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EXECUTIVE SUMMARY

This report describes the analyses undertaken and the results obtained by a study to develop
Evacuation Time Estimates (ETE) for the Fermi Nuclear Power Plant (FNPP) located in Monroe
County, MI. ETE are part of the required planning basis and provide DTE Energy and State and
local governments with site-specific information needed for Protective Action decision-making.

In the performance of this effort, guidance is provided by documents published by Federal
Governmental agencies. Most important of these are:

Criteria for Development of Evacuation Time Estimate Studies, NUREG/CR-7002,
November 2011.

Criteria for Preparation and Evaluation of Radiological Emergency Response Plans and
Preparedness in Support of Nuclear Power Plants, NUREG-0654/FEMA-REP-1, Rev. 1,
November 1980.

Development of Evacuation Time Estimates for Nuclear Power Plants, NUREG/CR-6863,
January 2005.

10CFR50, Appendix E — “Emergency Planning and Preparedness for Production and
Utilization Facilities”

Overview of Project Activities

This project began in February, 2012 and extended over a period of 9 months. The major
activities performed are briefly described in chronological sequence:

Attended “kick-off” meetings with DTE Energy personnel and emergency management
personnel representing state and county governments.

Accessed U.S. Census Bureau data files for the year 2010. Studied Geographical
Information Systems (GIS) maps of the area in the vicinity of the FNPP, then conducted a
detailed field survey of the highway network.

Synthesized this information to create an analysis network representing the highway
system topology and capacities within the Emergency Planning Zone (EPZ), plus a
Shadow Region covering the region between the EPZ boundary and approximately 15
miles radially from the plant.

Designed and sponsored a telephone survey of residents within the EPZ to gather
focused data needed for this ETE study that were not contained within the census
database. The survey instrument was reviewed and modified by the licensee and offsite
response organization (ORO) personnel prior to the survey.

Data collection forms (provided to the OROs at the kickoff meeting) were returned with
data pertaining to employment, transients, and special facilities in each county.
Telephone calls to specific facilities supplemented the data provided.

Fermi Nuclear Power Plant ES-1 KLD Engineering, P.C.
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e The traffic demand and trip-generation rates of evacuating vehicles were estimated
from the gathered data. The trip generation rates reflected the estimated mobilization
time (i.e., the time required by evacuees to prepare for the evacuation trip) computed
using the results of the telephone survey of EPZ residents.

e Following federal guidelines, the EPZ is subdivided into 5 Protective Action Areas (PAA).
These PAA are then grouped within circular areas or “keyhole” configurations (circles
plus radial sectors) that define a total of 10 Evacuation Regions.

e The time-varying external circumstances are represented as Evacuation Scenarios, each
described in terms of the following factors: (1) Season (Summer, Winter); (2) Day of
Week (Midweek, Weekend); (3) Time of Day (Midday, Evening); and (4) Weather (Good,
Rain, Snow). One special event scenario involving the River Raisin Jazz Festival was
considered. One roadway impact scenario was considered wherein a single lane was
closed on Interstate 75 southbound for the duration of the evacuation.

e Staged evacuation was considered for those regions wherein the 2 mile radius and
sectors downwind to 5 miles were evacuated.

e As per NUREG/CR-7002, the Planning Basis for the calculation of ETE is:

= A rapidly escalating accident at the FNPP that quickly assumes the status of
General Emergency such that the Advisory to Evacuate is virtually coincident
with the siren alert, and no early protective actions have been implemented.

=  While an unlikely accident scenario, this planning basis will yield ETE, measured
as the elapsed time from the Advisory to Evacuate until the stated percentage of
the population exits the impacted Region, that represent “upper bound”
estimates. This conservative Planning Basis is applicable for all initiating events.

e |If the emergency occurs while schools are in session, the ETE study assumes that the
children will be evacuated by bus directly to reception centers or host schools located
outside the EPZ. Parents, relatives, and neighbors are advised to not pick up their
children at school prior to the arrival of the buses dispatched for that purpose. The ETE
for schoolchildren are calculated separately.

e Evacuees who do not have access to a private vehicle will either ride-share with
relatives, friends or neighbors, or be evacuated by buses provided as specified in the
county evacuation plans. Those in special facilities will likewise be evacuated with
public transit, as needed: bus, van, or ambulance, as required. Separate ETE are
calculated for the transit-dependent evacuees, for homebound special needs
population, and for those evacuated from special facilities.

Computation of ETE

A total of 140 ETE were computed for the evacuation of the general public. Each ETE quantifies
the aggregate evacuation time estimated for the population within one of the 10 Evacuation
Regions to evacuate from that Region, under the circumstances defined for one of the 14
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Evacuation Scenarios (10 x 14 = 140). Separate ETE are calculated for transit-dependent
evacuees, including schoolchildren for applicable scenarios.

Except for Region RO3, which is the evacuation of the entire EPZ, only a portion of the people
within the EPZ would be advised to evacuate. That is, the Advisory to Evacuate applies only to
those people occupying the specified impacted region. It is assumed that 100 percent of the
people within the impacted region will evacuate in response to this Advisory. The people
occupying the remainder of the EPZ outside the impacted region may be advised to take
shelter.

The computation of ETE assumes that 20% of the population within the EPZ but outside the
impacted region, will elect to “voluntarily” evacuate. In addition, 20% of the population in the
Shadow Region will also elect to evacuate. These voluntary evacuees could impede those who
are evacuating from within the impacted region. The impedance that could be caused by
voluntary evacuees is considered in the computation of ETE for the impacted region.

Staged evacuation is considered wherein those people within the 2-mile region evacuate
immediately, while those beyond 2 miles, but within the EPZ, shelter-in-place. Once 90% of the
2-mile region is evacuated, those people beyond 2 miles begin to evacuate. As per federal
guidance, 20% of people beyond 2 miles will evacuate (non-compliance) even though they are
advised to shelter-in-place.

The computational procedure is outlined as follows:

e A link-node representation of the highway network is coded. Each link represents a
unidirectional length of highway; each node usually represents an intersection or merge
point. The capacity of each link is estimated based on the field survey observations and
on established traffic engineering procedures.

e The evacuation trips are generated at locations called “zonal centroids” located within
the EPZ and Shadow Region. The trip generation rates vary over time reflecting the
mobilization process, and from one location (centroid) to another depending on
population density and on whether a centroid is within, or outside, the impacted area.

e The evacuation model computes the routing patterns for evacuating vehicles that are
compliant with federal guidelines (outbound relative to the location of the plant), then
simulate the traffic flow movements over space and time. This simulation process
estimates the rate that traffic flow exits the impacted region.

The ETE statistics provide the elapsed times for 90 percent and 100 percent, respectively, of the
population within the impacted region, to evacuate from within the impacted region. These
statistics are presented in tabular and graphical formats. The 90" percentile ETE have been
identified as the values that should be considered when making protective action decisions
because the 100™ percentile ETE are prolonged by those relatively few people who take longer
to mobilize. This is referred to as the “evacuation tail” in Section 4.0 of NUREG/CR-7002.
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The use of a public outreach (information) program to emphasize the need for evacuees to
minimize the time needed to prepare to evacuate (secure the home, assemble needed clothes,
medicines, etc.) should also be considered.

Traffic Management

This study references the comprehensive traffic management plans provided by Monroe and
Wayne Counties, and identifies critical intersections.

Selected Results

A compilation of selected information is presented on the following pages in the form of
Figures and Tables extracted from the body of the report; these are described below.

Figure 6-1 displays a map of the FNPP EPZ showing the layout of the 5 PAA that
comprise, in aggregate, the EPZ.

Table 3-1 presents the estimates of permanent resident population in each PAA based
on the 2010 Census data.

Table 6-1 defines each of the 10 Evacuation Regions in terms of their respective groups
of PAA.

Table 6-2 lists the Evacuation Scenarios.

Tables 7-1 and Table 7-2 are compilations of ETE. These data are the times needed to
clear the indicated regions of 90 and 100 percent of the population occupying these
regions, respectively. These computed ETE include consideration of mobilization time
and of estimated voluntary evacuations from other regions within the EPZ and from the
Shadow Region.

Tables 7-3 and Table 7-4 present ETE for the 2-mile region for un-staged and staged
evacuations for the 90" and 100" percentiles, respectively.

Table 8-7 presents ETE for the schoolchildren in good weather.

Table 8-11 presents ETE for the transit-dependent population in good weather.

Figure H-7 presents an example of an Evacuation Region (Region R07) to be evacuated
under the circumstances defined in Table 6-1. Maps of all regions are provided in
Appendix H.

Conclusions

General population ETE were computed for 140 unique cases — a combination of 10
unique Evacuation Regions and 14 unique Evacuation Scenarios. Table 7-1 and Table 7-2
document these ETE for the 90" and 100™ percentiles. These ETE range from 1:35
(hr:min) to 2:40 at the 90" percentile.

Inspection of Table 7-1 and Table 7-2 indicates that the ETE for the 100" percentile are
significantly longer than those for the 90" percentile. This is the result of the long trip
generation “tail”. As these stragglers mobilize, the aggregate rate of egress slows since
many vehicles have already left the EPZ. Towards the end of the process, relatively few
evacuation routes service the remaining demand. See Figures 7-9 through 7-22.
Inspection of Table 7-3 and Table 7-4 indicates that a staged evacuation provides no
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benefits to evacuees from within the 2 mile region and unnecessarily delays the
evacuation of those beyond 2 miles (compare Regions R02, R0O4 and RO5 with Regions
RO8 through R10, respectively, in Tables 7-1 and 7-2). See Section 7.6 for additional
discussion.

e Comparison of Scenarios 3 (summer, weekend, midday, good weather) and 13 (summer,
weekend, midday, special event) in Table 7-1 indicates that the special event does not
materially affect the ETE with increases of only 5 minutes at the 9o™" percentile. The
special event has no impact on the 100" percentile ETE. See Section 7.5 for additional
discussion.

e Comparison of Scenarios 1 and 14 in Table 7-1 indicates that the roadway closure — a
single lane southbound on Interstate-75 from the interchange with 1-275 (Exit 20) to the
end of the EPZ at Laplaisance Rd (before Exit 9) — does not have a material impact on
9o™ percentile ETE, with increases of only up to 5 minutes for an evacuation of the
entire EPZ (Region RO3). The roadway impact scenario has no impact on the 100"
percentile ETE. See Section 7.5 for additional discussion.

e The city of Monroe is the most congested area during an evacuation. All congestion
within the EPZ clears by 2 hours and 30 minutes after the Advisory to Evacuate. See
Section 7.3 and Figures 7-3 through 7-8.

e Separate ETE were computed for schools, medical facilities, transit-dependent persons,
homebound special needs persons and correctional facilities. The average single-wave
ETE for schools and correctional facilities are within a similar range as the general
population ETE at the 90" percentile. The average single-wave ETE for transit-
dependents, medical facilities, and homebound special needs exceed the general
population ETE at the 90" percentile. See Section 8.

e Table 8-5 indicates that there are sufficient transportation resources available to
evacuate the transit-dependent population within the EPZ in a single wave. See Sections
8.4 and 8.5.

e The general population ETE at the 90" percentile is insensitive to reductions in the base
trip generation time of 4 hours due to the traffic congestion within the EPZ. The 100"
percentile ETE, however, mirrors trip generation time. See Table M-1.

e The general population ETE is relatively insensitive to the voluntary evacuation of
vehicles in the Shadow Region (tripling the shadow evacuation percentage only
increases 90" percentile ETE by 5 minutes). See Table M-2.

e A population increase of 55% results in ETE changes which meet the criteria for updating
ETE between decennial Censuses. See Section M.3.
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Table 3-1. EPZ Permanent Resident Population

PAA 2000 Population 2010 Population

1 3,723 3,429
2 2,576 4,746
3 5,628 5,434
4 33,723 38,810
5 47,049 45,406
TOTAL 92,699 97,825
EPZ Population Growth: 5.53%
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Table 6-1. Description of Evacuation Regions

Basic Regions
Region Description
RO1 2-Mile Region
RO2 5-Mile Region
RO3 Full EPZ
Evacuate 2-Mile Region and Downwind to 5 Miles
PAA
Region Wind Direction From: 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5
W, WNW,NW,NNW,N,NNE Refer to Region RO1
RO4 NE,ENE,E |
ESE,SE Refer to Region R02
RO5 SSE,S,SSW,SW,WSW | |
Evacuate 5-Mile Region and Downwind to the EPZ Boundary
PAA
Region Wind Direction From: 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5
WSW,W,WNW,NW,NNW,N Refer to Region R02
RO6 NNE,NE,ENE
E,ESE,SE Refer to Region R03
RO7 SSE,S,SSW,SW
Staged Evacuation - 2-Mile Region Evacuates, then Evacuate Downwind to 5 Miles
PAA
Region Wind Direction From: 5
RO8 No Wind
W,WNW,NW,NNW,N,NNE
RO9 NE,ENE,E |
ESE,SE
R10 SSE,S,SSW,SW,WSW |
Key

PAA(s) Shelter-in-Place

Fermi Nuclear Power Plant
Evacuation Time Estimate

ES-8 KLD Engineering, P.C.

Rev. 1




Table 6-2. Evacuation Scenario Definitions

Time of
Scenario DEY Weather Special
1 Summer Midweek Midday Good None
2 Summer Midweek Midday Rain None
3 Summer Weekend Midday Good None
4 Summer Weekend Midday Rain None
Midweek,
5 Summer Weekend Evening Good None
6 Winter Midweek Midday Good None
7 Winter Midweek Midday Rain None
8 Winter Midweek Midday Snow None
9 Winter Weekend Midday Good None
10 Winter Weekend Midday Rain None
11 Winter Weekend Midday Snow None
Midweek,
12 Winter Weekend Evening Good None
13 Summer Weekend Midday Good River Raisin Jazz Festival
Roadway Impact — Lane
14 Summer Midweek Midday Good Closure on |-75 SB

Winter means that school is in session (also applies to spring and autumn). Summer means that school is not in
session.

Fermi Nuclear Power Plant ES-9 KLD Engineering, P.C.
Evacuation Time Estimate Rev. 1
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1 INTRODUCTION

This report describes the analyses undertaken and the results obtained by a study to develop
Evacuation Time Estimates (ETE) for the Fermi Nuclear Power Plant (FNPP), located in Monroe
County, MI. ETE provide State and local governments with site-specific information needed for
Protective Action decision-making.

In the performance of this effort, guidance is provided by documents published by Federal
Governmental agencies. Most important of these are:

o Criteria for Development of Evacuation Time Estimate Studies, NUREG/CR-7002,
November 2011.
J Criteria for Preparation and Evaluation of Radiological Emergency Response Plans

and Preparedness in Support of Nuclear Power Plants, NUREG 0654/FEMA REP 1,
Rev. 1, November 1980.

J Analysis of Techniques for Estimating Evacuation Times for Emergency Planning
Zones, NUREG/CR 1745, November 1980.

J Development of Evacuation Time Estimates for Nuclear Power Plants, NUREG/CR-
6863, January 2005.

The work effort reported herein was supported and guided by local stakeholders who
contributed suggestions, critiques, and the local knowledge base required. Table 1-1 presents a
summary of stakeholders and interactions.

Table 1-1. Stakeholder Interaction

Stakeholder Nature of Stakeholder Interaction

Meetings to define data requirements and set up

DTE Ener, . .
&y contacts with local government agencies

Provide means for data collection and obtaining

County Emergency Management Departments
county emergency plans

Obtain existing traffic management plans and state

MSP/EMHSD
emergency plans

1.1 Overview of the ETE Process

The following outline presents a brief description of the work effort in chronological sequence:
1. Information Gathering:
a. Defined the scope of work in discussions with representatives from DTE Energy.

b. Attended meetings with emergency planners from Monroe County EMW and
Wayne County HSEM to identify issues to be addressed and resources available.

Fermi Nuclear Power Plant 1-1 KLD Engineering, P.C.
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c. Conducted a detailed field survey of the highway system and of area traffic
conditions within the Emergency Planning Zone (EPZ) and Shadow Region.

d. Obtained demographic data from the 2010 census, county emergency
management departments.

e. Conducted a random sample telephone survey of EPZ residents.

f. Conducted a data collection effort to identify and describe schools, special
facilities, major employers, transportation providers, and other important
information.

2. Estimated distributions of Trip Generation times representing the time required by
various population groups (permanent residents, employees, and transients) to prepare
(mobilize) for the evacuation trip. These estimates are primarily based upon the
random sample telephone survey.

3. Defined Evacuation Scenarios. These scenarios reflect the variation in demand, in trip
generation distribution and in highway capacities, associated with different seasons, day
of week, time of day and weather conditions.

4. Reviewed the existing traffic management plan to be implemented by local and state
police in the event of an incident at the plant. Traffic control is applied at specified
Traffic Control Points (TCP) located within the EPZ.

5. Used existing Protective Action Areas (PAA) to define evacuation regions. The EPZ is
partitioned into 5 PAA along jurisdictional and geographic boundaries. “Regions” are
groups of contiguous PAA for which ETE are calculated. The configurations of these
Regions reflect wind direction and the radial extent of the impacted area. Each Region,
other than those that approximate circular areas, approximates a “key-hole section”
within the EPZ as recommended by NUREG/CR-7002.

6. Estimated demand for transit services for persons at “Special Facilities” and for transit-
dependent persons at home.

7. Prepared the input streams for the DYNEV Il system.

a. Estimated the evacuation traffic demand, based on the available information
derived from Census data, and from data provided by local and state agencies,
DTE Energy and from the telephone survey.

b. Applied the procedures specified in the 2010 Highway Capacity Manual (HCM?)
to the data acquired during the field survey, to estimate the capacity of all
highway segments comprising the evacuation routes.

c. Developed the link-node representation of the evacuation network, which is
used as the basis for the computer analysis that calculates the ETE.

! Highway Capacity Manual (HCM 2010), Transportation Research Board, National Research Council, 2010.

Fermi Nuclear Power Plant 1-2 KLD Engineering, P.C.
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d. Calculated the evacuating traffic demand for each Region and for each Scenario.

e. Specified selected candidate destinations for each “origin” (location of each
“source” where evacuation trips are generated over the mobilization time) to
support evacuation travel consistent with outbound movement relative to the
location of the FNPP.

8. Executed the DYNEV Il model to determine optimal evacuation routing and compute ETE
for all residents, transients and employees (“general population”) with access to private
vehicles. Generated a complete set of ETE for all specified Regions and Scenarios.

9. Documented ETE in formats in accordance with NUREG/CR-7002.

10. Calculated the ETE for all transit activities including those for special facilities (schools,
medical facilities, etc.), for the transit-dependent population and for homebound special
needs population.

1.2 The Fermi Nuclear Power Plant Location

The FNPP is located along the western shore of Lake Erie in Frenchtown Charter Township,
Monroe County, Michigan. The site is approximately 25 miles northeast of Toledo, OH and 25
miles southwest of Detroit, MI. The Emergency Planning Zone (EPZ) consists of parts of Monroe
and Wayne Counties in Michigan. Figure 1-1 displays the area surrounding the FNPP. This map
identifies the communities in the area and the major roads.

Fermi Nuclear Power Plant 1-3 KLD Engineering, P.C.
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1.3 Preliminary Activities

These activities are described below.

Field Surveys of the Highway Network

KLD personnel drove the entire highway system within the EPZ and the Shadow Region which
consists of the area between the EPZ boundary and approximately 15 miles radially from the
plant. The characteristics of each section of highway were recorded. These characteristics are
shown in Table 1-2:

Table 1-2. Highway Characteristics

e Number of lanes e Posted speed

e lane width e Actual free speed

e Shoulder type & width e Abutting land use

e Interchange geometries e Control devices

e lane channelization & queuing e Intersection configuration (including
capacity (including turn bays/lanes) roundabouts where applicable)

e Geometrics: curves, grades (>4%) e Traffic signal type

e Unusual characteristics: Narrow bridges, sharp curves, poor pavement, flood warning
signs, inadequate delineations, toll booths, etc.

Video and audio recording equipment were used to capture a permanent record of the highway
infrastructure. No attempt was made to meticulously measure such attributes as lane width
and shoulder width; estimates of these measures based on visual observation and recorded
images were considered appropriate for the purpose of estimating the capacity of highway
sections. For example, Exhibit 15-7 in the HCM indicates that a reduction in lane width from 12
feet (the “base” value) to 10 feet can reduce free flow speed (FFS) by 1.1 mph — not a material
difference — for two-lane highways. Exhibit 15-30 in the HCM shows little sensitivity for the
estimates of Service Volumes at Level of Service (LOS) E (near capacity), with respect to FFS, for
two-lane highways.

The data from the audio and video recordings were used to create detailed geographical
information systems (GIS) shapefiles and databases of the roadway characteristics and of the
traffic control devices observed during the road survey; this information was referenced while
preparing the input stream for the DYNEV |l System.

As documented on page 15-5 of the HCM 2010, the capacity of a two-lane highway is 1700
passenger cars per hour in one direction. For freeway sections, a value of 2250 vehicles per
hour per lane is assigned, as per Exhibit 11-17 of the HCM 2010. The road survey has identified
several segments which are characterized by adverse geometrics on two-lane highways which
are reflected in reduced values for both capacity and speed. These estimates are consistent
with the service volumes for LOS E presented in HCM Exhibit 15-30. These links may be

Fermi Nuclear Power Plant 1-5 KLD Engineering, P.C.
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identified by reviewing Appendix K. Link capacity is an input to DYNEV Il which computes the
ETE. Further discussion of roadway capacity is provided in Section 4 of this report.

Traffic signals are either pre-timed (signal timings are fixed over time and do not change with
the traffic volume on competing approaches), or are actuated (signal timings vary over time
based on the changing traffic volumes on competing approaches). Actuated signals require
detectors to provide the traffic data used by the signal controller to adjust the signal timings.
These detectors are typically magnetic loops in the roadway, or video cameras mounted on the
signal masts and pointed toward the intersection approaches. If detectors were observed on
the approaches to a signalized intersection during the road survey, detailed signal timings were
not collected as the timings vary with traffic volume. TCPs at locations which have control
devices are represented as actuated signals in the DYNEV Il system.

If no detectors were observed, the signal control at the intersection was considered pre-timed,
and detailed signal timings were gathered for several signal cycles. These signal timings were
input to the DYNEV Il system used to compute ETE, as per NUREG/CR-7002 guidance.

