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DLA-LO

- FOREWORD

This report identifies the cost of implementing an automated guided
vehicle system and compares this to the cost of utilizing conventional
equipment for the same functions in the Connector Building Complex at
Defense Depot Richmond, Virginia. The report provides the information
necessary to decision makers to select an appropriate type of
equipment.

The results of this study indicate that several alternatives are
feasible and cost effective. The study also describes in detail the
resources required to implement each alternative. Finally, the

anal :is shows that investment in a full scale automated guided

veh e system is not cost effective. Implementation of a more
conventional type of equipment would provide Defense Depot Richmond,
Virginia, with the ability to meet all processing goals and afford an
opportunity for DLA to experience a savings of $6.2 million in

discounted dollars. ::;7 /’/;/
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EXECUTIVE SUMMARY

The construction of the Connector Building Complex (CBC) at Defense Depot
Richmond, Virginia (DDRV), is well under way and due to be completed in
February 1992. The original concept for the CBC included an automated guided
vehicle (AGV) system to be installed throughout. However, based on depot
consolidation efforts in progress for all of Defense Logistics Agency (DLA),
the mission of DDRV may be changing. For this reason, the Directorate of
Supply Operations, Depot Operations Division (DLA-OWM), asked DLA Operations
Research and Economic Analysis Management Support Office (DORO) to perform an
analysis to determine if an AGV system or an alternative type of equipment
would be most cost effective for the CBC.

The results of the study indicate that an AGV system would not be cost
effective at any foreseeable workload level. Implementation of a full scale
AGV system, which would handle a workload similar to that which DDRV currently
handles, would have a 10-year life cycle cost of $8.4 million in discounted
dollars. 1In this study, we propose using forklifts and transporters to handle
the same workload, at a cost of $2.2 million in discounted dollars, over the
same life cycle. Selection of this alternative would result in a cost savings
to DLA of $6.2 million in discounted dollars over the AGV system.

xi




I. INTRODUCTION

A. Background.

The contract for the Connector Building at Defense Depot Richmond Virginia
(DDRV) was awarded in December 1989. This contract provided for a building to
be built which would connect buildings 11 and 14 in the bulk warehousing area
with buildings 60 and 59 in the bin warehousing area. The contract also
called for other common connections between existing buildings which when
combined with connections already in place resulted in the DDRV Connector
Building Complex (CBC) (See Figure 1). The CBC at completion would consist
of nine connected warehouse buildings and the Connector Building itself. The
original design called for an Automated Guided Vehicle (AGV) system to be used
in the CBC to move pallet and module size loads throughout the complex. This
AGV system would extend to every building in the complex utilizing 16,850 feet
of puidepath. The AGV system as well as other mechanization for the CBC was
under a separate contract. Requests for bids were to be released in June of
1991 and could be modified before then to accomodate any changes in
requirements. We briefed our results in May of 1991 to provide the necessary
information for modifications.

Currently, depot consolidation efforts are underway in the Defense Llogistics
Agency (DLA). As a result of these efforts, the workload at DDRV is expected
to change. This change will probably be manifested in the overall volume of
workload, as well as in the ratio of bin to bulk items processed. For this
reason, the Directorate of Supply Operations, Depot Operations Division, (DIA-
OWM), asked DLA Operations Research and Economic Analysis Management Support
Office (DORO) to perform an analysis to determine whether the use of an AGV
system or the use of conventional material handling equipment is most cost
effective for the CBC.

B. Purpose. Determine the economic impact of implementing a full scale
AGV system or utilizing conventional equipment in regard to the changing

role of DDRV in the DLA Depot System.

C. Study Objectives.

1. Estimate the cost of moving material throughout the CBC using un
ACYV system and using conventional equipment,

2. Cost each of the systems using several workload scenarios.

3. Cost each of the systems using present value analysis to project
and compare costs over a predetermined life cycle.

D. Scope. The study will be limited to material handling equipment for
the CBC that is related to the functions that would be performed by an AGV
system.
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II. CONCLUSTONS
The analysis yielded the following conclusion:

0 An AGV system is not as cost effective as other material handling equipment
under any foreseeable workload scenario.

1I1. RECOMMENDATIONS. Proceed with the use of conventional material
handling equipment, such as transporters, forklifts and mule trains, in the
CBC, instead of an AGV system.

IV. SAVINGS AND BENEFITS

A. Savings. The discounted cost for an AGV system which would handle
a baseline workload is $8.4 million over a 10-year life cycle. The cost of
using the least costly combination of alternative equipment over the same
period is $2.2 million. The difference in discounted dollars is then $6.2
million.

B. Benefits. The benefits of using one of the conventional equipment
types fall into two categories, flexibility and maintainability. Any
alternative which requires installation of a guidepath or in-floor
mechanization would configure the CBC to a particular operational plan.
Changing this configuration at a later date to adapt to different requirements
could be difficult. The use of transporters, mule trains and forklifts does
not disturb the useable floor space in the storage areas. Should the missions
for these areas change, the areas could be re-configured without regard to
problems of moving guidepath or towline.

DDRV already has extensive experience maintaining the equipment in use there.
Naturally, this experience has allowed them to become efficieut in keeping
this equipment up and operating. Furthermore, there is no reason to think
that maintaining this equipment in the future will be any different than it
has been in the past.

Even under ideal circumstances, the implementation of a new type of equipment
is going to cause some maintenance problems. There will be learning curves
and training requirements. Additionally, equipment such as AGV systems tends
to be maintenance intensive, needing expensive replacement parts and specially
trained technicians.

V. METHODOLOGY

A. GCeneral Methodology. The basic approach for this analysis involved
costing the AGV system as designed by Depot Operations Support Office (DOSO)
and comparing that cost with the cost of available alternatives which would
perform the same functions as the AGV system. This was accomplished using the
following five step process:

1. Review of the Design and Operation of the CBC. The CBC was
originally designed with an AGV system to move pallets and modules throughout




the complex. Any alternative equipment, therefore, would have to satisty the
requirements associated with the AGV system. 1In order to {solate the tasks
performed by the AGV system, DORO reviewed the design specifications with
DOSO and DDRV. We then developed flow charts to record pallet and module
movements. These flow charts included the number of pallets and modules to he
moved trom each location as well as distances between locations. Ultimately,
the distances from location to location were used to calculate travel times
for the various types of equipment.

ln reviewing the operation it became evident that the bin and bulk areas were
serviced by a contiguous AGV system. For all practical purposes the bin and

bulk areas are separate and distinct operations. The areas are located at
opposite ends of the complex and have separate packing and receiving
operations. It was one of our initial proposals that bin and bulk be

examined as distinct areas particularly from the aspect of using different
alternatives in each one.

