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INTRODUCTION

In the spring of 2011, a pilot project at the sdaaitnd Pacific Highway Crossing (PHC)
tested the impact of opening the previously restdid=AST lane at the PHC to all commercial
freight traffic. The FAST, or Free and Secure Eradogram (USCBP, 2005), was designed to
increase the security of southbound commerciagffiteinto the United States. To qualify for
FAST, carriers, drivers, and shippers are requicetbllow certain security procedures which
aim to enhance the safety and security of the wordleucks enrolled in FAST are then allowed
to use the dedicated lane and inspection bootheasduthbound PHC which enables them to
bypass the typically much longer queues in the iggmpeirpose (GP) lane. The objective of the
pilot project was to determine if overall wait timeould be reduced for GP trucks without a
dramatic increase in the wait times for FAST-emltrucks. An earlier study (Springer, 2010)
had found that opening the southbound FAST lanelsuth to GP traffic would reduce the
average waiting time across all trucks, althoughimgtimes for the FAST trucks mixed in with
the GP traffic would increase. The results g #xperiment led to the pilot project as a means
of testing the predictions of the simulation.

To conduct the test, data were collected over séways while two different lane
configurations were in operation at the southbotiC. = The configuration at that time,
involving one FAST lane and booth, and one GP lané two GP booths, was termed the
baselineconfiguration; thepilot configuration consisted of a single GP lane ameelGP booths
(Davidson, 2011). As expected, the results ofpitet project showed a sharp drop in system-
wide average wait times when the FAST booth wasiegpeo GP traffic (Springer, 2011a; BPRI
& WCOG, 2011). Average waiting times for weekslayithout unrelated system problems

dropped from over fifty minutes to just under elevainutes for GP trucks; FAST-enrolled



trucks increased their average waiting times froxdeuw four minutes to almost eleven minutes.
These results were further validated by a followsimulation study where arrival rates and
inspection times were calibrated to the observatiointhe 2011 experiment (Springer, 2011b).
This study held external factors (e.g., the arrradé patterns) steady across simulations of both
the baseline and pilot phases. The results shakacdhe overall gains of switching from the
baseline to the pilot system were slightly gredbem observed during the pilot project:. the
estimated average waiting time per truck droppethfthe observed eleven minutes to less than
nine minutes.

While these results indicated dramatic time sawifay GP trucks in switching from the
baseline to the pilot configuration at the U.S. RiH@re was some concern about the increase in
average waiting time for FAST-enrolled vehiclesotiNg these concerns, and the fact that the
earlier studies examined only two border approaonfigurations. follow-on discussions
identified some alternative approach configuratidhat might yield a more satisfactory
combination of waiting time costs and benefits both FAST and GP trucks. Ideally, these
different configurations would yield shorter waditimes forboth FAST and GP trucks than
exhibited by the pilot configuration. However, avi this is not possible, there may be a
different configuration that, relative to the baselconfiguration, obtains sharp reductions in GP
waiting times for a smaller increase to FAST wajtiimes.

This study uses simulation to investigate thréerahtive border configurations in pursuit
of this objective. Each of these different confagions is a “shared-booth” configuration, in that
all booths are open to all types of vehicles. Hpproach allows greater utilization of the three
booths, and offers the possibility of a “comprorideetween the baseline and pilot

configurations: waiting times for FAST trucks whiahe not much higher than the waiting times



of the baseline configuration; and waiting times@3 trucks which are only slightly higher than
the waiting times of the pilot configuration undenrent traffic levels. In the following pages,
the differences between the booth configurationd ke outlined first; then the parameter
settings used in the simulation experiment wildiscussed; and finally an analysis of the results
will be presented.
EXISTING AND ALTERNATIVE BORDER CONFIGURATIONS

In all configurations, trucks are served by thre®ths, each of which is immediately
preceded by a radiation portal monitor (RPM) severeters in front of the booth. In each lane,
trucks approaching the booth must stop in fronthefRPM and wait for the inspection booth to
become available. After the truck being inspe@ethe booth departs, the truck waiting at the
RPM must move forward to the inspection booth befihe inspection process can begin. The
average time between the departure of a truck ftmeninspection booth and the arrival of the
truck that had been waiting at the RPM is approxatyathirty-six seconds; this time limits the
utilization of the inspection booth under the bemeklnd pilot configurations. The distribution
of this time did not vary throughout the day, otvween different border configurations, and it
was modeled as such in the simulation.
The Baseline Border Configuration

This configuration includes one approach lane aatlbreserved for FAST vehicles, and
one approach lane and two booths for general-parpekicles. Average inspection times for
FAST vehicles were less than GP trucks, and wergeted accordingly. FAST-qualified trucks
arriving at the border have their own approach;ldmey queue up behind the RPM in this lane
to wait for the availability of the dedicated FA®®oth. GP trucks arriving at the border also

have their own approach lane, but it turns off ajivay 15 at 2 Avenue and is routed behind



the West Coast Tax and Duty Free (WCTDF) storeterAfassing south of the store, the single
GP queue breaks into six different feeder queussh ef which holds on average three trucks,
and is controlled by a traffic signal at the sighat. The signal bar rotates through all six feede
gueues, selecting trucks to join one of the twesaeeding the dedicated GP RPMs and booths.
Each lane between the signal bar and the RPM lagipsoximately five trucks.
The Pilot Border Configuration

In the pilot configuration, one approach lane dhcke booths are open for general-
purpose truck traffic; any FAST-qualified trucks viry through the border crossing are mixed
in with the GP trucks. All trucks turn off Highwals onto 2 Avenue and rejoin the queue
behind the WCTDF store, which feeds into six threek feeder queues controlled by the signal
bar. From the signal bar, trucks are selectedtation to join one of the three lanes feeding the
three GP booths. Each of these three lanes holdstricks between the signal bar and the
RPM. The inspection time distribution for the pijghase was modeled separately using data
gathered from the pilot phase of the project.
The Three “Shared-booths” Configurations

In addition to the baseline and pilot configuratipthere are many possible different
border configurations that could be consideredfibure use. In this study, three additional
primary different configurations will be considerexhd for each of these three configurations,
different lane placements will be considered. Heafcthe three configurations retains the same
core element: rather than having a dedicated atgpebooth for FAST-qualified trucks and two
inspection booths open to GP trucks, as in thelinaseonfiguration, all three booths are opened
to FAST and GP trucks and access to the boothenisatled through signaling. FAST and GP

trucks would therefore have separate arrival laneske the pilot configuration, but trucks



could be chosen from these two distinct queuesdoasavhatever priority rule yielded the most
desirable waiting time profiles for FAST and GPcks. With this approach, FAST trucks could
retain some of the advantage in terms of waitimgetithat they enjoyed under the baseline
configuration, and GP trucks would keep some of gaens in waiting time reduction they
achieved under the pilot configuration. Before ieewng the three *“shared-booths”
configurations in greater detail, the following sec outlines the lane placement alternatives
considered within each of the three shared-boathfgurations.
FAST Lane Placement