Figure 1-2 presents the link-node analysis network that was constructed to model the
evacuation roadway network in the EPZ and Shadow Region. The directional arrows on the links
and the node numbers have been removed from Figure 1-2 to clarify the figure. The detailed
figures provided in Appendix K depict the analysis network with directional arrows shown and
node numbers provided. The observations made during the field survey were used to calibrate
the analysis network.

Telephone Survey

A telephone survey was undertaken to gather information needed for the evacuation study.
Appendix F presents the survey instrument, the procedures used and tabulations of data
compiled from the survey returns.

These data were utilized to develop estimates of vehicle occupancy to estimate the number of
evacuating vehicles during an evacuation and to estimate elements of the mobilization process.
This database was also referenced to estimate the number of transit-dependent residents.

Computing the Evacuation Time Estimates

The overall study procedure is outlined in Appendix D. Demographic data were obtained from
several sources, as detailed later in this report. These data were analyzed and converted into
vehicle demand data. The vehicle demand was loaded onto appropriate “source” links of the
analysis network using GIS mapping software. The DYNEV Il system was then used to compute
ETE for all Regions and Scenarios.

Analytical Tools

The DYNEV Il System that was employed for this study is comprised of several integrated
computer models. One of these is the DYNEV (DYnamic Network EVacuation) macroscopic
simulation model, a new version of the IDYNEV model that was developed by KLD under
contract with the Federal Emergency Management Agency (FEMA).

Fermi Nuclear Power Plant 1-6 KLD Engineering, P.C.
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DYNEV Il consists of four sub-models:

e A macroscopic traffic simulation model (for details, see Appendix C).

e A Trip Distribution (TD), model that assigns a set of candidate destination (D) nodes for
each “origin” (O) located within the analysis network, where evacuation trips are
“generated” over time. This establishes a set of O-D tables.

e A Dynamic Traffic Assignment (DTA), model which assigns trips to paths of travel
(routes) which satisfy the O-D tables, over time. The TD and DTA models are integrated
to form the DTRAD (Dynamic Traffic Assignment and Distribution) model, as described in
Appendix B.

e A Myopic Traffic Diversion model which diverts traffic to avoid intense, local congestion,
if possible.

Another software product developed by KLD, named UNITES (UNIfied Transportation
Engineering System) was used to expedite data entry and to automate the production of output
tables.

The dynamics of traffic flow over the network are graphically animated using the software
product, EVAN (EVacuation ANimator), developed by KLD. EVAN is GIS based, and displays
statistics such as LOS, vehicles discharged, average speed, and percent of vehicles evacuated,
output by the DYNEV Il System. The use of a GIS framework enables the user to zoom in on
areas of congestion and query road name, town name and other geographical information.

The procedure for applying the DYNEV Il System within the framework of developing ETE is
outlined in Appendix D. Appendix A is a glossary of terms.

For the reader interested in an evaluation of the original model, I-DYNEV, the following
references are suggested:

e NUREG/CR-4873 — Benchmark Study of the I-DYNEV Evacuation Time Estimate
Computer Code

e NUREG/CR-4874 — The Sensitivity of Evacuation Time Estimates to Changes in Input
Parameters for the I-DYNEV Computer Code

The evacuation analysis procedures are based upon the need to:

e Route traffic along paths of travel that will expedite their travel from their respective
points of origin to points outside the EPZ.

e Restrict movement toward the plant to the extent practicable, and disperse traffic
demand so as to avoid focusing demand on a limited number of highways.

e Move traffic in directions that are generally outbound, relative to the location of the
FNPP.

DYNEV Il provides a detailed description of traffic operations on the evacuation network. This
description enables the analyst to identify bottlenecks and to develop countermeasures that

Fermi Nuclear Power Plant 1-8 KLD Engineering, P.C.
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are designed to represent the behavioral responses of evacuees.

countermeasures may then be tested with the model.

1.4 Comparison with Prior ETE Study

The effects of these

Table 1-3 presents a comparison of the present ETE study with the 2008 study. The major
factors contributing to the differences between the ETE values obtained in this study and those
of the previous study can be summarized as follows:

e A decrease in permanent resident population.
e The model used in the previous study used highway capacities based upon the 2000
HCM. The current study uses an updated model reflecting increased highway capacities
based upon the 2010 HCM.
e The previous study modeled all traffic signals as pretimed signals with fixed signal

timings.

NUREG/CR-7002 requires the ETE to consider actuated signals in the traffic

simulation model where they exist in the real word. Actuated signals allocate green
time based on the volume at each approach and will vary throughout the simulation.
This adaptive intersection control has improved capacity at critical intersections along
congested corridors, thus decreasing ETE.

Topic

Resident Population
Basis

Table 1-3. ETE Study Comparisons

Previous ETE Study

2000 US Census Data;
Population = 103,343

Current ETE Study

ArcGlIS Software using 2010 US Census
blocks; area ratio method used.

Population = 97,825

Resident Population
Vehicle Occupancy

2.72 persons/household, 1.24
evacuating vehicles/household
yielding: 2.19 persons/vehicle

2.72 persons/household, 1.24
evacuating vehicles/household
yielding: 2.19 persons/vehicle

Employees treated as separate
population group. Employee estimates
based on information provided by the

Employees treated as separate
population group. Employee
estimates based on information
provided by the counties, by Internet

counties, by Internet searches, and b .
Emplfye.:e direct honye calls to maior emplo erZ searches, and by direct phone calls to
Population P . J ployers. major employers. 1.01

1.02 employees/vehicle based on .

employees/vehicle based on phone
phone survey results.
I 5 047 survey results.
Employees =5,
ploy Employees = 4,797

Fermi Nuclear Power Plant 1-9 KLD Engineering, P.C.
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Topic

Transit-Dependent

Previous ETE Study

Estimates based upon U.S. Census data
and the results of the telephone
survey. A total of 1,253 people who do
not have access to a vehicle, requiring
42 buses to evacuate. Included are 153
homebound special needs persons

Current ETE Study

Estimates based upon U.S. Census
data and the results of the telephone
survey. A total of 2,834 people who
do not have access to a vehicle,
requiring 95 buses to evacuate. An
additional 334 homebound special

Population needed special transportation to needs persons needed special
evacuate (100 required a bus, 40 transportation to evacuate (219
required a wheelchair-accessible required a bus, 103 required a
vehicle, and 13 required an wheelchair-accessible vehicle, and 12
ambulance). required an ambulance).
Transient estimates based upon Transient estimates based upon
information provided about transient information provided about transient

. attractions in EPZ, supplemented by attractions in EPZ, supplemented by
Transient observations of the facilities during the | observations of the facilities during
Population

road survey and from aerial
photography.
Transients = 13,458

the road survey and from aerial
photography.
Transients = 13,537

Special Facilities
Population

Special facility population based on
information provided by each county
within the EPZ.

Medical Facility Census = 950
Buses Required =9

Wheelchair Buses Required = 27
Ambulances Required = 31
Correctional Facility Census = 343
Buses Required = 12

Special facility population based on
information provided by each county
within the EPZ.

Medical Facility Census =950
Buses Required = 31

Wheelchair Vans Required = 34
Ambulances Required =21
Correctional Facility Census = 343
Buses Required =12

School Population

School population based on
information provided by each county
within the EPZ.

School enrollment = 20,398
Buses Required = 383

School population based on
information provided by each county
within the EPZ.

School enrollment = 19,173

Buses required = 361

Voluntary
evacuation from
within EPZ in areas
outside region to be
evacuated

50 percent of population within the
circular portion of the region; 35
percent, in annular ring between the
circle and the EPZ boundary.

20 percent of the population within
the EPZ, but not within the Evacuation
Region (see Figure 2-1)

Shadow Evacuation

30% of people outside of the EPZ
within the Shadow Region

20% of people outside of the EPZ
within the Shadow Region

(see Figure 7-2)

Network Size

828 links; 615 nodes

1,000 links; 705 nodes

Fermi Nuclear Power Plant
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Topic

Roadway Geometric
Data

Previous ETE Study

Field surveys conducted in 2008.
Road capacities based on 2000 HCM.

Current ETE Study

Field surveys conducted in February
2012. Roads and intersections were
video archived.

Road capacities based on 2010 HCM.

School Evacuation

Direct evacuation to designated
Reception Center/Host School.

Direct evacuation to designated
Reception Center/Host School.

Ridesharing

50 percent of transit-dependent
persons will evacuate with a neighbor
or friend.

50 percent of transit-dependent
persons will evacuate with a neighbor
or friend.

Trip Generation for

Based on residential telephone survey
of specific pre-trip mobilization
activities:

Residents with commuters returning
leave between 30 and 240 minutes.

Residents without commuters

Based on residential telephone survey
of specific pre-trip mobilization
activities:

Residents with commuters returning
leave between 30 and 240 minutes.

Residents without commuters

Evacuation returning leave between 15 and 180 returning leave between 15 and 180
minutes. minutes.
Employees and transients leave Employees and transients leave
between 15 and 120 minutes. between 15 and 105 minutes.
All times measured from the Advisory All times measured from the Advisory
to Evacuate. to Evacuate.
Normal, Rain, or Snow. The capacity Normal, Rain, or Snow. The capacity
Weather and free flow speed of all links in the and free flow speed of all links in the
network are reduced by 10% in the network are reduced by 10% in the
event of rain and 20% for snow. event of rain and 20% for snow.
Modeling IDYNEV System DYNEV Il System — Version 4.0.11.0

Special Events

Two considered: River Raisin Jazz
Festival and Construction of a new unit
at the Fermi Nuclear Power Plant site
during refueling of the operational unit.

River Raising Jazz Festival.

Special event population = 6,667

Evacuation Cases

7 Regions and 14 Scenarios producing
98 unique cases.

10 Regions (central sector wind
direction and each adjacent sector
technique used) and 14 Scenarios
producing 140 unique cases.

Evacuation Time
Estimates Reporting

ETE reported for 50", 90" 95" and
100" percentile population. Results
presented by Region and Scenario.

ETE reported for 90" and 100"
percentile population. Results
presented by Region and Scenario.
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Topic Previous ETE Study Current ETE Study

Winter Weekday Midday, Winter Weekday Midday,
Evacuation Time Good Weather: 2:50 Good Weather: 2:05
Estimates for the
entire EPZ, 90*"
percentile Summer Weekend, Midday, Summer Weekend, Midday,
Good Weather: 2:45 Good Weather: 2:00
Fermi Nuclear Power Plant 1-12 KLD Engineering, P.C.
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2 STUDY ESTIMATES AND ASSUMPTIONS

This section presents the estimates and assumptions utilized in the development of the
evacuation time estimates.

2.1 Data Estimates

1. Population estimates are based upon Census 2010 data.

2. Estimates of employees who reside outside the EPZ and commute to work within the
EPZ are based upon employment data obtained from county emergency management
offices, direct phone calls to major employers, and from the previous ETE report.

3. Population estimates at special facilities are based on available data from county
emergency management offices and from phone calls to specific facilities.

4. Roadway capacity estimates are based on field surveys and the application of the
Highway Capacity Manual 2010.

5. Population mobilization times are based on a statistical analysis of data acquired from a
random sample telephone survey of EPZ residents (see Section 5 and Appendix F).

6. The relationship between resident population and evacuating vehicles is developed
from the telephone survey. Average values of 2.72 persons per household and 1.24
evacuating vehicles per household are used. The relationship between persons and
vehicles for transients and employees is as follows:

a. Employees: 1.01 employees per vehicle (telephone survey results) for all major
employers.

b. Parks: Vehicle occupancy varies is 2.3 persons per vehicle based on data
provided by Sterling State Park.

c. Special Events: Assumed transients attending the River Raisin Jazz Festival show
travel as families/households in a single vehicle, and used the average household
size of 2.72 persons to estimate the number of vehicles.

Fermi Nuclear Power Plant 2-1 KLD Engineering, P.C.
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2.2 Study Methodological Assumptions

1.

ETE are presented for the evacuation of the 90" and 100" percentiles of population for
each Region and for each Scenario. The percentile ETE is defined as the elapsed time
from the Advisory to Evacuate issued to a specific Region of the EPZ, to the time that
Region is clear of the indicated percentile of evacuees. A Region is defined as a group of
PAA that is issued an Advisory to Evacuate. A scenario is a combination of
circumstances, including time of day, day of week, season, and weather conditions.

The ETE are computed and presented in tabular format and graphically, in a format
compliant with NUREG/CR-7002.

Evacuation movements (paths of travel) are generally outbound relative to the plant to
the extent permitted by the highway network. All major evacuation routes are used in
the analysis.

Regions are defined by the underlying “keyhole” or circular configurations as specified in
Section 1.4 of NUREG/CR-7002. These Regions, as defined, display irregular boundaries
reflecting the geography of the PAA included within these underlying configurations.

As indicated in Figure 2-2 of NUREG/CR-7002, 100% of people within the impacted
“keyhole” evacuate. 20% of those people within the EPZ, not within the impacted
keyhole, will voluntarily evacuate. 20% of those people within the Shadow Region will
voluntarily evacuate. See Figure 2-1 for a graphical representation of these evacuation
percentages. Sensitivity studies explore the effect on ETE of increasing the percentage
of voluntary evacuees in the Shadow Region (see Appendix M).

A total of 14 “Scenarios” representing different temporal variations (season, time of
day, day of week) and weather conditions are considered. These Scenarios are outlined
in Table 2-1.

Scenario 14 considers the closure of a single lane southbound on Interstate-75 from the
interchange with 1-275 (Exit 20) to the end of the EPZ at Laplaisance Rd (before Exit 9).
The models of the I-DYNEV System were recognized as state of the art by the Atomic
Safety & Licensing Board (ASLB) in past hearings. (Sources: Atomic Safety & Licensing
Board Hearings on Seabrook and Shoreham; Urbanik'). The models have continuously
been refined and extended since those hearings and were independently validated by a
consultant retained by the NRC. The new DYNEV Il model incorporates the latest
technology in traffic simulation and in dynamic traffic assignment.

! Urbanik, T., et. al. Benchmark Study of the I-DYNEV Evacuation Time Estimate Computer Code, NUREG/CR-4873,
Nuclear Regulatory Commission, June, 1988.

Fermi Nuclear Power Plant 2-2 KLD Engineering, P.C.
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Table 2-1. Evacuation Scenario Definitions

Day of Time of
Scenario Season’ Weather Special

1 Summer Midweek Midday Good None

2 Summer Midweek Midday Rain None

3 Summer Weekend Midday Good None

4 Summer Weekend Midday Rain None

5 Summer w:;iiz Evening Good None

6 Winter Midweek Midday Good None

7 Winter Midweek Midday Rain None

8 Winter Midweek Midday Snow None

9 Winter Weekend Midday Good None

10 Winter Weekend Midday Rain None

11 Winter Weekend Midday Snow None

12 Winter w:(‘el\liilz Evening Good None

13 Summer Weekend Midday Good River Raisin Jazz Festival
. . Roadway Impact — Lane

14 Summer Midweek Midday Good Closure on 1-75 SB

Winter assumes that school is in session (also applies to spring and autumn). Summer assumes that school is not
in session.

Fermi Nuclear Power Plant 2-3 KLD Engineering, P.C.
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2.3 Study Assumptions

1.

The Planning Basis Assumption for the calculation of ETE is a rapidly escalating accident
that requires evacuation, and includes the following:
a. Advisory to Evacuate is announced coincident with the siren notification.
b. Mobilization of the general population will commence within 15 minutes after
siren notification.
c. ETE are measured relative to the Advisory to Evacuate.
It is assumed that everyone within the group of PAA forming a Region that is issued an
Advisory to Evacuate will, in fact, respond and evacuate in general accord with the
planned routes.
62 percent of the households in the EPZ have at least 1 commuter; 55 percent of those
households with commuters will await the return of a commuter before beginning their
evacuation trip, based on the telephone survey results. Therefore 34 percent (62% x
55% = 34%) of EPZ households will await the return of a commuter, prior to beginning
their evacuation trip.
The ETE will also include consideration of “through” (External-External) trips during the
time that such traffic is permitted to enter the evacuated Region. “Normal” traffic flow
is assumed to be present within the EPZ at the start of the emergency.
Access Control Points (ACP) will be staffed within approximately 120 minutes following
the siren notifications, to divert traffic attempting to enter the EPZ. Earlier activation of
ACP locations could delay returning commuters. It is assumed that no through traffic will
enter the EPZ after this 120 minute time period.
Traffic Control Points (TCP) within the EPZ will be staffed over time, beginning at the
Advisory to Evacuate. Their number and location will depend on the Region to be
evacuated and resources available. The objectives of these TCP are:
a. Facilitate the movements of all (mostly evacuating) vehicles at the location.
b. Discourage inadvertent vehicle movements towards the plant.
c. Provide assurance and guidance to any traveler who is unsure of the appropriate
actions or routing.
d. Act as local surveillance and communications center.
e. Provide information to the emergency operations center (EOC) as needed, based
on direct observation or on information provided by travelers.

In calculating ETE, it is assumed that evacuees will drive safely, travel in
directions identified in the plan, and obey all control devices and traffic guides.

Fermi Nuclear Power Plant 2-5 KLD Engineering, P.C.
Evacuation Time Estimate Rev. 1



7. Buses will be used to transport those without access to private vehicles:

a. If schools are in session, transport (buses) will evacuate students directly to the
designated host schools.

b. It is assumed parents will pick up children at day care centers prior to
evacuation.

c. Buses, wheelchair vans and ambulances will evacuate patients at medical
facilities and at any senior facilities within the EPZ, as needed.

d. Transit-dependent general population will be evacuated to Reception Centers.

e. Schoolchildren, if school is in session, are given priority in assigning transit
vehicles.

f.  Bus mobilization time is considered in ETE calculations.

g. Analysis of the number of required round-trips (“waves”) of evacuating transit
vehicles is presented.

h. Transport of transit-dependent evacuees from reception centers to congregate
care centers is not considered in this study.

8. Provisions are made for evacuating the transit-dependent portion of the general
population to reception centers by bus, based on the assumption that some of these
people will ride-share with family, neighbors, and friends, thus reducing the demand for
buses. We assume that the percentage of people who rideshare is 50 percent. This
assumption is based upon reported experience for other emergencies’, and on guidance
in Section 2.2 of NUREG/CR-7002.

9. Two types of adverse weather scenarios are considered. Rain may occur for either
winter or summer scenarios; Snow occurs in winter scenarios only. It is assumed that the
rain or snow begins earlier or at about the same time the evacuation advisory is issued.
No weather-related reduction in the number of transients who may be present in the
EPZ is assumed. It is assumed that roads are passable and that the appropriate agencies
are plowing the roads as they would normally when snowing.

Adverse weather scenarios affect roadway capacity and the free flow highway speeds.
The factors applied for the ETE study are based on recent research on the effects of
weather on roadway operations®; the factors are shown in Table 2-2.

® Institute for Environmental Studies, University of Toronto, THE MISSISSAUGA EVACUATION FINAL REPORT, June
1981. The report indicates that 6,600 people of a transit-dependent population of 8,600 people shared rides with
other residents; a ride share rate of 76% (Page 5-10).

4 Agarwal, M. et. Al. Impacts of Weather on Urban Freeway Traffic Flow Characteristics and Facility Capacity,
Proceedings of the 2005 Mid-Continent Transportation Research Symposium, August, 2005. The results of this
paper are included as Exhibit 10-15 in the HCM 2010.
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10. School buses used to transport students are assumed to transport 70 students per bus
for elementary schools and 50 students per bus for middle and high schools, based on
discussions with county offices of emergency management. Transit buses used to
transport the transit-dependent general population are assumed to transport 30 people
per bus.

Table 2-2. Model Adjustment for Adverse Weather

Highway Free Flow
Scenario Capacity* Speed* Mobilization Time for General Population
Rain 90% 90% No Effect
Snow 80% 80% Clear driveway lfJefore leaving home
(See Figure F-12)

*Adverse weather capacity and speed values are given as a percentage of good
weather conditions. Roads are assumed to be passable.
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3 DEMAND ESTIMATION

The estimates of demand, expressed in terms of people and vehicles, constitute a critical
element in developing an evacuation plan. These estimates consist of three components:

1. An estimate of population within the EPZ, stratified into groups (resident, employee,
transient).

2. An estimate, for each population group, of mean occupancy per evacuating
vehicle. This estimate is used to determine the number of evacuating vehicles.

3. An estimate of potential double-counting of vehicles.

Appendix E presents much of the source material for the population estimates. Our primary
source of population data, the 2010 Census, however, is not adequate for directly estimating
some transient groups.

Throughout the year, vacationers and tourists enter the EPZ. These non-residents may dwell
within the EPZ for a short period (e.g. a few days or one or two weeks), or may enter and leave
within one day. Estimates of the size of these population components must be obtained, so
that the associated number of evacuating vehicles can be ascertained.

The potential for double-counting people and vehicles must be addressed. For example:

e A resident who works and shops within the EPZ could be counted as a resident, again as
an employee and once again as a shopper.

e A visitor who stays at a hotel and spends time at a park, then goes shopping could be
counted three times.

Furthermore, the number of vehicles at a location depends on time of day. For example, motel
parking lots may be full at dawn and empty at noon. Similarly, parking lots at area parks, which
are full at noon, may be almost empty at dawn. Estimating counts of vehicles by simply adding
up the capacities of different types of parking facilities will tend to overestimate the number of
transients and can lead to ETE that are too conservative.

Analysis of the population characteristics of the Fermi EPZ indicates the need to identify three
distinct groups:

e Permanent residents - people who are year round residents of the EPZ.

e Transients - people who reside outside of the EPZ who enter the area for a specific
purpose (shopping, recreation) and then leave the area.

e Employees - people who reside outside of the EPZ and commute to businesses within
the EPZ on a daily basis.

Estimates of the population and number of evacuating vehicles for each of the population
groups are presented for each PAA and by polar coordinate representation (population rose).
The Fermi EPZ is subdivided into 5 PAAs. The EPZ is shown in Figure 3-1.
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3.1 Permanent Residents

The primary source for estimating permanent population is the latest U.S. Census data. The
average household size (2.72 persons/household — See Figure F-1) and the number of
evacuating vehicles per household (1.24 vehicles/household — See Figure F-7) were adapted
from the telephone survey results.

Population estimates are based upon Census 2010 data. The estimates are created by cutting
the census block polygons by the PAA and EPZ boundaries. A ratio of the original area of each
census block and the updated area (after cutting) is multiplied by the total block population to
estimate what the population is within the EPZ. This methodology assumes that the population
is evenly distributed across a census block. Table 3-1 provides the permanent resident
population within the EPZ, by PAA based on this methodology.