2. Establish Workload Levels. The number of pallet and module
movements in the DOSO design of the AGV system are derived from a baseline
workload which approximates what DDRV is currently handling. One problem
that exists in estimating pallet and module loads is that the density of the
toad often varies. There is no way to convert a given number of items
directly to a module or pallet load. This fact is particularly evident in the
bin area. We were aware of the variation in module and pallet loads, and we
also knew that the workload at DDRV would change. In order to compensate for
these two conditions, we conducted the analysis using several workload levels.
The different workload levels used were percentage increases and decreases to
the baseline workload for bin and bulk. These percentages and the associated
number of modules and pallets are listed in Table 1.

3. Determine equipment alternatives and configurations. DDRV uses a
variety of equipment to move material. This equipment includes transporters,
mule trains, fork lifts and conveyors (bouth pallet and package conveyors).
Since these types of equipment are already used successfully they were obvious
candidates for alternatives (o an AGV system. Also considered as an
alternative was a towveyor system. Towveyers are not in use at DDRV, but are
in use at other DLA depots.

The final list of alternatives we presented to DLA-OWM was as follows:

AGVs

Transporters

Mule Trains

Towveyors

Forklifts (Exclusively)
Convevors

The conveyor alternative consisted of powered pallet conveyors in the bulk

area and package conveyors in the bin area. These conveyors would be
installed to basically overlay the AGV guidepath. From the onset it was
evident that this alternative would be far too costly. By mutual agreement

with DIA-OWM and DOSO the CBC-wide convevor system was dropped as an




Table }

DAILY WORKLOAD
BIN AND BULK AREAS

DAILY WORKLOAD - BIN AREA

SCENARIO
30% | 60% | BASE | 120%

MODULE MOVES
RECEIVING TO STORAGE 30 | 60 | 100 | 120

STORAGE TO PACKING 18 36 60 72
PACKING TO LTL 20 41 68 82
TOTAL 68 | 137 228 | 274

DAILY WORKLOAD - BULK AREA

SCENARIO
PALLET MOVES 75% BASE 125%
STORAGE TO PACKING 157 209 261
RECEIVING TO STORAGE 288 384 480
TOTAL 445 593 741




alternative. Some additional explanation is required regarding the forklift
alternative. Forklifts are required to some extent with several of the other
alternatives. For example, if mule trains are being used as the primary
method to move pallets and modules, forklifts are required to unload the mule
trains at the packing induction points. When the cost estimates were done for
the mule train alternative the total cost included the required forklift and
forklift operator. The forklift alternative involves using forklifts
exclusive of any other equipment to replace an AGV system.

& Cost the Equipment and Personnel. The cost of the AGV was
developed by DOSO. This cost was based on current industry data for
comparable systems, and itemized by all major components. Because the costs
were itemized, tt was possible to configure and cost an AGV system for each

wortkload scenario considered.

The conventional material handling equipment used in this analysis is already
in use at DDRV. The purchase price and maintenance costs for this equipment
were readily available.

The persnnnel costs were computed using the current pay scale for wage grade
petsonnel at DDRV. In addition to the basic hourly wage rate, factors were
al<s added to account for leave and benefits. This will be discussed in
further detail in the following sections.

5. Perform a present value analysis over a 10-year life cycle. A
10-vear life cycle was chosen as a reasonable analysis period based on the fact
that the equipment involved has an approximate life span of 10 years. Present
value factors were applied to the costs for all alternatives in the same

manner.  All of the equipment involved in the analysis was for the most part
homogeneous in type. Therefore, it was unlikely that inflation would have a
signifigantly different effect on any one type. The labor costs for the

entire analysis involved the wage grade labor force at DDRV.
VI ANALYSIS

A. Operational Procedures for the AGV System and Alternate Equipment.

1. AGV. The AGV system was designed to operate throughout the CBC.
The guidepath of the AGV system would extend to every building. Additionally,
each building in the bin and bulk areas would have many pick-up and deposit
stands (P & D stands). The P & D stands would be located as follows:

In the bin area:

Buildings 59 and 66--along the West Wall.
Buildings 60 and 6%--along the East Wall.

Iu the

o
o

\:llk rea:

Building 7--along the West Wall
Building 10--along the East Wall
Building 11--alonp the West Wall

3]




Building l4--along the East Wall
Building 15--along the West Wall

There would also be P & D stands, as well as induction and discharge conveyor
interfaces located throughout LTL packing and receiving. These provisions
enable the AGV system to perform any point to point movement of pallets or
modules almost anywhere in the CBC.

2. Alternative Equipment. In order to make comparisons between the
proposed AGV system and alternative types of equipment, it was first necessary
to design operational procedures for the alternate types of equipment. These
operational procedures would ensure that the alternative equipment wouid in
fact be capable of fulfilling the functions of the AGV system.

a. Towveyor.

A towveyor is a conveyance system which consists of a vehicle that is pulled
by a mechanism installed along a path in the floor. The mechanism in the
floor is generally a series of sprockets and chains which are driven by
¢lectric motors. The vehicle itself has no propulsion system, only a lever or
rod which can be set to direct it into particular spurs off of the main path.
Towveyor vehicles will follow a path similiar in layout to the AGV guidepath.
The vehicles will be staged on spurs in the same general locations as the AGV
P & D stands throughout the bin and bulk areas.

In the bin area stock pickers will place modules on the towveyor vehicle and
activate it. The vehicle will transport the module to the induction conveyor

in bin packing. The vehicle would then pick up an empty module and return it

to one of the spurs in the bin area. Towveyer vehicles would also transport

modules from bin receiving to the staging spurs in the bin area, where stock

pickers will remove tne modules and store the items.

In the bulk area stock pickers will place pallets on towveyor vehicles and
activate the vehicle. The vehicle will transport the pallet to the induction
point at the pallet conveyor in Section A of CBC. Pallets from LTL recciving
will be trausported by pallet conveyor to Section A where a towveyor vehicle
will pick up the pullet and transport it to a spur in the bulk area. Once in
the bulk area a stock picker will remove the pallet and store it.

The towveyor system would operate for the most part automatically in regard to
traveling. It may be necessary to have operators activate and direct vehicles
coming from the receiving areas.

b. Transporters.