In each of the three shared-booths configuratitimse is a separate approach lane for
FAST-qualified vehicles as well as a separate agprdane for general purpose (GP) vehicles.
Two different locations of the FAST lane, howewae considered. In one option, the dedicated
FAST approach lane remains on Highway 15: asenbiiseline configuration, FAST vehicles
share an approach lane with busses and Nexusipants from & Avenue to 2 Avenue, where
busses and Nexus card holders split off into ars¢pdane. Unlike the baseline configuration,
however, FAST vehicles in this option do not feetbia dedicated booth, but are stopped at a
signal parallel to the existing signals that exisinediately to the west for GP traffic. When a
green light is signaled, the FAST vehicle at tlunfrof this queue passes through the signal point
to fill an empty slot in one of the three lanesfiont of the RPM. As in the baseline
configuration, these lanes can generally hold frehicles each between the RPM and the
GP/FAST signals. At this point, as vehicles amecpssed, the FAST truck moves to the front of
the RPM queue, and when the booth correspondinbaioqueue is available it is signaled to

pass through the RPM and approach the booth.



In the second lane placement option, the dedicB#f&8T lane is re-located to thveest
side of the WCTDF store. While FAST vehicles sditlare an approach lane with busses and
Nexus participants from"™8Avenue to 2 Avenue, at 2 Avenue the FAST traffic is routed with
the GP traffic westward down"®Avenue until it reaches an extension of the deditd&AST
lane parallel to the GP approach lane and wesh@fWCTDF store. The FAST lane then
continues alongside the GP lane until it feeds thi eastern-most of the six existing traffic
signals. In the baseline configuration, all seffic signals are used to regulate six feeder gsieue
of GP traffic to the two existing GP booth lanés.the FAST “west of duty free” lane placement
option, the eastern feeder queue and signal ard tesaegulate FAST traffic, while the
remaining five feeder queues and signals remauséfor GP traffic.

While there are significant signaling and lanepstg differences between the FAST lane
placement options, from a modeling considerati@rdhare two primary differences. The first
option (FAST lane on Highway 15) results in more BRks able to fit between the GP signals
and & Avenue (sixty-eight versus sixty-five). This messult in a very slight performance
difference for one of the shared-booths configoretiunder consideration. The Highway 15
option also results in six feeder queues for GBksurather than the five GP feeder queues for
the WCTDF option. This is likely to result in a meosignificant performance difference for
another of the three shared-booths configurations.

The FAST £' Border Configuration

One possible priority rule for a shared-booths mumwation is a “FAST 1st” rule that
always awards the next open slot beyond the slggralo any waiting FAST truck; GP trucks are
only allowed to progress beyond the signal bar wineme are no FAST trucks waiting at the

signal bar. In modeling the performance of thigrit is not necessary to distinguish between



the Highway 15 and the WCTDF FAST lane placemeritoap; while these options imply

different physical infrastructure, the operationthé FAST 1st rule is not affected by this
difference, and the waiting time performance fartelane placement option would be the same.
The FAST I + GP2 Configuration

To avoid the buildup of GP trucks to possibly plotive levels, one can modify the
FAST 1st policy so that an alternative priorityawlicks in when the GP queue length exceeds
some pre-specified level. We shall consider tHoWong modification of the FAST 1st rule:
when the queue of GP trucks backs up'tcA8enue, two GP trucks are signaled to advance past
the stop bar for every FAST truck. This secondatg,rwhich we shall call the GP2 rule, stays in
force until the GP queue drops belofy 8&venue. The modified FAST*Ipolicy will therefore
be denoted as the FAST 4 GP2 rule.

Since the number of GP trucks that fill the quéroen behind the stop bar td"&venue
varies slightly depending on the placement of t#STF lane, we need to consider lane
placement separately in the analysis of this coméigon. Based on analysis of aerial photos,
there is a capacity for fifty GP trucks in a laneething from 8 Avenue down to the entry
point to the six staging queues behind the sigaal lEach of the six staging queues can hold
three trucks; if the FAST lane was also west of They Free Store, the eastern most staging
gueue would be reserved for FAST, leaving a maxinmassible fifteen GP trucks in the five
remaining staging queues. The GP2 secondary ratgédwtherefore take effect when a total of
sixty-five GP trucks were waiting behind the sigmar. If the FAST lane was located on
Highway 15, all six feeder queues in the WCTDF awveald be used for GP traffic, resulting in

a trigger queue length of sixty-eight rather thiaysfive GP trucks.



The FCFS Border Configuration

We also consider the “first-come-first-served” (F&)Foorder configuration, in which
FAST trucks have a dedicated approach lane, but mas at the signal bar as all lanes are
cycled through in rotation. As with the FAST 4 GP2 configuration, there may be a difference
in system operation depending upon the locatiah®FAST approach lane. If the FAST lane is
located west of the WCTDF store, it will share aiethe six existing queues in front of the
feeder bar; in such a situation, one interpretatibRCFS would have, during busy times, every
sixth selected truck be a FAST truck as the sigogtde through all six queues. If the FAST
lane was located on Highway 15, on the other hafidsix existing signal bar lanes would
remain as GP queue lanes, and a seventh signatvbeubhdded for the FAST signal queue.
Under a strict FCFS interpretation, this could lesuevery seventh truck selected being a FAST
truck. Of course, one could also modify the FCRE®Brty rule so that FAST trucks were
selected more frequently; since twenty-three pdroémll current trucks are FAST vehicles, if
only every sixth or seventh truck chosen is a FASTK this could result in unacceptably large
FAST waiting times. Combining the FCFS rule witle tGP2 rule discussed above, for example,
we could permit every third truck to be a FAST kuc

PARAMETER SETTINGS AND REPORTED STATISTICS

For each of the border configurations discussedvabaertain parameters were
systematically varied across multiple simulatedsjand other parameters were held constant.
As with the earlier study comparing the baselind pitot configurations, the traffic volumes
were varied from ten percent below spring 2011 lkeve seventy percent above those same
levels. As noted in Springer (2011b), southbouodiér traffic levels remained relatively low in

Spring 2011, and may therefore be expected to aseras the global economy improves. The



highest level observed over the course of fouristudompleted since 2002 was at a level of
more than forty percent higher than spring 2011thgoupper bound of seventy percent for the
simulation study appears to cover the likely valisgghe intermediate future.