The year 2010 permanent resident population is divided by the average household size and
then multiplied by the average number of evacuating vehicles per household in order to
estimate number of vehicles. Permanent resident population and vehicle estimates are
presented in Table 3-2. Figure 3-2 and Figure 3-3 present the permanent resident population
and permanent resident vehicle estimates by sector and distance from Fermi. This “rose” was
constructed using GIS software.

It can be argued that this estimate of permanent residents overstates, somewhat, the number
of evacuating vehicles, especially during the summer. It is certainly reasonable to assert that
some portion of the population would be on vacation during the summer and would travel
elsewhere. A rough estimate of this reduction can be obtained as follows:

e Assume 50 percent of all households vacation for a two-week period over the summer.

e Assume these vacations, in aggregate, are uniformly dispersed over 10 weeks, i.e. 10
percent of the population is on vacation during each two-week interval.

e Assume half of these vacationers leave the area.

On this basis, the permanent resident population would be reduced by 5 percent in the summer
and by a lesser amount in the off-season. Given the uncertainty in this estimate, we elected to
apply no reductions in permanent resident population for the summer scenarios to account for
residents who may be out of the area.

Fermi Nuclear Power Plant 3-2 KLD Engineering, P.C.
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PAA 2000 Population 2010 Population

Table 3-1. EPZ Permanent Resident Population

1 3,723 3,429
2 2,576 4,746
3 5,628 5,434
q 33,723 38,810
5 47,049 45,406
TOTAL 92,699 97,825
EPZ Population Growth: 5.53%

Table 3-2. Permanent Resident Population and Vehicles by PAA

2010
PAA 2010 Population Resident Vehicles
1 3,429 1,561
2 4,746 2,160
3 5,434 2,471
4 38,810 17,679
5 45,406 20,682
TOTAL 97,825 44,553
Fermi Nuclear Power Plant 3-4 KLD Engineering, P.C.
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WSW

Resident Population
Miles |Subtotal by Ring| Cumulative Total
-1 67 67

0
1-2 2,498 2,565
2-3 2,657 5,222 \ )
3-4 3,921 9,143 w ’» 4‘ E
4-5 4,437 13,580 V ‘
5-6 5,696 19,276
6-7 8,558 27,834 o v
7-8 18,627 46,461
8-9 23,231 69,692
9-10 22,977 92,669 4 ‘
10- EPZ 5,156 97,825 nset
Total: 97,825 0- 2 Miles S

Figure 3-2. Permanent Resident Population by Sector
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WSW 527

R
\

310
Resident Vehicles
Miles |Subtotal by Ring|Cumulative Total
-1 31 31

0
1-2 1,136 1,167 h ‘
2-3 1,211 2,378 \ )
3-4 1,784 4,162 w n» 4‘ E
4-5 2,020 6,182 V ‘
5-6 2,585 8,767
6-7 3,898 12,665 e v
7-8 8,483 21,148
8-9 10,581 31,729
9-10 10,479 42,208 4 ‘
10 - EPZ 2,345 44,553 Inset
Total: 44,553 0- 2 Miles S
Figure 3-3. Permanent Resident Vehicles by Sector
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3.2 Shadow Population

A portion of the population living outside the evacuation area extending to 15 miles radially
from the FNPP (in the Shadow Region) may elect to evacuate without having been instructed to
do so. Based upon NUREG/CR-7002 guidance, it is assumed that 20 percent of the permanent
resident population, based on U.S. Census Bureau data, in this Shadow Region will elect to
evacuate.

Shadow population characteristics (household size, evacuating vehicles per household,
mobilization time) are assumed to be the same as that for the EPZ permanent resident
population. Table 3-3, Figure 3-4, and Figure 3-5 present estimates of the shadow population
and vehicles, by sector.

Table 3-3. Shadow Population and Vehicles by Sector

PAA ‘ Population Evacuating Vehicles‘
N 40,181 18,304
NNE 28,933 13,183
NE 0 0
ENE 0 0
E 0 0
ESE 0 0
SE 0 0
SSE 0 0
S 0 0
SSwW 0 0
Sw 4,736 2,153
WSsw 6,354 2,896
w 2,666 1,216
WNW 2,294 1,040
NW 4,632 2,102
NNW 12,117 5,519
TOTAL 101,913 46,413
Fermi Nuclear Power Plant 3-7 KLD Engineering, P.C.
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W
EPZ Resident Population
2,666 See Figure 3-2 II'

EPZ Boundary to 11 Miles

Shadow Population

Miles |Subtotal by Ring| Cumulative Total
EPZ-11 16,796 16,796
11-12 22,557 39,353
12-13 26,105 65,458
13-14 17,599 83,057
14-15 18,856 101,913

Total: 101,913

Figure 3-4. Shadow Population by Sector

3-8 KLD Engineering, P.C.
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EPZ Resident Vehicles
1,216 See Figure 3-3 II'

EPZ Boundary to 11 Miles

Shadow Vehicles

Miles |Subtotal by Ring| Cumulative Total
EPZ-11 7,645 7,645
11-12 10,271 17,916
12-13 11,883 29,799
13-14 8,020 37,819
14-15 8,594 46,413

Total: 46,413

Figure 3-5. Shadow Vehicles by Sector

KLD Engineering, P.C.
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3.3 Transient Population

Transient population groups are defined as those people (who are not permanent residents,
nor commuting employees) who enter the EPZ for a specific purpose (shopping, recreation).
Transients may spend less than one day or stay overnight at lodging facilities. The FNPP EPZ has
a number of areas and facilities that attract transients, including:

e Lodging Facilities - 1,651 transients in 825 vehicles
e Marinas — 1,784 transients in 912 vehicles

e Golf Courses — 300 transients in 50 vehicles

e Parks— 8,602 transients in 3,807 vehicles

e Retail — 1,200 transients in 600 vehicles

The data for these facilities was provided by the counties, obtained by telephone calls placed to
the facilities, or estimated based on similar facilities. Golf courses did not provide any
information, therefore it is conservatively estimated that at most 50 non-EPZ residents would
be golfing during peak times and that the vehicle occupancy rate is one person per vehicle.
Appendix E summarizes the transient data that was estimated for the EPZ. Table E-4 presents
the number of transients visiting recreational areas, while Table E-5 presents the number of
transients at lodging facilities within the EPZ.

Table 3-4 presents transient population and transient vehicle estimates by PAA. Figure 3-6 and
Figure 3-7 present these data by sector and distance from the plant.

Table 3-4. Summary of Transients and Transient Vehicles

PAA \ Transients Transient Vehicles \

1 44 22
2 2,050 920
3 0 0
4 3,020 1,410
5 8,423 4,092

TOTAL 13,537 6,444

Fermi Nuclear Power Plant 3-10 KLD Engineering, P.C.
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Transients

Miles |Subtotal by Ring|Cumulative Total
0-1 0 0
1-2 14 14
2-3 30 44
3-4 50 94
4-5 2,000 2,094
5-6 4,886 6,980
6-7 954 7,934
7-8 2,540 10,474
8-9 261 10,735
9-10 2,692 13,427
10 - EPZ 110 13,537
Total: 13,537

Figure 3-6. Transient Population by Sector

Fermi Nuclear Power Plant
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Transient Vehicles

Miles |Subtotal by Ring|Cumulative Total
0-1 0 0
1-2 7 7
2-3 15 22
3-4 50 72 E
4-5 870 942
5-6 2,229 3,171
6-7 527 3,698
7-8 1,145 4,343
8-9 155 4,998
9-10 1,371 6,369
10 - EPZ 75 6,444
Total: 6,444 0- 2 Miles S
Figure 3-7. Transient Vehicles by Sector
Fermi Nuclear Power Plant 3-12 KLD Engineering, P.C.
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3.4 Employees

Employees who work within the EPZ fall into two categories:

e Those who live and work in the EPZ
e Those who live outside of the EPZ and commute to jobs within the EPZ.

Those of the first category are already counted as part of the permanent resident
population. To avoid double counting, we focus only on those employees commuting from
outside the EPZ who will evacuate along with the permanent resident population.

Data provided by Monroe and Wayne counties were used to estimate the number of
employees commuting into the EPZ for those employers who did not provide data.

In Table E-3, the Employees (Max Shift) is multiplied by the percent Non-EPZ factor to
determine the number of employees who are not residents of the EPZ. A vehicle occupancy of
1.01 employees per vehicle obtained from the telephone survey (see Figure F-6) was used to
determine the number of evacuating employee vehicles for all major employers.

Table 3-5 presents non-EPZ Resident employee and vehicle estimates by PAA. Figure 3-8 and
Figure 3-9 present these data by sector.

Table 3-5. Summary of Non-EPZ Resident Employees and Employee Vehicles

PAA ‘ Employees Employee Vehicles ‘

1 477 472
2 176 174
3 133 132
4 2,057 2,038
5 1,954 1,935

TOTAL 4,797 4,751

Fermi Nuclear Power Plant 3-13 KLD Engineering, P.C.
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Employees

Miles |Subtotal by Ring|Cumulative Total
0-1 477 477
1-2 0 477
2-3 0 477
3-4 176 653
4-5 133 786
5-6 0 786
6-7 266 1,052
7-8 1,543 2,595
8-9 218 2,813
9-10 1,369 4,182
10 - EPZ 615 4,797
Total: 4,797

0-2 Miles

Figure 3-8. Employee Population by Sector
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Employee Vehicles

Miles |Subtotal by Ring|Cumulative Total
0-1 472 472
1-2 0 472
2-3 0 472
3-4 174 646
4-5 132 778
5-6 0 778
6-7 264 1,042
7-8 1,527 2,569
8-9 217 2,786
9-10 1,356 4,142
10 - EPZ 609 4,751
Total: 4,751

0-2 Miles

Figure 3-9. Employee Vehicles by Sector

Fermi Nuclear Power Plant
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KLD Engineering, P.C.
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3.5 Medical Facilities

Data were provided by the counties for each of the medical facilities within the EPZ. Table E-2 in
Appendix E summarizes the data gathered. Section 8 details the evacuation of medical facilities
and their patients. The number and type of evacuating vehicles that need to be provided
depend on the patients' state of health. It is estimated that buses can transport up to 30
people; wheelchair vans, up to 4 people; and ambulances, up to 2 people.

3.6 Total Demand in Addition to Permanent Population

Vehicles will be traveling through the EPZ (external-external trips) at the time of an accident.
After the Advisory to Evacuate is announced, these through-travelers will also evacuate. These
through vehicles are assumed to travel on the major routes traversing the EPZ — I-75 and 1-275.
It is assumed that this traffic will continue to enter the EPZ during the first 120 minutes
following the Advisory to Evacuate.

Average Annual Daily Traffic (AADT) data was obtained from Federal Highway Administration to
estimate the number of vehicles per hour on the aforementioned routes. The AADT was
multiplied by the K-Factor, which is the proportion of the AADT on a roadway segment or link
during the design hour, resulting in the design hour volume (DHV). The design hour is usually
the 30™ highest hourly traffic volume of the year, measured in vehicles per hour (vph). The
DHV is then multiplied by the D-Factor, which is the proportion of the DHV occurring in the
peak direction of travel (also known as the directional split). The resulting values are the
directional design hourly volumes (DDHV), and are presented in Table 3-6, for each of the
routes considered. The DDHV is then multiplied by 2 hours (access control points — ACP — are
assumed to be activated at 120 minutes after the advisory to evacuate) to estimate the total
number of external vehicles loaded on the analysis network. As indicated, there are 10,452
vehicles entering the EPZ as external-external trips prior to the activation of the ACP and the
diversion of this traffic. This number is reduced by 60% for evening scenarios (Scenarios 5 and
12) as discussed in Section 6.

3.7 Special Event

One special event (Scenario 13) is considered for the ETE study — the River Raisin Jazz Festival.
The event occurs on a weekend in mid-August in St. Mary’s Park in the City of Monroe. Data
were obtained from Monroe County indicated that the maximum attendance at a given event is
10,000 and that two-thirds of the people would be coming to the event from out of the area. It
is assumed that most attendees at this even would travel as a family, so the average household
size of 2.72 was used to estimate vehicle occupancy. These estimations result in an additional
6,667 transients traveling in 2,451 vehicles for this scenario.

Public transportation is not provided for this event and was not considered in the special event
analysis.

Fermi Nuclear Power Plant 3-16 KLD Engineering, P.C.
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3.8 Summary of Demand

A summary of population and vehicle demand is provided in Table 3-7 and Table 3-8,
respectively. This summary includes all population groups described in this section. Additional
population groups — transit-dependent, special facility and school population — are described in
greater detail in Section 8. A total of 159,842 people and 76,536 vehicles are considered in this
study.
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4 ESTIMATION OF HIGHWAY CAPACITY

The ability of the road network to service vehicle demand is a major factor in determining how
rapidly an evacuation can be completed. The capacity of a road is defined as the maximum
hourly rate at which persons or vehicles can reasonably be expected to traverse a point or
uniform section of a lane of roadway during a given time period under prevailing roadway,
traffic and control conditions, as stated in the 2010 Highway Capacity Manual (HCM 2010).

In discussing capacity, different operating conditions have been assigned alphabetical
designations, A through F, to reflect the range of traffic operational characteristics. These
designations have been termed "Levels of Service" (LOS). For example, LOS A connotes
free-flow and high-speed operating conditions; LOS F represents a forced flow condition. LOS E
describes traffic operating at or near capacity.

Another concept, closely associated with capacity, is “Service Volume” (SV). Service volume is
defined as “The maximum hourly rate at which vehicles, bicycles or persons reasonably can be
expected to traverse a point or uniform section of a roadway during an hour under specific
assumed conditions while maintaining a designated level of service.” This definition is similar to
that for capacity. The major distinction is that values of SV vary from one LOS to another, while
capacity is the service volume at the upper bound of LOS E, only.

This distinction is illustrated in Exhibit 11-17 of the HCM 2010. As indicated there, the SV varies
with Free Flow Speed (FFS), and LOS. The SV is calculated by the DYNEV Il simulation model,
based on the specified link attributes, FFS, capacity, control device and traffic demand.

Other factors also influence capacity. These include, but are not limited to:

e lane width

e Shoulder width

e Pavement condition

e Horizontal and vertical alignment (curvature and grade)
e Percent truck traffic

e Control device (and timing, if it is a signal)

e Weather conditions (rain, snow, fog, wind speed, ice)

These factors are considered during the road survey and in the capacity estimation process;
some factors have greater influence on capacity than others. For example, lane and shoulder
width have only a limited influence on Base Free Flow Speed (BFFS') according to Exhibit 15-7
of the HCM. Consequently, lane and shoulder widths at the narrowest points were observed
during the road survey and these observations were recorded, but no detailed measurements
of lane or shoulder width were taken. Horizontal and vertical alignment can influence both FFS
and capacity. The estimated FFS were measured using the survey vehicle’s speedometer and
observing local traffic, under free flow conditions. Capacity is estimated from the procedures of

LA very rough estimate of BFFS might be taken as the posted speed limit plus 10 mph (HCM 2010 Page 15-15)
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the 2010 HCM. For example, HCM Exhibit 7-1(b) shows the sensitivity of Service Volume at the
upper bound of LOS D to grade (capacity is the Service Volume at the upper bound of LOS E).

As discussed in Section 2.3, it is necessary to adjust capacity figures to represent the prevailing
conditions during inclement weather. Based on limited empirical data, weather conditions such
as rain reduce the values of free speed and of highway capacity by approximately 10
percent. Over the last decade new studies have been made on the effects of rain on traffic
capacity. These studies indicate a range of effects between 5 and 20 percent depending on
wind speed and precipitation rates. As indicated in Section 2.3, we employ a reduction in free
speed and in highway capacity of 10 percent and 20 percent for rain and snow, respectively.

Since congestion arising from evacuation may be significant, estimates of roadway capacity
must be determined with great care. Because of its importance, a brief discussion of the major
factors that influence highway capacity is presented in this section.

Rural highways generally consist of: (1) one or more uniform sections with limited access
(driveways, parking areas) characterized by “uninterrupted” flow; and (2) approaches to at-
grade intersections where flow can be “interrupted” by a control device or by turning or
crossing traffic at the intersection. Due to these differences, separate estimates of capacity
must be made for each section. Often, the approach to the intersection is widened by the
addition of one or more lanes (turn pockets or turn bays), to compensate for the lower capacity
of the approach due to the factors there that can interrupt the flow of traffic. These additional
lanes are recorded during the field survey and later entered as input to the DYNEV Il system.

4.1 Capacity Estimations on Approaches to Intersections

At-grade intersections are apt to become the first bottleneck locations under local heavy traffic
volume conditions. This characteristic reflects the need to allocate access time to the respective
competing traffic streams by exerting some form of control. During evacuation, control at
critical intersections will often be provided by traffic control personnel assigned for that
purpose, whose directions may supersede traffic control devices. The existing traffic
management plans documented in the county emergency plans are extensive and were
adopted without change.

The per-lane capacity of an approach to a signalized intersection can be expressed
(simplistically) in the following form:

_ (3600) y (G — L) _ (3600) “ P
Qcap,m - hm C m - hm m

where:
Qcap,m = Capacity of a single lane of traffic on an approach, which executes
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movement, m, upon entering the intersection; vehicles per hour (vph)

h_ = Mean queue discharge headway of vehicles on this lane that are executing
movement, m; seconds per vehicle

G = Mean duration of GREEN time servicing vehicles that are executing
movement, m, for each signal cycle; seconds

L = Mean "lost time" for each signal phase servicing movement, m; seconds

C = Duration of each signal cycle; seconds

P = Proportion of GREEN time allocated for vehicles executing movement, m,

from this lane. This value is specified as part of the control treatment.

m = The movement executed by vehicles after they enter the
intersection: through, left-turn, right-turn, and diagonal.

The turn-movement-specific mean discharge headway h,, depends in a complex way upon
many factors: roadway geometrics, turn percentages, the extent of conflicting traffic streams,
the control treatment, and others. A primary factor is the value of "saturation queue discharge
headway", hgsqt, Which applies to through vehicles that are not impeded by other conflicting

traffic streams. This value, itself, depends upon many factors including motorist behavior.
Formally, we can write,

hm = fm(hsat'FliFZ' )

where:

hsat = Saturation discharge headway for through vehicles; seconds per vehicle
Fi,F = The various known factors influencing hyy,

fml) = Complex function relating hpy, to the known (or estimated) values of hggt,

F1, Fp, ..
The estimation of hy, for specified values of hsgt, F1, Fo, ... is undertaken within the DYNEV |l

simulation model by a mathematical model®. The resulting values for h,, always satisfy the
condition:

hm = hsat

2Lieberman, E., "Determining Lateral Deployment of Traffic on an Approach to an Intersection", McShane, W. &
Lieberman, E., "Service Rates of Mixed Traffic on the far Left Lane of an Approach". Both papers appear in
Transportation Research Record 772, 1980. Lieberman, E., Xin, W., “Macroscopic Traffic Modeling For Large-Scale
Evacuation Planning”, presented at the TRB 2012 Annual Meeting, January 22-26, 2012
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That is, the turn-movement-specific discharge headways are always greater than, or equal to
the saturation discharge headway for through vehicles. These headways (or its inverse
equivalent, “saturation flow rate”), may be determined by observation or using the procedures
of the HCM 2010.

The above discussion is necessarily brief given the scope of this ETE report and the complexity
of the subject of intersection capacity. In fact, Chapters 18, 19 and 20 in the HCM 2010 address
this topic. The factors, Fy, F,,..., influencing saturation flow rate are identified in equation (18-5)
of the HCM 2010.

The traffic signals within the EPZ and Shadow Region are modeled using representative phasing
plans and phase durations obtained as part of the field data collection. Traffic responsive signal
installations allow the proportion of green time allocated (P,) for each approach to each
intersection to be determined by the expected traffic volumes on each approach during
evacuation circumstances. The amount of green time (G) allocated is subject to maximum and
minimum phase duration constraints; 2 seconds of yellow time are indicated for each signal
phase and 1 second of all-red time is assigned between signal phases, typically. If a signal is pre-
timed, the yellow and all-red times observed during the road survey are used. A lost time (L) of
2.0 seconds is used for each signal phase in the analysis.

4.2 Capacity Estimation along Sections of Highway

The capacity of highway sections -- as distinct from approaches to intersections -- is a function
of roadway geometrics, traffic composition (e.g. percent heavy trucks and buses in the traffic
stream) and, of course, motorist behavior. There is a fundamental relationship which relates
service volume (i.e. the number of vehicles serviced within a uniform highway section in a given
time period) to traffic density. The top curve in Figure 4-1 illustrates this relationship.

As indicated, there are two flow regimes: (1) Free Flow (left side of curve); and (2) Forced Flow
(right side). In the Free Flow regime, the traffic demand is fully serviced; the service volume
increases as demand volume and density increase, until the service volume attains its maximum
value, which is the capacity of the highway section. As traffic demand and the resulting highway
density increase beyond this "critical" value, the rate at which traffic can be serviced (i.e. the
service volume) can actually decline below capacity (“capacity drop”). Therefore, in order to
realistically represent traffic performance during congested conditions (i.e. when demand
exceeds capacity), it is necessary to estimate the service volume, V under congested
conditions.

The value of V¢ can be expressed as:

Ve = R X Capacity

where:
R = Reduction factor which is less than unity
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We have employed a value of R=0.90. The advisability of such a capacity reduction factor is
based upon empirical studies that identified a fall-off in the service flow rate when congestion
occurs at “bottlenecks” or “choke points” on a freeway system. Zhang and Levinson® describe a
research program that collected data from a computer-based surveillance system (loop
detectors) installed on the Interstate Highway System, at 27 active bottlenecks in the twin cities
metro area in Minnesota over a 7-week period. When flow breakdown occurs, queues are
formed which discharge at lower flow rates than the maximum capacity prior to observed
breakdown. These queue discharge flow (QDF) rates vary from one location to the next and
also vary by day of week and time of day based upon local circumstances. The cited reference
presents a mean QDF of 2,016 passenger cars per hour per lane (pcphpl). This figure compares
with the nominal capacity estimate of 2,250 pcphpl estimated for the ETE and indicated in
Appendix K for freeway links. The ratio of these two numbers is 0.896 which translates into a
capacity reduction factor of 0.90.

Since the principal objective of evacuation time estimate analyses is to develop a “realistic”
estimate of evacuation times, use of the representative value for this capacity reduction factor
(R=0.90) is justified. This factor is applied only when flow breaks down, as determined by the
simulation model.

