ATTACHMENT 1

Technical Memorandum

To: Aileen Bouclé, AICP
District Planning, Project Development and Environmental
Administrator, Florida DOT - District Six
1000 NW 111" Avenue, Room 6111A
Miami, Florida 33172

From: Joaquin E. Vargas, P.E.
Brian Wolshon, Ph.D., P.E., P.T.O.E.

Subject: Florida Keys Site-Specific Capacity Study

Date: April 21, 2010

The purpose of this technical memorandum is to document the results of a
site-specific  traffic operations study undertaken to evaluate ftraffic
conditions and roadway capacity on roadway segments in the upper
Keys in Monroe County, Florida. The site-specific analyses were needed to
assess traffic flow rates under a variety of conditions and to determine the
appropriateness of the roadway capacity values used in the 2001 Florida
Keys Hurricane Evacuation Study prepared by Miller Consuiting, Inc. {aka
the "Miller Study”), within the Key Largo area

This work was motivated by the need to provide more detailed analyses
of traffic along several critical segments along the Keys evacuation route.
It is felt that during a mass movement of fraffic from the Keys these
segments could largely control the overall capacity of the route. An area
of specific emphasis were the locations where the mainline US-1 could be
impeded by various traffic control and roadway geometric features as
well as driver/vehicle characteristics that, individually or combined, could
adversely impact the rate of outbound flow. The analyses presented here
also represents an advance over the 2001 Miller Study because they rely
on finer analyses which provide a higher level of computational fidelity
over the original Miller Study that permits the operational impact of
specific control and roadway features to be evaluated down to the leve
of individual vehicles. ‘

Additionally, the Florida Department of Transportation — District Six and its
consultants have taken advantage of new and evolving knowledge and
techniques that have been developed over the 10-year period since the



original 2001 Florida Keys Hurricane Evacuation Study was carried out. This
includes observational studies and simulation systems that have improved
our understanding of traffic operations under mass evacuation demand
conditions.

BACKGROUND

The Florida Keys evacuation route was divided info 31 roadway links
(Link A1 through Link U} in the Miller Model. The 31 roadway links extend
from Mile Marker 2.0 in Key West/Stock Island fo the southern terminus of
Florida's Turnpike in Florida City (a distance of approximately 125 miles).
Each roadway link represents a different cross section on the highway
network, such as:

o Two-lane undivided (2L) - one through lane in each direction

o Three lanes (3L) - one through lane in each direction with a center
turn lane

o Fourlane undivided (4L) —two through lanes in each direction

o Fourdane with a divided median (4LD) - two through lanes in each
direction with a raised or depressed median

o Five lanes (5L) - two through lanes in each direction with a center
turn lane

The “Roadway Network” module of the Miler Model, including all 31
evacuating roadway links and their assumed hurricane evacuating hourly
capacity, is contained in Attachment A of this report. These original
estimates were based on a combination of prior observations, experience
in working in the local area, and accepted professional standards and
guidelines that are used to estimate roadway capacity under various sets
of conditions.

Due fo the unique nature! of the fransportation network in the Florida
Keys, and the life-threatening nature of hurricanes, the tfransportation
engineering profession does not have a universally-accepted
methodology to calculate capacity for Overseas Highway during
hurricane evacuation conditions. For these reasons, the Miller Study

' One evacuation route with more than 100 miles in length, and roadway conditions that
do not fit the typical urban or rural conditions defined in the 2000 Highway Capacity
Manual.



assembled a team of traffic engineers/transportation professionals with
extensive experience in roadway capacities, especially in the Florida
Keys, for purposes of determining the appropriate capacity of the 31
roadway links located along US 1 within the Florida Keys and Florida City.
The roadway capacity team included professionals from two engineering
consulting firms, the Florida Department of Transportation (District Six and
Cenftral Office), the Department of Community Affairs, and the US Army
Corps of Engineers.

The assumed capacity values that were agreed upon by the team of
experts were consistent with nationally accepted professional standards
and practices and have been shown to be consistent with numerous
observations during emergency evacuations in several other locations
(within and outside of Florida) as well as during other types of non-
emergency major event scenarios. Despite all of this background
evidence and the efforts of the local expert team assembled for the Miller
Study, these capacity values have been frequenily called into question
since the release of the Miller report nearly a decade ago.

