increases.

Planning the sizé of a transfer system'can~on1y be attempted'after
a study df local cdndftions is made. The choice of a system must first
be made to meet the needs and desireé of the Service afea. The choice
should be based on consideration of the advantages and disadvantages
of each system as they re]ate to the specifics of fhe area. Such factors
as who'w111_use the facility and the typé of heighborhood in whidh it
is to be 1ocated may have a gréat 1hf1uence on the decision. Several
' Systéhs may appear basically equivalent. Hence; the-preferenée pf the
operétfng authority may have to determine whiéh system best meets the
aesthetic or economical requirements of the area.

" Once se]ected; the size of the transfer system must first be

deterﬁined 50 that the actual physical dimensions of the structure and
traffic areas can be-p]anned} The expected daily waste quantities and

the round-trip time to the disposal site are the.most.important_variables
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’in'plénhing'the size of the system for the number of trailers, unloading
stalls, compactors, etc. "Affer the daily waste volume and'round—trip
travg] time aré'knqwn, it is relatively easy to determine the number of
trailers hegded to handle the Toad. At least one trailer must always

'be'in'1oadihg position and an old tractor or other vehicle should .be
available for moving the trailers into and out of loading position;’ A
fewer number of tractors than,trai1ers is necessary since tractors should
not be idle at the transfer station. Storage provisions based on peak
load periods are necessary to prevent queuing problems with incoming
collection vehicles.. The capacity of a transfer station depehds on the‘

‘capacity of its Ieast‘efficient eTement. For example, a sufficient
‘number of tréiiers'may be available but a.sma11 stdragé area mayvsub-
stantia11y slow down the operation.A | |

In summary, planning-the size of a‘transfer station is not a diffi-

- cult problem once a transfer system has been.se]eéted and the important
vakiables have been determined from a study of the area. A rule of thumb’
is not available for p]anning.the size of various elements of 'a transfer
system because a wide variation of conditions will exist in different

communities; ‘ o

In fhe fo]]owing.paragraphs; each of the transfer systems within
the.diréct—dump and cbmpaction categoriés-wi]] be discusgea in detail.

Gravity Dumping from One Vehicle to Another - No Compacfion. This
is the most‘basic énd simple form of transfer and has been practiced for
many yearS'in small operations, éspecial]y in the once widely practiced

hog-feeding operations. This System,is employed where small volumes -
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are hqnd]ed And usually consists of an earthen or asphalt ramp from
which'thé unloading vehicles dump into a trailer located below. This
| system is inadequate for most purposes and should.not be considered
except possibly in‘ruraT locations where less fhan one tranéfer load per
day 1is expected. Un]esﬁ.a Hoppe} is uti]iéed, prob1éms with spillage .
will probably arise. With specia] fypes of high-density waste such as
might be produced ih an industrial brocess; this method may be entirely
adequaté, however, because compaction.wouldinot be_requfred to obtain
maximun legal payloads. | |

Gravity Dumping from One Vehicle to Another Followed by Load Leveling
~and Compactipn With a Backhoe. This method has become qﬁite popular and
has,been.uﬁed in bofh small and large transfer stations. Baﬁica]ly this
method 1s the same as that above eXcepf that backhoeé prbvide the |
necessary leveling and compéctionva'obtain_maximﬁm_payIOads. This'
_ system works well where most of the incohing waste comes from compactor |
collection vehicles beéause 1itt1e'additiona1 compaction is usﬁa]1y
required to obtain haximum legal payloads. The béckhoes used in thig
system can be mounted either stationarily above'the trailers 6r be self-
prope]]ed vehicles that move from tréi]er_to trai]ér (F{gures 22.énd 23).

This type of system has been used both in open-air operations anﬂ
| enclosed operations (Figures 12 and 24). Incoming vehicles back up gnq
‘unload directly into -the funnel-shaped hoppers located above the trailers .
(Figure 25). The hoppers are designed large enough to prevent spillage.
The backhoe then distributes, compacts, and levels the transfer trai]ér

load as required. Backhoes are capable of exerting up to 10,000 1bs
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Figure 22. The stationary backhoe used in many direct-
dump transfer systems is permanently mounted and serves
only a few loading hoppers.

Figure 23. The self-propelled backhoe used in many direct-
dump transfer systems moves from hopper to hopper.
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Figure 24. The direct-dump transfer stations in King
County, Washington, are attractively housed under a steel
roof. , ,

Figure 25. The loading hoppers utilized in direct-dump
transfer stations are used to funnel the waste into open
top trailers located one level below.
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of downward force on the waste depending upon size and can eas11y achieve
max1mum payloads if most- of the incoming mater1a1 is precompacted in
<'co11ect1on trucks.

To avotd‘the problem of.baoking and,méneuvering the transfer vehicles f
'into;poSition'under thelhoppers, a drive-through arhangemeht is usually |
;empToyed. iThe unloading area can be at ground level with the transfer
vehﬁc]e loading positions'EXcavateo at a lower level; or the un]oading
areas can be eievated with the transfer‘mehicles loading at ground Tevel.
The existing terrain at the s1te may easily determ1ne which method
requires the least construct1on. A typical traff1c flow and plant 1ay-
out d1agram is shown (F1gure 26). S1mu1taneous loading of two transfer
vehicles and un]oad1ng of e1ght collection veh1c1es can be performed at
_th1s facility.. - _

T0'prevent queofng:prob1ems, the facility must be designed to have
a eufficient,humber of hoppers and trailers avai1ab1e to'aooept peak
inooming waste loads. since ‘storage is not easi]y ihcokporated into this
system. In spec1a1 c1rcumstances waste can be stockp11ed on the 1oad1ng
-f1oor and later be p]aced into the empty trailers when the heavy 1ncom1ng
.waste load subs1des ‘

Many methods have been used to un]oad open top tra1]ers The
’cab1e pullout method is popular bot somewhat:inefficient. Cab]es are"
crossed.ehd positioned before loading at the front of the trailer and
run.a1ong the sides all the way to the'rear door. A tractor at the land-
fill is attached to the ends of the cables and pulls the load oot, but

unless care is taken to place buTky material near the troht of'the
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Figure 26. The traffic flow qnd plant layout of a typical direct-dump. transfer station in.which backhoes are used for compaction. -




trailer to provide a sweeping action, waste is often left in the trai]ef.
The cables must also be manually repbsitioned in the trailer before it

can be reloaded. A similar but more efficfent unloading method utilizes
a steel cargo net that ejects the load by being pulled from the front

to the rear of the trailer. The same tractor and cable procedure provides
the ejection poQér. After un16ading, the cargo net is repositioned in

the front of the trailer with electric winches and éma11 cables.

Two uniqde‘methods for unloading open-top trailers are used on the
West Coast. The new transfer station in San Francisco utilizes a
transfer vehicle éonfiguration consisting of a 73-cu-yd trailer in tow
of a 70-cu-yd>b6dy truck. Self-propelled hydraulic tippers capable of
tilting the trailers to a maximum of 70 degrees from the horizontal are
utilized in the unloading operation (Figure 27). The trailer is first
backed onto one tipper and unhooked, and the truck is then backed onto
the other tipper. After both are unloaded the truck drives off the
tibper, rehooks to the trailer, and proceeds back to the transfer station.
The tippers can move to any desired location on the landfill under their
own power. Unloading can be accomplished in six minutes. The tippers
are expensive ($72,000 each), however, and are not warranted unless a
large volume is handled.

King County, Washington, utilizes a unique transfer trailer config-
uration made up of a flatbed truck carrying two 42-cu-yd containers. At
the landfill, a se]f—prope]]ed hydraulic scooper fitted with specially
designed arms picks up the containers and flips them for emptying

(Figure 28). The transfer vehicle stops on the road wifh the hydraulic
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Figure 27. Se]f—prope]ied hydraulic tippers are used for
open-top transfer vehicles in San Francisco.

Figure 28. A hydraulic scooper is used to unload transfer
vehicles in King County, Washington.
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scooper moving to the‘designedllocation for unloading ihc containers,
,‘Un]dading is‘aécomplishedAin a matter of a few minutes. Once again, a
large volume is_requifed to justify the”use of this.expensiye ($130,000)
specialﬁzéd'maéhine. | 4' o |

This type of direct-dump fransfer systém haé the following advan-

tagéé: (1) open-top trailers are lighter and.capab1e of carrying larger
~ payloads than enclosed compabtor trailers with their heavy reinforced
steel bodfes and hydraulic equipment; (2)_the simple loading method
prevents the possibility of having to comp]ete]y halt operations as -
would be required in é éompactor system with enclosed trailers if a
breakdoﬁn,oécurréd; (3) opgn-top trailers are usua]]y.éhéaper-in‘initia1
cost and require 1ess'mainfenan¢e than enclosed éompactor trailers;

- (4) ff incoming waste is precompacted in collection fruckﬁ,'this mefhod :
will usually produce maximum péyldads with thg‘minimum amount'oflbrocess-
: ing; (5)_drive—throUgh'prbVisions for loading transfer vehicles can |
easily be incorporatedlinto the.design.

- This type'ofvtransfer sysfem has the following disadvantages:
(1)'maximum payioadslmay bé difficult to obtain when large amounts of
uncompacted waste are receiVed; (2)‘un1oéding of open-top tfucks is
more difficult and usually takes mofe fime than required with enclosed
compactok-transfer trailers and investment in eXpensfve disposal site
un]bading equipment may’be‘required; (3) bulky items are not as éasi1y
handled as in an enclosed compactor trailer system where,cbnsidérab]e
hydraulic crushing forbe is available; (4) time is wasted in the place-.

"ment and removal of canvas or metal tops that are required to prevent

littering during transportation.
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Compaction Pit System. Other than utilizing an intermediate compac-
tion operation,'this method is very similar to the preceding one. It
offers the advantage of providiﬁg storage as a routine part of the oper- .
ation. Waste is dumped from the collection truck directly into a étorage '
pit. Here a crawler tractor.crushés the waste before pushing it over a
ledge and into the hoppers located over the open-top trailers (Figure 7).
Backhoes then distribute and level the load but are not usually needed
to provide additional compaction. - |

This system is usué]]y utf]ized when much of the incoming waste is
not precombactéd in collection vehicles and when heavy traffic 1nf1ows
are experienced.  The crawler tractor gruSheé and compacts the waste
and can quickly load large volumes of waste iﬁto‘the open-top trailers. -
The storage pit allows many vehicles to unload simu]taneOUSly thus
eliminating long waiting lines. The preceding system,-however; can.
accomplish the sahe task more economically if most of the incoming waste
is from compactor collection trucks and if a 1arge'amouht of storage is
not required to handle peak Toads.

| The new transfer station in San Francisco, with its we1Tides{gned
plant layout and traffic flow patterns, is the best example of the com-
péctioh pit system (Figures 29 and'30)."Cufrently about 2,000 tons per
day are being handled in a one-shift operation. Two transfer véhfc]es
are loaded simuitaneously from the compaction pit with one crawler
tractor. The transfer vehicles rest on sca]eé and as they fill up théir
weights are instant1y visible on a readout device, ensuring maximum

payloads without exceeding highway weight restrictions. The Tightweight
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Figure 29. As indicated in this floor plan of the compaction pit transfer station in San Francisco, simultaneous

loading of two transfer vehicles and unloading of 17 collection trucks can be performed.
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traffic flows smoothly with no interference between collection trucks and transfer vehicles.
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aluminum open-top transfer vehicles discussed previously are capable of
c&rrying 25.5-ton péy]oads. Sévenfeén incoming co11ection-fruck5'can
unload 5imﬁ1taneous1y. Incoming and-outgoing traffic flow is'smdoth and
uﬁintefrhpted by bottlenecks because collection trucks and transfer
trucks have independent circulation patterns. The transfer vehic]es'are
not required to back into position és drive-through provisions are incor-
porated into the three-level design. The trailers can be loaded in
'about six minutes. Several sma]]er:éompaction'pit systéms are also
opérated'on the West Coast. The'San'Francisco opefétion is described in
more detail ih-Appendix E. | |

The advantages bf the compactibn pit system are as follows: (1)ua
convenient and efficient storaée area is available that does.not clutter -
the‘unloading afeaif(Z) uhcompacted material is cfushéd,in thé pit.
making maximumeayTOads obtainable without‘further prqéessing; (3) the
open~top transfer trailers are lighter and capable of carrying larger
payloads than the enc]oged compactor trailers with their heavy reinforced
steel bodies and hydraulic equjpment; (4) the open-top trailers afe
usually 1ess/ekpehsive initially aﬁd,requ{ré'1ess'maintéhance than the
enclosed cgmpéctor trailers; (5) 1argé volumes of wasté can be handled
very quickly and many incoming vehicles can‘be unTbaded simultaneouslys
(6) drive thréﬁgh loading hrovisions for transfer vehicles can easily
“be incorpbrated into the design. | |

Thé compaction pit system has the following disadvantages: (1) con-
siderable capital investment is required to construct the compaction pit

and to purchase the crawler tractor; (2) unloading of open-top trucks
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is’moreldifficui;”ahd usua]iy'takéé'mofe"time than reqqifed with enclosed
compactof'tfansfer trdi]ersfand fnvestment in diSposal’sifé.un1oading
equipment may'be-rquired; (3) time is wasted in placement and removal
of canvas. or metafftops that are.required;to prevent Tittéfing during

transportation.