Rural roads, like freeways, are classified as “uninterrupted flow” facilities. (This is in contrast
with urban street systems which have closely spaced signalized intersections and are classified
as “interrupted flow” facilities.) As such, traffic flow along rural roads is subject to the same
effects as freeways in the event traffic demand exceeds the nominal capacity, resulting in
gueuing and lower QDF rates. As a practical matter, rural roads rarely break down at locations
away from intersections. Any breakdowns on rural roads are generally experienced at
intersections where other model logic applies, or at lane drops which reduce capacity there.
Therefore, the application of a factor of 0.90 is appropriate on rural roads, but rarely, if ever,
activated.

The estimated value of capacity is based primarily upon the type of facility and on roadway
geometrics. Sections of roadway with adverse geometrics are characterized by lower free-flow
speeds and lane capacity. Exhibit 15-30 in the Highway Capacity Manual was referenced to
estimate saturation flow rates. The impact of narrow lanes and shoulders on free-flow speed
and on capacity is not material, particularly when flow is predominantly in one direction as is
the case during an evacuation.

The procedure used here was to estimate "section" capacity, Vg, based on observations made
traveling over each section of the evacuation network, based on the posted speed limits and
travel behavior of other motorists and by reference to the 2010 HCM. The DYNEV Il simulation
model determines for each highway section, represented as a network link, whether its
capacity would be limited by the "section-specific" service volume, Vg or by the
intersection-specific capacity. For each link, the model selects the lower value of capacity.

*Lei Zhang and David Levinson, “Some Properties of Flows at Freeway Bottlenecks,” Transportation Research
Record 1883, 2004.
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4.3 Application to the FNPP Study Area

As part of the development of the link-node analysis network for the study area, an estimate of
roadway capacity is required. The source material for the capacity estimates presented herein
is contained in:

2010 Highway Capacity Manual (HCM)
Transportation Research Board
National Research Council
Washington, D.C.

The highway system in the study area consists primarily of three categories of roads and, of
course, intersections:

e Two-Lane roads: Local, State
e Multi-Lane Highways (at-grade)
e Freeways

Each of these classifications will be discussed.
4.3.1 Two-Lane Roads

Ref: HCM Chapter 15

Two lane roads comprise the majority of highways within the EPZ. The per-lane capacity of a
two-lane highway is estimated at 1700 passenger cars per hour (pc/h). This estimate is
essentially independent of the directional distribution of traffic volume except that, for
extended distances, the two-way capacity will not exceed 3200 pc/h. The HCM procedures then
estimate Level of Service (LOS) and Average Travel Speed. The DYNEV Il simulation model
accepts the specified value of capacity as input and computes average speed based on the
time-varying demand: capacity relations.

Based on the field survey and on expected traffic operations associated with evacuation
scenarios:

e Most sections of two-lane roads within the EPZ are classified as “Class 1”, with "level
terrain"; some are “rolling terrain”.
e “Class II” highways are mostly those within urban and suburban centers.

4.3.2 Multi-Lane Highway

Ref: HCM Chapter 14

Exhibit 14-2 of the HCM 2010 presents a set of curves that indicate a per-lane capacity ranging
from approximately 1900 to 2200 pc/h, for free-speeds of 45 to 60 mph, respectively. Based on
observation, the multi-lane highways outside of urban areas within the EPZ service traffic with
free-speeds in this range. The actual time-varying speeds computed by the simulation model
reflect the demand: capacity relationship and the impact of control at intersections. A
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conservative estimate of per-lane capacity of 1900 pc/h is adopted for this study for multi-lane
highways outside of urban areas, as shown in Appendix K.

4.3.3 Freeways

Ref: HCM Chapters 10, 11, 12, 13

Chapter 10 of the HCM 2010 describes a procedure for integrating the results obtained in
Chapters 11, 12 and 13, which compute capacity and LOS for freeway components. Chapter 10
also presents a discussion of simulation models. The DYNEV Il simulation model automatically
performs this integration process.

Chapter 11 of the HCM 2010 presents procedures for estimating capacity and LOS for “Basic
Freeway Segments". Exhibit 11-17 of the HCM 2010 presents capacity vs. free speed estimates,
which are provided below.

Free Speed (mph): ] 55 \ 60 | 65 ]7o+
Per-Lane Capacity (pc/h): ] 2250 \ 2300 \ 2350 ]2400

The inputs to the simulation model are highway geometrics, free-speeds and capacity based on
field observations. The simulation logic calculates actual time-varying speeds based on demand:
capacity relationships. A conservative estimate of per-lane capacity of 2250 pc/h is adopted for
this study for freeways, as shown in Appendix K.

Chapter 12 of the HCM 2010 presents procedures for estimating capacity, speed, density and
LOS for freeway weaving sections. The simulation model contains logic that relates speed to
demand volume: capacity ratio. The value of capacity obtained from the computational
procedures detailed in Chapter 12 depends on the "Type" and geometrics of the weaving
segment and on the "Volume Ratio" (ratio of weaving volume to total volume).

Chapter 13 of the HCM 2010 presents procedures for estimating capacities of ramps and of
"merge" areas. There are three significant factors to the determination of capacity of a ramp-
freeway junction: The capacity of the freeway immediately downstream of an on-ramp or
immediately upstream of an off-ramp; the capacity of the ramp roadway; and the maximum
flow rate entering the ramp influence area. In most cases, the freeway capacity is the
controlling factor. Values of this merge area capacity are presented in Exhibit 13-8 of the HCM
2010, and depend on the number of freeway lanes and on the freeway free speed. Ramp
capacity is presented in Exhibit 13-10 and is a function of the ramp free flow speed. The DYNEV
Il simulation model logic simulates the merging operations of the ramp and freeway traffic in
accord with the procedures in Chapter 13 of the HCM 2010. If congestion results from an
excess of demand relative to capacity, then the model allocates service appropriately to the
two entering traffic streams and produces LOS F conditions (The HCM does not address LOS F
explicitly).
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4.3.4 Intersections

Ref: HCM Chapters 18, 19, 20, 21

Procedures for estimating capacity and LOS for approaches to intersections are presented in
Chapter 18 (signalized intersections), Chapters 19, 20 (un-signalized intersections) and Chapter
21 (roundabouts). The complexity of these computations is indicated by the aggregate length
of these chapters. The DYNEV Il simulation logic is likewise complex.

The simulation model explicitly models intersections: Stop/yield controlled intersections (both
2-way and all-way) and traffic signal controlled intersections. Where intersections are
controlled by fixed time controllers, traffic signal timings are set to reflect average (non-
evacuation) traffic conditions. Actuated traffic signal settings respond to the time-varying
demands of evacuation traffic to adjust the relative capacities of the competing intersection
approaches.

The model is also capable of modeling the presence of manned traffic control. At specific
locations where it is advisable or where existing plans call for overriding existing traffic control
to implement manned control, the model will use actuated signal timings that reflect the
presence of traffic guides. At locations where a special traffic control strategy (continuous left-
turns, contra-flow lanes) is used, the strategy is modeled explicitly. Where applicable, the
location and type of traffic control for nodes in the evacuation network are noted in Appendix
K. The characteristics of the ten highest volume signalized intersections are detailed in
Appendix J.

4.4 Simulation and Capacity Estimation

Chapter 6 of the HCM is entitled, “HCM and Alternative Analysis Tools.” The chapter discusses
the use of alternative tools such as simulation modeling to evaluate the operational
performance of highway networks. Among the reasons cited in Chapter 6 to consider using
simulation as an alternative analysis tool is:

“The system under study involves a group of different facilities or travel modes with
mutual interactions invoking several procedural chapters of the HCM. Alternative tools
are able to analyze these facilities as a single system.”

This statement succinctly describes the analyses required to determine traffic operations across
an area encompassing an EPZ operating under evacuation conditions. The model utilized for
this study, DYNEV I, is further described in Appendix C. It is essential to recognize that
simulation models do not replicate the methodology and procedures of the HCM — they replace
these procedures by describing the complex interactions of traffic flow and computing
Measures of Effectiveness (MOE) detailing the operational performance of traffic over time and
by location. The DYNEV Il simulation model includes some HCM 2010 procedures only for the
purpose of estimating capacity.

All simulation models must be calibrated properly with field observations that quantify the
performance parameters applicable to the analysis network. Two of the most important of
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these are: (1) Free flow speed (FFS); and (2) saturation headway, hsy. The first of these is
estimated by direct observation during the road survey; the second is estimated using the
concepts of the HCM 2010, as described earlier. These parameters are listed in Appendix K, for
each network link.

Volume, vph

A
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I Capacity Drop

» Density, vpm

Flow Regimes

Free Forced
—
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Figure 4-1. Fundamental Diagrams
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5 ESTIMATION OF TRIP GENERATION TIME

Federal Government guidelines (see NUREG CR-7002) specify that the planner estimate the
distributions of elapsed times associated with mobilization activities undertaken by the public
to prepare for the evacuation trip. The elapsed time associated with each activity is
represented as a statistical distribution reflecting differences between members of the public.
The quantification of these activity-based distributions relies largely on the results of the
telephone survey. We define the sum of these distributions of elapsed times as the Trip
Generation Time Distribution.

5.1 Background

In general, an accident at a nuclear power plant is characterized by the following Emergency
Classification Levels (see Appendix 1 of NUREG 0654 for details):

1. Unusual Event

2. Alert

3. Site Area Emergency
4. General Emergency

At each level, the Federal guidelines specify a set of Actions to be undertaken by the Licensee,
and by State and Local offsite authorities. As a Planning Basis, we will adopt a conservative
posture, in accordance with Section 1.2 of NUREG/CR-7002, that a rapidly escalating accident will
be considered in calculating the Trip Generation Time. We will assume:

1. The Advisory to Evacuate will be announced coincident with the siren notification.

2. Mobilization of the general population will commence within 15 minutes after the siren
notification.

3. ETE are measured relative to the Advisory to Evacuate.

We emphasize that the adoption of this planning basis is not a representation that these events
will occur within the indicated time frame. Rather, these assumptions are necessary in order
to:

1. Establish a temporal framework for estimating the Trip Generation distribution in the
format recommended in Section 2.13 of NUREG/CR-6863.
2. Identify temporal points of reference that uniquely define "Clear Time" and ETE.

It is likely that a longer time will elapse between the various classes of an emergency.

For example, suppose one hour elapses from the siren alert to the Advisory to Evacuate. In this
case, it is reasonable to expect some degree of spontaneous evacuation by the public during
this one-hour period. As a result, the population within the EPZ will be lower when the
Advisory to Evacuate is announced, than at the time of the siren alert. In addition, many will
engage in preparation activities to evacuate, in anticipation that an Advisory will be broadcast.
Thus, the time needed to complete the mobilization activities and the number of people
remaining to evacuate the EPZ after the Advisory to Evacuate, will both be somewhat less than
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the estimates presented in this report. Consequently, the ETE presented in this report are
higher than the actual evacuation time, if this hypothetical situation were to take place.

The notification process consists of two events:

1. Transmitting information using the alert notification systems available within the EPZ
(e.g. sirens, tone alerts, EAS broadcasts, loud speakers).
2. Receiving and correctly interpreting the information that is transmitted.

The population within the EPZ is dispersed over an area of approximately 157 square miles and
is engaged in a wide variety of activities. It must be anticipated that some time will elapse
between the transmission and receipt of the information advising the public of an accident.

The amount of elapsed time will vary from one individual to the next depending on where that
person is, what that person is doing, and related factors. Furthermore, some persons who will
be directly involved with the evacuation process may be outside the EPZ at the time the
emergency is declared. These people may be commuters, shoppers and other travelers who
reside within the EPZ and who will return to join the other household members upon receiving
notification of an emergency.

As indicated in Section 2.13 of NUREG/CR-6863, the estimated elapsed times for the receipt of
notification can be expressed as a distribution reflecting the different notification times for
different people within, and outside, the EPZ. By using time distributions, it is also possible to
distinguish between different population groups and different day-of-week and time-of-day
scenarios, so that accurate ETE may be computed.

For example, people at home or at work within the EPZ will be notified by siren, and/or tone
alert and/or radio (if available). Those well outside the EPZ will be notified by telephone, radio,
TV and word-of-mouth, with potentially longer time lags. Furthermore, the spatial distribution
of the EPZ population will differ with time of day - families will be united in the evenings, but
dispersed during the day. In this respect, weekends will differ from weekdays.

As indicated in Section 4.1 of NUREG/CR-7002, the information required to compute trip
generation times is typically obtained from a telephone survey of EPZ residents. Such a survey
was conducted in support of the 2008 ETE study. Appendix F presents the survey sampling plan,
survey instrument, and raw survey results. It is important to note that the shape and duration
of the evacuation trip mobilization distribution is important at sites where traffic congestion is
not expected to cause the evacuation time estimate to extend in time well beyond the trip
generation period. The remaining discussion will focus on the application of the trip generation
data obtained from the telephone survey to the development of the ETE documented in this
report.
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5.2 Fundamental Considerations

The environment leading up to the time that people begin their evacuation trips consists of a
sequence of events and activities. Each event (other than the first) occurs at an instant in time
and is the outcome of an activity.

Activities are undertaken over a period of time. Activities may be in "series" (i.e. to undertake
an activity implies the completion of all preceding events) or may be in parallel (two or more
activities may take place over the same period of time). Activities conducted in series are
functionally dependent on the completion of prior activities; activities conducted in parallel are
functionally independent of one another. The relevant events associated with the public's
preparation for evacuation are:

Event Number  Event Description
Notification

Awareness of Situation
Depart Work

Arrive Home

Depart on Evacuation Trip

u b WN

Associated with each sequence of events are one or more activities, as outlined below:

Table 5-1. Event Sequence for Evacuation Activities

Event Sequence Activity Distribution

152 Receive Notification 1
253 Prepare to Leave Work 2
2,3->4 Travel Home 3
2455 Prepare to Leave to Evacuate 4
N/A Snow Clearance 5

These relationships are shown graphically in Figure 5-1.

e An Eventis a ‘state’ that exists at a point in time (e.g., depart work, arrive home)
e An Activity is a ‘process’ that takes place over some elapsed time (e.g., prepare to leave
work, travel home)

As such, a completed Activity changes the ‘state’ of an individual (e.g. the activity, ‘travel home’
changes the state from ‘depart work’ to ‘arrive home’). Therefore, an Activity can be described as
an ‘Event Sequence’; the elapsed times to perform an event sequence vary from one person to the
next and are described as statistical distributions on the following pages.

An employee who lives outside the EPZ will follow sequence (c) of Figure 5-1. A household
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within the EPZ that has one or more commuters at work, and will await their return before
beginning the evacuation trip will follow the first sequence of Figure 5-1(a). A household within
the EPZ that has no commuters at work, or that will not await the return of any commuters, will
follow the second sequence of Figure 5-1(a), regardless of day of week or time of day.

Households with no commuters on weekends or in the evening/night-time, will follow the
applicable sequence in Figure 5-1(b). Transients will always follow one of the sequences of
Figure 5-1(b). Some transients away from their residence could elect to evacuate immediately
without returning to the residence, as indicated in the second sequence.

It is seen from Figure 5-1, that the Trip Generation time (i.e. the total elapsed time from Event 1
to Event 5) depends on the scenario and will vary from one household to the next.
Furthermore, Event 5 depends, in a complicated way, on the time distributions of all activities
preceding that event. That is, to estimate the time distribution of Event 5, we must obtain
estimates of the time distributions of all preceding events. For this study, we adopt the
conservative posture that all activities will occur in sequence.

In some cases, assuming certain events occur strictly sequential (for instance, commuter
returning home before beginning preparation to leave, or removing snow only after the
preparation to leave) can result in rather conservative (that is, longer) estimates of mobilization
times. It is reasonable to expect that at least some parts of these events will overlap for many
households, but that assumption is not made in this study.
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Residents ‘—p‘—p‘ * * Households wait
for Commuters'
Households without
1 2 5 Commuters and

Residents households who do not
‘—"—" wait for Commuters

(a) Accident occurs during midweek, at midday; year round

Residents, 1 2 4 5

Transients Return to residence,
away from ‘—‘—‘4" then evacuate
Residence

Residents, 1 2 5

T ients at Residents at home;
ransients a ‘_,‘_»‘ transients evacuate directly
Residence

(b) Accident occurs during weekend or during the evening?

1 2 3,5

@e—0—0

(c) Employees who live outside the EPZ

ACTIVITIES EVENTS
1 —» 2 Receive Notification 1. Notification
2 —» 3 Prepare to Leave Work 2. Aware of situation
2,3 _, 4 Travel Home 3. Depart work

4. Arrive home
5. Depart on evacuation trip

> #

»

Activities Consume Time ‘

2,4 __, 5 Prepare to Leave to Evacuate

' Applies for evening and weekends also if commuters are at work.
2 Applies throughout the year for transients.

Figure 5-1. Events and Activities Preceding the Evacuation Trip
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5.3 Estimated Time Distributions of Activities Preceding Event 5

The time distribution of an event is obtained by "summing" the time distributions of all prior
contributing activities. (This "summing" process is quite different than an algebraic sum since it
is performed on distributions — not scalar numbers).

Time Distribution No. 1, Notification Process: Activity1 — 2

In accordance with the 2012 Federal Emergency Management Agency (FEMA) Radiological
Emergency Preparedness Program Manual, 100% of the population is notified within 45 minutes. It
is assumed (based on the presence of sirens within the EPZ) that 87 percent of those within the
EPZ will be aware of the accident within 30 minutes with the remainder notified within the
following 15 minutes. The notification distribution is given below:

Table 5-2. Time Distribution for Notifying the Public

Elapsed Time Percent of
(Minutes) Population Notified

0 0%

5 7%

10 13%
15 27%
20 47%
25 66%
30 87%
35 92%
40 97%
45 100%
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Distribution No. 2, Prepare to Leave Work: Activity 2 — 3

It is reasonable to expect that the vast majority of business enterprises within the EPZ will elect
to shut down following notification and most employees would leave work
quickly. Commuters, who work outside the EPZ could, in all probability, also leave quickly since
facilities outside the EPZ would remain open and other personnel would remain. Personnel or
farmers responsible for equipment/livestock would require additional time to secure their
facility. The distribution of Activity 2 = 3 shown in Table 5-3 reflects data obtained by the
telephone survey. This distribution is plotted in Figure 5-2.

Table 5-3. Time Distribution for Employees to Prepare to Leave Work

Cumulative Cumulative
Percent Percent
Elapsed Time Employees Elapsed Time Employees
(Minutes) Leaving Work (Minutes) Leaving Work
0 0% 40 86%
5 12% 45 94%
10 29% 50 96%
15 45% 55 96%
20 58% 60 99%
25 66% 75 99%
30 77% 90 100%
35 82%

NOTE: The survey data was normalized to distribute the "Don't know" response. That is, the sample was reduced in
size to include only those households who responded to this question. The underlying assumption is that the
distribution of this activity for the “Don’t know” responders, if the event takes place, would be the same as those
responders who provided estimates.
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Distribution No. 3, Travel Home: Activity3 — 4

These data are provided directly by those households which responded to the telephone

survey. This distribution is plotted in Figure 5-2 and listed in Table 5-4.

Table 5-4. Time Distribution for Commuters to Travel Home

Cumulative Cumulative

Elapsed Time Percent Elapsed Time Percent
(Minutes) Returning Home (Minutes) Returning Home
0 0 40 86%
5 11% 45 94%
10 29% 50 95%
15 41% 55 95%
20 54% 60 99%
25 62% 75 99%
30 74% 90 100%
35 80%

NOTE: The survey data was normalized to distribute the "Don't know" response
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Distribution No. 4, Prepare to Leave Home: Activity2,4 —> 5

These data are provided directly by those households which responded to the telephone

survey. This distribution is plotted in Figure 5-2 and listed in Table 5-5.

Table 5-5. Time Distribution for Population to Prepare to Evacuate

Cumulative
Elapsed Time Percent Ready to
(Minutes) Evacuate
0 0%
15 33%
30 71%
45 77%
60 89%
75 96%
90 97%
105 97%
120 98%
135 100%

NOTE: The survey data was normalized to distribute the "Don't know" response
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Distribution No. 5, Snow Clearance Time Distribution

Inclement weather scenarios involving snowfall must address the time lags associated with
snow clearance. It is assumed that snow equipment is mobilized and deployed during the
snowfall to maintain passable roads. The general consensus is that the snow-plowing efforts
are generally successful for all but the most extreme blizzards when the rate of snow
accumulation exceeds that of snow clearance over a period of many hours.

Consequently, it is reasonable to assume that the highway system will remain passable — albeit
at a lower capacity — under the vast majority of snow conditions. Nevertheless, for the vehicles
to gain access to the highway system, it may be necessary for driveways and employee parking
lots to be cleared to the extent needed to permit vehicles to gain access to the roadways.
These clearance activities take time; this time must be incorporated into the trip generation
time distributions. These data are provided by those households which responded to the
telephone survey. This distribution is plotted in Figure 5-2 and listed in Table 5-6.

Table 5-6. Time Distribution for Population to Clear 6"-8" of Snow

Cumulative
Percent
Elapsed Time Completing
(Minutes) Snow Removal
0 0%

15 49%

30 82%

45 86%

60 93%

75 97%

90 98%
105 98%
120 99%
135 100%

NOTE: The survey data was normalized to distribute the "Don't know" response

Fermi Nuclear Power Plant 5-10 KLD Engineering, P.C.
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5.4 Calculation of Trip Generation Time Distribution

The time distributions for each of the mobilization activities presented herein must be
combined to form the appropriate Trip Generation Distributions. As discussed above, this study
assumes that the stated events take place in sequence such that all preceding events must be
completed before the current event can occur. For example, if a household awaits the return
of a commuter, the work-to-home trip (Activity 3 — 4) must precede Activity 4 — 5.

To calculate the time distribution of an event that is dependent on two sequential activities, it is
necessary to “sum” the distributions associated with these prior activities. The distribution
summing algorithm is applied repeatedly as shown to form the required distribution. As an
outcome of this procedure, new time distributions are formed; we assign “letter” designations
to these intermediate distributions to describe the procedure. Table 5-7 presents the summing
procedure to arrive at each designated distribution.