SITE SPECIFIC CAPACITY

In order to evaluate and re-confirm the roadway capacities used in the
Miller Model, a site-specific capacity study was undertaken on Overseas
Highway? within Key Largo. The study was based on a set of fraffic
observations made in January 2010. While idedlly it would be desirable to
record traffic volumes during a live evacuation, the infrequent nature of
such events required a reasonably comparable volume scenario. These
conditions were then used to code and cdlibrate a simulation model
which could then be varied to reflect a wide-range of potential
conditions.

The micro-simulation analysis of US 1 included the section befween Mile
Marker 99.0 and Mile Marker 107, including a short segment of County
Road 905. The micro-simulation used CORSIM, a nationally-recognized
tool in evaluating traffic conditions on roadway nefworks. CORSIM was
developed in the early 1970's and became recognized as one of the
most accurate traffic simulation tools in the 1980's with the intfroduction of
the Personal Computers.

2 Within Key Largo, Overseas Highway is a four-lane divided facility with a posted speed
limit of 45 miles per hour.



As a micro-scale simulation system, CORSIM permits the analysis of fraffic
conditions on a vehicle-by-vehicle basis. As such, it is influenced by
location-specific fraffic confrol and geometric design features such as
intersections, turn lanes, and median cross-overs in addition to individual
driver and vehicle characteristics that govern gap-acceptance and lane-
changing behaviors. The Federal Highway Administration and the State of
Florida have endorsed the use of CORSIM.

Another key aspect of a micro-level modeling approach is that the flow
conditions on the road segments are not pre-determined by assumed or
established capacity values. Rather, the process works in somewhat the
opposite direction in which the flow conditions, including maximum flows,
are a reflection of the specific driver, confrol, design, and traffic features
that exist or are assumed to exist and coded in for each specific site. As
such, the maximum observed flow rates (capacity) for a road section are
the result of numerous detailed interactions of driver, confrol, design and
traffic conditions. Further, these micro-level simulations do not fix a set of
static conditions or assumptions in advance. Operational conditions can
change from minute-to-minute and even second-to-second. It is through
this type of dynamic modeling that analysts are able to observe and
analyze the occurrences of flow break downs and recoveries that are
commonly associated with rush hour conditions and, even more so, during
an evacuation scenario. An added dimension of simulation is that input
parameters (including inflow volumes) can be added and their effects
studied. )

To further enhance the validity of the analyses conducted in this effort
and the results gained from them, a series of base-line simulation models
were first developed based on and calibrated to a set of field observed
traffic volumes recorded over a recent event weekend in the Keys.

The site-specific capacity study followed the five steps listed below:

Network Coding

Model Cdlibration

Development of Side Street Volumes
Results of Model Runs

Capacity Adjustments

hwh -

Network Coding

As indicated previously, CORSIM was coded between Mile Marker 99 and
Mile Marker 107, plus a short segment along County Road 905. Table 1 on
the following page documents the node network coded into CORSIM.



Node Number Location Comment

106 MM 99.0 Southmost Point

1 Atlantic Boulevard Signal {Loading Point)
2 Laguna Avenue Loading Point

3 Ocean Drive Loading Point

4 Sunset Boulevard Loading Point

5 Lauderdale Drive Loading Point

6 Kay Drive Loading Point

7 Hibiscus Lane Loading Point

8 Tarpon Basin Drive Signal [Loading Point)
9 Samson Road Loading Point

10 Michelle Drive Loading Point

11 Mahogany Drive Loading Point

12 Alhambra Drive Loading Point

13 George Street Loading Point

14 Cabrera Street Loading Point

15 Snapper Avenue Loading Point

16 Avenue B Loading Point

17 Taylor Drive Loading Point

18 Dolphin Road Loading Point

19 N. Blackwater Lane Loading Point

20 Linda Drive Loading Point

21 Andros Road Loading Point

22 Lake Surprise Avenue Loading Point

23 18—M|IeRSc;r:]e(;rc;%/5Coun’ry Diverge Point

24 18-M||eRS(;r:3ed’rc9%/ 5C ounty Emergency Signal
26 Mile Marker 107 Northmost Point along US |
241 Northeast of US 1 Northmost Point along CSR

Source: CORSIM and Traf Tech Engineering, Inc.

As documented in the above table, 22 loading points were coded into
the CORSIM model. A loading point3 is an intersection where side-street
traffic entfers the evacuating traffic stream. In contrast, the Miller Model
only had two loading points between Mile Marker 95 and Miler Marker 107
and therefore, the network coded intfo the CORSIM model for the site-

3 The more loading points, the more realistic representation of local conditions.




specific capacity study incorporates a more redlistic representation of
local conditions within the Key Largo area.