A transporter is a single axle tlatbed truck that has powered rollers across
the entire bed.  This truck works in conjunction with a special roller dock.




A transporter can load and unload modules or pallets from these docks at the
rate of ten at a time. Transporters currently operate throughout DDRV on
established routes. Inbound and outbound transporter docks are already in
place in the existing buildings.

In the bin areas stock pickers will place modules on outbound docks. When a
dock is full a transporter will be dispatched to remove the modules and take
them to a transporter dock in bin packing. In the bin packing area a fork
lift will unload modules from the inbound dock and place them on an induction
conveyor. In bin receiving, a forklift will place modules on an outbound dock
and a transporter will take the modules to an inbound dock in the bin storage
area. Stock pickers will then remove the modules from the dock for storage.

In the bulk storage areas stock pickers will stage pallets on outbound
transporter docks. Pallets can also be staged in staging areas inside the
building immediately behind the docks. When the outbound docks become full, a
transporter is dispatched tc pick up the pallets and deliver them to less than
truck load (LTL) packing. In LTL packing the inbound docks are designed to
interface with the pallet induction conveyors. The flow of pallets from the
inbound transporter docks to LTL packing would be essentially continuous. In
LTI receiving the dock and conveyor system would be basically the same, so
that pallets could flow directly from the receiving area to the outbound
docks. A transporter would then take the pallets from an outbound dock in the
bulk storage area. In the bulk storage area stock pickers will remove the
pallets from the dock and place them into storage.

c¢. Mule Trains.

A mule train is a series of carts which are towed one behind the other by a
small tractor called a tug. They can operate inside or outside the warehouse
buildings. Mule trains are currently in use at DDRV.

In the bin area empty mule train carts will be staged in locations similiar to
the AGV P & D stands. Stock pickers will place modules on the carts and tugs
will cycle through the area and tow the carts to the bin packing area. In bin
packing a forklift will offload modules from the carts onto the induction
conveyor. In bin receiving modules will be placed on mule train carts by
forklift and a tug will tow the carts back to the staging area in bin storage,
where stock pickers will remove the modules and store the items.

d. Forklifts.

Forklifts are currently used extensively at DDRV. Forklifts could be used
extensively throughout the CBC as the sole means of conveying modules and
pallets. 1In the bin storage area stock pickers will stage modules on the
floor in locations similiar to the P & D stands. In the bulk area, the same
procedure would be followed. Forklifts would then retrieve staged pallets and
modules from the floor areas and transport them to the proper induction point.
The forklifts would also transport the pallets and modules from the LTL and
bin receiving areas to the floor staging areas in bin and bulk storage.




B. Equipment Capabilities and System Requirements.

The next phase of the analysis involved integrating the capabilities of each
equipment type with the actual system requirements. These system requirements
are dependent on two basic factors, the distances the equipment will travel
and the workload levels. The operational procedures provided a fundamental
framework for the routes that vehicles would have to travel. From these
routes we calculated round trip distances for modules and pallet movements.
Figure 2 is a diagram of the CBC annotated with the lengths of the main
sections.

The essential component in evaluating the capabilities of each alternative

type was the individual equipment characteristics. These characteristics
consist of speed, capacity and specific travel distances. Speed refers to the
average speed in miles per hour at which vehicles travel. Capacity refers to

the number of modules or pallets that the equipment will handle as a single
load. Specific travel distances refer to the exact route a particular type of
equipment would use. These routes may vary because of the varying nature of
the equipment. For example, a transporter travels on the road system outside
and around the CBC, traveling exterior to the building adds distance to the
transporter routes. A mule train can travel through the interior of the CBC,
this reduces the travel distance over an exterior route. The mule train,
however, has restrictions even other interior vehicles do not have. A mule
train requires wide aisles and open floor space to turn around. It is very
likely that a mule train would have to travel some distance past the intended
pick-up point in order to find a suitable place to turn around and begin the
return trip. Other interior vehicles such as a forklift can turn and maneuver
in much less space, shortening their travel distances. The AGV and towveyor
vehicles follow a predetermined guidepath that is usually in the form of a
large loop. This loop is often not a direct route and lengthens the travel
distances.

Because of the many differences in equipment capabilities, each type of
equipment was evaluated separately. A summary of the characteristics of all
the alternative equipment is shown in Table 2.

Maximum distance to travel and maximum travel time refer to the longest round
trip cycle a vehicle travels. The data for the equipment was< obtained by
observing and Ciming the equipment currently In use at DDRV.  For cquipment
not. currently in use at DDRV, specifically the towveyor and the AGV, industry
standard data was used.
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AGV

Speed-1./6 MPH
Capacity-1 module or 1 pallet

Bin Area
Maximum
Max imum

Bulk Area
Maximum
Max imum

TOWVEYOR

distance to
travel time

distance to
travel time

Speed-20 MPH
Capacity-1 module or 1 pallet

Bin Area
Maximum
Maximum

Maximum

TRANSPORTER
Speed-20 MPH

distance to
travel time

distance to
travel time

Table 2

EQUIPMENT CHARACTERISTICS

travel

travel

travel

travel

-5,000 feet
-32 minutes

-3,500 feet
-23 minutes

-5,000 feet
-32 minutes

-3,500 feet
-23 minutes

Capacity-10 modules or 10 pallets
Load and unload time-1 minute

Bin Area
Max imun
Max imum

Bulk Area
Maximun
Max imum

MULE TRAIN
Speed-5 MPH
Capacity- 1

o

Area
Maximum
Maximum

in

Bulk Area
Maximum
Maximum

distance to
travel time

distance to

travel time

module or 1

Distance to
travel time

distance to
travel time

travel

travel

pallet

travel

travel

-10,000 feet
-6 minutes

-15,000 feet
-9 minutes

-4 ,500 feet
-11 minutes

-3,300 feet
-8 minutes
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[t is important to note certain aspects of the data. The speeds for the
transporters, mule trains and lift trucks represent average speeds and are
somewhat conservative. The speeds for the AGV and towveyor are more precise
as those systems can be set to operate at an exact and constant speed. There
are time factors associated with the transperter and the mule train that
involve the acquisition and discharge of the load. For the transporter this
is the load and unload time or the time it takes to roll pallets or modules
from the dock to the transporter and vice versa. For a mule train this is the
time required to attach and detach the cart from the tug. With the other
forms of equipment, the transfer times are not as distinct of an operation and

their transfer times are factored into the overall travel time. As an
example, a forklift delivering a pallet deposits that pallet in almost a
simultancous action without stopping to turn around. In any case, we have

included all the time elements required for the equipment to complete its
tunction, either as a discrete time element or part of a continuous travel
time period.