Table 5-7. Mapping Distributions to Events

Apply “Summing” Algorithm To:

Distribution Obtained

Event Defined

Distributions 1 and 2 Distribution A Event 3
Distributions A and 3 Distribution B Event 4
Distributions B and 4 Distribution C Event 5
Distributions 1 and 4 Distribution D Event 5
Distributions Cand 5 Distribution E Event 5
Distributions D and 5 Distribution F Event 5

Table 5-8 presents a description of each of the final trip generation distributions achieved after the

summing process is completed.
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Table 5-8. Description of the Distributions

Distribution Description

Time distribution of commuters departing place of work (Event 3). Also applies

A to employees who work within the EPZ who live outside, and to Transients
within the EPZ.

B Time distribution of commuters arriving home (Event 4).

C Time distribution of residents with commuters who return home, leaving home
to begin the evacuation trip (Event 5).

D Time distribution of residents without commuters returning home, leaving home
to begin the evacuation trip (Event 5).

E Time distribution of residents with commuters who return home, leaving home
to begin the evacuation trip, after snow clearance activities (Event 5).

E Time distribution of residents with no commuters returning home, leaving to

begin the evacuation trip, after snow clearance activities (Event 5).

5.4.1 Statistical Outliers

As already mentioned, some portion of the survey respondents answer “don’t know” to some
guestions or choose to not respond to a question. The mobilization activity distributions are based
upon actual responses. But, it is the nature of surveys that a few numeric responses are
inconsistent with the overall pattern of results. An example would be a case in which for 500
responses, almost all of them estimate less than two hours for a given answer, but 3 say “four
hours” and 4 say “six or more hours”.

These “outliers” must be considered: are they valid responses, or so atypical that they should be
dropped from the sample?

In assessing outliers, there are three alternates to consider:

1) Some responses with very long times may be valid, but reflect the reality that the
respondent really needs to be classified in a different population subgroup, based upon
special needs;

2) Other responses may be unrealistic (6 hours to return home from commuting distance,
or 2 days to prepare the home for departure);

3) Some high values are representative and plausible, and one must not cut them as part
of the consideration of outliers.

The issue of course is how to make the decision that a given response or set of responses are to be
considered “outliers” for the component mobilization activities, using a method that objectively
guantifies the process.

There is considerable statistical literature on the identification and treatment of outliers singly or
in groups, much of which assumes the data is normally distributed and some of which uses non-

Fermi Nuclear Power Plant 5-13 KLD Engineering, P.C.
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parametric methods to avoid that assumption. The literature cites that limited work has been
done directly on outliers in sample survey responses.

In establishing the overall mobilization time/trip generation distributions, the following principles
are used:

1) It is recognized that the overall trip generation distributions are conservative estimates,
because they assume a household will do the mobilization activities sequentially, with no
overlap of activities;

2) The individual mobilization activities (prepare to leave work, travel home, prepare home,
clear snow) are reviewed for outliers, and then the overall trip generation distributions are
created (see Figure 5-1, Table 5-7, Table 5-8);

3) Outliers can be eliminated either because the response reflects a special population (e.g.
special needs, transit dependent) or lack of realism, because the purpose is to estimate trip
generation patterns for personal vehicles;

4) To eliminate outliers,
a) the mean and standard deviation of the specific activity are estimated from the
responses,
b) the median of the same data is estimated, with its position relative to the mean
noted,
c) the histogram of the data is inspected, and
d) all values greater than 3.5 standard deviations are flagged for attention, taking
special note of whether there are gaps (categories with zero entries) in the
histogram display.
In general, only flagged values more than 4 standard deviations from the mean are allowed
to be considered outliers, with gaps in the histogram expected.

o n

When flagged values are classified as outliers and dropped, steps “a” to “d” are repeated.

Fermi Nuclear Power Plant 5-14 KLD Engineering, P.C.
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5) As a practical matter, even with outliers eliminated by the above, the resultant histogram,

viewed as a cumulative distribution, is not a normal distribution. A typical situation that
results is shown below in Figure 5-3.

100.0% —

90.0% /‘_f

80.0%

70.0% [/
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50.0% /, /
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Cumulative Data == == Cumulative Normal

Figure 5-3. Comparison of Data Distribution and Normal Distribution

6) In particular, the cumulative distribution differs from the normal distribution in two key

7)

aspects, both very important in loading a network to estimate evacuation times:

» Most of the real data is to the left of the “normal” curve above, indicating that the
network loads faster for the first 80-85% of the vehicles, potentially causing more (and
earlier) congestion than otherwise modeled;

» The last 10-15% of the real data “tails off” slower than the comparable “normal” curve,
indicating that there is significant traffic still loading at later times.

Because these two features are important to preserve, it is the histogram of the data that
is used to describe the mobilization activities, not a “normal” curve fit to the data. One
could consider other distributions, but using the shape of the actual data curve is
unambiguous and preserves these important features;

With the mobilization activities each modeled according to Steps 1-6, including preserving
the features cited in Step 6, the overall (or total) mobilization times are constructed.

This is done by using the data sets and distributions under different scenarios (e.g. commuter
returning, no commuter returning, no snow or snow in each). In general, these are additive, using
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weighting based upon the probability distributions of each element; Figure 5-4 presents the
combined trip generation distributions designated A, C, D, E and F. These distributions are
presented on the same time scale. (As discussed earlier, the use of strictly additive activities is a
conservative approach, because it makes all activities sequential — preparation for departure
follows the return of the commuter; snow clearance follows the preparation for departure, and so
forth. In practice, it is reasonable that some of these activities are done in parallel, at least to
some extent — for instance, preparation to depart begins by a household member at home while
the commuter is still on the road.)

The mobilization distributions that result are used in their tabular/graphical form as direct inputs
to later computations that lead to the ETE.

The DYNEV Il simulation model is designed to accept varying rates of vehicle trip generation for
each origin centroid, expressed in the form of histograms. These histograms, which represent
Distributions A, C, D, E and F, properly displaced with respect to one another, are tabulated in
Table 5-9 (Distribution B, Arrive Home, omitted for clarity).

The final time period (15) is 600 minutes long. This time period is added to allow the analysis
network to clear, in the event congestion persists beyond the trip generation period. Note that
there are no trips generated during this final time period.

Fermi Nuclear Power Plant 5-16 KLD Engineering, P.C.
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5.4.2 Staged Evacuation Trip Generation

As defined in NUREG/CR-7002, staged evacuation consists of the following:
1. PAA comprising the 2 mile region are advised to evacuate immediately

2. PAA comprising regions extending from 2 to 5 miles downwind are advised to shelter in-
place while the 2-mile region is cleared

3. As vehicles evacuate the 2 mile region, sheltered people from 2 to 5 miles downwind
continue preparation for evacuation

4. The population sheltering in the 2 to 5 mile region are advised to begin evacuating when
approximately 90% of those originally within the 2 mile region evacuate across the 2
mile region boundary

5. Non-compliance with the shelter recommendation is the same as the shadow
evacuation percentage of 20%

Assumptions

1. The EPZ population in PAA beyond 5 miles will react as does the population inthe 2to 5
mile region; that is they will first shelter, then evacuate after the 90" percentile ETE for
the 2 mile region

2. The population in the shadow region beyond the EPZ boundary, extending to 15 miles
radially from the plant, will react as they do for all non-staged evacuation scenarios.
That is 20% of these households will elect to evacuate with no shelter delay.

3. The transient population will not be expected to stage their evacuation because of the
limited sheltering options available to people who may be at parks, on a beach, or at
other venues. Also, notifying the transient population of a staged evacuation would
prove difficult.

4. Employees will also be assumed to evacuate without first sheltering.
Procedure

1. Trip generation for population groups in the 2 mile region will be as computed based
upon the results of the telephone survey and analysis.

2. Trip generation for the population subject to staged evacuation will be formulated as
follows:

a. ldentify the 9o™" percentile evacuation time for the PAA comprising the 2-mile
region. This value, T5cen*, is obtained from simulation results. It will become the
time at which the region being sheltered will be told to evacuate for each
scenario.

b. The resultant trip generation curves for staging are then formed as follows:

i. The non-shelter trip generation curve is followed until a maximum of 20%
of the total trips are generated (to account for shelter non-compliance).
ii. No additional trips are generated until time T5cen*

Fermi Nuclear Power Plant 5-17 KLD Engineering, P.C.
Evacuation Time Estimate Rev. 1



iii. Following time TSCQn*, the balance of trips are generated:
1. by stepping up and then following the non-shelter trip generation
curve (if TSCQn* is < max trip generation time) or
2. by stepping up to 100% (if Tscen IS > Max trip generation time)

c. Note: This procedure implies that there may be different staged trip generation
distributions for different scenarios. NUREG/CR-7002 uses the statement
“approximately 90" percentile” as the time to end staging and begin evacuating.
The value of T5cen* is 1:45 for non-snow scenarios and 2:15 for snow scenarios.

3. Staged trip generation distributions are created for the following population groups:

a. Residents with returning commuters

b. Residents without returning commuters

c. Residents with returning commuters and snow conditions

d. Residents without returning commuters and snow conditions

Figure 5-5 presents the staged trip generation distributions for both residents with and without
returning commuters; the 90" percentile two-mile evacuation time is 105 minutes for good
weather and 135 minutes for snow scenarios. At the 90™ percentile evacuation time, 20% of
the population (who normally would have completed their mobilization activities for an un-
staged evacuation) advised to shelter has nevertheless departed the area. These people do not
comply with the shelter advisory. Also included on the plot are the trip generation distributions
for these groups as applied to the regions advised to evacuate immediately.

Since the 90" percentile evacuation time occurs before the end of the trip generation time,
after the sheltered region is advised to evacuate, the shelter trip generation distribution rises to
meet the balance of the non-staged trip generation distribution. Following time Tscen , the
balance of staged evacuation trips that are ready to depart are released within 15 minutes. After
Tscen*+15, the remainder of evacuation trips are generated in accordance with the unstaged trip
generation distribution.

Table 5-10 provides the trip generation histograms for staged evacuation.
5.4.3 Trip Generation for Waterways and Recreational Areas

Annex G of the Monroe County Emergency Management Plan states that the Monroe County
Health Department, Environmental Health Division and the Director of Environmental Health
are responsible to perform search and rescue including Lake Erie support with the Marine
Patrol. It is assumed that this alerting and the time it takes for boaters to return to marinas are
within the mobilization time of the transients within the EPZ (90 minutes).

Fermi Nuclear Power Plant 5-18 KLD Engineering, P.C.
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6 DEMAND ESTIMATION FOR EVACUATION SCENARIOS

An evacuation “case” defines a combination of Evacuation Region and Evacuation Scenario.
The definitions of “Region” and “Scenario” are as follows:

Region A grouping of contiguous evacuating PAA that forms either a “keyhole” sector-
based area, or a circular area within the EPZ, that must be evacuated in
response to a radiological emergency.

Scenario A combination of circumstances, including time of day, day of week, season,
and weather conditions. Scenarios define the number of people in each of the
affected population groups and their respective mobilization time distributions.

A total of 10 Regions were defined which encompass all the groupings of PAA considered.
These Regions are defined in Table 6-1. The PAA configurations are identified in Figure 6-1.
Each keyhole sector-based area consists of a central circle centered at the power plant, and
three adjoining sectors, each with a central angle of 22.5 degrees, as per NUREG/CR-7002
guidance. The central sector coincides with the wind direction. These sectors extend to 5 miles
from the plant (Regions R04 and RO5) or to the EPZ boundary (Regions R06 and R0O7). Regions
RO1, RO2 and RO3 represent evacuations of circular areas with radii of 2, 5 and 10 miles,
respectively. Regions RO8 through R10 are identical to Regions R02, R04 and RO5, respectively;
however, those PAA between 2 miles and 5 miles are staged until 90% of the 2-mile region
(Region R0O1) has evacuated.

A total of 14 Scenarios were evaluated for all Regions. Thus, there are a total of 10 x 14 = 140
evacuation cases. Table 6-2 is a description of all Scenarios.

Each combination of region and scenario implies a specific population to be evacuated. Table
6-3 presents the percentage of each population group estimated to evacuate for each scenario.
Table 6-4 presents the vehicle counts for each scenario for an evacuation of Region R03 — the
entire EPZ.

The vehicle estimates presented in Section 3 are peak values. These peak values are adjusted
depending on the scenario and region being considered, using scenario and region specific
percentages, such that the average population is considered for each evacuation case. The
scenario percentages are presented in Table 6-3, while the regional percentages are provided in
Table H-1. The percentages presented in Table 6-3 were determined as follows:

The number of residents with commuters during the week (when workforce is at its peak) is
equal to the product of 62% (the number of households with at least one commuter) and 55%
(the number of households with a commuter that would await the return of the commuter
prior to evacuating). See assumption 3 in Section 2.3. It is estimated for weekend and evening
scenarios that 10% of households with returning commuters will have a commuter at work
during those times.

Employment is assumed to be at its peak during the winter, midweek, midday scenarios.
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Employment is reduced slightly (96%) for summer, midweek, midday scenarios. This is based on
the estimation that 50% of the employees commuting into the EPZ will be on vacation for a
week during the approximate 12 weeks of summer. It is further estimated that those taking
vacation will be uniformly dispersed throughout the summer with approximately 4% of
employees vacationing each week. It is further estimated that only 10% of the employees are
working in the evenings and during the weekends.

Transient activity is estimated to be at its peak during summer weekends and less (40%) during
the week. As shown in Appendix E, there are a number of lodging facilities offering overnight
accommodations in the EPZ; thus, transient activity during evening hours is 25% for summer
and 10% for winter. Transient activity on winter weekends is estimated to be 25%.

As noted in the shadow footnote to Table 6-3, the shadow percentages are computed using a
base of 20% (see assumption 5 in Section 2.2); to include the employees within the shadow
region who may choose to evacuate, the voluntary evacuation is multiplied by a scenario-
specific proportion of employees to permanent residents in the shadow region. For example,
using the values provided in Table 6-4 for Scenario 1, the shadow percentage is computed as
follows:

N 4,561
15,215 + 29,38

One special event — River Raisin Jazz Festival — was considered as Scenario 13. Thus, the special
event traffic is 100% evacuated for Scenario 13, and 0% for all other scenarios.

20% X (1 ) =22%

It is estimated that summer school enrollment is approximately 10% of enrollment during the
regular school year for summer, midweek, midday scenarios. School is not in session during
weekends and evenings, thus no buses for school children are needed under those
circumstances. As discussed in Section 7, schools are in session during the winter season,
midweek, midday and 100% of buses will be needed under those circumstances. Transit buses
for the transit-dependent population are set to 100% for all scenarios as it is assumed that the
transit-dependent population is present in the EPZ for all scenarios.

External traffic is estimated to be reduced by 60% during evening scenarios and is 100% for all
other scenarios.

Fermi Nuclear Power Plant 6-2 KLD Engineering, P.C.
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Table 6-1. Description of Evacuation Regions

PAA(s) Shelter-in-Place

Basic Regions
Region Description
RO1 2-Mile Region
RO2 5-Mile Region
RO3 Full EPZ
Evacuate 2-Mile Region and Downwind to 5 Miles
PAA
Region Wind Direction From: 1 ‘ 2 ‘ 3 ‘ 4 5
W, WNW,NW,NNW,N,NNE Refer to Region RO1
RO4 NE,ENE,E
ESE,SE Refer to Region R02
RO5 SSE,S,SSW,SW,WSW |
Evacuate 5-Mile Region and Downwind to the EPZ Boundary
PAA
Region Wind Direction From: 1 ‘ 2 ‘ 3 ‘ 4 5
WSW,W,WNW,NW,NNW,N Refer to Region R02
RO6 NNE,NE,ENE
E,ESE,SE Refer to Region R03
RO7 SSE,S,SSW,SW
Staged Evacuation - 2-Mile Region Evacuates, then Evacuate Downwind to 5 Miles
PAA
Region Wind Direction From: 5
RO8 No Wind
W,WNW,NW,NNW,N,NNE
R0O9 NE,ENE,E
ESE,SE
R10 SSE,S,SSW,SW,WSW
Key
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Table 6-2. Evacuation Scenario Definitions

Time of
Scenario Day Weather Special
1 Summer Midweek Midday Good None
2 Summer Midweek Midday Rain None
3 Summer Weekend Midday Good None
4 Summer Weekend Midday Rain None
Midweek, .
5 Summer Weekend Evening Good None
6 Winter Midweek Midday Good None
7 Winter Midweek Midday Rain None
8 Winter Midweek Midday Snow None
9 Winter Weekend Midday Good None
10 Winter Weekend Midday Rain None
11 Winter Weekend Midday Snow None
. Midweek, .
12 Winter Weekend Evening Good None
13 Summer Weekend Midday Good River Raisin Jazz Festival
. . Roadway Impact — Lane
14 Summer Midweek Midday Good Closure on I-75 SB

Winter means that school is in session (also applies to spring and autumn). Summer means that school is not in
session.
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7 GENERAL POPULATION EVACUATION TIME ESTIMATES (ETE)

This section presents the ETE results of the computer analyses using the DYNEV Il System
described in Appendices B, C and D. These results cover 10 regions within the FNPP EPZ and
the 14 Evacuation Scenarios discussed in Section 6.

The ETE for all Evacuation Cases are presented in Table 7-1 and Table 7-2. These tables present
the estimated times to clear the indicated population percentages from the Evacuation Regions
for all Evacuation Scenarios. The ETE of the 2-mile region in both staged and un-staged regions
are presented in Table 7-3 and Table 7-4. Table 7-5 defines the evacuation regions considered.
The tabulated values of ETE are obtained from the DYNEV Il System outputs which are
generated at 5-minute intervals.

7.1 Voluntary Evacuation and Shadow Evacuation

“Voluntary evacuees” are people within the EPZ in PAA for which an Advisory to Evacuate has
not been issued, yet who elect to evacuate. “Shadow evacuation” is the voluntary outward
movement of some people from the Shadow Region (outside the EPZ) for whom no protective
action recommendation has been issued. Both voluntary and shadow evacuations are assumed
to take place over the same time frame as the evacuation from within the impacted Evacuation
Region.

The ETE for the FNPP EPZ addresses the issue of voluntary evacuees in the manner shown in
Figure 7-1. W.ithin the EPZ, 20 percent of people located in PAA outside of the evacuation
region who are not advised to evacuate, are assumed to elect to evacuate. Similarly, it is
assumed that 20 percent of those people in the Shadow Region will choose to leave the area.

Figure 7-2 presents the area identified as the Shadow Region. This region extends radially from
the plant to cover a region between the EPZ boundary and approximately 15 miles. The
population and number of evacuating vehicles in the Shadow Region were estimated using the
same methodology that was used for permanent residents within the EPZ (see Section 3.1). As
discussed in Section 3.2, it is estimated that a total of 101,913 people reside in the Shadow
Region; 20 percent of them would evacuate. See Table 6-4 for the number of evacuating
vehicles from the Shadow Region.

Traffic generated within this Shadow Region, traveling away from the FNPP location, has the
potential for impeding evacuating vehicles from within the Evacuation Region. All ETE
calculations include this shadow traffic movement.

7.2 Staged Evacuation

As defined in NUREG/CR-7002, staged evacuation consists of the following:
1. PAA comprising the 2 mile region are advised to evacuate immediately.

2. PAA comprising regions extending from 2 to 5 miles downwind are advised to shelter in-
place while the two mile region is cleared.

Fermi Nuclear Power Plant 7-1 KLD Engineering, P.C.
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3. As vehicles evacuate the 2 mile region, people from 2 to 5 miles downwind continue
preparation for evacuation while they shelter.

4. The population sheltering in the 2 to 5 mile region is advised to evacuate when
approximately 90% of the 2 mile region evacuating traffic crosses the 2 mile region
boundary.

5. Non-compliance with the shelter recommendation is the same as the shadow
evacuation percentage of 20%.

See Section 5.4.2 for additional information on staged evacuation.
7.3 Patterns of Traffic Congestion during Evacuation

Figure 7-3 through Figure 7-8 illustrate the patterns of traffic congestion that arise for the case
when the entire EPZ (Region R03) is advised to evacuate during the winter, midweek, midday
period under good weather conditions (Scenario 6).

Traffic congestion, as the term is used here, is defined as Level of Service (LOS) F. LOS F is
defined as follows (HCM 2010, page 5-5):

The HCM uses LOS F to define operations that have either broken down (i.e., demand
exceeds capacity) or have exceeded a specified service measure value, or combination
of service measure values, that most users would consider unsatisfactory. However,
particularly for planning applications where different alternatives may be compared,
analysts may be interested in knowing just how bad the LOS F condition is. Several
measures are available to describe individually, or in combination, the severity of a LOS
F condition:

* Demand-to-capacity ratios describe the extent to which capacity is exceeded
during the analysis period (e.g., by 1%, 15%, etc.);

® Duration of LOS F describes how long the condition persists (e.g., 15 min, 1 h, 3
h); and

e Spatial extent measures describe the areas affected by LOS F conditions. These
include measures such as the back of queue, and the identification of the specific
intersection approaches or system elements experiencing LOS F conditions.

All highway "links" which experience LOS F are delineated in these figures by a thick red line; all
others are lightly indicated. Congestion develops rapidly around concentrations of population
and traffic bottlenecks. Figure 7-3 displays the developing congestion within the population
center of the City of Monroe to the southwest of FNPP, just 30 minutes after the Advisory to
Evacuate (ATE). Throughout the entirety of the evacuation, congestion never develops within
the 2-mile region.

At one hour after the ATE, Figure 7-4 displays fully-developed congestion within Monroe. |-75
SB south of Monroe is also now experiencing congestion (LOS F). [-75 is servicing both
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evacuees as well as through traffic, as ACPs have yet to be established. Congestion is now
beginning to develop in Wayne County along Fort St and Jefferson Ave in Gibraltar.

At one hour and thirty minutes, as shown in Figure 7-5, congestion begins to subside in Monroe
and in Wayne County. Congestion (LOS F) persists along the main evacuation routes out of the
city of Monroe — Custer Rd, SR-50, US-24/S Telegraph Rd, S Dixie Hwy, and Laplaisance Rd.
Congestion has been slowly building along Oakville Waltz Rd westbound at the intersection
with Sumpter Rd. This intersection is controlled by an all-way stop sign which is creating a
gueue of evacuating vehicles.

At two hours, as shown in Figure 7-6, congestion has almost completely subsided within the city
of Monroe and in Wayne County. Congestion still persists in the shadow along those
evacuation routes exiting the city of Monroe.

At two hours and thirty minutes, as shown in Figure 7-7, the EPZ is clear of congestion. Note
that congestion within the EPZ clears well in advance of the completion of trip generation time
for permanent residents, which is four hours. Congestion still persists within the shadow along
SR-50. The congestion along Oakville Waltz Rd persists, however this congestion has never
developed to the point where it penetrates the EPZ boundary.