All unsignalized side streets were coded into the CORSIM model as minor-
street approach stop-control intersections to represent current field
conditions. Four traffic signals are located within the study area. The four
traffic signals are located:

1. at the intersection of Atlantic Boulevard/Ocean Bay Drive (fully
operational signal) - south of Mile Marker 100

2. at the intersection of Tarpon Basin Drive/Tradewinds Shopping
Center (fully operational signal) — north of Mile Marker 101

3. at the Key Largo School located just south of Mile Marker 105 near
Bowen Drive (pedestrian signal)

4. at the intersection of Overseas Highway (US 1) and County Road
905 (emergency signal) — near Mile Marker 106

Of the four traffic signals located within the study area, only two were
assumed to be fully operational during hurricane evacuation conditions.
The pedestrian signal located near Mile Marker 105 was assumed fo be in
the "off” mode since schools close well in advance of an approaching
storm. The emergency signal located near Mile Marker 106 was assumed
to be in the “flashing” mode (free flowing along US 1) during hurricane
evacuation conditions.

Concerned Monroe County residents and other non-traffic professionals
have previously suggested that all Monroe County traffic signals should
operate in the “flashing” mode. |t is preferred that the traffic signals
located at Allantic Boulevard and at Tarpon Basin Drive should remain
operational during hurricane evacuation conditions for the following
reasons:

o Nearly 20 percent of the evacuating vehicles will enter Overseas
Highway from Key Largo. As such, drivers from this area will need
adequate gaps to permit safe merging into the outbound US-1
fraffic stream

o The US 1 segment between Mile Markers 99.5 and 106.3 will carry the
heaviest fraffic volumes of the entire Florida Keys evacuation
network



o By maintaining full operation of the fraffic signals located near Mile
Markers 100 and 101, gaps will be created along US 1 which will
benefit all evacuating vehicles entering the main highway from the
numerous side streets.

To minimize the effects of the traffic signals on the evacuating traffic flow
along Overseas Highway, the two simulated traffic signals were timed so
that most of the green time was allocated to US 1. That is, the assumed
signal operating plan permits one vehicle turning left from US 1 and up to
two vehicles entering Overseas Highway from the side street, per signal
cycle. This is an assumption that significantly benefits the evacuating flow
along the US 1.

Model Cadlibration

To assure that the simulation reflected actual traffic conditions during an
evacuation event, it was first necessary to build and calibrate the model
to a set of actual observed conditions. The calibrated CORSIM model
could then be tested with any set of fraffic volumes up to and even
exceeding those assumed to occur under hurricane evacuation
conditions and reflect the same operating conditions attained in the
calibrated base model. The importance of developing a validated
model calibrated to event-level traffic cannot be overstated. Validation
and cadlibration form the cornerstone on which reliable traffic models are
built. Cdlibration, in particular, establishes the basis on which the results of
the model can be systematically and quantitatively adjusted to reflect a
set of conditions actually observed in the field. It is only through this
process that an analyst can state with reasonable confidence that any
changes made to the model (in terms of driver, design, control, and/or
fraffic), would have a correspondingly similar effect in real life.
Opportunities to calibrate evacuation simulation models are rare because
mass evacuations are relatively infrequent and the acquisition of field
traffic flow measurements under evacuation conditions is rarer still.

To perform the calibration process in this study, traffic volumes recorded
during the Key West Food and Wine Festival (January 28 through January
31, 2010) at three continuous traffic count stations were used. The three
traffic count stations included Station 164 near Mile Marker 106 in Key
Largo, Station 165 near Mile Marker 25 in Big Pine Key, and Stafion 227
near Mile Marker 4 in Stock Island. The 24-hour traffic distribution during
the 4-day period associated with the Key West Food and Wine Festival is
graphically presented on Pages 9 and 10. The fact that these volumes
were part of an event-based weekend, the level of traffic was assumed to



exceed roufine daily levels. The recorded houry volumes at each
continuous traffic count station during the subject festival are contained
in Atftachment B.