C. Pexrtormance Throughput. Based on the capabilities and operational
procedures for the alternative equipment, it was possible to model the
performance of each type of equipment. Each type was evaluated on the basis
of throughput for a single 8-hour shift. This throughput was then compared to
the various workload levels required in an 8-hour shift.

1. AGV System. The AGV system was evaluated using a computer
similation model written in the SLAM language. The AGV system was the only
alternative evaluated in this way. The reason for this was twofold. The AGV
system is a dynamic system which continuously readjusts itself to make the
optimum use of all its vehicles. The other equipment follows set routes and
schedules. Also, every individual AGV vehicle is very expensive. It was very
important to define exactly how many vehicles were required for each workload
scenario. So, where mule trains, transporters and forklifts could be
evaiuated on a component by component basis, the AGV system had to be
evaluated as a whole, taking into consideration the synergistic effects of all
vehicles working together. The simulation of the AGV system was designed
using, 8 full hours per shift and using the number of vehicles as an input
variable. Several iterations of the model were run using different workloads
and varying the total number of vehicles within the same workload framework.
We reviewed the results of the model runs and identified the least number of
vehicles which c¢ould handle a given workload.

2. Towveyors. The towveyor system operates similiar to the
ACV system. However, there are two major differences. The towveyor carts
are not dynamically allocated; rather they are set in motion to a particular
destination, and must complete a round-trip cycle before they can be re-
assigned. The other difference is that the carts are relatively inexpensive,
so that increasing the number of carts does not signifigantly increase cost.
Because of these differences the towveyor system could be evaluated using a

mathematical model. The main output variable to the model was, as with the
AGYV system, the nunber of vehicles or carts. The towvevor system was modeled
with all of the workload scenarios and generally required more carts as the

workload increased. The towveyor also requires two operators to activate the

12




carts and send them to their destination. The towveyor system like the AGV
system was modeled to operate 8 hours in a shift.

3. Transporters, Mule Trains and Forklifts. Transporters,

mule trains and forklifts do not operate as a unified system in the same way
that an AGV system or a towveyor system does. For this reason it was only
necessary to model a single unit of equipment from each of the types. This
was done using a simple mathematical model. Once the performance capabilities
of one unit were identified, it was a simple matter of calculating what two or
more units would do. In this way, the equipment could be matched rather
easily to the workload requirements.

Transporters, mule trains and forklifts have to be manned by operators at all
times. It was therefore necessary to apply Personal, Fatigue and Delay (P.F.
and D) factors to the 8-hour shift time. The P.F. and D. factor used was 12.6
percent. This figure represents a conservative approach to estimating
productive time as it is at the high end of factors used for standards with
depot operations. Reducing the 8-hour shift by 12.6 percent vielded slightly
less than 7 hours of productive time per shift, This /-hour time, and the
throughput capacity of each type of equipment were input into the models. The
results are summarized in Table 3.

VIT. COST ANALYSIS

A. General.

Using the previously developed data we projected three cost configurations
over a 10-year life cycle. These cost configurations covered the baseline
workload scenario, the low workload scenario, and the high workload scenario.
The baseline workload scenario consisted of the baseline workloads for both
the bin and bulk areas. The low workload scenario consisted of the 30 percent
of baseline workload for the bin area and the 75 percent of baseline workload
for the bulk area. The high workload scenario consisted of the 120 percent
workload for the bin area and the 125 percent workload for the bulk area.

The projection included all costs for systems, vehicles maintenance and
personnel . The personnel costs are based on the current wape prade pay scale
tor DDRV and include an 18 percent factor for leave and a 79.55 percent factor

for benefits. The mid-range of each pay grade was used as the hourly wage.
The annual maintenance cost for the AGV system was 11 percent of the purchase
price. The factor for all other equipment was 7/ percent annually. The AGV is
somewhat higher due to the higher costs for parts.

Several of the alternative types of equipment are already in place at DDRV,

but for the purpose of this analysis all equipment required for every

alternative was purchased as new. The cost factors for each alternative are
shown in Table 4.
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Table 3

PALLET AND MODULE MOVEMENT CAPABILITIES

Transporters (per vehicle)
Bin area-410 modules per shift
Bulk area-370 pallets per shift

Mule Trains (per tug with 4 carts)
Bin Area-160 modules per shift
Bulk Area-160 pallets per shift

Porklifts (per vehicle)
Bin Area 69 wmodnles per shift
Bulk Area-59 pallets per shift

Vehicles required for each workload scenario.

Bin Area Workload
30 Percent 60 Percent Baseline 120 Percent
Transporters 1 1 1 1
Mule Trains 1 1 2 2
Forklifts 2 3 4 4
Bulk Area
75 Percent Baseline 125 Percent
Transporters 2 2 2
Mule Trains 3 4 5
Forklifts 8 10 13
Table 4
COST FACTORS
System Vehicle (each)
AGY $2.,961,190 $64,110
Towveyer §2.244 ,420 $1,500
Transporter $368,000 $110,000
Mule Trains $0 $15,000
ForkLift S0 $24,000

14




The system cost for the AGV system includes the computer hardware and software
which control the system, the guidepath and the battery charging equipment.
The system cost for the towveyor includes the motors, the towline and the
spurs. The transporter alternative does not have a system cost as such;
however, a cost factor has been included here to insure that all docks will be
in proper working order and to cover the cost of new modules for the bin a:r-=a
which would be required if transporters are used. Mule trains and forklifts
have no system cost. The total cost for a 1l0-year life cycle for the low,
baseline and high workload scenarios is shown in Table 5 in undiscounted ard
discounted dollars. Figure 3 is a graphical representation of this data.

Table S

TOTAL COST 10-YEAR LIFE CYCLE

15

Low Workload Scenario Discounted Undiscounted
AGV 7,337,148 9,345,708
Towveyer 5,321,178 6,570,491
Transporter 2,170,600 3,020,808
Mule Train 1,837,931 2,734,589
Forklift 2,404,337 3,614,771

Baseline Workload Scenario Discounted Undiscounted
AGV 8,403,336 10,692,020
Towveyer 5,553,897 6,918,561
Transporter 2,411,034 3,382,286
Mule Train 2,856,246 4,257,377
Forklift 3,366,072 5,060,679

High Workload Scenario Discounted Undiscounted
AGV 8,936,430 11,365,170
Towveyer 5,591,838 6,964,461
Transporter 2,411,034 3,382,286
Mule Train 3,124,197 4,656,359
Forklift 4,087,373 6,145,110




Figure 3
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Two significant things are evident from the graphs. The first is that the
cost of each alternative increases and decreases as the workload level
increases and decreases. The second is that the AGV system is not cost
effective at any of these levels.