>Inferna1 Compaction Trailer System. In this system fhe transfer
trailer éerves as both the compactor and the bulk hauler. ‘Altraveling
bulkhead powered by a telescoping hydraulic cy]indérAis initia]]y posi-‘
tioned at the front of the trailer to starf the cycle. . W$ste drops
through a door located on top ahd near the froht of'the‘trai1er to a
position immediaté]y forward of.the‘bu1khead (Figure 31). The bulkhead
then pushes the waste horizonta]]y toward the rear of the trailer and
compacté it - against the rear doors.  The bulkhead is then repositiqned
fn thé froht of>the tfaf]er to‘receive a new charge of,material. 'Ai the
disposal site the rear doors are opened and'thé.bu1khead traverses the .
trai]er'1ength and ejects the Toad (Figure 32). |

This'systéh can:be,sét up in a variéty of ways. For a small opera-
. tion, the incoming vehicle simply backs into position‘and dumpé jts load
through a hopper and into the tfai]ér (Figure 33). To eliminate the need
forlbacking fhtoApositfon, a driVe-thkoUgh operation is sometimes uséd.
The incoming vehiéﬁe drives over a door above the hopper and stops. The
hopper door is then hydraulically opened to receive the waste from the
collection vehicle (Figure 34). Holding hoppers can be used so thaf
the flow of waste into the frai]er.can be controlled. O%ten the load

from a collection vehicle may be larger than the volume the bulkhead can
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Figure 31. 1In a transfer trailer utilized in an internal
compaction trailer system, the waste is loaded through the
top sliding door via a hopper.

Figure 32. Horizontal compaction transfer trailers utilize
hydraulically powered bulkheads to eject the load out the
rear doors.
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Figure 33. The internal trailer compaction system is best
suited for low volume operations.

Figure 34. A drive-through system for unloading incoming
vehicles is sometimes utilized in some internal compaction
trailer systems. '
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handle in one cycle. The holding hopper must therefore be capable of
receiving the entire load but must discharge only a portion 1ntd the
trailer.

Queuing problems with incoming vehicles can easj]y result with the
tworoperaiions above because only one incoming vehicle can be unloaded at
a time for each transfer trailer available. Therefore, in large-volume
operations this system requires that storage provisions be provided.

The overflow of incoming waste can be stockpiled on the unloading floor
and later pushed into‘the hoppers with a front-end loader. Attempts at
utilizing this system in a large-volume operation with only a few unload-
ing hoppérs and no storage area will result in inefficiency. |

Several methods for powering the hydraulic bulkhead system on the
trailers can be used. At the transfer station the hydraulic pump can
be located on a stationary unit along with an electric power source
(Figure 35). Quick-connect couplings are attached to the telescoping
hydréﬁ]ic cylinder of the trailer which moves the bulkhead during the
compaction process. The hydraulic pump along with a gasoline engine
power source can be mounted permanently on the trailer itself (Figure 36).
This method is sometimes required in a small open-air operation when no
protection for a stationary unit would be available. Each_trai]er, -
however, must be fitted with a pump and gasoline engine, and this extfa
dead'weight must be carried on ea;h trip to the disposal site. The
gasoline engine also supplies the power for ejecting the load at the

disposal site.
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Figure 35. At the transfer station, there can be a stationary
power source for operating the hydraulic system on an internal

compaction transfer trailer.
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Figure 36. An internal compaction trailer may be equipped
with a gasoline-engine-powered hydraulic system.
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If each trailer is not equipped with a gasoline motor, load ejection
at the disposal site can be accomplished in several ways. Each haul
tractor can be eduipped with a wet-1ine kit which is powered by the
tractor engine through a power take-off system. At the disposal site,
quick-connect hoses are attached from the power take-off unit to the
hydraulic cylinder of the trailer for load ejection. Load ejection can
also be performed with a trailer mounted mobile power unit located at
the disposal site (Figure 37). This unit consists of a hydraulic pump
powered by a gasoline engine. The power unit is moved to the desired
unloading point and attached with quick-connect hoses to the hydraulic
cylinder on each trailer. The one power unit therefore takes the place
of the wet-line kits that would be required on each tractor, but unless
access to the disposal site is well controlled the risk of vandalism or
theft is apparent.

At any transfer station, drive-through access for transfer vehicles
is preferable to avoid the problem of backing and maneuvering the large
rigs into loading position. If a drive-through operation is not possible
because of peculiarities in site topography or location, sufficient
turnaround space must be provided to avoid wasted time in positioning.

The advantages of the internal compaction trailer systems are as
follows: (1) the system is easily adaptable to small operations where
incoming waste requires considerable compaction to achieve maximum pay-
loads because only a ramp and hopper are needed to transfer the load to
the trailer; (2) unloading of the trailers is very fast and efficient;

(3) the enclosed nature of the trailer does not require that canvas or
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Figure 37. A mobile hydraulic power source may be used for
unloading compaction transfer trailers at the disposal site.



metal tops be héhdIed with each loading and unloading; (4) maximum pay-
loads are easily and quickly obtained whether the incoming waste is in
a compacted or uncompacted state.

The -disadvantages of the internal compéction trailer system aré as
follows: (1) should the hydraulic bulkhead system fail, the trailer is
out of commission since there is no way of placing waste in the trailer;
(2) the extra dead weight of the hydraulic bulkhead system and required
reinforcement steel effectively reduce maximum péy]dads; (3) the initial
cost of compaction trailers is higher than that of open-top trailers and
they usually require more maintenance; (4) if the majority of incohjng «
waste is precompacted in collection trucks, the heavier enclosed trailer
offers 1ittle advantage as maximum payloads can easily be achieved in

lighter open-top trucks with top tamping.

Stationary,Combactor Transfer Systems. This system has gained wide
popu]arityusﬁhéé it was introduced in 1961 and is the predominant transfer
system in'use'today. A transfer trailer is backed into position and
locked to a stationary compactor that is firmly anchored in a concrete
foundation,(figure 38). The hydraulically powered reciprocating ram of
the compactor fofces the waste horizontally through a door in the réér
of the trailer.

Nearly all recent transfer station installations of this type utilize
an equipment package consisting of the trailers, compactors, hoppers and
sometimes the compactor feed equipment, all of which are purchased from one
manufacturer. The building foundation specifications and floor plan lay-

out are dictated largely by the particular equipment package being utilized.
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Figure 38. In a stationary compactor trahsfer system,
transfer trailers are locked to the stationary compactor
for loading. ‘

Figure 39. The stationary compactor transfer system has
become very popular in small-volume operations.
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The stationary compactor system has been used in a variety of
different-sized installations ranging from small open-air single compac-
tor stations tb.]arge enclosed multi-compactor plants. Small enclosed
operations have become very popular in many communities throughout the
country (Figure 39). The compactor chambers are always fed by gravity
from a hoppef'arrangement but the movement of waste from the incoming
trucks to the hoppers is accomplished in a variety Qf ways. In small
operations a storage area may not be required and incoming waste is
dumped directly into the hopper above the compactor (Figure 40). In
operations requiring storage the compactor can be fed with crane buckets,
conveyors, front-end loaders, and hydraulic push pits, alone or in com-
binations. |

The front-end-loader charging method is a simp]e and inexpensive
method of providing storage. Waste is stockpiled on the floor and later
pushed into the compactor hopper with the front-end loader (Figure 41).

The conveyor feed method offers advantages of simpler one-level
building design and can be housed in a standard modular steel building.
Some incinerators have been converted to transfer stations by simply
placing a conveyor on the charging floor and utilizing the old furnace-
charging buckets as the conveyor feed (Figure 42). 1In other plants one
section of the ﬁonveyor is placed at floor level and the incoming trucks
dump directly onto it (Figure 43). During peak delivery period, the
waste can also be dumped on the floor adjacenf to the conveyor and pushed

onto the belt with front-end loaders.
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Figure 40. In this type of small volume transfer station, incoming ‘solid waste

. is dumped directly into the stationary compactor hopper.

Figure 41. In this type of transfer station, incoming solid waste-is stockpiled

on the floor during peak delivery periods and is then loaded

into the stationary compactor hopper with a front-end loader.
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Figore 42. In this incinerator that was converted to a_stationary

compactor transfer station, the crane bucket is used

" to charge the conveyor from the storage pit.
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Figure 43. When an inclined conveyor is used to charge the étotifon_ary t_:p;pqdor
~ hopper, a simple single level building design. can: be utilized.

Figure 44. In some transfer stations, hydravlic push-pits are used as both a means
of storage and as o means of loading the stationary cempactor hopper.
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The hydraulic push-pft is another method deve]obed to provide storage
~ capacity. So]fd_waste is fed automatically to the compactér by means of
a hydrau11¢a11y actuated bulkhead (Figure 44). The incoming trucks back
up and dump into the pit, and wheﬁ required, the'bUTkhead traVérses the
pit horizontally and 1oéds the compactor hopper. A'centr51 control
panel is used to actuate both the statfbnary comﬁactdr cycle and push-
pit bulkhead cyC]é. Two types of pits are used with the bush—pit bulk-
head. The first is a concrete pit that is initié]]y_poured into the
floor foundation (Figure 45). The second type is a steel bit-céhstructed
integral with the stationary compactor_ﬁnit (Figure 46). The steel pit
-~ is more f]exib]é in that it can be moved to a new location if reqdired
and requireé-on]y that an unloading 1eve1'equa1 ih height with the top
of the pit be available. | -

The stétionary compactors used in this type of transfer system are
large heavy—duty units that can handle almost any material placed in
them (Figure 9). The range of specifications for transfer cémbaqtors are
included in Appendix C. The compactoks are capable of easily producing
in pTace densities necessary to obtain maximum legal payloads but care
must be exercised td'prevent overloading. Because of the large forces
produced by the compactor ram the trailers must be firmlx anchored to‘
the compactor. Chains were formerly used to secure the trailers but most
new units utilize an automatic locking device that isike]eﬁsed manually.
The large pressures also require that the walls of the trailers be
heavily reinforced to_prevent splitting. This adds considerable weight

to the unit. The compactor does not force solid waste through the entire
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Figure'45. A permanent concrete push-pit system is sometimes
used for charging solid waste into a stationary compactor
hopper.
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Figure 46. This portable steel push-pit system
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rear door of the trailer but through a smaller area equipped with double
dutch doors. At the disposal site the entire rear section is opened
and the ejection bulkhead pushes out the load (Figure 47).

Some trailers utilize the load-ejection bulkhead as a packing piate
during loading. The waste forced in by the compactor is compressed
against the bulkhead until enough pressure is obtained to force the bulk-
head slowly to the rear. In other systems, the bulkhead is not used but
remains in the front part of the trailer. Compaction is obtained only
when the trailer is nearly full and the last several cycles of waste are
forced against the pfeceding ones. Because nearly all the compactidn
is obtained at the rear of the trailer with this system, horizontal " as
well as vertical reinforcing of the walls is required to handle the
pressures produced. Most stationary compactor systems utilize a light
on the control panel to indicate when a preset resistance is met by the
reciprocating ram. This warns the operator as to when the trailer is
nearly full. A booster cycle can then be switched on which increases
the hydraulic pressure several hundred 1b per sq in. The increased
pressure is used to force in the last compactor charge of waste. Opera-
tors of stationary compactor systems have indicated that care is required
in loading the trailers because fine material tends to drop from the
1ip of the compactor at the rear of the trailer and cause overweight
conditions on the rear axle.

An electrically driven hydraulic system is used to power the sta-
tionary compactors. If hydraulic push-pits are used they are usually

driven by a separate electric motor. The hydraulic ejection bulkhead



Figure 47. An ejection bulkhead utilized on a compaction
transfer trailer pushes the waste out through the rear
doors.
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of the trailer is driven either by a wet-line kit to the power take-off
of the tractor or by a stationary gasoline motor mounted on each trailer.

The stationary compactor transfer system requires that the trailers
be backed into position to be attached to the compactors. Therefore ample
turnaround space must be provided. Incoming vehicles must also back
into position to unload into the compactor hopper or into the storage
area.

In large stationary compactor transfer stations, traffic flow is
sometimes controlled with a colored lighting system. The compactor oper-
ator flashes a light to signal incoming trucks to a dumping stall. 1In
addition, transfer vehicle positioning is often done with tractors
specially designed only to move trailers around the yard (Figure 48).
The yard tractors move the full trailers to a pick-up area and replace
them with an empty trailer. The haul tractors can then spend all their
time moving between the station and the disposal site (Figure 49). They
leave their empty trailer in the designated area and pick up a full
trailer and drive directly back to the disposal site.

The advantages of the stationary compactor transfer system are as
follows: (1) maximum payloads can easily be obtained with uncompacted
or compacted solid waste; (2) unloading of the trailers is very fast and
efficient; (3) the enclosed nature of the trailer does not require that
canvas or metal tops be handled with each loading and unloading; (4) the
compactor can handle nearly all bulky material that can be placed in
the hopper because of the large hydraulic force available; (5) the
incoming waste usually receives minimum exposure because it is rapidly

pushed into the sealed trailers.
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Figure 48. Small yard tractors are often utilized for
moving trailers into and out of loading position.

Figure 49. Conventional tractors are used for hauling
transfer trailers to and from the disposal site.