In order to calibrate the CORSIM model in this study, a set of three hourly
northbound volumes recorded at the count station located near Mile
Marker 106 were entered into the model. The three houry volumes
included the highest exiting volume recorded at Mile Marker 106 which
was approximately 1,332 vehicles per hour between 2:00 PM and 3:00 PM.
Four different CORSIM Time Periods were coded. The first time period
included very low traffic volumes in order to allow the simulation to reach
equiliorium {a recommended practice when the simulation includes high
traffic volumes). Time periods 2, 3, and 4 included as entry volumes the
traffic volumes recorded between 1:00 PM and 2:00 PM, 2:00 PM and 3:00
PM, and from 3:00 PM to 4:00 PM. The results of the 3-hour simulation run
are presented in Table 2 below.

— o

« Florda neys slte-3pecl Yy Jluay
Recorded CORSIM Difference
Time Period | Traffic Count Volume Volume | % Change
One 1o allow network to reach equilibrium
Two 1,258 vph 1,178 vph -80 -6.4%
Three 1,332 vph 1,226 vph -106 -8.0%
Four 1,261 vph 1,233 vph -28 -2.2%

SOURCE: CORSIM and Florida Department of Transportation

As indicated in Table 2, the CORSIM simulations produced traffic volumes
that had less than 10% difference from the actual recorded traffic counts.
Typically, simulation results that are within the range 5% to 10% of actual
conditions are considered to be an acceptable representation of field
conditions. Since Time Period 4 produced the most comparable results
between the actual recorded traffic volumes and the traffic produced by
CORSIM, the results obtained from Time Period 4 were used for purposes of
this study.
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Once the model run was completed, the animafed simulations were
compared with video recordings obtained during the same day and hour
of the traffic volumes used for the calibration period. This process was
undertaken to qualitatively assess the reasonableness of the traffic flow
throughout the study area and to validate the accuracy of the CORSIM
model. Based on a visual inspection of the output produced by the
model, the traffic flow generated by CORSIM were reasonably consistent
with the tfraffic conditions observed in the field.

Additionally, since CORSIM is a stochastic model that randomly assigns
vehicles to the roadway network prior to the beginning of the simulation
time period, CORSIM should be run multiple fimes using different initial
network loadings and the model output should be averaged to eliminate
the potential for obtaining skewed (biased) results. However, due to the
linear nature of the study areq, different seed numbers yielded almost
identical results and therefore, multiple runs using different random seed
numbers were not considered necessary for purposes of this traffic study.
Table 3 documents the results obtained from usmg three different random
seed number for the simulation period.

As shown in Table 3, the simulated roadway network does not warrant
multiple runs using the CORSIM model.

}4 Random T 4Tota| N4umber of Processed’Vehlcles

Seed Number | Time Period 2 Time Period 3 Time Period 4
7581 1,178 vph 1,226 vph 1,233 vph
1359 1,178 vph 1,225 vph 1,234 vph
9823 1,177 vph 1,225 vph 1,230 vph

SOURCE: CORSIM

The three CORSIM runs conducted for calibration purposes are contained
in Attachment C.

Development of Side Street Volumes

Based on the Miller Study, approximately 8,096 evacuating vehicles will
enter Overseas Highway between Mile Marker 95 and 113. In reviewing
Monroe County's Planning Analysis Area/Enumeration Districts, the
population located between Mile Marker 99 and Mile Marker 107 is
approximately 65.4% of the population located between Mile Markers 95

11




and 113. Therefore, the number of evacuating vehicles estimated to
enter US 1 between Mile Markers 99 and 107 is approximately 5,295
vehicles (65.4% of 8,096).

The 5,295 evacuating vehicles were distributed within the 22 loading
nodes as follows:

30% will enter via nodes 1 through 5
20% will enter via nodes 6 through 12
20% will enter via nodes 13 through 16
15% will enter via nodes 17 through 19
15% will enter via nodes 20 through 22

o O O O O

The percentages documented above were based on the population
density located within each sub-area. Moreover, once the total number
of evacuating vehicles was determined for each simulated side street,
(each hour with approximately 13.5% of the total evacuating traffic). As
indicated previously, the CORSIM model was developed to simulate three
60-minute periods (Time Periods 2, 3, and 4).

Results of Model Runs

Once the side street volumes were developed for the 22 side streets,
Overseas Highway near Mile Marker 99 (south terminus of study area) was
loaded with 3,000 vehicles per hour (1,500 vehicles per hour per lane) in
the northbound direction. If CORSIM processed all 3,000 vehicles, then
the 3,000-vehicle loading was increased. However, all model runs
processed less than 3,000 vehicles per hour at Mile Marker 100 and
therefore, the 3,000-vehicle loading was considered appropriate for
purposes of this study.

