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ABSTRACT

Two Automated People Mover systems currently operate at George Bush Intercontinental
Airport / Houston. The Inter-Terminal Train (ITT) is a smal technology APM which provides
non-secure connections between all existing terminals, ahotel, and parking areas. Also operating at
the Airport isamedium technology aboveground APM which currently provides asecure connection
between Terminal B and Terminal C. A key difference between the two existing APM systems
involves the nature of secure vs. non-secure travel paths. These two APM systems typify an
evolutionary airport scenario whereby the construction of anew secureairside APM leavesaresidua
non-secure landside APM to provide servicefor the fewer but vital number of non-secure passenger
trips.

This paper presents a historic synopsis of secure vs. non-secure travel path issues at George Bush
Intercontinental Airport/ Houston, then examines non-secureinter-terminal passenger conveyance
aternatives for the Airport as a case study. Benchmarking the existing Inter-Termina Train,
availabletransit modes, and generation and analysis of non-secure passenger conveyance alternatives
will be examined in terms of cost effectiveness and passenger level of service.

INTRODUCTION

The purpose of this paper isto identify and analyze alternativesfor providing assisted travel for non-
secure passengers between major destination points within George Bush Intercontinental
Airport / Houston (the Airport). Thelnter-Terminal Train (ITT) isasmall technology APM (Figure
1) which operates in a tunnel and currently provides non-secure connections between all existing
terminals, ahotel, and parking areas. Also currently operating at the Airport isamedium technology
aboveground APM (Figure 2) which providesasecure connection between Terminal B and Termina
C. The aboveground APM will undergo near-term eastward expansion to serve the new Internationa
Terminal Complex (ITC) and itslong-term westward expansion will eventually serve Terminal A.




A key difference between the two existing APM systems involves their respective non-secure vs.
secure travel paths. The design of the non-secure ITT APM reflects its pre-deregulation heritage
when APM systems typically served passengers making interline transfers between unit terminals.
These passengers typically have claimed their baggage and have thus exited the secure area of the
terminal before boarding the APM. The design of the aboveground APM, on the other hand, reflects
the post-deregulation hubbing operations of a major air carrier who has expanded operations into
more than one unit terminal. This APM serves intraline transferring passengers who do not claim
their baggage. This allows the APM to be located on the secure side, thereby eliminating the need
(and saving the time) of passing though a security checkpoint which ultimately helps to ensure
minimum intraline connection times. Figure 3 depicts the functional layout of the two systems.
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Theimportant point regarding the nature of the non-secure vs. securetravel pathsisthefact that the
secure aboveground APM, regardless of its ultimate expansion, will never have the ability to serve
passengers who have claimed their baggage and will not (or more importantly cannot) re-enter the
secure area. An example of apassenger who cannot re-enter would be a sportsman who has claimed
his checked firearm. If this passenger parked his car and departed from oneterminal and returned to a
different terminal, the ITT APM currently represents the sole means of completing his journey
without walking distances that would often be too long to be considered acceptable. Although this
example typifiesonly asmall percentage of the total passenger population, it demonstrates that the
ITT currently servesavital functionand if it isremoved, the I TT must be replaced with an alternate
Nnon-secure passenger conveyance.

The specific mission of this paper isto analyze passenger conveyance aternatives and recommend a
solution that will: 1) Provide the highest reasonable level of serviceto the passenger population not
served by the aboveground APM and 2) Provide this service at the lowest reasonable cost to the
Airport. The conclusionsand recommendations outlined herein are the opinion of theauthor and are
not endorsed by the Houston Airport System (HAS).

HISTORIC SYNOPSIS

The current challenges presented by secure vs. non—secure travel paths are not unique to George
Bush Intercontinental Airport / Houston. These challenges are typical of airports with separate unit
terminals designed and built before 1978 in the pre-deregulation era of Originating/Terminating
passenger traffic. All such airports with major airline tenants have undergone an evolution of
physical and operationa changessince 1978 in order to accommodate the hubbing operations of their
signatory airlines. A significant milestonein this evolution occurs when asingle airline outgrows a
single unit terminal and must expand into multiple terminals. Efficient multi-terminal operation
requires significant prerequisite changesto baggage systems, wayfinding signage systems, aswell as
many operational adjustmentsinternal to the particular airline. Multi-terminal operation is aso the
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evolutionary milestone when passenger conveyance systems for intraline transfers become most
critical. Thisisbecause the physical connection distancestypically increase dramatically whereasthe
minimum connection times do not. Following an interim busing operation, the aboveground APM
which opened in May 1999 was the permanent passenger conveyance system which supplemented
the ITT when the Airport's major signatory airline expanded operations from Terminal C into
Terminal B.