The spring 2011 study also found the FAST usage t@ be twenty-three percent, which
is relatively unchanged from an earlier observaiior2009 (Springer, 2010). A 2006 study
observed thirty-five percent of the southboundfizafising the FAST booth (Roelofs and
Springer, 2007); an unknown portion of this trafftas not FAST-qualified, however, as during
periods of heavy traffic GP trucks were also adeditto the FAST booth. To ensure that the
simulation analysis covered all likely FAST usageels, FAST ratios of 23% and 35% were
both examined in this study.

The remaining parameters needed to define theersysiere held constant across all
simulations. This includes the distributions fespection time and the time needed for trucks to
move from the RPM to the inspection booth. Theesastributions fitted to the baseline data
and used in the 2011 simulation of baseline comustiwere used in this study to simulate service
times for the shared-booths configurations (Spnn@®d11b). Baseline conditions for the
inspection times were used as a reference sincke ehdthe three proposed shared-booths
configurations included separate FAST and GP drlares, thus enabling separate tracking of
FAST and GP trucks as they passed through the cdtispebooths. Unlike the baseline
configuration, however, each booth is prepared andle FAST and GP trucks in the three
primary configurations. The time necessary forpedion at a booth therefore depends on

whether the truck being inspected is FAST-qualibeahot.

L“FEAST usage” refers here to commercial trips irichtall of the three required components are “FASFiver,
carrier, and goods (the shipper). Thus, “FAST tr{isose that would be eligible for a dedicatedelpalso include
(in past and current observations) empty truckermghg to FAST carriers which are driven by FASivers. High
volumes of non-FAST cross-border trips are madeAST-carriers hauling non-FAST goods.



For each combination of border configuration, taffolume level, and FAST arrival
ratio, twenty-five days of border operation wermgiated. Random fluctuations from day to
day result in different average and maximum waitiimges for each of the twenty-five days,
imitating the actual situation where waiting time differ between two days even though the
underlying system parameters haven't changed. s,Ténveraging across twenty-five simulated
days gives us a better estimate of the “typicallydperformance than just using the result of a
single simulated day. In addition to the twenwefiday average, two other waiting time
measures are reported to assess the variabiliggenhin each configuration. To determine how
“bad” the waiting time could get under the differenaffic levels, we report thenaximum
average waiting timacross all twenty-five days for each traffic lewbis number represents the
“worst” day observed for that traffic level out alf twenty-five simulated days. This is roughly
equivalent to the expected waiting time on the noostgested day of the month. In addition,
within each simulated day we can determine dllerage maximum waitthis is the average,
across all twenty-five simulated days for a givest sf conditions, of the “worst” wait
experienced by a truck each day. This is theredorestimate of the longest wait experienced
each day by a single truck. Finally, we also reploe average booth utilization under each
parameter combination; this is simply the fractminthe time that the three booths are busy
inspecting trucks.

RESULTSFOR THE CURRENT FAST RATIO OF 23%

We first compare the border configurations when pheportion of FAST vehicles
arriving at the southbound Pacific Highway Crossiad23%, the same level observed in the
spring 2011 study. The average waiting times fASF and GP trucks under the different

border configurations are shown in Figures 1 anBi@ure 3 shows the overall average waiting
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time for all FAST and GP trucks combined. All sage waiting times are reported for nine
different levels of traffic volume under the baseliconfiguratiofy the vertical axis is the same
scale for each of the three charts, ranging fraim I20 minutes, to facilitate comparison.

The results of six different configurations arewh on each chart: the baseline and pilot
configurations; the FAST®1configuration; the FAST*iconfiguration with the GP2 priority rule
when the FAST approach lane is west of the WCTD#*es{(FAST #4+GP2); the FCFS
configuration when the FAST approach lane is wésh® WCTDF store (FCFS); and the FCFS
rule when every third truck selected is FAST (FGF32). The configurations where the FAST
approach lane is on Highway 15 (FAST+GP2/HW15, FCFS/HW15) are not presented in the
charts since their results are very similar to,/andiorse than, the corresponding configurations
where the approach lane is west of the WCTDF stdrkis similarity can be clearly seen in
Appendix A, which shows the data for all eight dgofations®

Several important observations can be made whamiexng Figures 1 through 3. First,
the FCFS configuration results in unacceptably lagbrage waiting times. This is perhaps not
surprising, since twenty-three percent of the argvtrucks are FAST trucks, but they are
receiving only one-sixth (roughly seventeen percehthe inspection capacity. Since these wait
times are worse than those experienced by the Gékstrin the FCFS configuration, this

configuration does not seem to warrant seriousiderstion.

2The nine levels are those labeled across thedragfaxis of the chart. The results are preseasetbntinuous
lines to facilitate viewing.

% The average waiting times for FAST+GP2 and FAST +GP2/HW15 are virtually identical; having a trigger
point of three additional GP vehicles when the FAgpproach lane is on Highway 15 does not make rafisignt
difference on the performance of the system. Theeesmall but significant differences in the parfance of the
FCFS/HW15 and FCFS configurations; both of thes#iguarations are likely to yield unacceptable FA&&iting
times, so to de-clutter the graphs we only plotréwilts for the FCFS configuration, which gaveglsly lower (but
still extremely high) average waiting times for FASehicles. This convention will be adopted thrioogt the
paper: results for the Highway 15 configuration be found in the appendices, but not in the dsap
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FAST Average Waits with 23% FAST Arrivals
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Figurel. FAST average waiting times with arrival ratio <23

GP Average Waits with 23% FAST Arrivals
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Figure2. GP average waiting times with arrival ratio = 23%.
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Overall Average Waits with 23% FAST Arrivals
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Figure 3. Overall average waiting times with arrival rati@3%.

Since these wait times are worse than those extperil by the GP trucks in the FCFS
configuration, this configuration does not seerwésrant serious consideration.

Second, in terms of average waiting time, nonénefgroposed systems outperforms the
baseline configuration in terms of FAST truck pemiance; even as traffic volume increases
towards seventy percent, FAST average waiting tistag below ten minutes in the baseline
system. Three configurations, however, performtelbefor FAST than does the pilot
configuration: as traffic conditions worsen, thA3T 1%, FAST £+GP2, and FCFS/GP2
configurations yield waiting times less than haff the FAST waiting times of the pilot
configuration. Furthermore, when considering GHting times, these three configurations
perform nearly as well as the pilot configuratiam fraffic volumes near current levels. When

traffic volume increases towards seventy percemg, performance of these three systems
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deteriorates, but their performance remains mid-batyveen the best-for-GP pilot performance
and the worst-for-GP baseline performance.