80



The disédvanfages of the system aré as follows: (1) should the
compactor fail, there is-no other way of loading the trailer; (2) the
extra dead weight of the ejection bulkhead system and required steel
reinforcement effective]y reduce maximum payloads; (3) the initial cost
of the trailers i§ higher than open-top types and they usually require
more maintenance; (4) a drive-through system for transfer trailer load-
ing is not-possib1e with current conpaction systems; (5) if the majority
of incoming waste is precompacted in collection trucks, the heavier
enclosed traiier offers 1ittle advantage as maximum payloads can be 3

achieved in lighter open top trailers with top tamping.
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CHAPTER III
TRANSFER STATION COSTS

The basic logic for economically justifying a solid waste transfer
operation wasvpresehted’in Chapter I. In the present chapter some
representative construction and operating costs will be presented based
on information gathered in a field survey of several transfer stations
throughout the United States. Unfortunately, in many cases data bn
the owning and operating costs were nearly impossible to extract from |
the existing accounting system. Various costs were intérwoven and -
combined with 605tslincurred in solid waste collection and disposal
activities. The importance of accurate cost accounting céhnot be
overemphasized as the existence of the transfer station fs.based
solely on economics. A cost accounting system is presented in Appen-
dix D. The two direct cost centers, namé]y,-the Transfer Operations
Coét‘Cenfer and the'Waste'Transport Cost Center, developed in this
accounting System will be used in the following discussions of owning

‘and operating costs.

o Cohstruction Costs

Construction éosts vary widely depending on locality, design'ahd
site improvenent requirements. Any conventional type of building con-
struction can be used to house the transfer facility once the desired
transfer system and size is determined. In addition to the building

itself, considerable expense for excavation and fi1ling; foundations,
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utf]ity provisionsj access roads, fencing and landscaping is incurred.
Some types of transfer opérations such as stationary compactor or com-
paction pit"systemé require more detailed foundation work thereby{
inéreasing éonstruction costs. If a site is not a]ready'owned, considf
erable cash outlay for land may bé required. | |
A wide variety of building types was encountered during the SQrvey
ranging from none at all (open-air) to well-landscaped, aesthetica11y |
designed concrete and steel structures (Table 9). It is difficult
to correlate initia] cost tb handling capacity. Although many of
these transfer sfations are underutilized, a definite design capacity
is hard to place oﬁ any .transfer station for several reésons.‘ First,
a major concern in desfgning for size is to mfnimize the time'ekpended
in unloading each 1ncoming vehicle. Thus aAsufficieht number of
unloading spaces must be pfovided, but each vehicle requires one stall
whether it will unload 1 ton or 10 tons. If the faéi]ity is restricted
to use by a fleet of standard-sized packer trucks, the ;apacfty caﬁ
be determined more ea$11y: Second, it is not_necessary'for the waste
to be loaded as fast as it is brought in when storage is available. A
peak input period usually occurs in both the morning and afternoon, -
‘but during slack periods the peak loads can be quickly reduced. 1In
addition, most transfer stations are seldom operated more than one
shift per day but are flexible in that overtime can be scheduled when
necessary to handle unusually heavy loads. Ultimately, of course,
the maximum capacity of a transfer station is limited by the maximum

rate with which the transfer vehicles can be loaded. For example, if
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TABLE 9

CONSTRUCTION COSTS OF TRANSFER STATIONS EXCLUSIVE OF LAND AND EQUIPMENT

_ 1 as Yearly
« . Year Building *
Location Type . tonnage - Cost
. Constructgd material handled
Detroit, Michigan Stationary compactor 1970 4Brick and concrete 350,000 863,420
Hamilton, Ohio Stationary compactor 1970 Steel 3,800 115,000
Lancaster, Pennsylvania Stationary compactor 1968 Steel 120,000 160,000
King County, Washington '
Algona Direct dump-backhoe tamping 1968 Steel roof, no sides 29,000 177,000
Bow Lake - 1960 Open-air 57,900 65,000
Factoria ! 1966 Steel roof, no sides 57,800 102,000
Houghton " 1966 Steel roof, no sides 44,200 100,000
Kent ! 1960 Open-air 21,700 31,000
Northeast " 1969 'Steel roof, no sides 66,800 173,000
Renton " ..1964 Steel roof, no sides 42,300 124,000
Orange County, California '
Stanton Direct dump-backhoe tamping 1961 Open-air 181,195 347,000
Huntington Beach : " ' 1963 Open-air 136,022 212,000
Anaheim " 1966 Operi-air 206,996 - 350,000
San Francisco, California Compaction pit 1970 Steel 550,000 900,000
Seattle, Washington Compaction pit '
North 1968 Concrete 190,000 900,000
South . 1966 Concrete 160,000 700,000
S.E. Oakland Co., Michigan® ~ Direct dump 1971 Brick and concrete 160,000 1,500,000
Topeka, Kansas 1968 Steel 26,000 160,000

Stationary cdmpactor‘

*Al1 costs are indicative of the year in which the'facility was constructed.

+To be opened in August 1971.




a stationary compactor can displace ]O—cu-yd Aevery 45 seconds, it
.cou]d theoretically handle 800-cu-yd per hour but only if a transfer
trailer is always in positfon and if the‘compactor can be fed contin-
uously at the rate of 800-cu-yd per hour. This ultimate capacity
is more difficult to determine in a direét—dump and compaction pit-‘
system. '
| ‘In trying to estimate the cost of a transfer station per ton of
hand]ing éapacity, difficulty is also encountered because of varying
aesthetic requirements. Considerable extra. construction cost will
usually result.from building in a residential neighborhood.
In summary, the desired transfer system must. first be selected.
. This is followed by an estimation of the number of unloading stalls
required to handle théAant{Cipated peak incomfng traffic flow. Then
the necessary processing equipment to load the daily wasté vo]umé should
be determined. Finally, a building aesthetically accepfabTe to the
neighborhood and of dimensions suitable to house the operation should
be determined so éonstruction'and.site development costs can be esti-
mated. |
Construction cost figures for the type of transfer stations built
in King County, Washfngton show that many other costs in addition to
_ those for the structure itself are involved (Table 10). This station,
which is typical of the seven in King County, can accommodate about
12 vehicles unloading simultaneously and is covered entirely by a roof
but not comp]ete]y enclosed (Figure 24). Backhoes are used for com-

paétion in the two-level, direct-dump operation.
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TABLE 10
CONSTRUCTION COSTS OF A

KING COUNTY, WASHINGTON, TRANSFER STATION

Cost

Item
Supervision, bond, insurance $ 3,700.00
Excavation and filling 13,000.00
Asphaltic roads - 12,500.00
Fencing 1 9,700.00
Steel guard rails 2,800.00
Concrete walls 17,000.00
Concrete slabs 10,200.00
Reinforcing steel §,800.00
Steel building + 29,800.00
Roofing and sheet metal 12,500.00
Painting | © 2,500.00
"Plumbing, sewer, drainage 14,700.00
Electrical wiring and lighting 3,000.00
Landscaping | 12,600.00
Miscellaneous items 1,000.00
State taxes 6,800.00
Architects and engineers fees. 12,500.00
© Total cost (except'1and) $173,100.00
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Equipment Costs

The equipment used in transfer stations falls into two majpf cate-
gories. The firﬁt is processing équipmént which inc]udes every device
ut111zed in the trans fer process and varies from system to system. The
second 1s hau] equipment which 1nc1udes tra11ers, tractors, and un]oad;
1ng equipment.

Processing Equipment. Processing equipment requirements vary from

none at all in the very simplest direct—dumpAsystems to stationary com-
pactors used in an enclosed tfai]er.system. Eaéh system wil] be 1isted
be]ow along with the proceSsing equipment uti]ized. |

Gravity Dumping from One Vehic1e td Another - No'Compaction. This
system usually requiresithe use of a hopper to avoid spi]]agé. The .
hopperfshould encompass the 1ength of the open top transfer vehicle..
No actua] mechan1ca1 equ1pment is requ1red but maximum payloads are
not obtained unless very dense waste is be1ng hand]ed

Gravity Dumping from One Vehicle to Another Followed by Compaction
_with a Backhoe. In addition to the hopper used in the preceding method
‘ é mobile or permanently mounted backhoe is used. Smé]],‘permanent]y
‘mounted, electrically powered backhoes cost from $5,000 to $10,000 but
are seldom capable of producing the necessary compactioh fb achieve maxi- -
mum paj]oads and serve mainly as load leveling devices. Larger electric
stationary backhoes capable of producing up to 8,000 1b. of downward
force cost between $20,000 and $30,000. Diesel or gasoline-powered
mobile backhoeé capable of exerting 8,000 to 10,000 1b. of downward force

~cost about $40,000. If a floor storage area is used in conjunction.
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with the transfer systeh to handle peak 1oads_the weste is pushed into
the hoppers with ordinary rubber-tired, front—end,]oaders._
: Compaction Pit System. This system requires a crawler tractor

‘to compact the waste in the storage pit and push it into tHe open—fop
trailers. The cbmpaetion pit system reqqires the use of crawier tractors
ranging in price from $30,000 to $70,000 depending on the size of -the
operation. A backhoe similar to those listed above is a1so used to
distribute the loads but is se]dom needed for compact1on purposes.

Internal Compaction TraiJer System. This system requires on]y a
hopper over the opening in the front of the trailer. The compaction is
achieved entirely within the trailer. These trailers cost from $23,000
to $26,000. If floor storage is used with the system the hoppers are
1oaded with ord1nary rubber-tired, front loaders.

Stat1onary Compactor Systems. The compactors are usua]iy sold as
a package with various-sized hoppers available. With hoppers and eT]
accessories, the compactor units range in cost from $20,000 to $24,000.
The compactors can be fed in various ways as discussed in the previous
chapter. The cost of push pits starts at abeut $8, OOO, and the cost
of conveyor feed systems varies cons1derab1y depend1ng upon such spec1-
- fications as 1ength w1dth, and feed rate.
The cost of scales which might be Used in any type of transfer
station varies widely with such specifications as 1ength,'capacjty.and
automatic feqtufes.' As an example, the cost of a 30 ton capacity
scale that could be used for weighing incoming vehicles would be about

$10,000.
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Haul Equipment. Two basic types of haul vehicles are'utilized in
truck- transfer operations. The first is the open-top traf]er associated
with direct- dump and compaction p1t systems; the second is the enc]osed
trailer manufactured spec1f1ca11y for use with either an internal com-
paction system or a stationary compactor system. Both types of trailers
can be pulled by any conventional haul tractor.

- Unlike the enclosed trailer with its built-in nydraulic bulkhead |
unloading sysiem, the opén-top trailer requires that sohe unloading
system be designed to fit the operation. The simple crossed cable or

cargo net pui]out'systems require little capital expenditure but are
somewhat inefficient, and landfill tractors must leave their spreading
and compaction tasks to pull the loads from the transfer trai]eré.

As discussed in the precediné chapter, the unique unloading systems
used in San Francisco and in King County, Washington'kequire expenditures
for auxi]iary machines. The hydraulic tippers used in San Francisco
cost approximately $72,000 each while the modified hydraulic scooper .
of King County costs about $130,000.

Single, open-top trailers of 90 to 110 cu yd capacity cost $12,000
to $18,000 depending on construction materiai (i.e.,'stain]ess or
ordinéry steel). Double trailer units with a combined capacity of
120 to 145 cu yd cost $12,000 to $20,000. The San Francisco aluminum
transfer vehicles consisting of a truck with a body of 70-cufyd‘pu]1ingll
a 73-cﬂ—yd trailer cost about $43,000 each. The flat-bed trailers used
in King County cost approximately $5,000 and each container about $3,000,

: giving a total cost of about $11,000 for the 84-cu'yd configuration.
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_Enc]oséd trailers utilizing internal compaction list for $23,000
to $26,000 depéhding on capacity and' the hydraulic power systeh used
(i.e., auxiliary gasoline engine or power take-off kit). Ené]osed
traf]efs utilized with stétionany compactors cost $18,000 to $22,000.
| Trailers range in size from 60 to 80-cu yd. "When several units are
purchased, bid prices are usually several thousand dcllars less than
list prices.» .

Diesel haul fractors usually cost $16,000 to $17,000 each. All

transfer statioh authorities advised against the use of gaso]ine'tracfors

because of excessive fuel costs and maintenance problems.

Owning and Operating Costs

Total costs per ton for transfer and haul vafy wide]y dépending
primarily on wage rates, efficiency of_operations and haul diétancesu
The range of costs for operations surveyed was .$2.25 to $4.50 per ton.
_Thi§.inc1udes~a11 costs incurred both in the transfer station operation
and in the long-haul operation (Table 11). Total costs were broken
down into transfer station operation and haul operation cost:;enters
when existing data permittéd. It must be kept‘in mind, however, Ihét"
héu] cost varies directly with the haul distance. No cost data were
' obtained at sévera] of the transfer stations surveyed because of

1nadequa§e accounting procedures.

The cost of operating a transfer station varies with the degree of
service rendéred and the type of financing uéed for the operatfon. If
"the station is open to the general public and user chafges ére levied,

additioha] billing, accounting and weighing expenses are incurred. The
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TABLE 11

OWNING AND OPERATING COSTS OF TRANSFER STATIONS*

Transfer

e ' nbd - Haul -Cost Total Cost
Location §t?§}ggngost ($/ton) ($/ton)

- Hamilton, Ohio . - - $3.40 (est.)
Lancaster, Pennsylvania - - 2.23
King County, Washington® C§2.19 $2.38 4.57

(average of .7 stations) : ‘ :

Orange County, California ‘
Stanton . . : - - 2.93
Huntington Beach c - - 2.91
Anahe1m - - 2.82

San Francisco, Ca]1forn1a S 1.88 1.76 3.64

Seattle, Washington - .23 1.55 2.88

(both stations)

*These cost f1gures were obtained from 1nterv1ews with the respect1ve

operating authority.
1968-figures.
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most efficient and economical typé of transfer station is that which is
~run only as{part of the collection operatjon of a city or contractor.
Waste loads and incoming trafficAf1ow are relatively predictable and
4;bi]1fng services ‘are not required, |

As was discussed in the previous chaptér,'the efficiency of opera-
‘tion from the stanapoint of carrying maximum payloads on each trip

can affect total costs substantially. Scaies for weighing transferA
vehicles can therefore be a valuable tool in reducinq haul costs because
both Tight loads and possible delayé and fines resuiting from overweight
conditions aré eliminated.