The ITT at George Bush Intercontinental Airport / Houston has a unique evolutionary history. A
synopsis of this history offersinsight into previous aternatives and recommendations.

FIRST, SECOND AND THIRD GENERATION ITT SYSTEMS

The current ITT isthe third generation APM to operate in the tunnel environment. The tunnel has
been incrementally extended through the years as the airport has grown in terms of the number of
terminals and the passenger conveyance systems have changed to mirror this growth. The current
plan is to extend the tunnel below and beyond a new FIS facility for future consideration which is
consi stent with the historic expansion of thetunnel. Analyzing alternativesto thecurrent ITT isalso
consistent with the historic evolution of the APM systems. The three generations of systems are as
follows.

Barrett Electronics Train

Little history is available on the first generation APM known as the “Barrett Electronics
Train”. A December 1977 report for the U.S. Department of Transportation (5) contains an
appendix with achronology of events. From this chronology it is known that the APM was
driverless and that it was installed in 1968 and served only Terminals A and B. The Barrett
Electronics Train opened with the Airport in September of 1969, but ran for only 3 years
before being replaced with the second generation APM.

“Terminal Train System” by Rohr Industries

In July of 1971, specifications for the second generation APM system were issued for
competitive bids. The second generation APM was restricted by the same geometric
limitations of the tunnel that exist today. As today, few APM technologiesin 1971 could
physicaly fit within the tunnel and negotiate its tight turn radii. This resulted in the
submission of only two bids. In September of 1972 the Barrett Electronics Train was
replaced with the second generation APM system, Rohr P-Series Monotrain which generally
became known asthe “Termina Train System”.

Current Inter-Terminal Train (ITT)

Thecurrent ITT began operationin August 1981, with service extended to the Airport’ snew
Terminal C. In late 1987, design was underway to extend the APM and tunnel to the new
International Arrivals Building (IAB). In April of 1990, the ITT commenced expanded
operation to the new 1AB as shown in Figure 3. This configuration exists today.

PREVIOUSALTERNATIVESAND RECOMMENDATIONS
A seriesof Technical Memorandawere produced in 1987 and 1988 which analyzed future prospects
for inter-terminal passenger conveyance at the Airport. (2) Just asthe Terminal Train System was

deemed obsolete in the face of expansion to Terminal C circa 1981, the ITT was not well suited to
support the anticipated master planned growth of the Airport that was anticipated in 1988. Thus,
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aternatives to the ITT were explored which ultimately recommended retrofitting a larger APM
technology in the existing tunnel.

CURRENT SITUATION

Most physical aspectsof the previous analyses and recommendationsremain relevant with regard to
the current situation. M ost operational aspects of the previous analyses and recommendationsare no
longer relevant to the current situation. The contemporary status of the Airport’s master plan is
summarized in the Agenda summary booklet titled Terminal Area Master Plan Concepts (1). The
summary clearly establishes the current situation regarding non-secure passenger conveyancein a
sectiontitled Airport Train Master Plan Concepts. Based on the differences between secure vs. non-
securetravel paths, thefocusof passenger conveyanceson the Airport has evolved from the vision of
asingle large APM system to a duality of systems whereby the large APM serves secure transfer
passengers and asmaller conveyance system (the I TT or itsreplacement) servesthelesser number of
non-secure passengers. Although the current situation requires departure from many operational
aspects of past analyses, many physical aspects of the analyses remain applicable.

Departuresfrom Previous Alter natives and Recommendations

The most significant departure from past studies in terms of conceptual master planning is
abandoning the assumption of past studiesthat all passengers served by the APM were non-
secure. Instead, the Airport's major tenant airline's multi-terminal operation has reduced the
non-secure conveyance to a somewhat residual function in the face of the peak demand
periods requiring the rapid inter-terminal transport of secure passengers. Thus, previous
ridership analyses are no longer relevant.