Two scenarios were tested. The first scenario assumed no incidents on the
highway. The second scenario included an incident (crash, disabled
vehicle, etc.) near Mile Marker.102.5. The incident scenario was simulated
by enfering a one-hour speed reduction to replicated potential
disruptions to fraffic flow caused by a minor crash, disabled vehicle, etfc.
The results of the two simulation scenarios are presented in Table 4.

12



Maximum Hourly Volume (2 Lanes)

Mile Marker . No Incident With Incident
100 2,767 vph 2.334 vph
102 2,797 vph 2,188 vph
104 2,902 vph 2,267 vph
106 3,003 vph 2,368 vph
Average 2,867 vph 2,289 vph

SOURCE: CORSIM

As documented in Table 4, with an inflow of 1,500 vphp! the Overseas
Highway was shown to process up to 1,435 vehicles per hour per lane,
assuming no incidents, daylight conditions, and good weather {idedl
conditions). A minor incident resulting in operating speeds of 10 miles per
hour reduced the capacity to approximately 1,145 vehicles per hour per
lane. .

The results of the two CORSIM scenarios are contained in Attachment D.

Capacity Adjustments

The resulting maximum flow obtained from the CORSIM simulation runs
were for daylight and good weather conditions ({ideal scenario).
According to the 2000 Highway Capacity Manual, adverse weather or
night conditions can reduce the capacity of a roadway by approximately
15%. Moreover, adverse weather conditions occurring at night can
reduce the capacity of a roadway by as much as 47%, according to the
2000 Highway Capacity Manual. Table 5 summarizes all potential
capacity values anticipated during a mandatory hurricane evacuation
condition of the Florida Keys.

No Incident With Incident
Dry and Rain or Rain and Dry and Rain or Rain and
Daylight Night _Night Daylight Night Night
1,435 vph | 1,220 vph 760 vph 1,145 vph 975 vph 610 vph

SOURCE: CORSIM and 2000 Highway Capacity Manual
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SUMMARY

In summary, many factors can affect the capacity of Overseas Highway
during a mandatory hurricane evacuation order for the Florida Keys.
Since a significant portion of the evacuation will likely occur during night
conditions, and inclement weather could also occur during the
evacudation period, the capacity of US 1 within Key Largo can vary
between 760 and 1,435 vehicles per hour per lane.

These flow rates are consistent with evacuation traffic flow rates observed
in several other evacuations, including those associated with Hurricanes
Floyd#4 in Florida and South Carolina and Hurricane Katrinas in Louisiana. It
is also worth noting that these one-hour maximum flow rates are under
what could be considered “near-ideal” conditions. In redlity, “maximum
flow rates” cannot often be sustained for more than an hour because of
inevitable disruptions to the smooth flow of fraffic. Under capacity-level
demand conditions, even slight disruptions in the tfraffic stream can result
in the formation and propagation of traffic shockwave that move both
quickly and widely throughout a fraffic network.

Moreover, due to the lack of multiple evacuation routes in Mornroe
County, a minor incident at any location wil negatively affect all
upstream roadway links within the County. The micro-simulation runs
indicate that an incident that reduces travel speeds to 10 miles per hour
will reduce the capacity of US 1 to as low as 610 vehicles per hour per
lane during night and rain conditions.  This reduction is extremely
important to take into consideration in a critical life-safety assessment of
traffic such as this.

Based on the above, the 900 vehicles per hour per lane capacity
assigned to US 1 within Key Largo, as documented in the Miller Study, is
considered appropriate given the life-threatening nature of hurricanes.
Hence, it is concluded that the capacities used in the Miller Study within
the Key Largo area are appropriate for hurricane evacuation purposes. ./

* Federal emergency Management Agency {FEMA), “Reverse Lane Standards and ITS
Strategies Southeast United States Hurricane Study - Technical Memorandum 3", Final
Report, prepared by Post, Buckley, Schuh & Jernigan, Inc. Tallahassee, Florida 2000.

* Wolshon B. and B. McArdle, "Temporospatial Analysis of Hurricane Katrina Regional
Evacuation Traffic Patterns,” ASCE Journal of Infrastructure Systems — Special
Infrastructure Planning, Design, and Management for Big Events Issues, March 2009, Vol
15, No. 1, pp.12-20.
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