From rebords ava11ab1é, a further breakdown of the costs proved
very d1ff1cu1t but 1nterest1ng information was gleaned from various
sources. For the seven transfer stations operated by King County,
Washington, some complete data for 1968 were obtained’ (Table 12). The
rather high costs can be expiained in part by the fazt that a11 seven
stations render a great deal of service as they are opén.to the public
seven days pér'week and are financed by user charges. Solid waste
>from all seven stat1ons is hauled to one landfill resulting in a 1ong
travel d1stance from several of the installations. For all seven
stations the average round-trip hauling time is 89.2 minutes of which

73 percent is in travel time, 12 percent is unloading time and 15 per-
| cent is 1oading time at the station, |

The following costs pertaining to transfer vehicles were obtained
from Orange County, California, where open-top, double-trailer diesel

rigs are utilized in an open direct-dump system. For vehicles with
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TABLE 12
1968 COST BREAKDOWN FOR SEVEN TRANSFER STATIONS IN KING COUNTY, WASHINGTON

Transfer.station operation cost center

Item | Cost/ton ($)
Operation o $1.67
Depreciation : : - 0.12
Construction and modification . 0.02
Overhead
Administrative 0.18
Facilities and equipment 0.20
Total ' 2.19
Waste transport cost center
 Item ' : Cost/ton Cost/mile Cost/ton/mile Cost/ton/minute
Wages, salaries and benefits  $1.12 $0.41 $0.025 $0.013
Equipment operation 0.26 0.09 0.006 0.003
Equipment maintenance 0.19 0.07 - 0.004 - 0.002
Depreciation 0.42 0.15 0.009 0.005
Overhead
Administrative 0.18 ' 0.06 0.003 : 0.002
Facilities and equipment 0.21 0.07 0.004 0.002
' Total 2.38 . 0.85 0.052 0.027

Extracted from King County Solid Waste Disposal For 20/20 Vision Volume II,
December 1970.
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less than 24,000 miles the fu§1 cost is $0.040 per mi]e; the deprecié—
tion is $0.070 per mile; and the maintenance, including tires. is $0.110
per mile. For vehicles with over 180,000 miles the fuel cost is $0.042
per mile, the depreciation cost is $0.048 per m11e,'and the maintenance
cost including tires is $0.160 per mile. These figures are based on
averages for the entire fleet. Transfer-vehicle fuel cohsdmptibn for

. all operations surveyed ranged between four and six miles per gallon.

The vehicles are usually amortized over a 6 to 8-year period.
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APPENDIX A

~ LOCATION AND OTHER CHARACTERISTICS
'OF TRANSFER STATIONS IN THE UNITED STATES*

Year operation began - Miles to Annual

State City or region and ownership disposal: site tonnage
Alabama Decatur 1969, public = -
California Alhambra : - private 8 2,000

Beverly Hills - public 11 : 27,000
Chico Under construction. : - -
Colusa 1970, public : - -
Dominguez : 1970, private - -
Fresno 1968, private S - - 33,000
Hollywood - private - : 500.
Los Angeles , - _
: 1950, private R 40 . 600 -
1950, private 40 : 600
1950, private - 30 1,250
- private - 500
- private - 500
- municipal - 14,000
1969, private - , ' - A
Lovelace ' 1963, private - - 11,000
Lynwood ' 1966, private 25 : 3,600
Orange County , . '

" Anaheim : 1966, public 13 . : 207,000
Huntington Beach 1963, public 15 . 136,000
.Stanton 1961, public ' 25 181,000
Oroville . 1969, private - 15,000
Sacramento 1959, private _ - 23 31,000
San Francisco 1970, private 32 . 730,000
Santa Barbara Co. 1967, public 22 146,000
Santa Monica 1959, public 10 - 52,000
South Gate 1959, public .20 68,000

South Lake Tahoe Under construction -
-So. San Francisco Under construction ' .-
6,250

Wilmington 1967, private 8
Colorado  Colorado Springs - private 12 400
Denver - 1965, municipal 13 30,000
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Mi1e5_to

SN o . Year operation began . Annual
State City or region and ownership disposal site tonnage
Connecticut Midd]ebury 1966, private 4,000
Orange 1970, private - 7,000
- Westport ' - public - 20,000
Delaware Kent County - public - -
Florida Delray Beach ~ - public 22 - -
Fort Lauderdale - - - -
Ho1lywood - public - -
New Smyrna Beach 1970, public 24 15,000
Orange Co. Under construction - 220,000
Palm Beach - public 10 -
Pompano Beach - private - =
West Palm Beach - public 7 -
_ Winter Park 1961, public - -
Georgia Chamblee 1966, public 16 11,000
Doraville - 1966, industrial -12 . -
Forrest Park - - - -
I1Tlinois Chicago - private - -
Chicago - private -
Rosemont = 1970, private - -
Wilmette - 1965, public 8 20,000
Indiana Fort Wayne 1970, private - C-
' Kokomo: ‘ 1969, private - -
Muncie 1970, private - -
Kansas Kansas City 1970, ‘private - -
Topeka 1969, public 1 18,000
Kentucky Bellevue 1969, public - -
Louisviile 1968, private - -
Louisiana Gretna Under construction - 20,000
~ Metairie 1970, private - 40,000
Maryland Baltimore . : _
1969, private - . 37,000
, 1971, private - 15,000
Massachusetts Arlington 1969, public - 39,000
Bedford - 1969, public 14 -
Boston 1969, private - -
Medford - 1969, private 15 31,000
Michigan Birmingham 1971, public 12 1/2 200,000
Dearborn 1966, public 26 - 50,000
Detroit ,
State Fair , - public - -
Southfield 1970, public 30 400,000
: - private - -
- - private -
Flint 1970, private - -
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Year operation began Miles to Annual,

State -~ City or region and ownership disposal site tonnage
Highland Park - - - -
) Lincoln Park 1966, public .25 . 20,000
‘Monroe . 1970, private - ' -
Redford Township 1969, private 15 C-
Trenton - public - -
Wyandotte 1964, public 25 40,000
Minnesota Blaine : 1971, private - -
Grant Township 1971, private - -
Minneapolis
' 1968, private 15 : 80,000
: 1971, private - -
Minnetonka 1969, private 23 : -
New Brighton 1968, private - -
Osseo 1969, private , 17 : -
: ~So. St. Paul - private : - -
Missouri Jefferson City 1969, private 6 - 16,000
North Kansas City 1967, private 5 25 5,000
University City 1970, public 15 S 24,000
Nevada Reno = 1963, private n -
New Jersey" Bloomingdale 1968, public - -
: Bound Brook 1966, public - -
Englewood 1967, public ' - : -
Kenilworth 1969, public - : _ -
Park Ridge 1969, public - _ -
Piscataway Tnwp. 1966, public : 14 o 100
New York Harrison 1970, public , - B
Hempstead 1969, public 12 - -
Larchmont 1969, public - o -
Mamaronack - 1969, public . ' - -
Millford 1965, public ‘ - -
Mt. Vernon 1969, public - .-
New Rochelle - - ' - -
New York City ' '
(9 Marine) 1937, public 13 272,000
_ 1939, public 22 333,000
1939, public 20 90,000
1950, public 17 294,000
1954, public 27 355,000
1955, public 23 343,000
1955, public 20. 355,000
1958, public . 25 170,000
1965, public 16 225,000
Port Chester 1966, public 27 -
Rochester Under construction - -
West Seneca 1967, public - , ‘ -
Yonkers 1969, public - . -
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Year operation began

Miles to

. Annual

State City or region and ownership disposal site tonnage
North Carolina Kannapolis 1970, private - -
Ohio East Cleveland 1963, public - -

Euclid 1967, public - 13,000
Girard 1962, private - 7,000
Hamilton 1970, public 10 36,000
Lakewood 1931, public 12 31,000
Madison Twnp. - public - -
Parma 1956, .public - 15,000
Pepper Pike -  pubtic - -
Rocky River 1967, public 30 18,000
Shaker Heights - public - - -
Warren 1967, private 31,000 .
Youngstown Under construction - -
Pennsylvania Erie
' 1970, private - -
1970, industrial 16 -
Lancaster 1968, public 17 100,000
Pittsburgh 1966, private 18 62,000
Norristown 1967, private 22 -
Washington Twnp. 1969, public - - -
Tennessee Chattanooga : o -
' : , - 1964, public 18 27,000
1964 public 24 5,200
Johnson City 1960, public 5 156,000
Texas Abilene 1961, public 7 94,000
. ArTington 1963, private 5 12,000
Dallas . 1969, public 29 36,000
E1 Paso 1962, public 14 -
McAllen - - - -
Sherman 1968, public - -
_ Tyler 1967, public 7 -
Washington King County v ,
' - Algona 1968, public 21 30,000
Bow Lake 1960, public 17 60,000
Factoria 1966, public 16 55,000
Houghton 1966, public 25 45,000
- Kent 1960, public 20 13,000
N.E. Seattle 1960, public 36 68,000
Renton 1964, public 12 44,000
Seattle
Seattle North 1968, public 22 190,000
Seattle South 1966, public 13 160,000
West Virginia Huntington - - 7 -
Wisconsin Marshfield 1970, private 22 -
Milwaukee
1971, private
1971, private -
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a

*This. 1ist of locations is nearly complete; however a few installations
may bé‘omftted,‘espeéiale those that might have gone into operation

in late 1971.
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APPENDIX B

MANUFACTURERS OF TRANSFER STATION EQUIPMENT SYSTEMS* -

American Solid Waste Systems
63 South Robert Street
St. Paul, Minnesota 55107

Atlas Hoist anrd Body, Ihcf
7600 Cote de Liesse Road
Montreal 376, Quebec

S. Vincen Bowles, Inc.
12039 Branford Street
Sun Valley, California 91352

Demps ter Brothers, Inc.
P.0. Box 3127
Knoxville, Tennessee 37917

Elgin Leach Cdrporation .
222 West Adams Street
Chicago, I1linois 60606

E-Z Pack Company
Division of Peabody Galion
Galion, -Ohio 44833

.The Heil Company
3000 West Montana Street
Milwaukee, Wisconsin 53201

Hobbs Trailers
609 North Main

‘Fort Worth, Texas. 76106

Industrial Services of America
Tri-Pak Division

"P.0. Box 21-070

7100 Grade Lane
Louisville, Kentucky 40221

Pak-Mor ‘Manufacturing Co.
1123 S.E. Military Drive
P.0. Box 14147

San Antonio, Texas 78214

*Inclusion or exclusion of any manufacturer does not mean endorsement.

or lack of endorsement by the Office of So

EPA.
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APPENDIX C

SPECIFICATIONS FOR STATIONARY
COMPACTORS AND ENCLOSED TRANSFER TRAILERS

The following figures give a rahge of values found on currently hanu-

factured equipment.

Stationary Compactors

Capacity ' 9-11 (cu-yd/cyé1e)

Cycle time . , 28-48 (sec)

Total ram force _ 90,000-120,800 (1b)
Hydraulic pump capacity 65-150 (gal/min)
Electric power unit _ | 40-60 (hp)

Distance ram travels into trailer 13-50 (in.)

Hydraulic cylinder stroke . 8-10 (in.) | N
Hydraulic cylinder diameter 30 ft-long x 10 ft wide x
Dimension | 5 ft high

Transfer Trailers

Capacity | | - 60-75 (cu-yd)

Empty weight ' : 22,500-27,500 (1b)
Length | 32-40 (ft)
Width : 8 (ft)

Height ‘ . : . 145-162 (in,)

Axle capacity _ 20,000-25,000 (1b)
Ejection thrust 78,000-100,000 (1b)
Ejection cylinder diameter 7-8 1/2 {in.)
Ejection cylinder stroke , trailer length
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APPENDIX D
AN
. ACCOUNTING
SYSTEM
for
transfer station

operations

Eric R. Zausner*

The increasing costs and complexities of solid waste hand-
ling require new, more sophisticated management tech-
niques. Data on performance and the costs of operation and
ownership are essential for the use of these management
tools. A good information system is, therefore, a prerequisite
to effective management. Although cost accounting repre-
sents only one part of the total information system, its design,

“installation, and utilization can represent the most significant
step in the development of an effective solid waste man-
agement program.

Present information on transfer stations activities and asso-
ciated costs is both inadequate and nonstandardized. Fur-
thermore, the use of transfer stations will continue to ex-
pand as urbanization causes increased concentrations of
solid wastes and a scarcity of proximate disposal sites. The
proposed system provides a guide to the type and quantity
of information to be gathered, its classification, and the
method of collection. It is intended to be of use to municipal
or private personnel involved in transfer station operation
and ownership. '

* Formerly Chief, Management Sciences Section, Ogerational Analysis Branch,
Division of Technical Operations. :

111



Installation of a cost accounting system can help the trans-
fer station manager control the costs and -performance of

operation and also plan for the future. The system can be.
implemented as presented or modified to meet the spemhc

needs and problems of the potential user.