Over the next thirty minutes, at three hours after the ATE, all remnants of congestion within
the shadow area have dissipated, as shown in Figure 7-8.

7.4 Evacuation Rates

Evacuation is a continuous process, as implied by Figure 7-9 through Figure 7-22. These figures
indicate the rate at which traffic flows out of the indicated areas for the case of an evacuation
of the full EPZ (Region R03) under the indicated conditions. One figure is presented for each
scenario considered.

As indicated in Figure 7-9, there is typically a long "tail" to these distributions. Vehicles begin to
evacuate an area slowly at first, as people respond to the ATE at different rates. Then traffic
demand builds rapidly (slopes of curves increase). When the system becomes congested, traffic
exits the EPZ at rates somewhat below capacity until some evacuation routes have cleared. As
more routes clear, the aggregate rate of egress slows since many vehicles have already left the
EPZ. Towards the end of the process, relatively few evacuation routes service the remaining
demand.

This decline in aggregate flow rate, towards the end of the process, is characterized by these
curves flattening and gradually becoming horizontal. Ideally, it would be desirable to fully
saturate all evacuation routes equally so that all will service traffic near capacity levels and all
will clear at the same time. For this ideal situation, all curves would retain the same slope until
the end — thus minimizing evacuation time. In reality, this ideal is generally unattainable
reflecting the spatial variation in population density, mobilization rates and in highway capacity
over the EPZ.

Fermi Nuclear Power Plant 7-3 KLD Engineering, P.C.
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7.5 Evacuation Time Estimate (ETE) Results

Table 7-1 and Table 7-2 present the ETE values for all 10 Evacuation Regions and all 14
Evacuation Scenarios. Table 7-3 and Table 7-4 present the ETE values for the 2-Mile region for
both staged and un-staged keyhole regions downwind to 5 miles. The tables are organized as
follows:

Table Contents

ETE represents the elapsed time required for 90 percent of the
7-1 population within a Region, to evacuate from that Region. All
Scenarios are considered, as well as Staged Evacuation scenarios.

ETE represents the elapsed time required for 100 percent of the
7-2 population within a Region, to evacuate from that Region. All
Scenarios are considered, as well as Staged Evacuation scenarios.

ETE represents the elapsed time required for 90 percent of the
7-3 population within the 2-mile Region, to evacuate from that Region
with both Concurrent and Staged Evacuations.

ETE represents the elapsed time required for 100 percent of the
7-4 population within the 2-mile Region, to evacuate from that Region
with both Concurrent and Staged Evacuations.

The animation snapshots described above reflect the ETE statistics for the concurrent (un-
staged) evacuation scenarios and regions, which are displayed in Figure 7-3 through Figure 7-8.
While congestion exists within the EPZ, it clears prior to when 90% of the general population
has mobilized to evacuate; this is reflected in the ETE statistics:

e The 90" percentile ETE for Region RO1 (2-mile area) ranges from 1:35 to 1:55 (higher
during snow scenarios). As shown in Figure 5-4, 90 percent of residents without
commuters mobilize in about 1 hour and 30 minutes and 90 percent of residents with
commuters mobilize in about 2 hours and 25 minutes. The 90" percentile ETE is slightly
less than the mobilization time for Region RO1 during weekday scenarios, primarily
because approximately 25% of evacuees from Region R01 are employees at FNPP, who
mobilize quickly. Figure 5-4 indicates that 90 percent of employees mobilize in about 70
minutes.

e The 90" percentile ETE for all other regions are approximately 10 minutes longer, on
average (higher during snow scenarios).

The 100™ percentile ETE for all regions and for all scenarios are the same values as the
mobilization times. This fact implies that the congestion within the EPZ dissipates prior to the
end of mobilization, as is displayed in Figure 7-7.

Comparison of Scenarios 3 and 13 in Table 7-1 indicates that the Special Event — River Raisin
Jazz Festival — has little impact on the ETE for the 90" percentile, with increases of only up to 5
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minutes for the evacuation of the entire EPZ (Region R03). As discussed in Section 7.3,
congestion within the downtown area of the city of Monroe clears by two hours after the ATE,
and as discussed above, the 90" percentile ETE is dictated by the mobilization activities of the
general population and not congestion. Therefore, there exists ample reserve capacity along
evacuation routes out of Monroe to evacuate the 2,451 additional vehicles present for the
special event, without materially impacting the ETE at the 90" percentile. The special event
also has no impact on ETE at the 100" percentile, as indicated in Table 7-2.

Comparison of Scenarios 1 and 14 in Table 7-1 indicates that the roadway closure — a single lane
southbound on Interstate-75 from the interchange with [-275 (Exit 20) to the end of the EPZ at
Laplaisance Rd (before Exit 9) — does not have a material impact on 90" percentile ETE, with
increases of only up to 5 minutes for an evacuation of the entire EPZ (Region R03). As discussed
in Section 7.3, congestion (LOS F) never fully develops along I-75 SB within the EPZ. While I-75
SB is reduced from three lanes to two lanes, capacity is only reduced by a third, leaving ample
capacity to evacuate the population without materially impacting the ETE at the 90" percentile.
The roadway closure also has no impact on ETE at the 100" percentile, as indicated in Table
7-2.

7.6 Staged Evacuation Results

Table 7-3 and Table 7-4 present a comparison of the ETE compiled for the concurrent (un-
staged) and staged evacuation studies. Note that Regions RO8 through R10 are the same
geographic areas as Regions R02, R04 and RO05, respectively.

To determine whether the staged evacuation strategy is worthy of consideration, one must
show that the ETE for the 2-mile region can be reduced without significantly affecting the
region between 2 miles and 5 miles. In all cases, as shown in these tables, the ETE for the 2-mile
region increases when a staged evacuation is implemented. The reason for this is that some
evacuees from within the 5-mile area need to travel into the 2-mile region to evacuate,
primarily those neighborhoods along N Dixie Hwy. Consequently, since these residents are
staged, their delay in evacuation directly increases the 9o™" percentile ETE for the 2-mile region.
Comparing Regions R02, R04, and RO5 with Region RO1 in Table 7-3 indicates that those
evacuees from within the 2-mile region are never impacted by those evacuees beyond 2-miles.
Therefore, staging the evacuation to sharply reduce congestion within the 5-mile area provides
no benefits to evacuees from within the 2-mile region and unnecessarily delays the evacuation
of those beyond 2 miles.

While failing to provide assistance to evacuees from within 2 miles of the FNPP, staging
produces a negative impact on the ETE for those evacuating from within the 5-mile area. A
comparison of ETE between Regions, RO8 and R02; R09 and R04; and R10 and RO6; reveals that
staging retards the 90" percentile ETE for those in the 2 to 5-mile area by up to 30 minutes (see
Table 7-1) and has no impact on the 100" percentile ETE (see Table 7-2). This extending of ETE
is due to the delay in beginning the evacuation trip experienced by those who shelter before
evacuating.
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In summary, the staged evacuation protective action strategy provides no benefits and
adversely impacts many evacuees located beyond 2 miles from the FNPP.

7.7 Guidance on Using ETE Tables

The user first determines the percentile of population for which the ETE is sought (The NRC
guidance calls for the 90" percentile). The applicable value of ETE within the chosen Table may
then be identified using the following procedure:

1. Identify the applicable Scenario:
e Season
= Summer
=  Winter (also Autumn and Spring)
e Day of Week

=  Midweek

= Weekend
e Time of Day

=  Midday

=  Evening

e \Weather Condition

=  Good Weather

= Rain

= Snow
e Special Event

= River Raisin Jazz Festival

= Road Closure (one lane on I-75 SB is closed)
e Evacuation Staging

= No, Staged Evacuation is not considered

= Yes, Staged Evacuation is considered

While these Scenarios are designed, in aggregate, to represent conditions throughout the year,
some further clarification is warranted:

J The conditions of a summer evening (either midweek or weekend) and rain are not
explicitly identified in the Tables. For these conditions, Scenarios (2) and (4) apply.

J The conditions of a winter evening (either midweek or weekend) and rain are not
explicitly identified in the Tables. For these conditions, Scenarios (7) and (10) for
rain apply.

J The conditions of a winter evening (either midweek or weekend) and snow are not
explicitly identified in the Tables. For these conditions, Scenarios (8) and (11) for
snow apply.

] The seasons are defined as follows:

= Summer assumes that public schools are not in session.
=  Winter (includes Spring and Autumn) considers that public schools are in session.
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J Time of Day: Midday implies the time over which most commuters are at work or
are travelling to/from work.
2. With the desired percentile ETE and Scenario identified, now identify the Evacuation

Region:

J Determine the projected azimuth direction of the plume (coincident with the wind
direction). This direction is expressed in terms of compass orientation: from N, NNE,
NE, ...

J Determine the distance that the Evacuation Region will extend from the nuclear
power plant. The applicable distances and their associated candidate Regions are
given below:

= 2 Miles (Region R0O1)
= To 5 Miles (Region R02, RO4 and R0O5)
= To EPZ Boundary (Regions R06 and R07)

. Enter Table 7-5 and identify the applicable group of candidate Regions based on the
distance that the selected Region extends from the FNPP. Select the Evacuation
Region identifier in that row, based on the azimuth direction of the plume, from the
first column of the Table.

3. Determine the ETE Table based on the percentile selected. Then, for the Scenario
identified in Step 1 and the Region identified in Step 2, proceed as follows:

. The columns of Table 7-1 are labeled with the Scenario numbers. Identify the
proper column in the selected Table using the Scenario number defined in Step 1.

. Identify the row in this table that provides ETE values for the Region identified in
Step 2.

. The unique data cell defined by the column and row so determined contains the

desired value of ETE expressed in Hours:Minutes.
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Example
It is desired to identify the ETE for the following conditions:

J Sunday, August 10th at 4:00 AM.

J Itis raining.

J Wind direction is from the northeast (NE).

J Wind speed is such that the distance to be evacuated is judged to be a 5-mile radius
and downwind to 10 miles (to EPZ boundary).

] The desired ETE is that value needed to evacuate 90 percent of the population from
within the impacted Region.

J A staged evacuation is not desired.

Table 7-1 is applicable because the 90" percentile ETE is desired. Proceed as follows:

1. Identify the Scenario as summer, weekend, evening and raining. Entering Table 7-1, it is
seen that there is no match for these descriptors. However, the clarification given
above assigns this combination of circumstances to Scenario 4.

2. Enter Table 7-5 and locate the Region described as “Evacuate 5-Mile Radius and
Downwind to the EPZ Boundary” for wind direction from the NE (toward the SW) and
read Region R0O6 in the first column of that row.

3. Enter Table 7-1 to locate the data cell containing the value of ETE for Scenario 4 and
Region RO6. This data cell is in column (4) and in the row for Region RO6; it contains the
ETE value of 1:55.
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Table 7-5. Description of Evacuation Regions

Basic Regions
Region Description
RO1 2-Mile Region
RO2 5-Mile Region
RO3 Full EPZ
Evacuate 2-Mile Region and Downwind to 5 Miles
PAA
Region Wind Direction From: 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5
W, WNW,NW,NNW,N,NNE Refer to Region RO1
RO4 NE,ENE,E |
ESE,SE Refer to Region R02
RO5 SSE,S,SSW,SW,WSW | |
Evacuate 5-Mile Region and Downwind to the EPZ Boundary
PAA
Region Wind Direction From: 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5
WSW,W,WNW,NW,NNW,N Refer to Region R02
RO6 NNE,NE,ENE
E,ESE,SE Refer to Region R03
RO7 SSE,S,SSW,SW
Staged Evacuation - 2-Mile Region Evacuates, then Evacuate Downwind to 5 Miles
PAA
Region Wind Direction From:
RO8 No Wind
W,WNW,NW,NNW,N,NNE
R0O9 NE,ENE,E
ESE,SE
R10 SSE,S,SSW,SW,WSW
Key

_ PAA(s) Shelter-in-Place

Fermi Nuclear Power Plant 7-13 KLD Engineering, P.C.
Evacuation Time Estimate Rev. 1
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Figure 7-9. Evacuation Time Estimates - Scenario 1 for Region R03
Evacuation Time Estimates
Summer, Midweek, Midday, Rain (Scenario 2)
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Figure 7-10. Evacuation Time Estimates - Scenario 2 for Region R03
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Figure 7-11. Evacuation Time Estimates - Scenario 3 for Region R03
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e -Mile Region e====5-Mile Region e====Entire EPZ 90% ® 100%
70 PY
60 -
oo /
£ 50
© & /
=
S & 40
> © /
w5
g 2 3 7
L2 =
4 — .
10
0 1 1 1 1 1 . J

0 30 60 90 120 150 180 210
Elapsed Time After Evacuation Recommendation (min)

240

270

Figure 7-12. Evacuation Time Estimates - Scenario 4 for Region R03
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Evacuation Time Estimates
Summer, Midweek, Weekend, Evening, Good (Scenario 5)
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Figure 7-13. Evacuation Time Estimates - Scenario 5 for Region R03
Evacuation Time Estimates
Winter, Midweek, Midday, Good (Scenario 6)
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Figure 7-14. Evacuation Time Estimates - Scenario 6 for Region R03
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Evacuation Time Estimates
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Figure 7-15. Evacuation Time Estimates - Scenario 7 for Region R03
Evacuation Time Estimates
Winter, Midweek, Midday, Snow (Scenario 8)
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Figure 7-16. Evacuation Time Estimates - Scenario 8 for Region R03
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Evacuation Time Estimates
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Figure 7-17. Evacuation Time Estimates - Scenario 9 for Region R03
Evacuation Time Estimates
Winter, Weekend, Midday, Rain (Scenario 10)
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Figure 7-18. Evacuation Time Estimates - Scenario 10 for Region R03
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Evacuation Time Estimates
Winter, Weekend, Midday, Snow (Scenario 11)
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Figure 7-19. Evacuation Time Estimates - Scenario 11 for Region R03
Evacuation Time Estimates
Winter, Midweek, Weekend, Evening, Good (Scenario 12)
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Figure 7-20. Evacuation Time Estimates - Scenario 12 for Region R03
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Evacuation Time Estimates
Summer, Weekend, Midday, Good, Special Event (Scenario 13)
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Figure 7-21. Evacuation Time Estimates - Scenario 13 for Region R03
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8 TRANSIT-DEPENDENT AND SPECIAL FACILITY EVACUATION TIME ESTIMATES

This section details the analyses applied and the results obtained in the form of evacuation time
estimates for transit vehicles. The demand for transit service reflects the needs of three
population groups: (1) residents with no vehicles available; (2) residents of special facilities such
as schools, medical facilities, and correctional facilities; and (3) homebound special needs
population.

These transit vehicles mix with the general evacuation traffic that is comprised mostly of
“passenger cars” (pc’s). The presence of each transit vehicle in the evacuating traffic stream is
represented within the modeling paradigm described in Appendix D as equivalent to two pc’s.
This equivalence factor represents the longer size and more sluggish operating characteristics
of a transit vehicle, relative to those of a pc.

Transit vehicles must be mobilized in preparation for their respective evacuation missions.
Specifically:

J Bus drivers must be alerted
. They must travel to the bus depot
J They must be briefed there and assigned to a route or facility

These activities consume time. Based on discussion with the offsite agencies, it is estimated
that bus mobilization time will average approximately 90 minutes extending from the Advisory
to Evacuate to the time when buses first arrive at the facility to be evacuated, unless specific
facility data is provided.

During this mobilization period, other mobilization activities are taking place. One of these is
the action taken by parents, neighbors, relatives and friends to pick up children from school
prior to the arrival of buses, so that they may join their families. Virtually all studies of
evacuations have concluded that this “bonding” process of uniting families is universally
prevalent during emergencies and should be anticipated in the planning process. The current
public information disseminated to residents of the Fermi EPZ indicates that schoolchildren will
be evacuated to host schools where they can be picked up by parents. As discussed in Section 2,
this study assumes a fast breaking general emergency. Therefore, children are evacuated to
host schools. Picking up children at school could add to traffic congestion at the schools,
delaying the departure of the buses evacuating schoolchildren, which may have to return in a
subsequent “wave” to the EPZ to evacuate the transit-dependent population. This report
provides estimates of buses under the assumption that no children will be picked up by their
parents (in accordance with NUREG/CR-7002), to present an upper bound estimate of buses
required. It is assumed that children at day-care centers are picked up by parents or guardians
and that the time to perform this activity is included in the trip generation times discussed in
Section 5.

The procedure for computing transit-dependent ETE is to:

o Estimate demand for transit service
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J Estimate time to perform all transit functions
J Estimate route travel times to the EPZ boundary and to the reception centers

8.1 Transit Dependent People Demand Estimate

The telephone survey (see Appendix F) results were used to estimate the portion of the
population requiring transit service:

] Those persons in households that do not have a vehicle available.
. Those persons in households that do have vehicle(s) that would not be available at
the time the evacuation is advised.

In the latter group, the vehicle(s) may be used by a commuter(s) who does not return (or is not
expected to return) home to evacuate the household.

Table 8-1 presents estimates of transit-dependent people. Note:

. Estimates of persons requiring transit vehicles include schoolchildren. For those
evacuation scenarios where children are at school when an evacuation is ordered,
separate transportation is provided for the schoolchildren. The actual need for
transit vehicles by residents is thereby less than the given estimates. However,
estimates of transit vehicles are not reduced when schools are in session.

. It is reasonable and appropriate to consider that many transit-dependent persons
will evacuate by ride-sharing with neighbors, friends or family. For example, nearly
80 percent of those who evacuated from Mississauga, Ontario who did not use their
own cars, shared a ride with neighbors or friends. Other documents report that
approximately 70 percent of transit dependent persons were evacuated via ride
sharing. We will adopt a conservative estimate that 50 percent of transit
dependent persons will ride share, in accordance with NUREG/CR-7002.

The estimated number of bus trips needed to service transit-dependent persons is based on an
estimate of average bus occupancy of 30 persons at the conclusion of the bus run. Transit
vehicle seating capacities typically equal or exceed 60 children on average (roughly equivalent
to 40 adults). If transit vehicle evacuees are two thirds adults and one third children, then the
number of “adult seats” taken by 30 persons is 20 + (2/3 x10) = 27. On this basis, the average
load factor anticipated is (27/40) x 100 = 68 percent. Thus, if the actual demand for service
exceeds the estimates of Table 8-1 by 50 percent, the demand for service can still be
accommodated by the available bus seating capacity.

2
[20 + <§ X 10)] +40x 1.5 =1.00

Table 8-1 indicates that transportation must be provided for 2,834 people. Therefore, a total of
95 bus runs are required to transport this population to reception centers.

Fermi Nuclear Power Plant 8-2 KLD Engineering, P.C.
Evacuation Time Estimate Rev. 1



To illustrate this estimation procedure, we calculate the number of persons, P, requiring public
transit or ride-share, and the number of buses, B, required for the Fermi EPZ:

n
P = No.of HH X Z{(% HH with i vehicles) x [(Average HH Size) — i]} x A'Ct
i=0
Where,
A = Percent of households with commuters

C = Percent of households who will not await the return of a commuter

P = 35,965 X [0.042 X 1.57 + 0.246 X (1.87 — 1) X 0.62 X 0.45 + 0.494 x (2.83 — 2)
X (0.62 X 0.45)%] = 5,667

B =(0.5xP)+30=095

These calculations are explained as follows:

. All members (1.57 avg.) of households (HH) with no vehicles (4.2%) will evacuate by
public transit or ride-share. The term 35,965 (number of households) x 0.042 x 1.57,
accounts for these people.

J The members of HH with 1 vehicle away (24.6%), who are at home, equal (1.87-1).
The number of HH where the commuter will not return home is equal to (35,965 x
0.246 x 0.62 x 0.45), as 62% of EPZ households have a commuter, 45% of which
would not return home in the event of an emergency. The number of persons who
will evacuate by public transit or ride-share is equal to the product of these two
terms.

. The members of HH with 2 vehicles that are away (49.4%), who are at home, equal
(2.83 — 2). The number of HH where neither commuter will return home is equal to
35,965 x 0.494 x (0.62 x 0.45)%. The number of persons who will evacuate by public
transit or ride-share is equal to the product of these two terms (the last term is
squared to represent the probability that neither commuter will return).

o Households with 3 or more vehicles are assumed to have no need for transit
vehicles.
. The total number of persons requiring public transit is the sum of such people in HH

with no vehicles, or with 1 or 2 vehicles that are away from home.

The estimate of transit-dependent population in Table 8-1 far exceeds the number of registered
transit-dependent persons in the EPZ as provided by the counties (discussed below in Section
8.5). This is consistent with the findings of NUREG/CR-6953, Volume 2, in that a large majority
of the transit-dependent population within the EPZs of U.S. nuclear plants does not register
with their local emergency response agency.
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8.2 School Population — Transit Demand

Table 8-2 presents the school population and transportation requirements for the direct
evacuation of all schools within the EPZ for the 2011-2012 school year. This information was
provided by the local county emergency management agencies. The column in Table 8-2
entitled “Buses Required” specifies the number of buses required for each school under the
following set of assumptions and estimates:

J No students will be picked up by their parents prior to the arrival of the buses.

] While many high school students commute to school using private automobiles (as
discussed in Section 2.4 of NUREG/CR-7002), the estimate of buses required for
school evacuation do not consider the use of these private vehicles.

] Bus capacity, expressed in students per bus, is set to 70 for primary schools and 50
for middle and high schools.

. Those staff members who do not accompany the students will evacuate in their
private vehicles.

] No allowance is made for student absenteeism, typically 3 percent daily.

It is recommended that the counties in the EPZ introduce procedures whereby the schools are
contacted prior to the dispatch of buses from the depot, to ascertain the current estimate of
students to be evacuated. In this way, the number of buses dispatched to the schools will
reflect the actual number needed. The need for buses would be reduced by any high school
students who have evacuated using private automobiles (if permitted by school authorities).
Those buses originally allocated to evacuate schoolchildren that are not needed due to children
being picked up by their parents, can be gainfully assigned to service other facilities or those
persons who do not have access to private vehicles or to ride-sharing.

Table 8-3 presents a list of the host schools for each school district in the EPZ. Students will be
transported to these host schools where they will be subsequently retrieved by their respective
families.

8.3 Maedical Facility Demand

Table 8-4 presents the census of medical facilities in the EPZ. 950 people have been identified
as living in, or being treated in, these facilities. The capacity and current census for each facility
were provided by the county emergency management agencies. This data includes the number
of ambulatory, wheelchair-bound and bedridden patients at each facility.