The reason that the AGV is so costly is twofold. The initial cost for the
system is very high and the individual vehicle cost is very high. It is true
that there are not any direct labor costs involved with the operation of an
AGV system, but the savings in labor is not sufficient to offset the other
high costs.

Figure 4 is a line graph showing the cumulative discounted costs for all the
alternatives under a baseline workload scenario. This graph shows that even
though the slope of the lines is similiar, the high initial costs are the
predominant factor.

B. least Cost Alternatives.

The initial cost comparisons in this analysis viewed each alternative as a
single system to be used throughout the CBC. The bin and bulk areas serve as
natural divisions within the CBC. In order to identify a least cost
alternative for bin and bulk it was necessary to isolate these areas and
examine the differences in each. To some extent the equipment that is an
integral part of the bin and bulk operations dictated the least cost
alternatives. As an example, in bin packing there is no established link
between the dock area and induction conveyors. If a transporter were used in
this area, some other type of equipment would still be required to move
modules from the dock to the induction point. The degree to which equipment
interfaced became an important factor in identifying the least cost
alternative. The bin and bulk areas have some similarities but have enough
differences to require different equipment. The manner in which the
proprietary equipment in bin and bulk interfaced with the alternative
equipment ultimately dictated the least cost equipment for that area.

Figure 5 illustrates the cost of the alternative equipment, tor bin and bulk,
for a 10-year life cycle under the baseline workload scenario. The least cost
alternatives are forklifts in the bin area and transporters in the bulk area.
The total cost of the combination of these two alternatives is shown in Table
6, as well as the difference in cost between the least cost alternative
combination and the AGV system. The difference in discounted dollars of using
the least cost combination verses the AGV system is $6.2 million. This
difference would vary under different workload scenarios.

Also, the least cost alternative equipment would vary for different workload
scenarios in the bin area. The transporter alternative remains the least cost
alternative in the bulk area under all workload scenarios as its degree of

efficiency in that area is far superior to the other alternatives. In the bin
area, the difference in the alternatives is not that pronounced among the
forklifts, mule trains and transporters. An exhaustive look at all possible
combinations is not appropriate for this study. In any case, the alternatives
presented as least cost are for cost comparison purposes and not intended to

17




L 0
SHILHOJSNVHL ——
SNIVHL 31NN —
syonHL LA —— e - ¢
lﬂ.x\\‘(\\lVII\l\\\\\“\ \l!\\\
SHOAIAMOL — - T - €

18

(SUOIIIIN) SHVT10Qd

avOTIMHdOM 3ININ3SVE
A3LNNOOSIA - 1SOO JALLVINNND




he specific operational recommendations. It is important to note that with
the costs shown in Figure 5 for the AGV system the towveyor system in bin and
bulk add up to a cost which is greater than the cost previously shown for the
total system. This is because the AGV and the towveyor system have high fixed
cnsts which are not proportionally reduced by reducing the size of the system.
The other alternative equipment can be reduced in somewhat of a constant
ratio.

C. Additional Alternative.

When we briefed our findings to DDRV, they requested that we consider one
additional alternative. DDRV expressed reservations about operating the bin
area with mule trains. transporters or forklifts. Their recommendation was to
use 3 package conveyor and a module tug system in the bin area. As previously
discussed in the analysis, a conveyor system which traversed the entire CBC
was absolutely cost prohibitive. However, the DDRV recommendation was for
very limited, basic conveyor system in the bin area, that would operate in ome
direction only. This conveyor would carry the picked bin items to bin
packing. ltems from bin receiving would be brought to the bin storage area in
modules towed by a special module tug. DDRV felt that this alternative was
operationally the most efficient and safe.

DOSO completed a basic design for the requested alternative in June 1991. The
cost for implementing the package conve or alternative over a 10-year life
cycle for the baseline workload is $1.3 million in discounted dollars. This
would bhe approximatley $300,000 more over 10-years than the forklift
alternative. A comparison of this cost is shown on the graph in Figure 6.

A comparison of the cost of the combination of the transporters in the bulk
area/package conveyor in the bin area, and the other alternatives, is shown in
Figure 7.

1%
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Table 6

LEAST COST COMBINATION
10-YEAR LIFE CYCLE

COST COST
UNDISCOUNTED DISCOUNTED
BIN AREA - FORKLIFTS 1,445,908 961,735
BULK AREA - TRANSPORTERS 1,723,301 1,225,318
TOTAL 3,169,209 2,187,053

LEAST COST COMBINATION VERSES AGVs

CosT COST
UNDISCOUNTED DISCOUNTED
AGVs 10,692,018 8,403,336
LEAST COST ALTERNATIVE 3,169,209 2,187,053

DIFFERENCE 7,522,809 6,216,283
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APPENDIX A

Figure A-1, A-2 and A-3 provide the annual cost amocunts for the 10-year life
cvcle for each major cost element within the different alternatives. These
figures represent the baseline, high and low workload scenarios respectively.
Figures A-4, A-5 and A-6 show the annual cost totals and cummulative costs for
cach alternative under the same scenarios in both discounted and undiscounted

dollars.