Continuitieswith Previous Alter natives and Recommendations

A self-evident continuity with the previously recommended alternativeisthefact that the I TT
has been extended to the new International Terminal (the IAB) as was previously
recommended. Other continuities deal primarily with the physical aspects of possible
expansion alternatives. Reuse of the existing tunnel to the greatest extent possible was
previously recommended and this remains highly desirable. In general terms, because the
aboveground APM is not planned to serve Termina A for many years, the link between
Terminal A and Termina B becomes an important segment of the tunnel. However, the
narrow width makes this segment the most difficult to retrofit with current technology
passenger conveyance systems. For instance, retrofitting a medium technology APM in the
narrow tunnel would require significant tunnel modifications which are structural in nature
and represent a difficult and costly aspect of any solution that would require them.

EXISTINGITT ASBENCHMARK

Any non-secure passenger conveyance recommended as areplacement for the I TT must addressthe
current situation which has evolved from the historic goal of seeking greatly increased capacity to the
current goal of matching areasonablelevel of service (LOS) for the passenger with reasonabl e costs
to provide such service. The existing ITT can serve as a suitable benchmark by using the existing
level of service and costs of the ITT to gauge increases or decreases in LOS and/or cost.

GENERAL ITT FAST FACTS
The current Inter-Termina Train (ITT) isafully automated people mover operating in a one-way
loop configuration in a climate-controlled tunnel environment. The ITT wasinitially known as a

WEDway People Mover as produced by WED Transportation Systems, Inc. Another WEDway
system of virtually identical technology asthe ITT isthe Senate Subway in Washington D.C. which
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currently operatesin atunnel linking the Capital and senate office buildings. WED (Walter Elias
Disney) was asubsidiary of Walt Disney Productions and was subsequently sold.

ThelTT isdriven by alinear induction propulsion system utilizing linear induction motors (LIM).
Because power isapplied only to the track-mounted motors, the I TT vehiclesare compl etely passive,
with al lighting, HVAC, and audible announcements provided externally. Vehicle doors are also
passive, and are operated by atemporary physical link to the powered station doors while the train
dwells at a station.

CURRENT SYSTEM OPERATION

The ITT currently provides non-secure service between all existing terminals and a hotel along
approximately 2 miles of singlelane guideway asshowninFigure 3. Thetotal ITT fleet consists of
eight 3-car trains. Thetrainsrun in acounterclockwise direction around theloop. Train movement is
unidirectional and thetrainsare not capable of running in aclockwisedirection. The system typicaly
runs six trains with one train in maintenance on a rotating basis and one train serving as a “hot”
gpare. The trains typically run 21 hours per day, seven days a week. Published capacity is 36
(normal) and 54 maximum (crush capacity) per 3-car train. (4) Round Trip Time averages 17.8
minutes.

Demand

Dueto thedifferencesin the current situation, historic ridership datais of no current use. An
interactive survey and associated extensive analysiswould be required to accurately recreate
the data due to the complexity of possible ITT passenger destinations. Such an exhaustive
demand analysis is beyond the purview of the purpose of this paper and is not necessary.
Instead, more general demand and capacity parameters can be established with a degree of
accuracy adequate for the purposes of this paper by applying currently availableinformation
to more broadly based assumptions and methodol ogies as follows:

The current Peak Link of the ITT is between Terminal A and Terminal B. Thisis
corroborated by observations of on-site ITT staff as well as LeatElliott’s demand
estimates and field survey.

The current ITT capacity adequately accommodates Peak Link demand. Field
observations and observations by I TT maintenance staff indicate no current capacity
problems.

Peak Link demand will diminish in the future. BecausetheITT is currently the only
passenger conveyance between Terminals A and B, itsridership includes passengers
who would use a secure-side conveyance if one existed.

The demand requirementsfor alternate non-secure passenger conveyanceswere estimated by
two methodol ogies with consideration of the assumptions noted above:

Demand requirementsfor non-secure conveyance between all Terminalswas estimated using
the methodol ogy of L eat+Elliott’ sInternationa Services Expansion Program APM Ridership
Analysis(3). Thepeak link for the non-secure movement is approximately 223 pphpd and is
between Terminals B and C.