Finally, it is interesting to observe the overalleege waiting time for all trucks in
Figure 3. Ignoring the unusable FCFS configurattbe best configuration at low traffic levels
is the pilot configuration, while the worst is thaseline configuration. These two configurations
are separated by roughly thirty minutes of averagi time at current traffic levels. The FAST
1%, FAST £+GP2, and FCFS/GP2 configurations are not tooiimféo the pilot configuration,
adding roughly five minutes at current traffic l&szeAs the traffic level increases, however, the
overall waiting time for all of these configurat®onverges at about an hour. The difference
between the systems is shown in how the waiting tisnsplit up between the FAST and GP
vehicles: baseline is the best for FAST, the mlmfiguration is the best for GP vehicles, and
the three shared-booth configurations are in theidiai As can be seen in Figure 2, all three of
these configurations are roughly equal in theiatimreent of GP trucks. With regards to FAST
vehicles, however, the FAST! tonfiguration appears to offer a small but sigaifit advantage
over the other two, especially as traffic levelsr@ase.

A closer comparison of the baseline, pilot, and FAS' configurations clearly shows
FAST I to be a compromise with large benefits for GP Ksuat lower traffic levels and
protection for FAST vehicles at higher traffic lé&ve At current traffic levels, moving from the
baseline to the pilot configuration raises the FA&/Erage wait time from 3.0 to 8.5 minutes,
while the GP average wait time declines from 52.8.6 minutes. As traffic volume increases,
however, the FAST average wait time increases dieatly: at traffic levels fifty percent above
the current level, moving from the baseline to plilet configuration raises the FAST average

wait time from 5.2 minutes to 51.8 minutes, white wait time for GP trucks drops from 83.8
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minutes to 51.8 minutes. Using a FASTcbnfiguration, however, the wait times for FASTdan
GP trucks at current traffic levels are 7.4 andIbinutes, while raising the traffic volume by
fifty percent yields FAST average waiting timesarifly 12.4 minutes and GP waiting times of
73 minutes. The FAST 1st policy therefore is ablelramatically improve average wait times
for GP vehicles at a small additional waiting tiroest for FAST vehicles at lower traffic
volumes; at higher traffic levels, FAST retaindeac advantage, but GP waiting times are better
than in the baseline configuration.

At first, it may seem strange that the FASTrdle results in benefits for the GP trucks at
the expense of FAST trucks at lower traffic volumeétwever, it is important to note that FAST
trucks are given priority not to go immediatelyao open inspection booth, but only to join a
gueue of trucks waiting to clear the RPM and theatged to an inspection booth. During busy
parts of the day, the FAST truck will be joininggaeue with four trucks between it and the
RPM; waiting for these trucks, as well as the triogkng inspected ahead of the RPM, will
lengthen the average wait times of FAST trucks ewten they have priority. As for the
benefits accruing to GP trucks, this is achievedhgybetter utilization of all inspection booths.
At lower traffic volumes, there will be frequentetthes of time when there are no FAST trucks
waiting in the FAST lane; during these times, the tBucks may occupy all three inspection
booths. In the baseline configuration, by contrasiile the two GP booths reach their maximum
utilization, only a fraction of the FAST inspectitwooth is being utilized. By making all three
booths open to GP traffic when FAST traffic is lams spare capacity can be used to reduce the
GP waiting times.

The same pattern occurs with regards to the maxienemage waiting time (average times from

the worst day of the month) and average maximuntinngatime (average of the worst waiting
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time every day for a month). Figures 4 — 6 shoe tieximum average waiting times for the
same configurations and a FAST arrival ratio ofrityehree percent; the numbers for all the
configurations appear in Appendix B. Note thatvbdical axis for Figures 4 — 6 is scaled from
0 to 150 minutes. Once again, the FCFS configumatppears unacceptable; the pilot
configuration is best for GP trucks; and the FASF@P2 and FCFS/GP configurations occupy
a “middle ground.” Intriguingly, however, the FAST policy appears to perform just as well as
the baseline policy in terms of minimizing FAST nmaym average waiting times. Even
though, on average, FAST' tloes not perform as well as baseline, its perfamaan the worst

day of the month will be roughly equal to the bemet performance on its worst day of the

month, even at higher traffic levels.
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Figure4. FAST maximum average waiting times with arrivdloa 23%.
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GP Max Avg Waits with 23% FAST Arrivals
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Figure5. GP maximum average waiting times with arrivalaati23%.
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Figure 6. Overall maximum average waiting times with arriketio = 23%.
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Figures 7 — 9, and Appendix C, show the averaggirman waiting times for the
different configurations. As discussed above, éhase averages of the worst waiting times
experienced under each different configurationgesifior some configurations, these times tend
to be larger than the maximum average waiting tjntles vertical axis extends from O to 180
minutes. The relative performance of the differemmfigurations is similar to that evidenced by
the charts of maximum average waiting times: tB&$% configuration yields large FAST wait
times; the pilot configuration is best for GP tragkthe FAST I+GP2 and FCFS/GP
configurations occupy a “middle ground”; and the AT and baseline policies perform

equally well at minimizing FAST wait times.
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Figure7. FAST average maximum waiting times with arrivdloa 23%.
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Figure8. GP average maximum waiting times with arrivalaati23%.

180

160

140

120

100

80

60

Wait Time (Minutes)

40

20

Overall Avg Max Waits with 23% FAST Arrivals

....... g
/ ------ =

/ —Baseline
""""""""" ,T.-/,: -'" ====Pilot

- '.'_-,.. --‘-" "’

e - —— =FAST1st
o o —— . FAST1st+GP2
i FCFS
: : : : : . — . =FCFS/GP2

-10%  Current  +10% +20% +30% +40% +50% 160% 170%

Increase/Decrease in Traffic Volume

Figure9. Overall average maximum waiting times with arriketio = 23%.
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The chart of overall average maximum waiting tinned=igure 9 appears quite similar to the
chart of overall maximum average waiting times igufe 6; the main difference is that as traffic
volume rises, the average maximum waiting time&igure 9 rise at a faster rate and end up
twenty minutes above the maximum average wait timésgure 6.

Finally, consider the overall utilization of there¢le inspection booths under the different
configurations. Figure 10 shows that all of thafggurations, with the exception of the baseline,
exhibit the same pattern: utilization begins auad sixty percent at low traffic levels, and then
tops out at around seventy-five percent. As disedsn the introduction, one hundred percent
utilization is not possible because of the traositimes between trucks; the time necessary for a
truck to begin moving from the RPM to the boothd éime time it takes the truck to complete that
distance, will result in slack time that puts ampepbound on booth utilization. The different

performance of the baseline configuration, howenezuires an additional explanation.