The relationship of the transfer station to the total solid
waste management system is shown in Diagram I. The ac-
counting procedure can be utilized with all types of trans-
fer operations: compaction and noncompaction, truck trans-
fer, and hauling by railroad cars or barges. In the last two
cases, some provision may be needed to account for disposal
charges. ' '

System Benefits

Some of the more important advantages are:
1. The system facilitates the orderly and efficient collection
and transmission of all relevant data. In fact, most of the
data to be recorded are probably being collected already,
although perhaps only sporadically and inefficiently. Hence,
the added cost of installing the proposed system is minimal:

2. Reports are clear and concise and present only the amount
of data required for effective control and analysis. They can

be understood and completed easily by station personnel. .

3. The data are grouped in standard accounting classifica-
tions. This simplifies interpretation of results'and comparison:

with data from previous years or other operations. This, in

turn, allows analysis of relative performance and operanonal
changes. :

4. The system accounts for all relevant costs of operations.

5. Because the system detects high costs and identifies their
underlying causes, the supervisor can control expenses more
effectively. Similarly, performance and eff1c1ency may be
monitored and controlled.

6. Accountability is superimposed on the system to 1nd1ca1e
who or what is responsible for the increased costs.

7. The data provided are in a form that aids in the short- and
long-range forecasting of operating and capital budgets. Re-

‘quirements for equipment, manpower, cash, etc., can be
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- estimated to aid budgeting and planning at all levels of
management. The data are also available for later evalua-
tion and analysis using operations research techniques.

8. The system, with only minor modifications, is flexible
enough to meet the varying requirements of different sizes
of transfer stations.

Cost Centers and Cost Allocation

The complexity of transfer station operations requires a
breakdown and description of operations to facilitate analy-
sis. In this presentation, the transfer station is assumed to
consist of several interrelated suboperations, each of which
is analyzed separately. These suboperations are called cost

. centers because expenses are accumulated separately for
each of these functional activities (Diagram II). Analysis and’
control are simplified if excessive costs or inefficiencies can .
be traced to a functional activity or area of the facility.

The number of cost centers required increases as the size
and complexity of operations increase. Additional cost cen-
ters, however, require the collection of more data, and this
increases costs. In most cases, transfer operations would
include activities at the transfer station as well as the final
haul to the disposal site. In this event, three cost centers
would probably be able to gather adequate information
without incurring excessive data collection costs. The Trans-
fer Operations cost center and the Waste Transport cost cen-
ter are called direct cost centers because they are directly
associated with transfer and haul operations. Repairs and
Maintenance is an indirect cost center. All repairs and main-
tenance expenses are accumulated in it and then allocated
to the other centers based on the amount they have incurred.
Because repairs and maintenance costs can be a large per- .
centage of total expenses, the use of a separate center focuses
attention on this critical area.

If railroad cars or barges are used, the cost of the final haul
may not be included in a separate center but be accounted
for as a total charge for both final haul and disposal.

The centers classify costs by one of two functions— opera-’
tions and financing and ownership. Operating costs include
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labor, parts and supplies, utilities, external charges, and
overhead. Financing and ownership costs consist of depre-
ciation and interest. Table I summarizes these costs and
presents brief definitions of each.

There are many alternatives for actually allocating operat-
ing costs. A straightforward method for each type of expense
will be outlined. Labor charges should be allocated to the
cost centers based on the number of hours employees worked
in each and on their respective wage rates. Parts and sup-
‘plies include oil and gasoline as well as any materials used
for repairs' and maintenance. Oil and gasoline costs are
assigned directly to the Waste Transport cost center because
they are incurred by its vehicles. All other pasts and sup-
plies are allocated to each direct cost center after being
recorded in the Repairs and Maintenance cost center. Repair
charges levied by other municipal departments or private
firms are also allocated to the direct cost centers after being
recorded in the indirect cost center. Utility costs are incurred
by the Repairs and Maintenance and the Transfer Operations
cost centers. These expenses can be divided between them

on the basis of an engineering estimate or, for sxmphcuy,
~ they can be ass1gned completely to the Transfer Operations
cost center. General overhead, which includes supervision,
administration and charges from other departments (payroll,
accounting) can be allocated equally to each cost center or
on the basis of the number of employees each has.

Finally, costs accumulated in the Repairs and Maintenance
cost center are allocated to the two direct cost centers based
on the expenses each has incurred. Their sum is the total
operating cost. - '

Capital costs are easily associated with each of the direct
cost centers. For instance, the capital cost of transfer vehicles
can be associated with the Waste Transport center, while the
purchase of scales can be included in the Transfer Opera-
tions cost center. Depreciation for each center can be calcu-
lated with these capital costs and estimates of their expected
useful lives. Total interest cost can be allocated based on
the proportions of capital utilized in each center.

These allocation procedures are illustrated in Diagram II.
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TABLE I
SUMMARY OF COST TYPES

Labor (1)

Parts and supplies (2)
Utilities (3)
Overhéad (4) : - ‘ -
TOTAL OPERATING COSTS'

Depreciation' (5}

Interest (6)
TOTAL FINANCING AND OWNERSHIP COSTS

TOTAL COSTS

(1) Labor includes all direct wages, overtime pay and fringe benefits.
Fringe benefits include the costs of group insurance, social security,
pensions, vacation benefits, etc.

(2) Parts and’ supphes include oil, gas, grease, repalr ‘parts, mlscellaneous
supplies, etc.

(3) Utilities include electric, natural gas, water, etc.

(4) Overhead includes supervision, payroll and accounting services by
other departments, liability and property insurance, taxes;, and external
charges. External charges include audits, contractual services, etc.,
when they are performed by other municipal departments, private
contractors or consultants.

(5} Depreciation may be calculated using either straight line or accelerated
methods.

(6) Interest should repi’esent actual costs of funds.
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The actual system is designed to facilitate the accumulation

~ and allocation of costs to the centers.

Forms and Reports

Information flows through the cost system by way of eight
reports (Diagram III). They iransmit data collected ir the field
for use at various levels of supervision and management.

The reports are most easily grouped into those that are
primarily used to collect data on operations and those that
are used to reduce and analyze for decision making and
control.

‘Reduction and presentation cannot be accomplished unless
all pertinent activities and cost information are recorded
daily. If this is not done, the data cannot be retrieved later.
Transfer station personnel, supervisors, and others involved
in operations primarily use Forms 1 through 4 to record the
data required. '

Weekly labor report (Form 1). Daily entries of labor activ-
ity are recorded in duplicate at the site by the foreman or .
supervisor. One copy is forwarded to the payroll“'department
for determining weekly wages. The supervisor or the ac--
counting department uses the other copy to compute the
total hours worked and to assign the time and associated
costs to the cost centers. ‘

Daily truck record (Form 2). This form shows the quanti-
ties, sources, and types of solid waste delivered to the trans-
fer station. The number, identification, and net weight of
outgoing transfer vehicles are also recorded. Each delivery
or derarture is entered by the weighmaster. The form is
forwarded- to the accounting department at the end of each
month. In-addition to using recorded weight data to bill
public and private users later, the sources and types of waste
data are useful in special analyses of trends, compositions,
and distributions of solid wastes in the community.

Transfer station maintenance record (Form 3). This form
accumulates the activities and associated costs of repairing
and maintaining the transfer station. Entries are made only
when repairs are undertaken. These data are particularly
useful in anlyzing maintenance department performance,
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WEEKLY LABOR REPORT

FORM 1

TRANSFER STATION DATE:
IDENTIFICATION
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 :
Employee ident ’ ’ y ’ Y Y . Individua! | Note causes and hrs.
: ' Cost Cost Cost Cost Cost - Cost Cost totals - of absence, etc.
centert | 'S 1 center | H™S | center | WS | center | HrS | center | H'S | center | NS | center | Hrs: =

I
0zl

TOTALS

© XXXXXXXXXXXX

Instructions: Transfer station supervisor to complete this form daily. List
all employees separately, including temporary ‘help. “Hrs.” refers to hours worked
daily. At the end of the week forward one copy to the payroll department and
retain the original for further use.

*For this column TO, WT, or R&M could be used to indicate the cost center in
which each employee is workmg For more accuracy, the following classifications
are suggested:

D (driver), VM (vehicle maintenance), SM (station maintenance), W (weigh-
master), F (foreman), S (supervisor), O (compacting equipment operator), C (clerk).

1




DAILY TRUCK RECORD

TRANSFER STATION

SIGNATURE .

DATE:

Incoming wastes

No. ’ Truck ident.* Time Weighted load

Source - Type

Weight empty
‘or tare wt.

Net amount of wastes

Incoming

Outgoing

[, 1 I S U BTN

[o,]

10

11

12

13

14

15

16

17

18

19

20 g

TOTALS . X X X X

Instructions: To be éompleted by weighmaster for each delivery of wastes or

departure of transfer vehicle.

Symbols:
Source: R (residential), C {commercial), | {industrial)
Type: T (tires), G (garbage), etc.
*Truck ident. is # of public truck; if private vehicle list name of company for .

billing purposes. Also identify transfer vehicles by number, driver's name, and
type (barge, railroad car, etc.).
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STATION MAINTENANCE RECORD

FORM %

STATION IDENTIFICATION For Period
Equipment or part Hrs. . . é \
Date q D. . r F_Ja Type repais | station Labor Pa'rts_ Labor Parts External Overhead Total
of facility repaired was down hrs. description cost cost charges cost

Ereoe— ey ey
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equipment availability, and equipment repair costs in the
Transfer Operations cost center. :

- Vehicle maintenance record (Form 4). This form accumu-
lates the activities and associated costs incurred in maintain-
'ing the transfer vehicles. A separate sheet is kept for each
vehicle, and entries are made only when maintenance or
repairs are undertaken. These data are useful in analyzing
individual truck efficiencies and repair costs in the Waste"
Transport cost center. The data on this form and those on
Form 3 represent the overall activity and costs in the Repairs
and Maintenance cost center. :

Equipment and facility inventory (Form 5). This form is
completed when construction is finished or when the cost
system is first implemented. It is updated only when im-
provements or new equipment are constructed, purchased,
or sold. In addition to collecting the data required to calcu-
late depreciation for the period and allocating it to cost
centers, the form also summarizes the bond and interest
information needed to arrive at total costs of financing and
ownership. 4

Forms 6 through 8 are completed less frequently; these
intervals depend on the type of information transmitted. To
be effective, certain types of control and analysis require
more frequent feedback than others. Forms 6 through 8 re-
duce the data contained in the first five as well as other
information available to the accounting department.

Operations summary (Form 6.) This report summarizes
system operations and its associated operating costs. The
report can be for the whole system or for individual stations,
since itis a critical cost control mechanism. The report should -
be prepared monthly. The accounting department compiles
it and forwards copies to the supervisor and the head of the
sanitation department. The total unit costs presented, as well
as unit costs for the various centers, indicate where excessive
expenses were incurred. In addition, various measures of
efficiency are shown to isolate the cause or causes of high
operating costs. For instance, “tons/number of trips to the
disposal site” adequately measures truck utilization in the
Waste Transport cost center. This measure can help improve
scheduling and reduce costs.
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VEHICLE MAINTENANCE RECORD

FORM 4

TRUCK IDENTIFICATION For Period
T'E Odometer Type of service Hrs. Labor Description Labor Parts External | Overhead " Total
DA reading or repair down’ hrs. parts and supplies cost cost charges | (rate hrs.} cost
TOTALS X X X
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FACILITY AND EQUIPMENT INVENTORY

Date /[ /
Equipment . 3 Manufacturer’s Date . . Annual Monthly
No. Model year e i S i L
description Capacity (cu. yd.) | Model No odel ye name of purchase Purchaselpnce, Estimated life depreciation depreciation
TOTAL X X X X X X
jmg—
N
AN o Description ) Estimated : ~ Annual Monthly
Facility description (quantity, size, etc.) Date put in use | New cost . total life Oth?' comments depreciation depreciation
Land X X
Buildings
Equipment
Site improvement
Other.
- TOTALS X X X X
Financing Data
Bond type Face value Premium or discount Interest rate

Yearly interest*

Monthly interest

*Interest must account for effect of premium or discount on bond sale.




OPERATIONS SUMMARY

For period

to

Factor

Amount for this period

Percent variance' from

Budget Budget last period

TOTALS

Tons received

Average tons/day operated

Total operating cost

Total operating cost/ton

Labor cost/ton

Parts and supplies cost/ton

Utilities cost/ton

External charges cost/ton -

Overhead cost/ton
TRANSFER “Cost center' cost/ton

* OPERATIONS Tons/hr. of i
ons/hr, of operation

cosT P :
CENTER Percent volume reduction !
WASTE “Cost center” cost/ton
TRANSPORT
COST Tons/number of trips to disposal site
CENTER '

Labor hrs./ton

“Cost center” cost/ton

Repair and maintenance
REPAIRS cost/hr. of operation
AND Waste transport percent
MAINTENANCE
COST Transfer operations percent
CENTER

Percent time vehicles down

Percent time station down

126




Vehicle evaluation report (Form 7). This form is optional.
It is not needed if barges or railroad cars are used because
:ransport costs are incurred on a contract bas1s

The data accumulated on this form represent the total and
individual costs of operating the transfer vehicles. Statistics
are accumulated éeparately for each piece of equipment, and
this allows efficiency and cost to be evaluated. The data
may also be used to determine when to sell or trade a vehicle.
Since this decision involves long-term assets, only quarterly
or semiannual reports are necessary. More frequent prepara-
tion would not substantially improve decision making that
would minimize operating costs. It may be desirable, how-
ever, to prepare reports on a truck if it exceeds a given level
of repair charges. For instance, each vehicle’s repair expenses
can be compared with the average for all the vehicles; when
a vehicle exceeds this average by 25 percent or 50 percent, it
can be singled out for further analysis. The accounting de-
partment, which prepares this form, sends a copy to the opera-
tional supervisor and the head of the sanitation depérnn’ent.