Demand requirements for the link between Terminals A and B was determined by field
survey. Although the estimated non-secure displaced parkerstraveling between TerminalsA
and B is insignificant at only 7 or 8 pphpd, the existing ITT carries all transfer demand
(connecting passengers) in addition to the non-secure displaced parkers. The ITT or its

5 Joy



replacement must continue to do so for at least the next decade until the aboveground APM
isextended to Terminal A. Results of the survey show the peak link for passenger movement
isfrom Terminal A to Terminal B and is approximately 267 pphpd.

Capacity

The existing capacity of the ITT varies dlightly depending upon several scenarios dueto the
temporary closing of a station due to adjacent construction. Whether or not the station re-
opens permanently, the approximate benchmark capacity of the ITT (rounded to nearest 5
pphpd) ranges from 605 pphpd under normal operations to 1075 pphpd for crush capacity.

CURRENT SYSTEM COSTS

The existing ITT has historically incurred both Capital and Operational and Maintenance (O& M)
costs. For purposes of benchmarking, capital costswill be considered zero, and ongoing O& M costs
will be considered as explained below.

Capital Costs

An accurate total of capital costs expended for the existing ITT expressed in current year
dollarsis not redlisticaly obtainable. This is because capital costs have accumulated over
many contracts, over many years. Even if these historic capital costs could be accurately
captured, the capital costs of any passenger conveyance system that replacesthe ITT will be
in addition to these historic capital costs. Thus, all ITT capital costs are considered sunk
costs, and for comparative purposes, zero.

Operational and Maintenance Costs

Current O&M services are outsourced by HAS. There is a current O&M staff of 18 who
cover three shifts. Six trains of the total fleet of eight trains typically run 21 hours per day.
Thesystemistypically down from 1:30am to 4:30am. The system occasionally runs 24 hours
per day upon request. A single train may be involved with heavy maintenance for up to a
month while wheels, bearings, and doors are serviced. O& M costs have varied somewhat
over time. For comparative purposes in terms of “high, medium, and low”, average yearly
O&M costs for the currently described situation are benchmarked as “medium”.

TRANSIT MODES FOR NON-SECURE PASSENGER MOVEMENTS

In addition to the ITT, avariety of aternate transit modes are capable of accommodating the non-
secure movement of passengers and employees at the Airport. Some of these transportation modes
may be considered conventional whereas others are somewhat unprecedented. A brief discussion of
each follows.

On-Demand Busor Van

Thisisconsidered aconventiona and proven mode. Vehicleswould be positioned around the
terminal area and would respond to passenger demand. The vehicles could run at pre-
scheduled headways on predetermined routes, or passengers could use a special telephone
kiosk to call for service. A wide variety of types and sizes of buses and shuttle vans are
available. For purposes of this paper, the buses were assumed to run at regular headways.
For the aternatives which utilize buses, 40 foot buses with perimeter seating and a capacity
of 25 passengers with luggage were assumed. These assumptions were required to allow a
baseline calculation of fleet size, capacity, and an order of magnitude cost estimate.
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Taxi-Voucher

Passengers would use taxicabs to travel between terminals using a voucher system for
payment. Participating taxicabs would receive a compensatory shorter queue for their next
fare and/or other compensation as negotiated. Thisis an innovative but unprecedented and
unproven mode.

Rental Car Bus

Specia arrangements could be made with the Rental Car Agencies to provide non-secure
inter-terminal serviceto passengersusing the existing or future consolidated rental car buses.
This approach could use either the main buses or the paratransit buses currently used for
disabled persons. Thisis an innovative but unprecedented and unproven mode.

Electric Carts

Electric carts could operate in the existing tunnel environment with minor modifications if
theexisting ITT wereremoved. Electric cartsare acommon and proven transportation mode
at many airportsincluding IAH. However, electric cart operations are extremely limited in
capacity. Thus, existing cart operations are on-demand, with service specifically targeted at
connecting peaks and passengers requiring assistance. A chieving reasonable headwayswith a
fleet of extremely low capacity vehiclesresultsin avery largefleet. Because of the extremely
poor ratio of driversto passengersfor electric carts compared to shuttle vans or buses, labor
costs quickly become unreasonably high when attempting to achieve adequate capacity.

Replacement APM

Although no known existing APM technology is capable of negotiating the entire existing
ITT right-of-way due to size and turn radius restrictions, other proven APM technologies
would likely be capable of serving thelink between Termina A and Terminal B if retrofitted
in the tunnel following ITT removal. A dual lane cable propelled shuttle is assumed for
comparative purposes athough placement of drive/tensioning equipment and an on-line
maintenance facility for this new shuttle would be problematic.