A-1




TR3T INFORMAT [N

IS RN

e

WIETNE W0 LORD

LE

R II3TUCATA

UenENTe

mwER IGHTS
arge 7ot
gati g7 ‘
FOIREC VEAICLES 13

MaINTINANCE ST
BRI DY
A E ITERRTGRS

FUUER §TIRLIORS
TUARE Py FAUE

MANENW E CERGIMG |

R

Pay RAte

TN Y

EILIPNNT (D53

Wil lé

3157E% 2137 187,170,090
gets golt ©URS0
205 2RE caRTg ; 1
SAIRTENANCE 05T ol
FETIMEL CSIS

Tl FERAIQRD ¢ )
JINER GRE2ATR3 : i
SRAJEFAr RATE RN

TIaRACUERS

gorIeenT 15515
T1GTEM 1081
IANTPCRIER CQet
+Urre 4FY £08Y

$368,060 ©

B€0.19E) TRANSFORTFETS 1

3
SEQUIREY FOMNLIFIS N

MEINTENANCE CAST | ST

! TEAR 1 TERR 2 1EAR T YEAR A YEAR S
981130
1321300
§I7294  SIIIM TIUI29E 0 SIINMA 51N
41450 43459 47459 (MM A5
1170000
165500
47585 0SS FLYAS RIS DA S BE B
35451 90pT! 50651 99651 9:451
168002
10000
N,
Y el 52220 52220 52220
RIS SR A BN § R LT R 7 A M
T TN M T4 I3
£4179 E4YTS 64138 44123 L4138
90000
151809
120799
2812 25346 25312 2532 2332
3873 THIERT F0389) 201891 1207897
HOUR TR E VAL B U AL UM B LU
VAR
s 7750 2180 2870 h3bd]
4430g 148948 14994¢ 143948 HETae

- .
[HER:1]
fRale +ar wa'f 5Cs
PnEv T WERATOR
IRA0E. FaV RATE WS
WAE RN
ERUIFAEST T35S i
SYSUER £931 2
L $:5,208 ¢
13 : $i.10)
FORr 1R (OS] I P2 It
FEOLIRED TGS b
REALRED (APTS 178!
REJUIRED FOMIL[FTS b
MAINTENANCE COST : BT
TERSANNEL LI5S
1.4 WERATORS : 5
CFACT FAY RATE THIETLET
COMIFT nRERaTIe ! 5
CANTTa. BATE [T
vttty
[SATRE S SR
PRLEAS) .
e 18] 008" (R
REUINET FORELIFTS ]
MANTEMINTE {27 -
FEESOMNEL (3878
CITRLTET QFERATGES ¥
Rear; oy RAS WS

Figure A-1

YEAR b

537794

43457

247558

30451

st

[RRVN

33744

68132

pairel

203897
JEDME

350

4EUR

VEAR T TEAR G YEAR 9 YERE
P LISTEY
H U]
D920
$37296  SLN94 ST SR SI7ERIG
G459 43455 43459 LRt ier] LRLME]
TR
R
E 164500
TATSES ATESS GAISSS 20T . TSSO
985E 90651 9651 TPt saSL
SETSLH R
R TR
3060
L EGDTO
S0 S wae Wt sune
TR BT R LI T N TR IR TE S TR
17748 payL Y 114 T e
YIRS VTR R (15 RV TR SR FTE
! 43,382,76
' §0901
Pisiec
. A
1T T L3 T S B N R
3G IWSY DI AT mgeen
B3 1T BT TR L 107D
RTICTRITE
. .
I
PALPCIN A U S 3 TS S L 1 13
WBHAE  GAEIIR  G4BRIR RASOAE {  AAQIATS ¢

! 15,080,679




CETAILED DS INT RATION
AL I N TN
EGUIFMENT (T51¢C

SeVIEM {757

ENITLE 78T
REQUIRED of

PERSONNEL TSI
VERICLE (PERATORS
OT4ER QPERATORS
GRAQE/FAr RA'E
PAINTENANCE FERSONNEL
SRADE/PAT RATE

'ﬁik(fr;‘rSN“ S
TJLITMENT T0T0S
STSTEM C0yf

PLOUIRED
MAINTENSN

FERSIMNEL C5S°8
VEMILLE ERATORS

JIMER (FEZB1TS
CSADE/FAY RATE

TRanS7 RTERS
EILITMNT 10575
SISTEN C157

TRANSPORE
CORNLIFT T

REQUIRED “RANTIORIERT.

REQUIRCY © '

ML INTENANT

FEASONNEL 0SS

TRANSPORTTR NPERATORS
GRADE PRy ATE
BISPATLHES

GPADE/FR CATE
FORVUIFT OFERATOR
GRADE /Fav QaTE

HILE TRAINS
EQULPRENT L6275

SYSTER (057

Tyg €057

fapt e

TORYLIEY 0t
REQUIRED “u65
PEQUIRED CARIS
REQUIRED TORKL [T TS
NAINTENANCE (ST

CERSINNEL (0575
U6 QPERAIIRS
GRADE/FAY RATE

FORKLIFT OPERATOR
ERADE/PAY RATE

EQU;=MENT (0873
§Y§TEm CO8T
FORVLIFT 2057
REGUIRED 7 JFKL[F1
MAINTENANCE €057

FERGENNEL [0515
FOMCIFD 2HERLTTRS

89A0F /PAY RATE

ST S

CLERENTS

: P
G182

$3,370,900 ¢

H $1,57 ¢

' 125
n.07

Wgdi5 A7

$168,066 |
$119,000 |
200000 |

2

5,07

: 1
'WG8/11.86
H {

'NG3/10.95

. +

?

¥Gb/10.45
¥65710.2

(AR 1 YEAR 2 YEAR 3 YEAR 4

296115

850

4]
57255¢  5TISS4

4457 43459

7179000
1935499

245445 249445

30851 90451

168000
310000
48000

52210 52220

113829 113520
T 337
64115 84135

165900
111610
170000

782 27782

37875 237875
180339 140339

08637
28560 28540

543151 545151

YEAR S

S72554 972554 57054

43459 43459 43459

49845 2495 T49MS

AUTSH 90431 §0651

52220 52220 §2220

113529 113829 143S%9
jarit} 33744 1374
54133 84135 84135

27182 82 782

217875 237875 17978
169339 160339 160332

28580 08540 28580

545181 545151 SASISH

A-3

43459

245445

29651

52720

113529
ML
64135

27782

217875
160339

28360

545151

YEAR &

43459 41453 47450

ig: YE4R 3 vEAR GG 1074
S TYL
Cones
§12550 SIS SISTE SISee: ghERhn

0455 0 4neses

$11,365,175

TG

o
43445 FACTHS ASHS 24945 1 TAees
5491 KT SUISH S6SE ERLL I

$4.984 80

68001

! 1600
' L1 FE/a
s s !