"Total cost summary (Form 8). All the activities and costs
associated with ftransfer system operations for a selected
period are compiled on this report from data available in
the Transfer System Operations Summaries and on the Facil-
ity and Equipment Inventory forms. The combined operat- -
ing expenses and the depreciation and interest figures repre-
sent the total cost of operations for the period. The report
also summarizes the sources and amounts of revenues asso-
ciated with the system's operation. The accounting depart-
ment can complete this form quarterly or semiannually and
send it to the head of the sanitation department or his
equivalent. '

Report Flow Summary

A brief summary may help to put the system in perspec-
tive. The personnel directly engaged in transfer activities
complete data accumulation forms daily and transmit them
periodically to the accounting department.' The latter col-
lates the information and adds additional data it has on file
to complete summary reports on performance, activity, and
costs. These forms are then sent back to the supervisor for
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VEHICLE EVALUATION

For period

FORM. 7

GARAGE to
Equipment Total Co Repairs and. Fuel Revpairs and Fuel Total Total
identification miles Hrs. down | Hrs. down/total hrs. maintenance cost uel cost maintenance cost/hr.| cost/hr. cost
cost/hr.
TOTALS X X X X X
AVERAGES X
BUDGET 128




DISTRICT

TOTAL COST SUMMARY

For period

FORM 8

'to

DATA

FOR THIS PERIOD

BUDGET THIS PERIOD

CUMULATIVE

(YEAR TO DATE)

BUDGET
(YEAR TO DATE)

Tons of waste received

Total operating cost

Total financing and ownership cost

TOTAL COST

Operating cost per ton

61

Financing and ownership cost per ton

TOTAL COST PER TON

Public revenues (pérticipating communities)

Private revenues (industry, etc.)

Miscellaneous revenues

TOTAL REVENUES

TOTAL REVENUES PER TON

NET COST (PROFIT)

NET COST (PROFIT) PER TON




control purposes. In addition, selected summary reports on
total cost and equipment performance are compiled and
forwarded to the supervisor and to his immediate superior.

System Utilization

Only with efficient and intensive utilization of the informa-
tion generated by the accounting system and its forms can
the additional time, effort, and money required to implement
and maintain it be justified. The system’s intensive use pro-
motes two major objectives — quality control and cost control.
Reduce costs must be accomplished without degrading oper-
ating quality. Similarly, quality is interrelated with the costs
of obtaining it.

-All the factors that affect the quality and effectiveness of
transfer system operations can be translated into costs. Cost
control does not call for economizing at the expense of qual-
ity. On the contrary, once an acceptable level of operations
and costs has been achieved, the system can help the super-
visor maintain it.

Effective control requires timely recognition and assign-
ment of responsibility for any increased costs. Comparing .
unit costs (cost per ton of waste transferred) with the current
budget and that for the corresponding period of the preced-
ing year helps pinpoint excessive expenses. This approach
facilitates the analysis of costs, independent of changes in
the level of activity. Cost center breakdowns help single
out the factor or,p'er_son responsible for increased expendi-
tures, and this allows corrective action to be initiated.

Ho352
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APPENDIX E
SITE4$URVEYS

Several selected transfer stations wére'surveyéd,during the study
to oBserve the operatibn of the various types of transfer systems.
IntervieWs.wfth operating personnel were conducted and all available
information on bui]dings,equfpment and costs was gathered. As mentioned
previously, véry lTittle cost information was obtainéd from some of the
facilities because of poor cost accounting and recqrd—keeping. A'general

description and summary of information follows for each site visited.

San Francisco, California -

This privately owned transfer station was opened in-November, 1970
to reduce the haul costs to a sahitary landfill sité Tocated 32 miles /'
south of San Francisco near the community bf Mountain View. A solid
waste disposal crisis had developed when rail haul contract negotiations
for transport to a remote desert landfill site had»broken down. Mountain
View needed tremendous volumes bf fi1l material to continue deVe1opment
of its 550 acre recreatidha1'park adjacent to San Francisco Bay, and
made a proposal to accept all of the solid waste of San Francisco for

~ approximately five years. In light of its pressing needs, San Francisco
accepted the.pffer as an interim measure to permit exploration of other

options for a permanent solution.
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The new transfer station was designed to hénd1e approximately 5,000 |
tons-per day over a 24-hour period. Currently, however, it is averaging
about 2,000 tons operating 9 to 11 hours per day. The two largest
collection contractors in San Francisco haul nearly all the residential
solid waste and have joint ownership of the transfer station with a
Tandfill company and an equipment company under the name of Solid Waste
Engineering and Transfer Systems (SWETS). The facility is not open to

the general public but serves only compactor trucks and various indus-
.tria1 vehicles. Users pay a fee of $6.55 pek ton to cover .all costs
associated‘with:transfer and disposal. _ :

The transfér station utilizes a compaction pit system and has a
storage capacity of about 4,000 tons in the pit. Seventeen incoming
trucks can unload sihu]taneous1y, and an entrance and exit door is avail-
able on each side of the pit for smooth traffic flow (ngures 29 and 30).
Unloading réddires five to eight minutes from the time the vehié]e
enters the site until the time it leaves. A peak traffic load of about
100 vehicles péf hour is easily handled without excessive dé]éy.

A 200 x 180 ft clear span steel building equipped with a ventila-
tion and sprinkling system encloses the un]oadihg area. Two transfer
vehicles are fii]ed sihu]ténéous1y in thelloading area attached to one
side of the bu%1ding. The transfer vehicles have drive-through access
and can be loaded in about five minutes; an unloading level, a storage
level and a transfer thicle loading level are utilized (Figure 29).

A D8 Caterpillar tractor is used in the storage pit to compactAthe

waste and push it into the hoppers where it then falls into the open-top
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trailers. Originally, it was thought that two tractors would be
necessary, but one tractor has been handling the 2,000-ton-per-day load
in about 10 hours. An electric-powered hydraulic backhoe is mounted
stationarily aboVe each trailer to distribute and level the load. Maxi-
mum legal pay10§ds have béen obtained without utilizing the backhoes

fbr compaction. Each transfer vehicle rests on an electronic recording
scale while being loaded. This enables the backhoe operator to see

- exactly how much weight is in each vehicle at all times.

The transfer vehicles are specially designed aluminum body units;
each consists of a truck with a 70-cu-yd body towing a 73-cu-yd trailer.
The total weight of the rig is about 26,000 1b allowing 25.5-ton pay-
loads to be cafﬁied on the five axles. This is the largest payload
carried by any transfer vehicle in the Unfted States. Fuel pumpé are
located in the loading area to permit refueling of the transfer vehicles
while fhey are loading. About 2 hours are reqdired to cover the 64-mile,
round-trip distance to the disposal site. This includes unloading time
which requires -a minimum of 6 minutes. Most of the roufe involves
travel on the Bayshore Freeway. |

Two self-propelled tippers are located at the 1andfi]] for un1¢ading
the truck-trailer combinations. The trailer is backed onto one tipper
and the truck uses the other. The waste slides ouf the rear doors as
the truckAor trailer is hydraulically raised to a near vertical position
(Figure 27). Each of the 17 transfer vehicles makes about four trips

per day to the disposal site.
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A11 incoming vehicles are weighed on a 35-ft scale located in front,
of the plant. Both this scale and the two 65-ft scales on which the
transfer vehic]es are weighed are automatically tied into an IBM system
qu recordkeeping and billing purposes. A'G,OOQ—sq-ft maintenance
building for hindr repair work and servicing is also located on the site.

The following building and eduipment cost figures were obtained in an

interview with the.genera1 manager of SWETS. . -
Building prober ' ' $550,000
Maintenance building & scale house . 40,000
Sité development ~ 300,000
‘Scales | 65,000 .
- Total building cost $955,000
* Transfer vehicles 17 @ $43,000 $731,000
Landfill tippers 2 @ 72,000 144,000
Compaction tractors 1 @ 65,000 65,000
‘Backhoe . 2°@ 21,000 42,000 L
Total equipment cost $982,000

Of fhe $6.55 per ton charged for incoming solid waste, $3.64Vis
-allocated for the tranSfer‘operafion. They estimate that $1.88 per ton
goes for transfer station operation and $1.76 goes for the hau1'operati0n}
The remainder of the $6.55 per ton goes to the disposal operation._:
| A total of 23 men are emp]oyed in the operation; 16 are drivers

and the remainder work at the transfer station. Labor rates are high in
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the area and with fringe benefits ;nnua] labor: costs ére roughly $400,000
for a 45-hour week.

The entire operation has been running smoo£h1y. The open-top
trailer and compaction system was chosen over a stationary compactor
system because of the speed with which the compaction tractor can load
the wasfe and because the lighter trucks can carry larger payloads. The
one compaction tractor and two backhoes éffectiVe]y replace the six to
eight stationary compactors that would be required_with that type of
system. The additional invéstment in landfill unioading equipment, how-
ever, was required. A comparison between a large-volume compaction pit
syétem and.1arge—vo1ume stationary compactor system is included in

Appendix F.

Seattle, Washington

Seattle opened its South Transfer Station (STS) in 1966 and added
the North Transfer Station (NTS) in 1968. Both stations uti]fze the .
same design and incorpdrate a user fee system. Solid waste disposal is
operated as a self-supporting utility in Seattle but private haulers
“handle all collection. The Solid Waste Utf]ity owns and operates fhe
transfer stations and the sanitary landfill. Tranéfer'étation fees which .
also cover disposal are as follows: Loads from passenger cars withdut
trailers are free for city residents and $0.50 per load for non-city
residents. The minimum load charge for cars with trailers and all other
vehicles is $1.25; bulk solid waste from private collectors and industry

is charged at $4.50 per ton.
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The transfer stations of the city of Seattle are unique in that -
separate provisions for unloading and processing have been made for
incoming compacted and uncompacted wastes. Eight compactor collection
trucks can simultaneously unload directly into the open-top transfer
vehicles via a hopper,'and a rubber-tired mobile backhoe is used to pro-
vide any necessary compaction and load levelingf Uncompacted waste 'is
unloaded into a compaction pit where it is compacted by a track dozer
and then pushed into an openétop transfer vehicle. About 10 vehicles
can unload simultaneously in this area. Two trailers are loaded simul-
taneously from the direct-dump operation and oneitrai1er is loaded from
the compaction pit aréa. One backhoe serves all thfee trailers. The
trai]ers are backed into position by small yard tractors to prevent -
the lTong-haul tractors from being tied up in the switching operation.

No pafticu]ar'trdnsfer vehicles are permanently aésigned to either
~station But the haul opefation is well coordinated to provide dispatch--
ing effiéiency. : ,

A tota] of 38 open-top 95-cu-yd transfer trailers and 18 haul
;ractorslserve the two stations. The rigs travel about 44 miles found
trip from the NTS and 25 miles round trip from the STS. Approximate
round-trip times are 2 hdurs and 1.5 hour respectively including unload-
"~ ing. Pneumatica]]y—opefated steel 11&5 cbvér the load during
transit and the waste is pulled out through the rear with a cargo net
and cable system. A landfill tractor provides the ejection power and
the cables and net are repositioned with two small electrical winches.
The maximum legal weight limit is 73,280 1b so the rigs which weigh
about 32,700 1b can carry slightly more than 20-ton payloads.
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In 1970 both‘stations handled a totallof 17,704 1bads, each weigh-
ing approximately 20 tons for a total of 354,000 tons. Fa])ing economic
conditions in the Seattle area have reduced this from a high of 19,164
Toads in 1969. The best day for the NTS in 1970.was 760 fons and for
' the.STs,l708 tons.l CufrentIy the NTS averages 700 tons (35 loads) per
day and the STS averages about 600 tons (30 loads per day) Monday through
Friday. Approximately 200 to 250 tons (10 to 12 loads) come out of
both stations on weekends. Each stafion was designed with an ultimate
capacity of-300,000 tons per year.

" Both transfer stations are well 1andséaped and fenbed, and incor-
porate an attractive concrete building desjgn. The NTS is 1§cated on
about 4-1/2 acres of land and the STS occupies about 7 acres, but the
city fee]s tﬁat 4-1/2 acres is too small to permit easy maneuvering.

The NTS is located in a résidentia] area and presenté a completely
unoffensive appearanée; one condition of fts operation, hbwever, is that
a]]lwaste must be removed from the site at the c]osé of each day. The
NTS is open 9.hOUPS per day on weekdays and 10 hours on Saturday; the
STS is obeh 24 hours pef day Monday through Friday, 17 hours on Satur-
day and 15 hours on Sunday. Hauling takes place 6 days per weék with
storage on Sunday. Because of the stipulation that waste be removed
from the NTS at the end of each day,-a]1 storage must take place at
the STS. -

Approximéte capital costs associated with buildings and equipment

are:
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North Transfer Station bui]din? and $900,000
a

development cost exclusive of land

. South Transfer Station building and $700,000
site development exclusive of land ‘
Vehicle washing centér:at South .:,_ | $ 80,000
Transfer Station
Transfer trailers: - | $ 10,000 each
Haul tractors o o $ 17,500 each ‘
Compaction'pit tractors - $ 65,000 each
Compactibﬁ backhoes : "~ § 31,000 each

Yard tractors o *$ 13,800 each

A detai]edAana]ysis‘of owning and operating costs was not possible
because of -the complex accounting system used. The city presented the

following total cost breakdown:

Total haul cost for both stations : $1.55 per ton
Transfer cost at North Transfer Station ~ $1.23 per ton

Transfer cost at South Transfer Station  $1.95 per ton

The higher cost at the STS can be attributed at least partially to
the cost of the vehicle-washing center and the lower totéT‘tonnagé |
- handled,

The;éntire'Seatt1e obefationvwas imbressive. The prob1em of pro;
viding service to all typés of incoming vehicles was overcome by incor-
pdrating both the compacfion pit and the backhoe diréct-dump transfer
systems. In addftion, the NTS has been located in a residential area

with few complaints. Considering the very attractive design and the
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extra expense of incorporating a user fee system, the operating costs

are very reasonable.