Overall Booth Utilization with 23% FAST Arrivals
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Figure 10. Overall booth utilization with arrival ratio = 23%
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In the baseline system, the booth dedicated to FA&dicles is underutilized: only
twenty-three percent of the arrivals use it, eMeough it represents one third of the system
capacity. This underutilization of the FAST boo#ipresents “lost” capacity, since the GP trucks
cannot access it even when there are no FAST tweksng. The shared-booth configurations
and the pilot configuration avoid this possibiligimce even in the FAST'Tonfiguration the GP
trucks can access all three booths when no FASkgrare waiting. Making use of this extra
capacity is what enables the “shared-booth” coméiions — especially the FAST®1
configuration — to offer lower waiting times for GRucks with a smaller penalty for FAST
trucks.

Summing up, one can reach the following conclusimn border configurations when the
FAST ratio is expected to be twenty-three percetist, the baseline yields the best overall
performance for the FAST vehicles and the worstoperance for the GP trucks. Second, The
pilot configuration offers the best overall perf@ance for GP trucks and the second worst (after
the FCFS configuration) performance for FAST truck®hird, the other three shared-booth
configurations offer a compromise which is espégiappealing at current traffic levels: a small
relative wait time penalty for FAST trucks in exadge for a dramatic drop in GP waits. Finally,
the best-performing shared-booth configuration app&o be the FAST 1st configuration, which
not only manages to keep average FAST wait timesinal twenty minutes even as traffic
volumes soar, but also yields average maximum asdmum average waiting times for FAST
trucks similar to those of the baseline configumati

RESULTSFOR A FAST RATIO OF 35%
To examine the robustness of our conclusions inptlegious section, we consider the

performance of the configurations if the FAST ratwere to rise to thirty-five percent. On
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average, overall system performance should betbligfetter for a higher FAST ratio, since
FAST trucks have a lower inspection time than Gieks. Since the relative performance of the
different border configurations and the split cé thenefits between FAST and GP vehicles could
change, however, we examine the same set of waitimg and utilization statistics as in the
previous section.

Consider first the average waiting time per vehfoleFAST, GP, and all trucks shown in
Figures 11-13 and Appendix D. Comparing Figuresar8l 13, we see that for most
configurations, the overall average waiting times laeclined very slightly for most traffic
volumes. The notable exception is the FCFS/GPZgumation, which rises slightly for higher
traffic volumes. This makes sense, as with a FABival rate of thirty-five percent, selecting
every third truck to be a FAST truck results inlaasbuilding of the FAST queue when traffic
volumes rise, resulting in a higher overall waittige. The increase in the FAST wait time for
the FCFS/GP2 configuration can be seen clearlyignre 11, where it performs worse than the
pilot configuration for FAST vehicles.

The big surprise regarding average waiting timethiathigher FAST ratio, however, is
the relative performance of the baseline and FA3Tdhfigurations. With the higher level of
traffic, the FAST ' configuration has less than half of the averagé time as the baseline
configuration. The reason for the slippage oflhseline configuration is similar to that given
for the poorer performance of FCFS/GP2: FAST tsuake arriving in a greater proportion
(35%) than the fraction of capacity they are beifigcated (33%). The FAST'Tonfiguration,
by contrast, is flexible: as the FAST ratio in@es, it allocates a greater proportion of the booth
capacity to FAST vehicles, resulting in an averagéting time that is almost identical to that

experienced at lower levels of FAST arrivals.
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FAST Average Waits with 35% FAST Arrivals
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Figure1l. FAST average waiting times with arrival ratio =985

GP Average Waits with 35% FAST Arrivals
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Figure 12. GP average waiting times with arrival ratio = 35%.

23



Overall Average Waits with 35% FAST Arrivals
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Figure 13. Overall average waiting times with arrival rati®5%.

The downside of this FAST*flexibility, of course, is that it results in slijy longer average
waiting times for GP trucks: at higher levels miffic, the FAST ' configuration now results in
longer waiting times for GP trucks than does theebae configuration.

Examining the maximum average waiting times in Fegul4 — 16 and Appendix D, one
sees a similar pattern as exhibited with the aweragit times. The overall maximum average
waiting times are similar, and on average perhéghtly lower, than those experienced for the
lower FAST arrival rate of twenty-three percentheTFCFS/GP2 configuration performs worse
than the baseline configuration for FAST vehiclekijle the FAST ' configuration continues to
deliver a maximum average wait time less than twemnutes for FAST vehicles. This benefit

comes at an additional cost to GP vehicles fordndgvels of traffic.
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FAST Max Avg Waits with 35% FAST Arrivals
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Figure14. FAST maximum average waiting times with arrivdlaa 35%.
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Figure15. GP maximum average waiting times with arrivaloati35%.
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Overall Max Avg Waits with 35% FAST Arrivals
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Figure 16. Overall maximum average waiting times with arrixatio = 35%.

For the average maximum waiting times shown in FEguL7-19 and Appendix F, the
narrative is mostly the same as for the average maximum average waiting times at this
higher FAST ratio. For most configurations, inieg the FAST arrival rate slightly lowers the
overall maximum average waiting time; the decreigsparticularly notable for the baseline
configuration, at lower traffic volumes.

Finally, a quick examination of the overall utilia of the three inspection booths at the
higher FAST ratio shows that the gap between ttsellvee configuration and the shared-booth
configurations has narrowed. With thirty-five pem¢ of the arrivals FAST-qualified and one
third of the booth capacity dedicated to servingSFAtrucks, the baseline configuration no

longer has as much excess capacity as it did wieeRAST arrival rate was lower.
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FAST Avg Max Waits with 35% FAST Arrivals
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Figure17. FAST average maximum waiting times with arrivdlaa 35%.
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Figure18. GP average maximum waiting times with arrivaloati35%.
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Overall Avg Max Waits with 35% FAST Arrivals
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Figure19. Overall average maximum waiting times with arrikatio = 35%.
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Figure 20. Overall booth utilization with arrival ratio = 35%
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Nonetheless, as we have seen in the precedingchaate is still a benefit in the shared-booth
configurations, particularly FAST*1 as the flexibility offered by the shared-bootmfiguration
can squeeze additional capacity out of the system.