13529 138H 1159
(53 LS 17 TSRS AT VRNt TR
SIS BAITS  BM1IS

<t
o
-
‘a

R T

140 B
AR LA
1ot

rLY] 27782 21162 V2RI

P16

1601785

137815 'S MRS a¥es
1603I0 160130 1eNI9 LE07I6

B LIS SRLE]

Lot

0 52220 Ny PR L T

s s

T RN

PRI YOI

28560 28540 28360 058 . PN A

SIS SSISE WSS SIS s

M

I TRTIROR




CETAIVED CDST INFIRNATION

CGM WPRREDAT L FUF

-3 (CCST/DATA
TELEMENTS

1.
4
o

FIITMENT CQ8T5

SYSTEN 75! 182,351,159

VENICLE COST NI

REQUIRED YEWICLES o)

NAINTENANCE COST 0.1i
FERSONNEL COSTS :

VEMICLE OPERATQRS  © "

ATHER DPERAICRS :

GRADE/PAY RATE a

MAINTENANCE FERSONNEL
SRADE/FAY RATE

MTTIRLISS
SQUIFAENT (0515 :

SYSTEN COsT
CART 05T

: !
UMY

43,790,000
<00

~EQIRED CARTS : 930
METNTENANCE 05T : 3.07 ¢

FERSINNEL (S5

JEHICUE CPERATQRS . 0
OTHER OFERATCRS
GRADE FAY RATE

e
EQUIFNENT COSIS

SYSTEN £0ST !
TRANSFORTER COST ©ostt
FORKLIFT €0ST I PN
FEQUIRED TRANSPORTERS: 3
REQUIRED FORKLIFTS 1
RAINTENANCE COST . 8.07

FERSINNEL LDSTS

TRANSPORTER (PERATORS:
GIADE/FAY RATE
DISFATINER
GRADE - PAY RATE 654
FORKL{FT QFERATOR
GRADE IPAY RATE

N!Hé"ﬁﬂ“‘lsw-“ ST
EQUIFMENT COSTS :

SYSTER COS! ! bl
I'g {051 Lo 815,000
LART 087 : $, 100
FORVLIF T COST $24,09.
REQUIRED TUSS : [
REQUIRED CARTS ; 101
REQUISED FORKLIFTS .

MATNTENANCE COST : 0.07

PERSONNEL CDSTS

TUB OPERATORS : 4
GRADE/PAY RATE IHGL/ 10,45
SORXLIFT OPERATOR 3
SRADE/PAC PA'E

1965710.03

fdé!L 1F1S
EguITNERT €087

ER11.86
‘ !

SYSTEN COST [\
FORYLIFT COST 824,000 ¢
REQUIRED EORKLIFTS - 12
MAINTEMNCE COST 307
CEDSONNEL COSS »
FIOVUIFT TPERAIORS 1

SHADE/PAY RATE 45 10.08

1EAR |

2961190

1282200
464773

43459

370000
139599

245645

80434

382000
130000
24000

50540

113529
ML
12058

40000
111160
72000

171

113929
98203

240000
141890

120677

YEAR 2

LITYEM

43459

245683

40474

Figure A-3

LETY 0 AT TY VXA TR 1Y Y251

43459 43459 43459

245845 245685 245683

80434 §0434 60434

464773

43459

45668

40434

166778 A647TY RpT7T AT

OIS0 IS A5 45e58

203665 245665 TUSALS  THSAAS

Py It 3 ROYS TRRTT A I

50540

113529
374
32048

17017

135928
96201

1880¢

120677

50540 50540 50340

113529 113529 13529
33744 13744 b
32048 32048 32048

17017 17047 17017

135929 (35929 135920
76203 96203 94203

14800 18800 14800

120677 320677 B20677

50540

113329
33744
32068

17017

135929
95203

14800

320677

50340 50540 50540 50540

113829 113829 113829 LSy
ML 33744 13744 1744

32048 32088 12068 T2042

17017 17017 17017 17017

135929 135929 135929 135529
95203 96203 94203 94201

14850 16800 18800 16800

320877 30677 320677 320677

 $1,020,808

296113 ¢
4

v
1282206 *
W8

434569

$5,345,778

170009 ¢
1365¢"

TATEATS

[RLALI

86,570,451 ¢

348000
330000
2000

505400

1135293 ¢
MY
320477

60000
111100
12000

170170

1359288
962031

12,734,589 !

1206771 ¢

13,610,771




LRI
370 4 NARNLOAD

e

2’5

ey

v
TInE GRS

LLNGELRTEES
T RN

[ CR

775 FER YIAR -

AGes
LIRS
TRAINSFTATERC
#. 2 TRAINS

FORY (P15

CUWAULATIVE 73578

AS.3
TIHLEYRS
TLIVFL RS
.5 UTAINS
T aT

CIMMEATIVE 05577

TeINSFTATERS
wo D TRAING

£ (01§

PR - N

- UNDISCOUNTED

LISTOUNTED

rEAR |

5465243
ERTRUTS
T

151156

Bugdse

fELR |

52131242
1696477
FETIEY
114795

TR

YEAR }

5455247
2374708
103479
771753
508458

YEAR 1

BRI
1484479
563184
T14133

inTe

1EAR 7

Ige5s2

LR It

(AR 2

523513
193278
228566
e

409630

YEAR 2

604537%
4112912
1273297
1140915
1280934

‘tAR ?

5717354
1989594
1184782
1054547
199318

Figure A-4

YERR 3

89753
1id2us
263
389596
4772448

"EAR 3

457633
164506
w7Ie
304971
372308

YEAR 3

bb26748
4551118
1536886
1570473
1753404

veas 3

6174788
42552
1399491
1361513
1583213

YEAR 4

380753
338206
267639
389538
472488

YEAR 4

414400
AN
189022
73313
138759

1EAR 4

7207501
4889324
1800514
1929051
2225872

YEAR 4

6591387
H9gs94
1598543
1440876
1851972

YEAR §

580751
13620¢
263629
38758
472448

YEAR S

378070
aen
171622

SNt

307877

YEAR S

7788254
5217530
2064147
2309589
26°8139

YEAR §

6965457
4718867
1760115

EAR o

98077
38206
267629
189552
288

vEAR &

14l8re
200218
155068
270618
279701

YEAR &

§349007

PAMERN
45914¢

3iTnger?