King County, Washington

The King County transfer station-system was started in 1960 to
handle wastes generated in King County outside tﬁe-city limits of Seattle.
- Three open-air, direct-dump, tWo;1eve1 stations were initially constructed.
The last four Were constructed during the 1960's and incorporate an
aesthetic design‘with gab]é roof étee1-construction (Figure 24). The
bui1ding§ are not entireTy'enCIOSed but can be very aéceptab1y 1o§ated
near residential neighborhoods. 1In 1968, the N.E. transfer station was
converted to the newer design leaving only Bow Lake and Kent with Opén-
air installations. In all, the seven transfer stations have eliminated
15 previously used open dumps. |

A1l seven stations utilize a.direct-dump and backhoe transfer system.
The four new stations and the modernized N.E. station have pérmanent1y
mounted backhoes while the open—airvinsta1]ations utilize rubber-tired -
mobile backhoes. Before the incorporation of the backhbes for compac- '
tion, payloads were considerably less thén what the 73,280-1b.gross
Vehi;]e weight permitted. Within 120 days after instal]ation, the.cogt
of the backhoes was amortized because of savings realized from hauling
fewer loads. User fees have beén instituted to partialiy finance the
operationé, but fees are assessed on an estimated yafdage basis since

no scales are available. -
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Transfer vehicle design has undergone a number of changés since’
operations began in 1960. initia]]y, open-top trailers 6f 90-cu-yd
capacity were used. They were unloaded by a hydrau]ica11y opérated
conveyor chain device which proved inefficient as 20 to 25 minutes were
required to unload each trailer. An open-top 88-cu-yd side dumpfng
trailer was then adopted. It could be uh]oaded in 3 to 5 minutes, but
high maintenance costs and tire-wear rates were incurred because it had
to be pulled across the waste it discharged. Currently a very satisfac-
tory container concept is being used which.consists of twov42-cu-yd
steel containers carried on a flat-bed trailer. At the landfill, a
hydraulic scooper lifts, empties, and rep1aces the containers fn about
three minutes and the transfer rig never leaves the temporary roads on
the landfill site (Figure 28). The container flat bed trailer configu-
ration is considerably cheaper ($10,000) than most other types of o
transfer trai]ers;.the.hydraulic scooper for unloading, however, is
priced at about $130,000 and a large transfer operation is required to
offset this cost. King County operates 48 transfer trailers and 14
. tractors. : |

The only problem encountered at the newer stations is the station-
'ary backhoe size} ‘The authority plans to rep1éce the_sma]T $5000 units
with a heavier design_to obtain better compaction. A1l waste is hauled
to the Cedar Hills sdnitary landfill site where a complete maintenance

facility is located for immediate repair and servicing of all rolling stock.
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A breakdown qf operating cosfs for King County operations was pre-
sented in Chapter IIT along with a listing of each of the seven stations,
their initial cost, yeak constructed, and vojume handled. A breakdown
. of construction and site development costs for a typical facility was
given in Table 11. |

King County transfer and haul operations are incurring relatively
high costs. The system was designed, however, to eliminate open dumps
and provide county residents with convenient disposal points. The added
expense of their user fee system combined with the high haul cost from
some of the distant transfer stations are largely responsible for the
high overall cost. The authority plans to stream11ne the operétions and

improve the efficiency of the entire seven transfer station systems.

Lancaster, Pennsylvania

The Lancaster transfer station is an example of a stationary com-
pactor system incorporating a package design of a manufacturer which
. consists of trailers, compactors and hydraulic compactor feed equipment.
The transfer station, which opened in 1968, serveé 150,000 people in
Lancaster and six surrounding townships and operates on a user-fee basis.

The transfer fees are:

Automobiles | - $0.75
up to 500 1bs . 1.00
500-750 | ' 1.25
750-1000 1.65
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11000-1250 . 2.05

1250-1500 o 2.45
1500-1750 2.85

1750-2000 . ©3.20
16¢ per 100 1b-over 1 ton |

The operation consists of two stationary compactors which are fed
by two hydraulic push pits, each having a storage capacity of 100-cu-yd.
Large trucks usually dump directly into-the two compactor hopperé while
small vehicles dump -into the push-pits ffom 6ne of six other unloading:
stalls. During peak periods, trucks can be handled at the rate of
about 2-1/2 minutes each.«lTHe movement of materia]hfrom each push pit
to the compactor hopper is reguTated by an operator who also regulates
the statiohany‘compactor operation. The'cgntrol booth for the two
operators is 16cated betweeﬁ the two pits. These operators a1solregu1ate
a watef;spray dust control system and application of-deodorizér‘and,in—
secticides. _ |

Two of.thé 65-cu-yd trailers are backed up to fhe bompactors and
loaded simultaneously. Compaction does not occur'withiﬁ.thé trailer
until it is neak]y filled. Communication between upper and lower levels
~is by a buzzer system. The transfer trailer rigs weigh 39,000 1bs SO
that with the'72,200-1b legal load limit, a payload of approximately
17 tons is carried. Once at the sanitary landfill located 17 miles
away,'thé trailers are unloaded with a hydraulic push-out blade powered
from the power takedff on the tractor. The total round trip requires

about 1-1/2 hours.
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A total of seven enclosed trailers and four tractors are used in
the hauling operation. Two open-top trailers are also used to hauT
bulky noncompactable material. The bQ]ky waste is dumped directly in the
trailers from a ramp. A total of nine people are employed to handle the
station and hauiing duties: one weighmaster, two compactor operators,
two laborers, three.drivers and one foreman. The station is usually’
open 9-1/2 houré per day 6 days per week.

The main building is 100 ft long, 40 ft wide, and 20 ft high and
is located on 2.6 acres. A scale house and an air-conditioned office are
also located at the site. The following capital cost information was

obtained from the supervisor:

‘Land | - $ 17,500
Buildings -and scale house ' - 160,000
Equipment |

Scale 1@ $9,500 9,500
Compactors ze 17,500 . 35,000

~ Push pits 26 7,500 15,000
Closed trailers 7 @ 17,500 122,500
Operi trailers 2 @ 5,000 10,000
Tractors 4-0 16,500 66,000
Equipment subtotal $258,000

Total $435,500
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The station is currently handling about 400 tons per day. From
July 1969 to July 1970 a total of approximately 100,000 tons was hand1ed
through the station. The total transfer and haul cost was $2.23 per
ton with no further breakdown avai]ab]e. The haul cost is estimated to
be, however, under $1.00 per ton..

The overall operation is fuﬁ very efficiently and the equipmént has
presented no major maintenance probléms. The supervisor indicated.the
only change he would make if'he could redesign'the p]aht would be to

incorporate a larger storage volume.

Hamilton, Ohio

The t}anéfer system in Hamilton, Ohio, is identical to the system
utilized in Lancaster, Pennsylvania, except for size. The same tybe of
equipment is‘used but only one compactor and a push pit arrangement have
been installed. The'footings, however, have a1reédy,been laid for
future expansion to a two-compactor system.

A populétion of about 80,000 is serviced by the new trahsfer
station. Most of the eight 20-cu-yd compactor tfuckS‘owned by the city
unload at the facility twice a day. Operating hours are 8 a.m. to
6 p.m., Monday through Saturday. During_the first few months of opera-
tioh.daily tdnnages have ranged between 100 and 140 toné. |

Work is staégered so that seven different employees work a 40-hour
week. In addition to the foreman, two laborers and four drivers are
employed.. Fouf 75-cu-yd trailers and three tractors are used in the

haul operation. One of the tractors is used as a spare and to move
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~ trailers around the yard. The'round—trip;’zo-mile haul distarnce usually
required about two hours with unloading timé. Approximately 19 ton
pay10ads are legally carried on the five-axle rig.

A 40 x 60 ft stee] building houses the operation (Figure 39). Other
than the small room for the compactor controls, no cffice is available.

‘Total land area is about 1-1/4 acres. The approximate capital costs.

are:
Building
Steel structure | $20,000
Concrete - 70,000
Miscellaneous . | 25,000
$115,000
Equ&pment ‘
Stationary compacto} an
hopper o $38,800
Push pit | 15,000
3 tractors- o 45,000
4 trailers o | ‘75,200
2 PT0's | | 2,000
Portable hydraulic. power o _
source : 4,000
$126,200
Total $280,000
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At the time of the interview, data on owning or operating costs, ..

were not available. Based on a rough estimate, the total cost would.be ,}

about $3.40 per ton. The city is very pleased with the operation and .- .

no significant problems have been encountered.

" Denver, Colorado

The Denver transfer statfon was opened in 1965 to handle the Qastg   :
from three of the 11 districts of the city. After 1959 it was determined
that wastes could be handled more cheaply by hauling direqt1y_to smaller
landfill sites operated by suburban communities-insfead_of‘transferring
and hauling to thé Lowry disposal site located 18'm1]es from the transfer
station. fhe trghsfesztation will be reopened when nearby landfill |
sites are filled and more transfer stations may be built.

The internal compaction trailer system incorporated a drive through
design so backing incoming collection trucks into unloading position was
not required. After a truck drove over the hopper trap door, the door
opened and the 16ad was discharged into the hopper located over the
trailer'(Figure 34)."0ncé in the trailer, the hydraulic bulkhead com-
pacted the waSte against the rear doors in cycles. Two unloading hoppers
were available but the city was dissatisfied with the system because of
quéuing problemsufhatvdéye1oped with ihcoming trucks. The city feels
that-étorage proyisiohs'wi11 definitely be 1ncorboréted into any fufure
‘transfer station designs. | |

The faciiity was opeﬁ 8 hours per-day, 5 days per week and was used

only by Denver's residential compactor trucks. A total of seven men
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were employed at the station: three drivers, one shuttleman, one clean-
up man, one machine operator, and one foreman;

A fleet of six 60-cu-yd trailers and three tractors wefe utf]ized;
The hydraulic tompacting bulkhead system in the trailer was powered by |
a stationary electric source during the 1oadfng operation and by the
power take-off of the tractor during unloading. The five-axle empty rigs
weighed 37,500 1bs and 15-ton payloads were carried, whiéh made the
operation somewhat inefficient. In 1969 a total of 191,000-cu-yd was
" processed, thch was estimated to amount to 38,200 tons.

An attractive concrete building housed the operation with office
and restrooms available (Figure 14). The entire aréa is fenéed'and
presents a very pleasing appearance.

Cost information was very sketchy because depreciation waé not
routinely figured into the overall costs, and repair and maintenance
'were contracted out. No estimate on cost per ton was évai]ab]e. A total
- capital cost of $650,000 was incurred but this 1nc1udes a vehicle main-l
tenance center located at the site. The three tractors cost $17,000
each and the trailers were $15,000 each. Otherrcapita1 cost breakdowns

were not available.

Topeka, Kansas

A transfer station was opened in Topeka in 1968 in an effort to
reduce the overall solid waste budget of the city. The transfer station
is located only a few miles west of the city limits,. and hence the sta-

tion is not utilized on days when route collection is on the west side.
. .

147



The transfer statﬁon is used only by city trucks and has no Weighing
syétem available. | |

vThe-two-]eVe1, single stationary compactor system is housed in a
steel building. - Each incoming vehicle must back up and dump directly into
v thé compactor hopper as no storage space is available. Three 75-cu-yd
enclosed -trailers and three tractors are used in the operafion. The
round-trip distance to the landfill is approximately 20 miles and
requireé about one hour including unloading time. The five-axle rig
weighs 39,000 1bs and with the 73,280 1b legal load limit, 17-ton pay-.
Toads are obtainable. o '

Six men are emb]oyed at the transfer station: three drivgrs plus
one relief, one 1abofer and the supervisor. The station is open only
foyr days-é week and from 6 to 12 hours per day as required. From 100
to 120 toné'per day are hauled from the trénsfek'station giving a yearly ‘
total oflabproximate1y 25,000 tons. No accurate tonnage records are
kept. - ' |

‘Very Tittle cost information was obtained. The following approxi~

mate capital cost breakdown was given.

Equipment _
3 tractors S ’_  $43,400
3 trailers - | 65,300
1 compactor and hopper : 23,200
$131,900
qu]ding and site deve19bment 168,000
Total ~ $300,000
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No 6wning or operating‘costs were obtained as they are not broken
down in the total collection and disposal accounting system of the city.
Considering the initial investment, the low overall tonnage haﬁd]ed and
‘the close proximity of the landfill site, it is questionable whether

this transfer station can be justified economically.

Orange County, California

In 1959, Orange County adopted a master plan for solid waste disposa]
which estab]ished the concept of soTid waste trénsfer combined with
sanitary landfill disposal as the most economical means»of meeting the
areas_]dng—term'néeds. Since then, three transfer stations have been
constructed as required by the utilization of new landfill sites. The
transfer stations aré operated by the Orangé CoUnty Road Department.