Moving Walkways

Moving walkways could be retrofitted in the tunnel following ITT removal. Moving
walkways are a common and proven transportation mode at many airports including 1AH.
IAH also has a proven application of retrofitted moving walks at Terminal C whereby the
walkway is surface mounted with the exception of the pits. This particular application would
also be most suitable for the tunnel conditions.

ALTERNATIVESFOR PASSENGER CONVEYANCES

The non-conventional/unproven transit modes were discounted for purposes of thisstudy in order to
allow a reasonable number of alternatives to be analyzed. Five alternatives were analyzed which
utilize all of the common/proven transit modes and which subjectively were assumed to be most
reasonable and promising. Specifics of the five alternatives are as follows.

Alternative No. 1
Alternative No. 1 serves as the basecase benchmark for comparison with other alternatives.

Alternative No. 1 would extend the aboveground APM to the ITC and continue ITT
operation for the full existing route. Alternative No. 1 isshown in Figure 3.
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Alternative No. 2

Alternative No. 2 extends the aboveground APM to the ITC and modifies (reduces) the
existing ITT to aloop configuration that runs only between Terminal A and Terminal B. In
addition, scheduled bus/van service would be implemented for non-secure service between
Terminals and the Hotel. Alternative No. 2 is shown in Figure 4.

Alternative No. 3

Alternative No. 3 replaces the ITT with a cable-propelled APM in a shuttle configuration
running between Terminal A and Terminal B. In addition, scheduled bus/van service would
beimplemented for non-secure service between Terminalsand the Hotel. Alternative No. 3
isshown in Figure 5.

Alternative No. 4

Alternative No. 4 replacesthe I TT with moving walkways between Terminal A and Terminal
B. Scheduled bus/van service would be implemented for non-secure service between
Terminals and the Hotel. Alternative No. 4 is shown in Figure 6.

Alternative No. 5

Alternative No. 5 removes the ITT and extends the aboveground APM to Termina A.

Scheduled bus/van service would be implemented for non-secure service between Terminas
and the Hotel. Alternative No. 5isshownin Figure 7.
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ANALYSISOF ALTERNATIVES

RANKING CRITERIA

Criteriaused in the comparative analysis of the five alternatives are shown in the comparison table
Exhibit 8. Three main categories; Cost Issues, Level of Service Issues, and Technology Issues are
further broken down into specific criteria.

Cost Issues include Capital Cost, O&M Cost and Cost Effectiveness

Level of Service Issuesinclude Walk Distance, Trip Time, Clarity of Use, Transfers
Required, Service to Hotel, and Climate Control/Weather Protection

Technology Issues include Implementation Disruption, Availability/Failure
Management, Expandability/Flexibility, and VM T/Roadway Congestion

COMPARISON OF ALTERNATIVES

Exhibit 8 lists the ranking criteria and ranks the particular alternative for each of the criteriaon a
scale of “poorest, better, best”. Near the bottom of the table the ranks are summarized and an overall
comparative rank among the aternatives is shown. In addition, order of magnitude estimates of
capital and O& M costs are shown directly below the overall rank intermsof Low, Medium, or High
for comparative purposes.

The evaluation criteriaare not weighted in terms of importance and this should be considered when
reviewing the comparison table. The following discussion amplifies major comparative issues for
each alternative.
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Alternative No. 1

The ITT' s Round Trip Time (RTT) is approximately 18 minutes. However, because each
interim station offers choice of train and thereby choice of direction of travel, thetrip times
for any individual link are reasonably short. This is not the case for alternatives which
replacethe ITT with bus service.

Alternative No. 2

The Round Trip Time for the bus route is shorter than that of the ITT at approximately 13
minutes vs. approximately 18 minutes for the ITT. However, this is somewhat misleading
becausethe | TT offerstwo way service at each station whereasthe busroute offersonly one-
way service at each stop. Thus, athough the RTT is shorter, certain links on the bus route
would have greatly increased individual trip times.