CONCLUSION

Some of the shared-booth border crossing configurs considered in this paper offer
advantages over both the baseline and pilot cord#tguns examined in a previous study. Similar
to the pilot configuration, the best of the shabedth configurations utilize more booth
capacity; unlike the pilot configuration, howevdrey still offer a distinct advantage to FAST-
qualified trucks. This advantage over the pilobfgguration is most evident at higher traffic
volumes. Of course, the flip side of this benkdit FAST trucks is longer waiting times for GP
trucks, relative to the pilot configuration, es@dlgi at higher traffic levels. At current traffic
levels, however, average GP waits under the FASTohfiguration are less than ten minutes
higher than under the pilot system; while averag&F waiting times under FAST*are less
than five minutes greater than under the basebnéguration.

Of the shared-booth configurations examined, aaie p the FCFS configuration, with
lane placement either on Highway 15 or west ofdbty free store — results in FAST waiting
times that are worse than GP waiting times; thisfigaration can clearly be dropped from
further consideration. In general, lane placemsas not an important variable in system
performance: both lane placements performed pdorlyhe FCFS configuration, while for the
FAST T+GP2 configurations the lane placements had nedisble impact on results.

Of the three distinct viable shared-booth configions — FAST ¥, FAST 4+GP2, and
FCFES/IGP2 — the first two had the advantage of béaxgble in the face of a shifting FAST

arrival ratio. If the arrival ratio were to inage to thirty-five percent, using the FCFS/GP2

29



configuration would result in a deterioration of &A waiting times to values greater than under
the pilot configuration. In choosing between FASTand FAST 14+GP2, the key question is
the relative treatment of FAST and GP vehicles wingffic levels rise past forty percent. Under
the FAST ' rule, in such a situation the FAST waiting timemain low and the GP trucks bear
the brunt of the traffic increase; adding the GB@osdary rule when GP traffic backs up tb 8
Avenue, waiting times for both FAST and GP truckgih to rise as traffic volume reaches this

level.
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APPENDIX A: AVERAGE WAITING TIMES, FAST RATIO =23%

Traffic Volume L evel
Border Configuration -10% [Currenf +1094 +20% +30% +40% +5000 +6Q% +7P%
Baseline 2.5 3P 3|1 311 3.9 4.0 b.1 6.4 6.9
Pilot 5.5 8.5 156 25pP 364 430 51.8 57.7 3.7
FAST 1st 6.6 74 107 1211 1321 14 124 120 2.2
FAST 1st+GP2* 6.p 74 108 143 183.0 146 16.1 16.8 0.7
FAST 1st+GP2/HW15*] 6.p 74 107 143 129 144 159 16.3 .2)20
FCES* 18.8 27.p 550 756 8.2 94 101.8 1079 1111.6
FCES/HW15** 21.9 30 644 790 1009.8 10B.1 1149 1p2.4 724,
FCFS/GP2 7.0 9fr 138 1.7 1y6 196 225 3.2  [29.5
Table Al. FAST Average Waitswith 23% FAST Arrival Rates

Traffic Volume L evel
Border Configuration -10% [Currenf +1094 +20% +30% +40% +5000 +6Q% +7P%
Baseline 418 528 600 688 749 7.9 $3.8 B6.8  [90.8
Pilot 5.5 8.5 156 25 364 430 51.8 57.7 3.7
FAST 1st 124 15p 309 403 517 6R9 @85 3.0 PR35
FAST 1st+GP2* 124 1512 340 40.1 503 4§21 §7.7 745 |[81.6
FAST 1st+GP2/HW15*] 124  15[2 308 402 513 d21 479 74.381.4
FCES* 10.3 118 218 270 331 42 5.0 5§6.6 b4.1
FCES/HW15** 9.9 111 196 25|1 308 416 466 H4.4 51.2
FCFS/IGP2 12p 150 3.7 392 484 406 670 [f0.8 |79.0
Table A2. GP Average Waitswith 23% FAST Arrival Rates

Traffic Volume Level
Border Configuration -10% [Currenf +1094 +20% +30% +40% +5000 +6Q% +7P%
Baseline 32p 399 441 500 580 559 H7.2 8.9  [60.9
Pilot 5.5 8.5 156 25pP 364 430 51.8 57.7 3.7
FAST 1st 111 134 25|19 333 408 484 H41.9 3.9  F9.6
FAST 1st+GP2* 114 13[4 260 332 4D.8 485 $2.8 b6.7  [61.9
FAST 1st+GP2/HW15*] 114 13}]4 259 332 4D.8 485 $2.8 b6.351.7)
FCES* 12.3 154 288 365 4342 588 583 4.6 /1.5
FCES/HW15** 12.5 156 28fr 347 4314 514 558 3.3 59.6
FCFS/GP2 113 1316 246 336 4p.1 489 $42 Pp6.5 [63.2

Table A3. Overall Average Waitswith 23% FAST Arrival Rates

* FAST lane west of the WCTDF Store
** FAST lane on Highway 15
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APPENDIX B: MAXIMUM AVERAGE WAITING TIMES, FAST RATIO =23%

Traffic Volume Level
Border Configuration -10% | Currenf +10%4 +20% +30% +40% +5006 +6Q% +7P%
Baseline 6.2 9b 6/4 91 1.0 169 1.7 207 18.3
Pilot 18.4 251 36p 48 597 6%6 73 479 §2.8
FAST 1st 134 13 144 143 136 145 145 13.8 [14.8
FAST 1st+GP2* 134 13]1 183 177 1.8 175 40.3 32.0 [41.6
FAST 1st+GP2/HW15*1 134 13]1 150 165 181 189 40.2 P9.538.7
FCFS* 60.9 754 109]1 1206 120.9 130.8 1384 1B4.4 1459
FCFS/HW15** 76.4 81.p 123]6 1390 14714 150.6 1495 151.10.85
FCFS/GP2 15p 1812 240 227 267 308 H50 p09 |53.7
TableBl. FAST Maximum Average Waitswith 23% FAST Arrival Rates

Traffic Volume Level
Border Configuration -10% [ Currenf +1094 +20% +30% +40% +5000 +6Q% +7P%
Baseline 838 876 856 938 10p.1 143.5 1975 107.0 112.2
Pilot 18.4 251 36p 482 5747 6%6 7R3 7179 §2.8
FAST 1st 348 40 704 641 837 842 §9.8 100.2 107.8
FAST 1st+GP2* 34B 4016 710 6%4 8p4 §25 925 D8.0 106.8
FAST 1st+GP2/HW15*1 34B 406 701 660 82 §2.0 93.0 D8 7.4
FCFS* 28.5 33.p 418 568 668 785 784 8.3 B1.6
FCFS/HW15** 26.5 30.y 392 511 584 599 746 §9.6 B1.4
FCFS/GP2 34p 40{1 708 626 8.1 g25 6.0 P04 104.6
Table B2. GP Maximum Average Waitswith 23% FAST Arrival Rates