A11 of the transfer stations in Orange County gmploy an open-air
direct dump and backhoe transfer system (Figure 12).. The waste is dumped
directly into the 6pen-top trailers via hoppers located one level above. .
A mobi]g backhoe moves from hopper to hopber to compact and distribﬁte
the loads as needed. The large backhoe allows a considerable amount of
compaction to be obtained and payloads are easily achieved. Only munic-
ipal and commeréial éof]ection trucks are allowed to use the facf1ity
A and no user fges are levied. The double trailer units have a éapacity
of_130-cu—yd and have averaged hauling 20.6 tons pe} load. The total
empty fig weight is 34,200 1b._ A crossed cable arrangement is used to
unload the trailers and the cables must be repositioned manually after

the landfill tractor pulls the load out of the trailer.
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A1l incoming vehicles are weighed at each transfer station and
accurate records are kept on each operation. Information concerning
each of these stations, extracted from the annual report of the Orange

County Road Department to the Board of Supervisors, is given below.

Transfer Station No. 1
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Stanton
Year constructed ‘1961
Site size 10.8 acres
Hours of operation 7:00 a.m.--4:00 p.m:, Mon-Fri.
Number of employees 22
Round trip distance to disposal site 42.5 miles
Waste transferred (July 1969--June 1970)
Total yearly tonnage . 181,195
Average weekly tonnage 3,485
Average daily tonnage 724
Total number of delivery vehicles 30,529
Average tons per delivery vehicle 6.0
Total number of transfer trips to o
disposal- ’ ' 8,812
Average-tpns per transfer truck trip 20.6
Equipment  Cost each
14 tractors v $18,000.
19 double trailer sets . 18,000
2 backhoes 44 ,00C
2 sweepers 18,000
Initial construction and site development
cost _ o - $346,578
- Equipment replacement cost at current
prices 699,000
Costs (dJuly 1969-<June 1970) :
Labor - $196,656.92
Equipment 217,578.95
“Materials and supplies 15,073.56
Overhead 82,387.88
Land, buildings, capital projects 18,746.43
Total cost $530,443.74
Total cost per ton $2.93



Transfer Station No. Il
Huntington Beach

1963
7.4 acres
7:00 a.m.--4:00 p.m., Mon.-Sat.

Year constructed
Site size
Hours of operation

Number of employees

Round trip distance to disposal site 30.5 miles
Waste transferred (July 1969--June 1970)

Total yearly tonnage 136,022

Average weekly tonnage 2,616

Average daily tonnage 449

Total number of delivery vehicles 27,282

Average tons per delivery vehicle 5.0

Total number of transfer trips to

disposal "~ 6,41

Average tons per transfer truck trip 21.2
Equipment A Cost each

" 9 tractors $18,000

12 double trailer sets 18,000 .

1 backhoe 44,000
1 sweeper 18,000

Initial construction and site development
cost - $212,034
Equipment replacement cost at current :
prices ' 481,420
Costs (July 1969--June 1970)

Labor $160,950. 30

Equipment } 137,512.16

Material and supplies 13,478.40

Overhead 66,436.15

Land, buildings, capital projects 17,202.59
Total cost $395,579.60

$2.91

Total cost per ton
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Transfer Station No. III

Anaheim
Year constructed 1966
Site size 7.5 acres
Hours of operation . 7:00 a.n.--4:00 p. m. Mon.--Sat.
~ Number of employees 23
Round trip distance to disposal site 36.3 miles

Waste transferred (July 1969--June 1970)

Total yearly tonnage 206,996

Average weekly tonnage 3,981

Average daily tonnage 741

Total number of delivery vehicles 32,031

Average tons per delivery vehicle - 6.5

Total number of transfer tr1ps to

disposal 9,824

Average tons per transfer truck trip 211
Equipment _ ~ Cost each

14 tractors: ' $18,000

18 double trailer sets $18,000

2 backhces : $44,000

-1 sweeper $18,000
Initial construction and site development -
cost $350,042 .
Equipment replacement cost at current :
prices 681,420
Costs (July 1969--June 1970) _

Labor $215,961.57

Equipment 225,486.29

Material and supplies : 3,877.73

Overhead . 87,391.32

Land, buildings, capital projects _52,071.70
Total cost S $584,788.61
Total cost per ton ' $2.82
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In addition to the specific information on each station, the follow-

ing vehicle costs were given.

Fuel Depreciation Maintenance
($/miTe) ($/miTe) ($/miTe)
Vehicle with less than ' ' .
24,000 miles 0.040 0.070 0.110
Vehicles with 180,000
to 270,000 miies .0'042 0.048 0.160

The transfer stations in Orange County are examples of open-air
operations‘that have worked well because of the dry, warm climate and
the landscaping work that was done to conceal them. The purpose of the.
sfatiohs is to reduce transportation costs for route-collection vehicles.
As a result operafing costs are kept low (for this area of the country)
because lightweight vehicle traffic is prohibited and user-fee systems
are not utiiized.

South Gate, California

‘The Los Angeles County Sanitatibn Districts have operated the South
Gate transfer station since 1957 and in additibn currently operate five
major sanitary landfills. The transfer station is open to all types of
vehicles and a user-fee systém is used. Originally a direct-dump and
backhoe compaction system was utilized, but recently the operation has
been remodeled to incorporatg a compaction pit system because of'the
increase in the amount of incoming uncompacted waste. The following user -

fees are levied:
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$ per ton

Solid waste ' 5.00
Hard-to-handle bulky material 7.00
Minimum charge | 2.00

The facility is an open-air installation and consists of a storage
pit where a crawler tractor compacts the incoming solid waste. The pit
is inclined so the tractor can push the waste to the high end and into a
hopper located above an open-top trailer. A stationary.backhoe is used
to distribute the loads after fhey have been placed in the trailer.

Each transfer rig is composed of a tractor and a set of two trailers.
Each trailer has a 60—cufyd capacity and the entire rig weighs about
32,800 1b. With Ca]ifornia;s 76,800 1b gross legal weight Timit, 22 ton
payloads can be carried. The round-trip distance to the disposal site
-is 35 miles and requires about 1-1/2 hour including 25 minutes for
un1dading. The trailers are unloaded with a crossed.cablé pullout
system. Although slower than a self-unloading compactor trailer system,
the authority feels the positive assurance that each trailer will be
unloaded promptly, and that the larger payloads the lighter trailers can
legally cérry, compensate for the quick automatic unloading system with
its possibility of hydraulic breakdown.

_ The faci]ify is openvfrom 6:60 a.m. to 5:00 p.m. Monday through

Saturday and all fncoming vehicles are weighed. Unloading vehicles simply
back up and dump into the storage pit. The transfer vehicles have drive-

through access to the loading hoppers and can be loaded in five to seven
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mindtes. An avérage of eight employees are used to operate the faci]ify.

Fifteen sets of trailers and four tractors Handle all the hauling duties. -
Very little cost information was obtained. With the modifications

to convert the compactibn pit system, the total cost was roughly $600,000

exclusive of equipment. The approximate equipment costs are as follows:

"~ Tractors | $16,000 each
Pairs of stainless steel '

'trailers 15,000 each
Backhoes . 30,000 each

The facility. currently has been handling approximately 200 toné‘per
day. The opening of a district Tandfill in the area has resulted in a
decfihe frbm 300 tons per day handled in 1969. Cost per ton figures
have, of coursé, increased with the decreased vo]ume.' No curreﬁt figures
were évéi]ab]é;.from previous years, however, the cost'of opefating the.
station itself ranges from $1.25 to $1.50 per ton and the haul cost is
approximate]y5$16.00 per hour per transfer vehicle.. '

The Sanitation Districts have long-range plans for constructing
many more transfer stations as new landfill sites are acquired and the
~ economy of transfér is justified. Any new transfer operations will be
housed in an aestheticg11y_designed building and will probably utilize

the compaction pit transfer system.

Santa Monica, California

In 1961, Santa Monica, Ca]ffornia started the first stationary

compactor transfer system in the United States. The single compactor
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open-air system is open to all types ofvvehicles excépt commercial con-
tract haulers. A user fee of $4.00lper ton is being charged. The
-station is open Monday through Saturday from 8:00 a.m. to 3:30 p.m.

Waste from incoming vehicles is unloaded on the ground near the
compactor hopper. A front-end loader is used to charge the waste into
the hopper, and an automatically cycling compactor then pushes the waste
into the rear of an 84-cu-yd enclosed trailer. The trailer is backed
do%p a ramp and attached to the compactor located at ground level. This
older system utilizes chains to fasten the trailer to the compactor
instead of the automatic latch used on newer systems.

The round-trip distance to the landfill is 21 miles and requifes
abouf one hour to complete. A unique type of bulkhead un1oading system
is used. An air-cooled gasoline engine mounted on the trailer is‘used to
power a hydraujic winch which is attached to the unloading bu]khead>with
a cable. A cable runs from the winch, which is located in the front of
the trailer, over a Sheave»]ocated'in the rear of the trailer and back
to bulkhead. As the cable is wound, the bulkhead traverses the length
of the trailer and ejects the load. The unloading bu1khead also serves
as a packing plate during loading by moving from the rear to the front
as.the trailer is filled. A -resistance to its movement'is éppred by
regulating a by-bass value on the hydraulic system.

The empty weight of the transfer vehicle is 42,000 1b; thus with
California have a gross legal weight limit of 76,800 1b, approximately
17-ton payloads are possible. Overall the pay1dads have been averaging

16.4 tons. The station is currently handling about 225 tons per day
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with a fleet cOnsisting of thfeé tractors ahd three trailers. Six
employees including drivers are employed at the facility.

Cost: figures for equipment replacement were not available and initial
burchase.pr1ce has little mean1ng in that the equ1pment was obtained 10
years ago. Current transfer station and hauT costs are estimated at

“about $2.00 per ton.
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APPENDIX F
COMPARISON OF TWO LARGE-VOLUME TRANSFER STATIONS

Typically, it is very difficult to compare two transfer systemsv
located in different areas of the country solely on a total cost per
ton basis because wage.rates, aesfhetic requirements and types of
vehicles handled vary. A basic comparison of buildings, equipment, and
labor requirements, however, as related to daily output, is presented
below to provide én idea of what can be expected from two different
large-volume transfer systems: a compactidn pit system used in San Fran-
cisco, California and a stationary compaction system used in Detroit,
Miéhigan. Both facilities were placed in operation in 1970. Information
on the San Francisco operation was gathered during a site survey while

the Detroit data were gathered by a telephone conversation with the

dperating authority.” ™
This comparison shows the higher output potential of the compaction
pit system and also fhe greater capacity fof hand1ing incoming vehicles.
The stationary compactor system, however, utilizes a Véry fast and effi-
cient un]oadihg,System that does nbt require additional expenditures
for auxiliary ]andf111 unloading equipment. Two transfer vehicles Toad
simultaneously in the San Frahcisco system in a drive-through operation
while five vehicles load simultaneously at Detroit and are required to
back into position. The sixth compactor is used for a spare'in Detroit.

Detroit officials stated that they selected the stationary compactor
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COMPARISON DATA ON TWO LARGE;VOLUME'TRANSFER STATIONS

Item San Francisco "~ Detroit
Tybe of transfer system Compaction pit ' Stationary compactor
Current one shift handling o o : |
capacity (tons/day) 2,000 1,250
Number of vehicles that
can unload simultaneously 17 6
Number of employees :
At transfer station 7 11
Drivers 16 20
| ‘Equipment
San Francisco Detroit
Items ‘ Cost each Items = Cost each
17 truck and L B 32 trailers - $]8;OOO
trailer rigs ~ $43,000 ~ 16 tractors 16,500
2 stationary o 6 stationary compac-
backhoes - 21,000 tors and hoppers - 22,000
1 crawler compaction :
tractor 65,000
2 landfill transfer U
vehicle unloaders - 72,000 .
Total Costs
Ttem o San Francisco Detroit
Buildings, scales and -
site development $895,000 $863,420
Total-equipment cost 982,000 972,000
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‘system hof heéeésarily‘as the cheapest-methbd,'but-as~thehm05t sanitary.
The h1ghupu%but at San Franc1sco, however, requires rapid processing,
and theégfore exposure of solid waste. in the pit is minimal, and the
operation presents 1ittle health hazard N |

' M1ch1gan allows a 1arge legal gross veh1c1e we1ght thus the seven- Q:-
axle transfer vehicles can transport 23 ton pay1oeds._.Because'of the‘
lightweight aluminum vehicles used'in San Francisco, 25.5 ton pay1oéds:
are legally carried even though smaller gross veh1c1es'weights apply.
Overall, the San Franc1sco operat1on is faster,.e11m1nates queuing
prob]ems becau<e of the 1arge storage vo]umes available and is less
11ke1y to be interrupted by hydraulic equ1pment breakdown The Detroit
operation has 1ts advantages in the sealed nature of the transfer

tra11ers and 1n the fast efficient: tra11er unloading method.

:udn721458_
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THE FOLLOWING PAGES ARE DUPLICATES OF
.ILLUSTRATvIO‘NS APPEARING ELSEWHERE AI'N THIS
| REPORT.- THEY HAVE BEEI-\I‘REPIA'{ODUC‘ED BY
A DIFFERENT METHOD SO AS TO FURNISH THE

BEST . POSSIBLE DETAIL TO THE USER.