The transportation requirements for the medical facility population are also presented in Table
8-4. The number of ambulance runs is determined by assuming that 2 patients can be
accommodated per ambulance trip; the number of wheelchair van runs assumes 4 wheelchair-
bound patients per trip and the number of bus runs estimated assumes 30 ambulatory patients
per trip.
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8.4 Evacuation Time Estimates for Transit Dependent People

EPZ bus resources are assigned to evacuating schoolchildren (if school is in session at the time
of the ATE) as the first priority in the event of an emergency. In the event that the allocation of
buses dispatched from the depots to the various facilities and to the bus routes is somewhat
“inefficient”, or if there is a shortfall of available drivers, then there may be a need for some
buses to return to the EPZ from the reception center after completing their first evacuation trip,
to complete a “second wave” of providing transport service to evacuees. For this reason, the
ETE for the transit-dependent population will be calculated for both a one wave transit
evacuation and for two waves. Of course, if the impacted Evacuation Region is other than R03
(the entire EPZ), then there will likely be ample transit resources relative to demand in the
impacted Region and this discussion of a second wave would likely not apply.

When school evacuation needs are satisfied, subsequent assignments of buses to service the
transit-dependent should be sensitive to their mobilization time. Clearly, the buses should be
dispatched after people have completed their mobilization activities and are in a position to
board the buses when they arrive at the pick-up points.

Evacuation Time Estimates for transit trips were developed using both good weather and
adverse weather conditions. Figure 8-1 presents the chronology of events relevant to transit
operations. The elapsed time for each activity will now be discussed with reference to Figure
8-1.

Activity: Mobilize Drivers (A>B—>C)

Mobilization is the elapsed time from the Advisory to Evacuate until the time the buses arrive at
the facility to be evacuated. For many schools, the mobilization time for buses was provided by
the county. For those schools which did not provide information, it is assumed that for a rapidly
escalating radiological emergency with no observable indication before the fact, school bus
drivers would likely require 90 minutes to be contacted, to travel to the depot, be briefed, and
to travel to the transit-dependent facilities. Mobilization time is slightly longer in adverse
weather — 100 minutes when raining, 110 minutes when snowing.

Activity: Board Passengers (C—>D)

Based on discussions with offsite agencies, a loading time of 15 minutes (20 minutes for rain
and 25 minutes for snow) for school buses is used.

For multiple stops along a pick-up route (transit-dependent bus routes) estimation of travel
time must allow for the delay associated with stopping and starting at each pick-up point. The
time, t, required for a bus to decelerate at a rate, “a”, expressed in ft/sec/sec, from a speed,
“v”, expressed in ft/sec, to a stop, is t = v/a. Assuming the same acceleration rate and final
speed following the stop yields a total time, T, to service boarding passengers:

T=t+B+t=B+2t=B+%U,

Where B = Dwell time to service passengers. The total distance, “s” in feet, travelled during the
deceleration and acceleration activities is: s = v*/a. If the bus had not stopped to service
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passengers, but had continued to travel at speed, v, then its travel time over the distance, s,
would be: s/v = v/a. Then the total delay (i.e. pickup time, P) to service passengers is:

P=T—--=B+=-
a a
Assigning reasonable estimates:

. B = 50 seconds: a generous value for a single passenger, carrying personal items, to
board per stop

) v = 25 mph = 37 ft/sec

) a = 4 ft/sec/sec, a moderate average rate

Then, P = 1 minute per stop. Allowing 30 minutes pick-up time per bus run implies 30 stops per
run, for good weather. It is assumed that bus acceleration and speed will be less in rain; total
loading time is 40 minutes per bus in rain, 50 minutes in snow.

Activity: Travel to EPZ Boundary (D>E)

School Evacuation

Transportation resources available were provided by the EPZ county emergency management
agencies and are summarized in Table 8-5. Also included in the table are the number of buses
needed to evacuate schools, medical facilities, transit-dependent population, homebound
special needs (discussed below in Section 8.5) and correctional facilities (discussed below in
Section 8.6). These numbers indicate there are sufficient resources available to evacuate the
transit dependent population in a single wave.

The buses servicing the schools are ready to begin their evacuation trips at 15 minutes (loading
time) after mobilization time. The UNITES software discussed in Section 1.3 was used to define
bus routes along the most likely path from a school being evacuated to the EPZ boundary,
traveling toward the appropriate host school. This is done in UNITES by interactively selecting
the series of nodes from the school to the EPZ boundary. Each bus route is given an
identification number and is written to the DYNEV Il input stream. DYNEV computes the route
length and outputs the average speed for each 5 minute interval, for each bus route. The
specified bus routes are documented in Table 8-6 (refer to the maps of the link-node analysis
network in Appendix K for node locations). Data provided by DYNEV during the appropriate
timeframe depending on the mobilization and loading times (i.e., 100 to 105 minutes after the
advisory to evacuate for good weather) were used to compute the average speed for each
route, as follows:
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The average speed computed (using this methodology) for the buses servicing each of the
schools in the EPZ is shown in Table 8-7 through Table 8-9 for school evacuation, and in Table
8-11 through Table 8-13 for the transit vehicles evacuating transit-dependent persons, which
are discussed later. The travel time to the EPZ boundary was computed for each bus using the
computed average speed and the distance to the EPZ boundary along the most likely route out
of the EPZ. The travel time from the EPZ boundary to the host school was computed assuming
an average speed of 40 mph, 35 mph, and 30 mph for good weather, rain and snow,
respectively. Speeds were reduced in Table 8-7 through Table 8-9 and in Table 8-11 through
Table 8-13 to 55 mph (50 mph for rain — 10% decrease — and 45 mph for snow — 20% decrease)
for those calculated bus speeds which exceed 55 mph, as the school bus speed limit for state
routes in Michigan is 55 mph.

Table 8-7 (good weather), Table 8-8 (rain) and Table 8-9 (snow) present the following
evacuation time estimates (rounded up to the nearest 5 minutes) for schools in the EPZ: (1) The
elapsed time from the Advisory to Evacuate until the bus exits the EPZ; and (2) The elapsed
time until the bus reaches the host school. The evacuation time out of the EPZ can be
computed as the sum of times associated with Activities A>B->C, C->D, and D->E (For
example: 15 min. + 15 + 3 = 0:35 for Airport Senior High School, with good weather rounded up
to the nearest 5 minutes). The evacuation time to the host school is determined by adding the
time associated with Activity E->F (discussed below), to this EPZ evacuation time.

Evacuation of Transit-Dependent Population

The buses dispatched from the depots to service the transit-dependent evacuees will be
scheduled so that they arrive at their respective routes after their passengers have completed
their mobilization. As shown in Figure 5-4 (Residents with no Commuters), 90 percent of the
evacuees will complete their mobilization when the buses will begin their routes, approximately
90 minutes after the Advisory to Evacuate. The routes were designed to cover the more urban
areas where the transit-dependent population is likely to reside (see Table 8-10). The start of
service on these routes is separated by 5 minute headways, as shown in Table 8-11 through
Table 8-13. The use of bus headways ensures that those people who take longer to mobilize will
be picked up. Mobilization time is 10 minutes longer in rain to account for slower travel speeds
and reduced roadway capacity.
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Those buses servicing the transit-dependent evacuees will first travel along their pick-up routes,
then proceed out of the EPZ. The county emergency plans do not define bus routes to service
these pick-up locations. The 7 bus routes shown graphically in Figure 8-2 and described in Table
8-10 were designed as part of this study to service the major routes through each population
center. It is assumed that residents will walk to and congregate at these pre-designated pick-up
locations, and that they can arrive at the stops within the 90 minute bus mobilization time
(good weather).

As previously discussed, a pickup time of 30 minutes (good weather) is estimated for 30
individual stops to pick up passengers, with an average of one minute of delay associated with
each stop. A longer pickup time of 40 minutes and 50 minutes are used for rain and snow,
respectively.

The travel distance along the respective pick-up routes within the EPZ is estimated using the
UNITES software. Bus travel times within the EPZ are computed using average speeds
computed by DYNEV, using the aforementioned methodology that was used for school
evacuation.

Table 8-11 through Table 8-13 present the transit-dependent population evacuation time
estimates for each bus route calculated using the above procedures for good weather, rain and
snow, respectively.

For example, the ETE for the bus numbers 1 & 2 servicing Route 1 is computed as 90 + 24 + 30 =
2:25 for good weather (rounded up to nearest 5 minutes). Here, 24 minutes is the time to travel
12.5 miles at 30.7 mph, the average speed output by the model for this route starting at 90
minutes. The ETE for a second wave (discussed below) is presented in the event there is a
shortfall of available buses or bus drivers, as previously discussed.

Activity: Travel to Reception Centers (E>F)

The distances from the EPZ boundary to the reception centers are measured using GIS software
along the most likely route from the EPZ exit point to the reception center. The reception
centers are mapped in Figure 10-1. For a one-wave evacuation, this travel time outside the EPZ
does not contribute to the ETE. For a two-wave evacuation, the ETE for buses must be
considered separately, since it could exceed the ETE for the general population. Assumed bus
speeds of 40 mph, 35 mph, and 30 mph for good weather, rain, and snow, respectively, will be
applied for this activity for buses servicing the transit-dependent population.

Activity: Passengers Leave Bus (F>G)

A bus can empty within 5 minutes. The driver takes a 10 minute break.

Activity: Bus Returns to Route for Second Wave Evacuation (G=>C)

The buses assigned to return to the EPZ to perform a “second wave” evacuation of transit-
dependent evacuees will be those that have already evacuated transit-dependent people who
mobilized more quickly. The first wave of transit-dependent people depart the bus, and the
bus then returns to the EPZ, travels to its route and proceeds to pick up more transit-
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dependent evacuees along the route. The travel time back to the EPZ is equal to the travel time
to the reception center.

The second-wave ETE for the bus numbers 1 & 2 route servicing Route 1 is computed as follows
for good weather:

. Bus arrives at reception center at 2:34 in good weather (2:25 to exit EPZ + 9 minute
travel time to reception center).

J Bus discharges passengers (5 minutes) and driver takes a 10-minute rest: 15
minutes.

J Bus returns to EPZ and completes second route: 9 minutes (equal to travel time to

reception center) + 19 minutes (12.5 miles @ 40 mph) + 20 minutes (12.5 miles @ 37
mph)= 48 minutes

J Bus completes pick-ups along route: 30 minutes.

. Bus exits EPZ at time 2:25 + 0:09 + 0:15 + 0:48 + 0:30 = 4:10 (rounded to nearest 5
minutes) after the Advisory to Evacuate.

The ETE for the completion of the second wave for all transit-dependent bus routes are
provided in Table 8-11 through Table 8-13. The average ETE for a two-wave evacuation of
transit-dependent people exceeds the ETE for the general population at the 90" percentile.

The relocation of transit-dependent evacuees from the reception centers to congregate care
centers, if the counties decide to do so, is not considered in this study.

Evacuation of Medical Facilities

The evacuation of these facilities is similar to school evacuation except:

. Buses are assigned on the basis of 30 patients to allow for staff to accompany the
patients. Wheelchair buses can accommodate 15 patients, and ambulances can
accommodate 2 patients.

. Loading times of 1 minute, 5 minutes, and 15 minutes per patient are assumed for
ambulatory patients, wheelchair bound patients, and bedridden patients,
respectively.

Table 8-4 indicates that 31 bus runs, 34 wheelchair van runs and 21 ambulance runs are needed
to service all of the medical facilities in the EPZ. According to Table 8-5, the counties can
collectively provide 1,812 buses, 14 short buses, 119 wheelchair vans and 129 ambulances.
Thus, there are sufficient resources to evacuate the ambulatory and wheelchair bound persons
from the medical facilities in a single wave

As is done for the schools, it is estimated that mobilization time averages 90 minutes. Specially
trained medical support staff (working their regular shift) will be on site to assist in the
evacuation of patients. Additional staff (if needed) could be mobilized over this same 90 minute
timeframe.

Table 8-14 through Table 8-16 summarize the ETE for medical facilities within the EPZ for good
weather, rain, and snow. Average speeds output by the model for Scenario 6 (Scenario 7 for
rain and Scenario 8 for snow) Region 3, capped at 55 mph (50 mph for rain and 45 mph for
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snow), are used to compute travel time to EPZ boundary. The travel time to the EPZ boundary
is computed by dividing the distance to the EPZ boundary by the average travel speed. The ETE
is the sum of the mobilization time, total passenger loading time, and travel time out of the
EPZ. Concurrent loading on multiple buses, wheelchair buses/vans, and ambulances at capacity
is assumed such that the maximum loading times for buses, wheelchair buses and ambulances
are 30, 75 and 30 minutes, respectively. All ETE are rounded to the nearest 5 minutes. For
example, the calculation of ETE for the ALCC with 6 ambulatory residents during good weather
is:

ETE: 90+ 6 x1+9 =105 min. or 1:45

It is assumed that medical facility population is directly evacuated to appropriate host medical
facilities. Relocation of this population to permanent facilities and/or passing through the
reception center before arriving at the host facility are not considered in this analysis.

8.5 Special Needs Population

The county emergency management agencies have separate registrations for homebound
special needs persons. Based on data provided by Wayne County, the special needs population
within the EPZ resides in Marybrook Residence, which is accounted for under medical facilities.
Based on data provided by the Monroe County, there are an estimated 334 homebound special
needs people, 219 that require a bus, 103 that require a wheelchair accessible vehicle, and 12
that require an ambulance to evacuate.

ETE for Homebound Special Needs Persons

Table 8-17 summarizes the ETE for homebound special needs people. The table is categorized
by type of vehicle required and then broken down by weather condition. The table takes into
consideration the deployment of multiple vehicles to reduce the number of stops per vehicle.
It is conservatively assumed that ambulatory and wheelchair bound special needs households
are spaced 3 miles apart and bedridden households are spaced 5 miles apart. Van and bus
speeds approximate 20 mph between households and ambulance speeds approximate 30 mph
in good weather (10% slower in rain, 20% slower in snow). Mobilization times of 90 minutes
were used (100 minutes for rain, and 110 minutes for snow). The last HH is assumed to be 5
miles from the EPZ boundary, and the network-wide average speed, capped at 55 mph (50 mph
for rain and 40 mph for snow), after the last pickup is used to compute travel time. ETE is
computed by summing mobilization time, loading time at first household, travel to subsequent
households, loading time at subsequent households, and travel time to EPZ boundary. All ETE
are rounded to the nearest 5 minutes.

For example, assuming no more than one special needs person per HH implies that 219
ambulatory households need to be serviced. While only 8 buses are needed from a capacity
perspective, if 32 buses are deployed to service these special needs HH, then each would
require about 7 stops. The following outlines the ETE calculations:

1. Assume 32 buses are deployed, each with about 7 stops, to service a total of 219 HH.
2. The ETE is calculated as follows:
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Buses arrive at the first pickup location: 90 minutes

Load HH members at first pickup: 5 minutes

Travel to subsequent pickup locations: 6 @ 9 minutes = 54 minutes

Load HH members at subsequent pickup locations: 6 @ 5 minutes = 30 minutes
Travel to EPZ boundary: 9 minutes (5 miles @ 34.4 mph).

© oo oo

ETE: 90+ 5+ 54 + 30+ 9 =3:10 rounded to the nearest 5 minutes
8.6 Correctional Facilities

There are two correctional facilities within the Fermi 2 EPZ — Monroe City Jail Facility #1 and
Facility #2 — as indicated in Table E-7. Based on discussions with the Monroe County Sheriff
Department, school buses provided by the Monroe County School System would be used to
transport prisoners from these facilities. As indicated in Table E-7, there are 343 inmates at
these facilities. Assuming a bus capacity of 30 inmates, 12 buses would be needed. Mobilization
time of buses would be 30 minutes to 1 hour, according to the sheriff’s department. Monroe
County has verbal agreements with Lucas County, Washtenaw County, Lenawee County and
Wayne County to house these displaced inmates in the event of an evacuation. The following
jails are located within these counties:

. Mound Correctional Facility in Wayne County, Michigan

. Ryan Correctional Facility in Wayne County, Michigan

. Gus Harrison Correctional Facility in Lenawee County, Michigan
] Huron Valley Complex in Washtenaw County, Michigan

. Toledo Correctional Institution in Lucas County, Ohio

It is assumed that loading time is 1 minute per passenger to account for additional security
measures that will be taken, for a total loading time of 30 minutes per bus.

The ETE for the inmates at the Monroe City Jail is computed as follows:

. Mobilization time is 60 minutes.
. Loading time is 30 minutes.
) Lucas County is located to the south of the City of Monroe; Lenawee County is

located to the west; Washtenaw is located to the northwest; and Wayne County is
located to the north. Therefore, evacuation to any of these counties would require
leaving the EPZ southbound to avoid traveling closer to the plant.

J Facility #1 would evacuate southbound on State Highway 125 to depart the EPZ — a
2.5 mile route.
J Facility #2 would evacuate southbound on Laplaisance Rd. to access Interstate-75

southbound and depart the EPZ — a 2.5 mile route. The average network speed
output by DYNEV of 30.3 mph is used for buses evacuating these facilities to account
for congestion within the City of Monroe.

] Travel time to the EPZ boundary is 5 minutes (2.5 miles @ 30.3 mph).
0 ETE=60+30+5 =95 minutes or 1:35
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Table 8-2. School Population Demand Estimates

Buses
PAA School Name District Enrollment Required
1 North Elementary School Jefferson 425 7
2 Neidermeier Elementary School Airport 306 5
2 St. Charles School Private 194 4
3 Jefferson High School Jefferson 775 16
3 Jefferson Middle School Jefferson 365 8
3 Sodt Elementary School Jefferson 344 5
4 Airport Senior High School Airport 1,050 21
4 Carleton Country Day* Airport 114 3
4 Chapman Elementary School Gibraltar 503 8
4 David Oren Hunter Elementary School Gibraltar 422 7
4 Downriver High School Gibraltar 62 2
4 Ethel C. Bobcean Elementary School Flat Rock 483 7
4 Eyler Elementary School Airport 300 5
4 Flat Rock / Gibraltar Head Start* Gibraltar 175 3
4 Flat Rock Community High School Flat Rock 568 12
4 Hellen C. Shumate Junior High School Gibraltar 895 18
4 John M. Barnes Elementary Flat Rock 429 7
4 Oscar A. Carlson High School Gibraltar 1,074 22
4 Parsons Elementary School Gibraltar 447 7
4 Ritter Elementary School Airport 300 5
4 Simpson Middle School Flat Rock 431 9
4 St. Mary's Rockwood Elementary School* Gibraltar 220 4
4 St. Patrick School* Airport 134 3
4 Sterling Elementary School Airport 313 5
4 Summit Academy/Summit Early Childhood Center Flat Rock 403 6
4 Wager Junior High School Airport 740 15
5 Custer Elementary School #1 Monroe 650 10
5 Custer Elementary School #2 Monroe 294 5
5 Hollywood Elementary School Monroe 237 4
5 Holy Ghost Lutheran School* Monroe 100 2
5 Hurd Elementary School Jefferson 420 6
5 Lutheran High School South* Airport 36 1
5 Manor Elementary School Monroe 406 6
5 Monroe Middle School Monroe 941 19
5 Monroe Senior High School Monroe 2,130 43
5 Orchard Center High School Monroe 175 4
5 Pathway Christian Academy/ Daycare Monroe 138 3

Fermi Nuclear Power Plant 8-15
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Buses

PAA School Name District | Enrollment Required
5 Raisinville Elementary School Monroe 425 7
5 Riverside Elementary School Monroe 162 3
5 St. John's School* Monroe 211 5
5 St. Mary's Catholic Center High School* Monroe 411 9
5 St. Mary's Parish School* Monroe 248 5
5 St. Michael's School* Monroe 185 4
5 Trinity Lutheran School* Monroe 220 5
5 Waterloo Elementary School Monroe 250 4
5 Zion Lutheran School Monroe 62 2

TOTAL: 19,173 361

*Denotes Private School which will evacuate with the schools of the public school district listed

Table 8-3. Host Schools

School District Host School
MONROE COUNTY
Jefferson (Monroe) Mason Senior High, Erie, Ml
St. Charles (Newport) St. Stephen School, New Boston, Ml
Airport (Carleton) Milan Senior High, Milan, Ml

Monroe (Monroe) Bedford Senior High, Temperance, Ml

WAYNE COUNTY

Gibraltar .
Harry. S. Truman High School, Taylor, Ml
Flat Rock
Fermi Nuclear Power Plant 8-16 KLD Engineering, P.C.