Traffic Volume Level
Border Configuration -10% | Currenf +10%4 +20% +30% +40% +5006 +6Q% +7P%
Baseline 65p 678 638 712 7P7 763 153 /7.1 [78.7
Pilot 18.4 251 36p 48|22 5717 6%6 7R3 479 $2.8
FAST 1st 299 34p 575 541 615 6B1 424 B0.2 86.3
FAST 1st+GP2* 29Pp 34|12 581 544 6¢y5 4§75 8§04 B2.8 [91.8
FAST 1st+GP2/HW15*] 200 342 574 545 64 €74 $0.8 82.91.5
FCFS* 36.( 43p 573 715 793 867 885 91.2 D6.4
FCFS/HW15** 38.] 424 58)7r 714 744 809 9.9 §8.4 D7.4
FCFS/GP2 30 35[0 595 534 6p3 1405 B6.5 B1.3 |92.8

Table B3. Overall Maximum Average Waitswith 23% FAST Arrival Rates

* FAST lane west of the WCTDF Store

* FAST lane on Highw

ay 15
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APPENDIX C: AVERAGE MAXIMUM WAITING TIMES, FAST RATIO =23%

Traffic Volume Level

Border Configuration -10% [Currenf +1094 +20% +30% +40% +5000 +6Q% +7P%
Baseline 14p 179 171 139 1y9 185 210 1.8  [22.7
Pilot 17.5 22.2 29p 415 583 696 8p.5 1020 1]44
FAST 1st 169 168 18{7 194 199 1p.2  18.8 18.1 [19.2
FAST 1st+GP2* 16p 16|18 188 198 21.0 248 286 P9.3  [37.2
FAST 1st+GP2/HW15*] 16p 16|18 190 198 2.1 246 283 P8.636.4
FCES* 51.4 60.f 914 116.7 13%.2 150.9 162.8 1B9.0 1785
FCES/HW15** 59.1 66.p 1055 124.7 1604 1706 1$3.4 191.75.99
FCFS/GP2 219 23}]4 259 289 3p.8 334 B7.3 B6.7 |46.4
Table C1. FAST Average Maximum Waitswith 23% FAST Arrival Rates

Traffic Volume L evel
Border Configuration -10% [Currenf +1094 +20% +30% +40% +5000 +6Q% +7P%
Baseline 67.p 831 983 1166 12p.6 141.1 1p1.1 159.4 [68.6
Pilot 17.5 22.2 29p 415 583 696 8p.5 102.0 1]4.4
FAST 1st 41% 390 56|/6 648 774 948 1(9.9 1019.8 142.6
FAST 1st+GP2* 41p 39|10 569 625 7p9 942 108.8 121.6 4140.
FAST 1st+GP2/HW15*] 41p 39/0 566 627 7.9 94.0 109.1 .221140.5
FCES* 35.1 328 4355 468 516 680 7.2 905 1p6.7
FCES/HW15** 35.( 318 41)1 438 447 686 7.9 §8.7 1pl.7
FCFS/GP2 40p 37|18 540 616 748 944 109.7 1219.8 139.8
Table C2. GP Average Maximum Waitswith 23% FAST Arrival Rates

Traffic Volume Level
Border Configuration -10% [ Currenf +1094 +20% +30% +40% +5000 +6Q% +7P%
Baseline 54p 665 759 8§81 955 1026 107.3 111.8 116.6
Pilot 17.5 22.2 29p 415 583 696 8p.5 102.0 1]4.4
FAST 1st 358 33p 47]19 5328 641 773 §8.9 D6.3  114.1
FAST 1st+GP2* 35B 3319 481 526 640 7182 90.3 1P0.3 116.6
FAST 1st+GP2/HW15*] 358 3319 479 528 640 78.0 90.4 P9BL6.5
FCES* 39.4 39.p 546 629 799 8.2 97.0 108.6 1p3.3
FCES/HW15** 40.5 39p 560 6215 745 883 977 1125 1p35
FCFS/GP2 35Pp 345 4490 541 66 §0.3 p3.0 12j00.6 118.2

Table C3. Overall Average Maximum Waitswith 23% FAST Arrival Rates

* FAST lane west of the WCTDF Store
** FAST lane on Highway 15
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APPENDIX D: AVERAGE WAITING TIMES, FAST RATIO =35%

TrafficVolume Leve

Border Configuration -10% [Current +10% +20% +30% +40p6 +50% +6Q% +7P%
Baseline 3.5 5P 6/8 719 112 1y3 21.8 33.4 B8.8
Pilot 3.2 5.4 12 1744 26|0 346 469 58.0 (0.4
FAST 1st 5.9 70 103 113 142 1p1 10 121 1.8
FAST 1st+GP2* 5.9 71 1014 116 145 1p.1  21.3 P9.5 [39.2
FAST 1st+GP2/HW15** 5P 71 1014 115 142 182 41.1 P8.0 .08
FCES* 16.4 25.p 535 718 942 11p.3 12458 1p8.9 132.3
FCES/HW15** 17.6 264 558 77(11 9§49 12p5 139.0 1384 141.3
FCFS/IGP2 8p 12[5 226 30.7 41 483 $9.4 pl.7 |71.9
TableD1. FAST Average Waitswith 35% FAST Arrival Rates

Traffic Volume L evel
Border Configuration -10% | Current +109%4 +20% +30% +40f6 +50% +6Q% +7P%
Baseline 22.p 262 4215 494 602 650 69.1 4.1 (784
Pilot 3.2 5.4 125 174 260 346 469 530 604
FAST 1st 11.0 14 277 350 51.8 6p6 116 B0.8  [86.4
FAST 1st+GP2* 11p 147 277 3%2 5p9 586 682 [3.8 |[77.1
FAST 1st+GP2/HW15** 11p 147 2747 3%2 5L.0 H59.7 8.5 [3.99.2
FCES* 7.1 9.2 15p 163 210 292 3.8 3FB9 474
FCES/HW15** 7.4 88 14p 1514 198 273 3p4 3FPH4 438
FCFS/IGP2 108 12|17 246 21.8 3p.1 493 bH46 p0.6 |65.8
TableD2. GP Average Waitswith 35% FAST Arrival Rates

Traffic Volume L evel
Border Configuration -10% | Current +109% +20% +30% +4006 +50% +6Q% +7P%
Baseline 16.p 19)3 299 345 416 464 501 p7.6 [62.2
Pilot 3.2 5.4 125 174 26/0 346 469 530 604
FAST 1st 9.2 12p 217 262 360 4L.7 455 496 H9.8
FAST 1st+GP2* 9.p 120 217 245 365 431 49.1 56.3 [62.1
FAST 1st+GP2/HW15** 9.p 120 217 245 365 433 49.1 554276
FCES* 10.9 146 2755 332 403 463 50.0 H4.0 pl1l.2
FCES/HW15** 11.( 14y 277 342 40.3 46.0 409 H0.7 p7.0
FCFS/IGP2 9f 12{r 240 288 4p5 488 6.1 p0.9 |67.7