Alternative No. 3

Alternative 3 incurs the sameissue regarding increased individual trip timeswith the buses
as dternative 2. In addition, Alternative 3 has the poorest cost effectiveness for several
reasons. The dlight improvement in trip time for the A-B link with the new shuttleisnot in
reasonabl e proportion to the costs. Thetotal O& M costs exceed the I TT basecase. Although
the new shuttle APM would have a useful life of at least 25+ years, it is likely that the
aboveground APM would be extended to Terminal A within thefirst half of thistimeframe
which would then render the shuttle APM unnecessary. Thus, the significant capital
investment has poor cost effectiveness because it will likely never realizeitsfull useful life.

Alternative No. 4

Alternate 4 incursthe same issue regarding increased individual trip timeswith the buses as
alternatives 2 and 3. The moving walkways represent reasonably high cost effectiveness. Due
to their minimal O& M burden, it would appear feasible to leave themoving walksin placeas
alevel of service enhancement even after the aboveground APM isextended to Terminal A.
Although the moving walkways are not capacity constrained, they represent the longest trip
time for the A-B link as well as the only significant additional walk distance over the
basecase. Long trip times are inherent due to the slow speed of al moving walkways and
effectively preclude replacing the ITT with moving walkways in more than asingle link.

Alternative No. 5

Alternate 5 incursthe sameissue regarding increased individual trip timeswith the buses as
aternatives 2, 3, and 4. However, because the aboveground APM servesthe A-B link inthis
alternative, the majority of passengers now enjoy the short trip times of the aboveground
APM with comparatively few having to ride the bus system. For this reason, Alternate 5
warrants a high ranking for the Trip Time criteria.
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Comparative Merit

| ssue Alt. No.1 | Alt. No.2 Alt. No. 3 Alt. No. 4 Alt. No. 5 Extend
ITT Reduced Cable Moving Above-ground
Basecase ITT/Bus Shuttle Walks APM/Bus

Cost Issues

. Capital Cost O Qo o D o

- O&M Cost D D q) O q)

- Cost Effectiveness () o o q) o

L evel of Service I ssues

- Walk Distance O O O D O

- Trip Time O D D o O

- Clarity of Use O D D D O

- Transfers Required O D <] D O

. Serviceto Hotel O q) D q) q)

- Climate Control/Weather Protection O a » € € )
Technology | ssues

- Implementation Disruption O €] o D O

- Availability/Failure Management <] D O (] O

- Expandability/Flexibility o q) D q) O

. VMT/Roadway Congestion O D ) Q) Q)
TOTALS [ Q| ® ! ® 3 @1 o>

D3 o 1 D 8 D 11 D 4
O 9 O 1 O 2 O1 O 7
COMPARATIVE RANK 1 4* 5 3* 2
CAPITAL COST $0 Low Medium Low High
O&M COST Medium High High Low Low
*Alternatives 2 and 4 tied numerically. Cost Issues favor Alternative No.4
@ Poorest O Better O Best

RECOMMENDATIONS

Exhibit 8, Comparison Table

Alternative No. 1, continuing full ITT operations, is recommended as providing the highest
reasonablelevel of serviceto the passenger at thelowest reasonable cost to the Airport. Itistheonly
alternative that does not require a capital investment yet provides a higher level of service than al

other alternatives.
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If reducing O&M costs is imperative, only Alternatives No. 4 and No. 5 have lower O&M costs.
Alternative No. 4 requires the highest capital investment whereas Alternative No. 4 requires a
comparatively modest capital investment. Therefore, if reducing O& M costsismoreimperative than
maintaining the current level of service provided by the ITT, then Alternative No. 4, moving
walkways with bus service, is recommended.

CONCLUSION

Asmajor signatory airlines continueto expand their hubbing operationsat major airports, the role of
APM systems must often expand to meet the demand of an increasing number of intraline transfer
passengers. If the hubbing operation occurs at a pre-deregulation airport with independent unit
terminals, the hubbing airline may expand operations into two or even three different terminals.
Medium to high capacity secure-side APM systems meeting thisdemand cannot effectively servethe
residual small demand for non-securelandside and interlinetransfers. George Bush Intercontinental
Airport / Houston is a case study which typifiesthis scenario. The case study considers an existing
residual small technology APM asaviablealternativefor continuing to meet thelow demand of non-
secure passenger movementswith arelatively high level of service. However, asairport authorities
and signatory airlines continue to seek increasing cost effectiveness, aternative passenger
conveyance systems should be compared to small technology APM systemsand weighed in terms of
cost and level of serviceissuesin order to reach an objective and sound solution.
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