YEAR 6

131328
4919085
1316703
212504¢
2419750

YERR 7

560753
i
163629
189258
472468

YERR T

312445
181955
141832
109582

254188

TEAR 7

3949740
5993943
2591400
1088704
T643279

YERR 7

782518
$191042
2758035
2334628
AL

YEAR B

380753
32829
263628
189¢98
477482

1E4R 8

267964
165383

169494

3107

YEAR §

RRMIGN
6242145
2835028
1478267
4115741

YEAR 8

7309¢5h
5266422
2186529
9%
PRI

YERK 9

380753
3338
+62629
729558
477468

EAR 9

250435
159502
1735
177153
10248

fEAR 3

12101268
+38075%
S118857
1847819
45688211

YZAR 9

8148131
S414974
234764
498475

AT

'EAR 10

58075
138206
6762%
89558
LR Y]

YEAR 19

278205
114311
104°7¢
15771

151349

ML

10497018
£9185s!
MOt 13
257777
SoensTe

AR 1D

Q403338
5551397
PLIRRE
NN

JALL IR

ML

1069518
5313541
182k
4257317

5069679

T0TAL

8451324
ss51g9
210078
2356746

SeA07




RRUE SET ]

TTUTRER fnR DISCOuMTED YEAR 1
s ayuess
vig s 0%
(IR [
.ty A<
R EIFIN
i ifx R T PN (151
e 937 40RS
HV s TR
TRANITREIRLS REMELY
wigotLyinT gAY
LT 734857
[EI SR SR S [0 1 B 1848 )
[ 5921033
T SeTRS 1901534
TR AT I 1193429
WA LAPASLS
HER REIRAN
[RCLIVIE SN B AL T S PR AT 44 YEAR 1
[ 595108
iMa.nei A0 L BAS|
LANTEORTERS KIMED)
w6 TEATNS 1847y7
ot qere 314552

YEAR 2

816017
34107
NI
12957
LEARNYI

YEaR 2

57484
734847
119584
3590

LRI

1EA8 2

LLMATY
20797
1271257
148597
1595422

M2

hnRI AR
018574
1191752
1154753

1473340

Figure A-5

1EAR 3 TEAR 4 YEAR S
616015 618013 616013
O 14007% 340094
260h27 THT9 Y3
435974 425976 1259174
5130 5701 RIATAN
1EaR 7 YEAF A fEAR S
485418 41432 LI RIVAY
267776 743849 7403
07739 189022 171822
135645 115475 270
157088 LRRBAY ALY
YERR T YEAR 4 1ERR S
INTINE0 7449093 8285107
1533798 4921884 5243990
1534886  18005t4 2042143
(A78528 2407504 2904479
9T 270284 1278%5%
TEAR 1 TEAR 4 YEAR §
6ST2IRT  TO14448  TA{SAT
296870 ASINT19 15
1399474 1588513 1760138
1469728 1795152 2072443
1986044 2297195 2470881
A-b

1EAR §

A16017
1400794
T
25974

S

TEAF &

IndLED
20413t
154049
252179
IR

HE LAY

8301130
5408077
A pea b
588

1850748

YEAR &

[2L DI RA
4953479
1915271
2324640
1011518

YEAR 7

516013
FLLDETY
h3679
17597k
9.0

yias

f9n
BELERRA
257040
ARLIRN

wm

YEAR 7

RI11588
MM
2758035
2593815
WMan

YEAR B

814017
140076
NALY
475976
RIAY)

EAR 8

30124
16477
178914
20812
280543

1EAF 8

1~y
6284249
2955028
goden?
4957408

YERR R

8417819
532187
2184345
2762118
1579719

YEAR S

414013
340074
263629
425704

KEANR

YEAR 7

1n74a1e”
LL.YZREN)
118487
PN

$571179

YEAR 3

BoRA-ES
54541 0
2304264
2951877
1g550%0

‘EAR 10

EILLIR
WnhTg
TH9
175978

EPR TR

AR N

43489
ey
14770
e

AR

NI

11365173
LTEAALY
TTR2RE
eyt

$1LS110

13T

27TA410
SSItRe
411034
1128157

LR TS

1oTa

11755173
I LAY
TTAZIBA
476353

HIATIH

101R;

ACTh4Tn
5671279
ALY
g

FREERRE!




riart e 7078
Lo Wi (RAL

FORe T3

TN RER vEAR

PR (1)
1FINTRQTTERS
ML TRAINS

FLLRTS

TUPNOLATIVE 1057

i

w
TIREORS

3

-

[EEUS e
“ate TRAINS

FLxni [F TS

LLUSGLATIVE 23T

P

TONVETCRS
TLANSFLRTERS

“ L OTEAING

TNl 1E8R 1

4793422
14{5559
951981

DIIULNTED iEAR 1

4334955
1640082
308974
469403
$50613

UNDISLTNTED vERR 1}

47936220
1815599
§51861
432045

577477

DISCOURTES YEAR |

4574935
T440082
Rl )
(PRI

550713

Ear T

1eiR2
1697
22388
245149

334N

YEAR 2

WU
265788
199397
214012
70591

ViER 2

S263850
4121538
1181762
741398
9;4954

1EOR 2

4977326
1905469
norny
565413
343505

Figure A-6

106699
175881
WIS

137477

12AR 3

402063
1208
18118
196325
253932

EAR 3

$774085
(L)
1411643

930547
1252431

YEAR 3

5379389
LILTTYM
1288547

891747
H1{9858

YEAR 4

510232
306093
125861
299148
BN

YEAR 4

765826
219473
144825
178540
W19

YEAR &

5264317
4713856
1681523
1239695
1569308

YEAR ¢4

5745225
4364148
1451372
1069587
1351403

VEAR §

S10237
106099
229881
49149

LN

€Ak S

1:2181
199270
149652
162196
219698

YEAR

4794547
073995
1871404
1438845
1627385

YEAR §

4077186
456541
1503024

1EAR &

S16272
TL099
2.9834
239149

I

YEAR &

302097
191211
115089
147436
139785

YEAR &

730878;
5345054
L0128
172797
2264862

YEAR 6

5379443
4748430
1719]44
1379275
1770897

243145
e

164681
123678
134042
181553

TEAR 7

7813013
3452193
2331186
1987142
602339

VEAR 7

6433948
LEI MM
1842788
1504728

1952455

(EAN B

W55
149482
112412
121674

{3

YERF 8

8315045
5593233
1351047
PN

939615

YEAR 5

510732
MG
o762t
255149
337

“EAR 9

227033
e
162287
110871
150177

1EAR 9

17
5764292
2790978
2455480
3377294

8

<A

VEAR 9

7139574
9197207
2h77433
1777078

2267659

PEAR [0

gin;
Tinias
279831
NOTE

]

igeR 16

20a64d
127970

9rn?
10u8eg

178478

YIRR (0

Lt L4
6570431
302848
2774589

MILH

ey




Ve

APPENDIX B

Figure B-1 provides the detailed annual cost amounts for the major cost
elements within the package conveyer alternative. Also, included are the
annual cost totals and the cumulative costs in both discounted and

undiscounted dollars.
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