Table D3. Overall Average Waitswith 35% FAST Arrival Rates

* FAST lane west of the WCTDF Store
** FAST lane on Highway 15
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APPENDIX E: MAXIMUM AVERAGE WAITING TIMES, FAST RATIO =35%

Traffic Volume L evel
Border Configuration -10% [Current +10% +20% +30% +40p6 +50% +6Q% +7P%
Baseline 8P 306 140 337 352 4p7 450 4.6  163.1
Pilot 103 14% 35p 342 580 571 6B6 725 805
FAST 1st 108 146 1512 134 135 1B.1 13.9 139 [134
FAST 1st+GP2* 10 146 157 174 4p4 412 %80 49.8 [69.2
FAST 1st+GP2/HW15** 10 146 153 1.6 4pD.8 39.1 %6.0 #4.%54
FCES* 45.1 128.p 138|5 1485 150.5 142.2 1455 159.2 152.3
FCES/HW15** 47.3 134p 146|2 1584.1 161.8 1596.6 155.2 160.84.4
FCFS/IGP2 146 53|13 413 618 64 4§25 85.4  B3.9 100.3
TableE1. FAST Maximum Average Waitswith 35% FAST Arrival Rates

Traffic Volume L evel
Border Configuration -10% | Current +109%4 +20% +30% +40f6 +50% +6Q% +7P%
Baseline 478 724 718 816 8p.1 109.7 988 P9.9 101.8
Pilot 103 14% 35p 342 580 571 686 725 §0.5
FAST 1st 25,8 58P 66j2 701 8%7 9p.2 96.1 108.1 110.3
FAST 1st+GP2* 25 58|3 699 665 7p5 915 92.0 P5.7 [92.5
FAST 1st+GP2/HW15** 2583 58|3 660 668 7.1 90.1 $8.3 B7.®4.0
FCES* 16.5 27.0] 33]1 347 4.2 587 5.3 §5.7 J2.9
FCES/HW15** 15.4 25 308 3148 358 509 55 416 p7.2
FCFS/IGP2 244 4519 547 597 769 47.6 0.0 [79.8 [89.1
Table E2. GP Maximum Average Waitswith 35% FAST Arrival Rates

Traffic Volume L evel
Border Configuration -10% | Current +109% +20% +30% +4006 +50% +6Q% +7P%
Baseline 344 5844 5213 631 7p9 §7.1 §0.7 88.0 [88.7
Pilot 103 14% 35p 34J2 580 571 686 725 §0.5
FAST 1st 199 426 48[0 498 599 6p6 §6.7 J4.4 [/5.6
FAST 1st+GP2* 19p 42|16 479 449 6B6 7135 T19.8 9.3 |[84.1
FAST 1st+GP2/HW15** 19p 42|16 479 448 6B4 7119 T16.7 [12.80.2
FCES* 26.9 638 708 744 797 8b4 850 99.2 1pP1.3
FCES/HW15** 27.1 648 722 770 8309 888 89.3 97.1 1Pp2.0
FCFS/IGP2 208 48[6 545 604 7B5 194 1.9 B1.3 [93.1

Table E3. Overall Maximum Average Waitswith 35% FAST Arrival Rates

* FAST lane west of the WCTDF Store
** FAST lane on Highway 15
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APPENDIX F: AVERAGE MAXIMUM WAITING TIMES, FAST RATIO = 35%

Traffic Volume L evel
Border Configuration -10% [Current +10% +20% +30% +40p6 +50% +6Q% +7P%

Baseline 16.p 226 2213 247 269 3.8 40.2 b7.5 [67.3
Pilot 14.9 164 26Pp 33|11 420 575 789 916 1106
FAST 1st 16.4 16)/ 180 188 195 1p.3 18.7 185 [19.0
FAST 1st+GP2* 168 167 180 200 246 33.7 417 61.1 [82.1
FAST 1st+GP2/HW15** 168 167 180 199 240 3J2.3 39.3 p7.8.0
FCES* 56.] 60.p 911 1085 140.9 16P.7 196.9 2p5.1 3155
FCES/HW15** 58.9 63.4 950 1134 1422 18[1.0 204.8 2[15.6 .428

FCFS/IGP2 270 29{8 415 505 6p4 14.8 p2.1  P6.3 117.7
TableF1. FAST Average Maximum Waitswith 35% FAST Arrival Rates

Traffic Volume Leve

Border Configuration -10% | Current +109%4 +20% +30% +40f6 +50% +6Q% +7P%
Baseline 48y 478 651 7326 9L.2 99.7 110.3 1p3.2 134.2
Pilot 144 168 26p 33|11 420 575 7B9 916 1]10.6
FAST 1st 424 41fr 56j]2 592 815 9r5 1119 1B2.0 146.7
FAST 1st+GP2* 424 41]7 561 594 7B.2 §9.4 105.2 116.9 9122.
FAST 1st+GP2/HW15** 424 417 582 594 78.6 90.7 105.5 .4]17124.4
FCES* 334 30y 386 34{3 4.7 481 409 0.1 4.3
FCES/HW15** 32.9 299 377 332 390 465 484 5§53 p6.8
FCFS/IGP2 3956 36{5 500 488 6p.6 15.7 6.5 P9.0 110.8

Table F2. GP Average Maximum Waitswith 35% FAST Arrival Rates

Traffic Volume Leve

Border Configuration -10% | Current +109% +20% +30% +4006 +50% +6Q% +7P%
Baseline 378 393 507 564 695 782 86.7 1p1.1 13117
Pilot 144 168 26p 33|]11 420 575 7B9 916 1]10.6
FAST 1st 33.2 327 42[5 447 593 6p.5 185 D1.4 1j01.0
FAST 1st+GP2* 33p 327 425 4533 5p0 €95 825 P6.9 108.3
FAST 1st+GP2/HW15** 33p 32[7 425 433 5p0 €9.8 $1.8 P61D7.9g
FCES* 419 41p 574 609 746 91.6 102.6 112.0 1248
FCES/HW15** 421 419 582 6119 739 947 1044 112.7 147
FCFS/IGP2 350 34{1 470 494 6p.7 15.3 88.5 P8.0 1133

Table F3. Overall Average Maximum Waitswith 35% FAST Arrival Rates

* FAST lane west of the WCTDF Store
** FAST lane on Highway 15
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