Evacuation Time Estimate Rev. 1
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Table 8-5. Summary of Transportation Resources

Transportation

Resource

Buses
Resources Available

Short
Bus

Wheelchair

Vans

Ambulances

Airport School District 36 4
Jefferson School District 21 4
Monroe School District 315 14
Gibraltar School District 30
Flat Rock School District 14
Bedford Schools 5
Manson Schools 2
Dundee Schools 2
Summerfield Schools 3
Whiteford Schools 10
Ida Schools 2
East Side Med Star 6
Community 13
Concord 16
HealthLink 5
HVA 6
Rapid Response 8
Medic one 9
Superior 6
Universal (Macomb) 10
Star EMS 3
ProMedica 5
Monroe County 69
Wayne County 1,396 60
TOTAL: | 1,812 14 119 129
Schools (Table 8-2): 361
Medical Facilities (Table 8-4): 31 34 21
Transit-Dependent Population (Table 8-10): 95
Homebound Special Needs (Section 8.5): 32 26 6
Correctional Facilities (Section 8.6): 12

Fermi Nuclear Power Plant
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Table 8-6. Bus Route Descriptions

Bus
Route
Number Description Nodes Traversed from Route Start to EPZ Boundary
1 Transit route 1 58,107, 319, 106, 105, 7, 104, 79, 78, 732, 101, 785,
100, 99, 98, 97, 133
5 Transit route 2 525, 660, 60, 61, 62, 258, 775, 64, 75, 74, 135, 73, 840,
832, 498
3 Transit route 3 528, 526, 618, 617, 616, 632, 508
4 Transit route 4 211, 184, 181, 325, 78, 324, 76, 215, 64, 65, 66, 841, 67
s Transit Route 5 535, 583, 582, 237, 580, 234, 584, 232, 231, 271, 457,
829, 270
6 Transit route 6 545, 40, 641, 547, 42,171, 656
7 Transit route 7 47, 649, 49, 50, 51, 347, 350, 115, 116, 659, 117
8 North Elementary School 444, 441, 278, 280, 279, 23, 24, 296, 297, 451, 452,
298, 453, 300, 209, 302, 305, 761, 307
9 Neidermeier Elementary School | 226, 109, 534
36, 462, 35, 800, 760, 34, 33,737, 32, 162, 85, 736, 84,
10| St. Charles School 298, 453, 300, 209, 302, 305, 761, 307
. 35, 800, 760, 34, 33,737, 32, 162, 85, 736, 84, 298, 453,
11 Jefferson High School 300, 209, 302, 305, 761, 307
34, 33,737, 32,162, 85, 736, 84, 298, 453, 300, 209,
12 Sodt Elementary School 302, 305, 761, 307
13 Airport Senior High School 109, 534
15 Eyler Elementary School 341, 830, 243
16 Ritter Elementary School 342, 56, 231
22 Custer Elementary School #1 514, 734, 513, 700, 701, 217, 304, 305, 761, 307
25 Holy Ghost Lutheran School 508, 67, 841, 66, 65, 64, 75, 74, 135, 73
33,737, 32, 162, 85, 736, 84, 298, 453, 300, 209, 302,
26 Hurd Elementary School 305, 761, 307
28 Lutheran High School South 332,108, 335, 222, 223, 226, 109, 534
29 Manor Elementary School 204, 527, 258, 775, 64, 75, 74, 135, 73
30 Monroe Middle School 101, 519, 177, 182, 520, 217, 304, 305, 761, 307
31 Monroe Senior High 505, 500, 74, 135, 73
32 Orchard Center High School 210, 175, 569, 301, 303, 302, 305, 761, 307
33 Pathway Christian Academy/ 60, 531, 105, 7, 104, 79, 80, 190, 81, 63, 299, 759, 300,
Daycare 209, 302, 305, 761, 307
34 Raisinville Elementary School 508, 67, 841, 66, 65, 64, 75, 74, 135, 73
35 Riverside Elementary School 23,780, 190, 81, 63, 299, 759, 300, 209, 302, 305, 761,
37 st. John's School 22,7732, 101, 519, 177, 182, 520, 217, 304, 305, 761,

Fermi Nuclear Power Plant
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Bus

Route
Number Description Nodes Traversed from Route Start to EPZ Boundary
38 St. Mary's Catholic Center High 79, 80, 190, 81, 63, 299, 759, 300, 209, 302, 305, 761,
School 307
. . 104, 79, 80, 190, 81, 63, 299, 759, 300, 209, 302, 305,
39 St. Mary's Parish School 761, 307
40 St. Michael's School 211, 569, 301, 303, 302, 305, 761, 307
. 325, 796, 730, 731, 519, 177, 182, 520, 217, 304, 305,
41 Trinity Lutheran School 761, 307
42 Waterloo Elementary School 66, 65, 64, 75, 74, 135, 73
, 113, 105, 7, 104, 79, 80, 190, 81, 63, 299, 759, 300, 209,
43 Zion Lutheran School 302, 305, 761, 307
44 Chapman Elementary School 169, 817, 292, 447, 293, 448, 604, 290, 288, 842, 287
45 David Oren Hunter Elementary 602, 552, 208
School
. . 549, 40, 545, 546, 170, 292, 447, 293, 448, 604, 290,
46 Downriver High School 288, 842, 287
47 Ethel C. Bobcean Elementary 49, 649, 47, 683, 289, 291, 290, 288, 842, 287
School
50 Hellen C. Shumate Junior High | /o /5 43 160, 159, 252, 288, 842, 287
School
51 John M. Barnes Elementary 374, 49, 649, 47, 683, 289, 291, 290, 288, 842, 287
53 Parsons Elementary School 387,42, 43, 160, 159, 252, 288, 842, 287
55 ict;h?;ry srockwood elementary | 2, 595 447 293, 448, 604, 290, 288, 842, 287
s | Summit Academy/SummitBarly | o 4 a3 989 991 200, 288, 842, 287
Childhood Center
57 ALCC 319, 106, 105, 531, 60, 660, 525, 68, 69, 630, 70
58 Alterra 529, 62, 258, 775, 64, 65, 66, 841, 67
59 IHM Motherhouse 322,323,618, 617, 616, 632, 508, 67
60 Lutheran Home 105, 7, 104, 79, 322, 323,618, 617, 616, 632, 508, 67
61 Maplewood Manor 319, 107, 58, 108, 335, 222, 223, 226, 109, 534
62 Medilodge Il 527, 258, 775, 64, 65, 66, 841, 67
63 Mercy Memorial Hospital 113, 320, 80, 79, 322, 323, 618, 617, 616, 632, 508, 67
64 Mercy Memorial Nursing Center | 105, 531, 60, 660, 525, 68, 69, 630, 70
65 Tendercare of Monroe 61, 62, 258, 775, 64, 65, 66, 841, 67
66 Marybrook Residence 649, 47, 683, 289, 252, 288, 842, 287
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9 TRAFFIC MANAGEMENT STRATEGY

This section discusses the suggested traffic control and management strategy that is designed
to expedite the movement of evacuating traffic. The resources required to implement this
strategy include:

e Personnel with the capabilities of performing the planned control functions of traffic
guides (preferably, not necessarily, law enforcement officers).

e Traffic Control Devices to assist these personnel in the performance of their tasks. These
devices should comply with the guidance of the Manual of Uniform Traffic Control
Devices (MUTCD) published by the Federal Highway Administration (FHWA) of the
U.S.D.O.T. All state and most county transportation agencies have access to the MUTCD,
which is available on-line: http://mutcd.fhwa.dot.gov which provides access to the
official PDF version.

e A plan that defines all locations, provides necessary details and is documented in a
format that is readily understood by those assigned to perform traffic control.

The functions to be performed in the field are:

1. Facilitate evacuating traffic movements that safely expedite travel out of the EPZ.

2. Discourage traffic movements that move evacuating vehicles in a direction which takes
them significantly closer to the power plant, or which interferes with the efficient flow
of other evacuees.

The terms "facilitate" and "discourage" rather than "enforce" and "prohibit" to indicate the
need for flexibility in performing the traffic control function. There are always legitimate
reasons for a driver to prefer a direction other than that indicated. For example:

e Adriver may be traveling home from work or from another location, to join other family
members prior to evacuating.

* An evacuating driver may be travelling to pick up a relative, or other evacuees.

e The driver may be an emergency worker en route to perform an important activity.

The implementation of a plan must also be flexible enough for the application of sound
judgment by the traffic guide.

Fermi Nuclear Power Plant 9-1 KLD Engineering, P.C.
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The traffic management plan is the outcome of the following process:

1. The existing TCPs and ACPs identified by the offsite agencies in their existing emergency
plans serve as the basis of the traffic management plan, as per NUREG/CR-7002.
2. Computer analysis of the evacuation traffic flow environment.
This analysis identifies the best routing and those critical intersections that
experience pronounced congestion. Any critical intersections that are not
identified in the existing offsite plans are suggested as additional TCPs and ACPs
3. Computer analysis of the evacuation traffic flow environment (see Figures 7-3 through
7-8). As discussed in Section 7.3, congestion within the EPZ is clear by 2 hours after the
ATE. Based on the limited traffic congestion within the EPZ, no additional TCPs are
identified as a result of this study. The existing traffic management plans are adequate.

The use of Intelligent Transportation Systems (ITS) technologies can reduce manpower and
equipment needs, while still facilitating the evacuation process. Dynamic Message Signs (DMS)
can be placed within the EPZ to provide information to travelers regarding traffic conditions,
route selection, and reception center information. DMS can also be placed outside of the EPZ
to warn motorists to avoid using routes that may conflict with the flow of evacuees away from
the power plant. Highway Advisory Radio (HAR) can be used to broadcast information to
evacuees en route through their vehicle stereo systems. Automated Traveler Information
Systems (ATIS) can also be used to provide evacuees with information. Internet websites can
provide traffic and evacuation route information before the evacuee begins their trip, while on
board navigation systems (GPS units), cell phones, and pagers can be used to provide
information en route. These are only several examples of how ITS technologies can benefit the
evacuation process. Consideration should be given that ITS technologies be used to facilitate
the evacuation process, and any additional signage placed should consider evacuation needs.

The ETE analysis treated all controlled intersections that are existing TCP locations in the offsite
agency plans as being controlled by actuated signals.

Chapters 2N and 5G, and Part 6 of the 2009 MUTCD are particularly relevant and should be
reviewed during emergency response training.

The ETE calculations reflect the assumption that all “external-external” trips are interdicted and
diverted after 2 hours have elapsed from the ATE.

All transit vehicles and other responders entering the EPZ to support the evacuation are
assumed to be unhindered by personnel manning ACPs and TCPs.

Study Assumptions 5 and 6 in Section 2.3 discuss ACP and TCP staffing schedules and
operations.

Fermi Nuclear Power Plant 9-2 KLD Engineering, P.C.
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10 EVACUATION ROUTES

Evacuation routes are comprised of two distinct components:

e Routing from a PAA being evacuated to the boundary of the Evacuation Region and
thence out of the EPZ.
e Routing of transit-dependent evacuees from the EPZ boundary to reception centers.

Evacuees will select routes within the EPZ in such a way as to minimize their exposure to risk.
This expectation is met by the DYNEV Il model routing traffic away from the location of the
plant, to the extent practicable. The DTRAD model satisfies this behavior by routing traffic so as
to balance traffic demand relative to the available highway capacity to the extent possible.
See Appendices B through D for further discussion.

The routing of transit-dependent evacuees from the EPZ boundary to reception centers is
designed to minimize the amount of travel outside the EPZ, from the points where these routes
cross the EPZ boundary.

Figure 10-1 presents a map showing the general population reception centers and host schools
for evacuees. The major evacuation routes for the EPZ are presented in Figure 10-2.

It is assumed that all school evacuees will be taken to the appropriate host school and
subsequently picked up by parents or guardians. Transit-dependent evacuees are transported
to the nearest reception center for each county. This study does not consider the transport of
evacuees from reception centers to congregate care centers, if the counties do make the
decision to relocate evacuees.

Fermi Nuclear Power Plant 10-1 KLD Engineering, P.C.
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11 SURVEILLANCE OF EVACUATION OPERATIONS

There is a need for surveillance of traffic operations during the evacuation. There is also a need
to clear any blockage of roadways arising from accidents or vehicle disablement. Surveillance
can take several forms.

1. Traffic control personnel, located at Traffic Control and Access Control points, provide
fixed-point surveillance.

2. Ground patrols may be undertaken along well-defined paths to ensure coverage of
those highways that serve as major evacuation routes.

3. Aerial surveillance of evacuation operations may also be conducted using helicopter or
fixed-wing aircraft, if available.

4. Cellular phone calls (if cellular coverage exists) from motorists may also provide direct
field reports of road blockages.

These concurrent surveillance procedures are designed to provide coverage of the entire EPZ as
well as the area around its periphery. It is the responsibility of the counties to support an
emergency response system that can receive messages from the field and be in a position to
respond to any reported problems in a timely manner. This coverage should quickly identify,
and expedite the response to any blockage caused by a disabled vehicle.

Tow Vehicles

In a low-speed traffic environment, any vehicle disablement is likely to arise due to a low-speed
collision, mechanical failure or the exhaustion of its fuel supply. In any case, the disabled
vehicle can be pushed onto the shoulder, thereby restoring traffic flow. Past experience in
other emergencies indicates that evacuees who are leaving an area often perform activities
such as pushing a disabled vehicle to the side of the road without prompting.

While the need for tow vehicles is expected to be low under the circumstances described
above, it is still prudent to be prepared for such a need. Consideration should be given that tow
trucks with a supply of gasoline be deployed at strategic locations within, or just outside, the
EPZ. These locations should be selected so that:

e They permit access to key, heavily loaded, evacuation routes.
e Responding tow trucks would most likely travel counter-flow relative to evacuating
traffic.

Consideration should also be given that the state and local emergency management agencies
encourage gas stations to remain open during the evacuation.

Fermi Nuclear Power Plant 11-1 KLD Engineering, P.C.
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12 CONFIRMATION TIME

It is necessary to confirm that the evacuation process is effective in the sense that the public is
complying with the Advisory to Evacuate. Numerous options are available in an emergency to
confirm that all persons in a designated evacuation area that desire to evacuate have done so.
These options range from surveying a statistically random sample of 0.8% of the landline
phones in the area to a full door-to-door validation. Each method has its unique advantages
combined with its shortcomings.

To provide a bounding time estimate a complete door-to-door confirmation is assumed. The
following parameters are used in order to estimate the confirmation time:

e According to the telephone survey (Figure F-1), the average household size in the EPZ is
2.63 people. Based on an EPZ population of 97,825 (Table 3-1), there are approximately
37,200 households in the EPZ.

e 10 emergency vehicles patrol the EPZ after the estimated time to evacuate 100% of the
EPZ population (about 4 hours, See Table 7-2) to confirm evacuation.

e Emergency vehicles will make announcements using the vehicle’s public address system
informing residents to call 911 if they are still at home and have not yet evacuated.

e Door to door distance within the EPZ is approximately 150 feet.

e Average speed of police car during patrol is 5 mph.

Based on the number of households in the EPZ and the parameters above, the time to
complete door-to-door confirmation is computed as follows:

37,200 households x 150 ft + 5,280 ft/mile + 5 mi/hr + 10 vehicles = 21.1 hr

If additional patrol vehicles are available or if only a portion of the EPZ is in the evacuation
region, this time would be reduced.

It is necessary to confirm that the evacuation process is effective in the sense that the public is
complying with the Advisory to Evacuate. In accordance with the county plans and procedures,
evacuation confirmation activities to assure that all of the population has been notified will be
conducted on the basis of either the monitoring of traffic flow from the EPZ or interviews of
evacuees at established reception centers. In accordance with established procedures for
Monroe County, additional door-to-door confirmation may be performed as a backup.

Not all evacuees will go to reception centers, as many evacuees will elect to evacuate to a
lodging facility or the home of a friend/family member outside of the EPZ. In fact, page 111-92 of
the FEMA Radiological Emergency Planning (REP) manual indicates that reception centers
should have the capacity to monitor 20% of the EPZ population within 12 hours. Thus,
confirmation of evacuation based on data compiled at reception centers/congregate care
facilities is not feasible as approximately 80% of evacuees will not go to a congregate care
facility.

Based on the amount of time and effort needed to complete door-to-door confirmation, an
alternative or complementary approach is suggested. The suggested procedure employs a
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stratified random sample and a telephone survey. The size of the sample is dependent on the
expected number of households that do not comply with the Advisory to Evacuate. It is
reasonable to assume for the purpose of estimating sample size that at least 80 percent of the
population within the EPZ will comply with the Advisory to Evacuate. On this basis, an analysis
could be undertaken (see Table 12-1) to yield an estimated sample size of approximately 300.

The confirmation process should start at about 2-1/2 hours after the Advisory to Evacuate,
which is when 90 percent of evacuees have completed their mobilization activities. At this time,
virtually all evacuees will have departed on their respective trips and the local telephone
system will be largely free of traffic.

As indicated in Table 12-1, approximately 7-1/2 person hours are needed to complete the
telephone survey. |If six people are assigned to this task, each dialing a different set of
telephone exchanges (e.g., each person can be assigned a different set of Protective Action
Areas), then the confirmation process will extend over a time frame of about 75 minutes. Thus,
the confirmation should be completed before the evacuated area is cleared. Of course, fewer
people would be needed for this survey if the Evacuation Region were only a portion of the EPZ.
Use of modern automated computer controlled dialing equipment can significantly reduce the
manpower requirements and the time required to undertake this type of confirmation survey.

Should the number of telephone responses (i.e., people still at home) exceed 20 percent, then
the telephone survey should be repeated after an hour's interval until the confirmation process
is completed.

If this method is indeed used by Monroe and Wayne Counties, it is recommended that a list of
telephone numbers within the EPZ be available in their EOC at all times. Such a list could be
purchased from vendors and could be periodically updated. As indicated above, the
confirmation process should not begin until 2 % hours after the Advisory to Evacuate, to ensure
that most households have had enough time to mobilize and to start their evacuation travel.
This timeframe will enable telephone operators to arrive at their workplace, access the call list
and prepare to make the necessary phone calls.
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Table 12-1. Estimated Number of Telephone Calls Required for Confirmation of Evacuation

Problem Definition

Estimate number of phone calls, n, needed to ascertain the proportion, F of households that
have not evacuated.

Reference: Burstein, H., Attribute Sampling, McGraw Hill, 1971

Given:

e No. of households plus other facilities, N, within the EPZ (est.) = 37,500
e Est. proportion, F, of households that will not evacuate = 0.20

e Allowable error margin, e: 0.05

e Confidence level, a: 0.95 (implies A = 1.96)

Applying Table 10 of cited reference,
p=F+e=025 gq=1-p=0.75
n= % = 308
Finite population correction:
nN
ng = AN -1 305

Thus, some 300 telephone calls will confirm that approximately 20 percent of the population
has not evacuated. If only 10 percent of the population does not comply with the Advisory to
Evacuate, then the required sample size, ng = 216.

Est. Person Hours to complete 300 telephone calls

Assume:

e Time to dial using touch tone (random selection of listed numbers): 30 seconds
e Time for 6 rings (no answer): 36 seconds

e Time for 4 rings plus short conversation: 60 sec.

e Interval between calls: 20 sec.

Person Hours:

300[30 + 0.8(36) + 0.2(60) + 20] _ 76
3600 B
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13 RECOMMENDATIONS

The following recommendations are offered:

1.

Examination of the general population ETE in Section 7 shows that the ETE for 100
percent of the population is generally 1 to 2 % hours longer than for 90 percent of the
population. Specifically, the additional time needed for the last 10 percent of the
population to evacuate can be as much as double the time needed to evacuate 90
percent of the population. This non-linearity reflects the fact that these relatively few
stragglers require significantly more time to mobilize (i.e. prepare for the evacuation
trip) than their neighbors. This leads to two recommendations:

a. The public outreach (information) program should emphasize the need for
evacuees to minimize the time needed to prepare to evacuate (secure the home,
assemble needed clothes, medicines, etc.).

b. The decision makers should reference Table 7-1 which list the time needed to
evacuate 90 percent of the population, when preparing recommended
protective actions, as per NUREG/CR-7002 guidance.

Staged evacuation is not beneficial due to the low population within the 2 and 5-mile
regions of the plant and the limited traffic congestion within these regions.

A lane closure on I-75 SB from the interchange with 1-275 (Exit 20) to the end of the EPZ
at Laplaisance Rd (before Exit 9) does not have a material impact on the 90" or 100"
percentile ETE. Sufficient reserve highway capacity mitigates the impacts of the capacity
reduction considered.

Counties should implement procedures whereby schools are contacted prior to dispatch
of buses from the depots to get an accurate count of students needing transportation
and the number of buses required (See Section 8).

Intelligent Transportation Systems (ITS) such as Dynamic Message Signs (DMS), Highway
Advisory Radio (HAR), Automated Traveler Information Systems (ATIS), etc. should be
used to facilitate the evacuation process (See Section 9). The placement of additional
signage should consider evacuation needs.

Counties/State should establish strategic locations to position tow trucks provided with
gasoline containers in the event of a disabled vehicle during the evacuation process (see
Section 11) and should encourage gas stations to remain open during the evacuation.
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A. GLOSSARY OF TRAFFIC ENGINEERING TERMS

Table A-1. Glossary of Traffic Engineering Terms

Term Definition

Analysis Network A graphical representation of the geometric topology of a physical
roadway system, which is comprised of directional links and
nodes.

Link A network link represents a specific, one-directional section of

roadway. A link has both physical (length, number of lanes,
topology, etc.) and operational (turn movement percentages,
service rate, free-flow speed) characteristics.

Measures of Effectiveness Statistics describing traffic operations on a roadway network.

Node A network node generally represents an intersection of network
links. A node has control characteristics, i.e., the allocation of
service time to each approach link.

Origin A location attached to a network link, within the EPZ or Shadow
Region, where trips are generated at a specified rate in vehicles
per hour (vph). These trips enter the roadway system to travel to
their respective destinations.

Prevailing Roadway and Relates to the physical features of the roadway, the nature (e.g.,
Traffic Conditions composition) of traffic on the roadway and the ambient conditions
(weather, visibility, pavement conditions, etc.).

Service Rate Maximum rate at which vehicles, executing a specific turn
maneuver, can be discharged from a section of roadway at the
prevailing conditions, expressed in vehicles per second (vps) or
vehicles per hour (vph).

Service Volume Maximum number of vehicles which can pass over a section of
roadway in one direction during a specified time period with
operating conditions at a specified Level of Service (The Service
Volume at the upper bound of Level of Service, E, equals Capacity).
Service Volume is usually expressed as vehicles per hour (vph).

Signal Cycle Length The total elapsed time to display all signal indications, in sequence.
The cycle length is expressed in seconds.

Signal Interval A single combination of signal indications. The interval duration is
expressed in seconds. A signal phase is comprised of a sequence
of signal intervals, usually green, yellow, red.
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Term Definition

Signal Phase A set of signal indications (and intervals) which services a
particular combination of traffic movements on selected
approaches to the intersection. The phase duration is expressed
in seconds.

Traffic (Trip) Assignment A process of assigning traffic to paths of travel in such a way as to
satisfy all trip objectives (i.e., the desire of each vehicle to travel
from a specified origin in the network to a specified destination)
and to optimize some stated objective or combination of
objectives. In general, the objective is stated in terms of
minimizing a generalized "cost". For example, "cost" may be
expressed in terms of travel time.

Traffic Density The number of vehicles that occupy one lane of a roadway section
of specified length at a point in time, expressed as vehicles per
mile (vpm).

Traffic (Trip) Distribution A process for determining the destinations of all traffic generated

at the origins. The result often takes the form of a Trip Table,
which is a matrix of origin-destination traffic volumes.

Traffic Simulation A computer model designed to replicate the real-world operation
of vehicles on a roadway network, so as to provide statistics
describing traffic performance. These statistics are called
Measures of Effectiveness.

Traffic Volume The number of vehicles that pass over a section of roadway in one
direction, expressed in vehicles per hour (vph). Where applicable,
traffic volume may be stratified by turn movement.

Travel Mode Distinguishes between private auto, bus, rail, pedestrian and air
travel modes.

Trip Table or Origin- A rectangular matrix or table, whose entries contain the number

Destination Matrix of trips generated at each specified origin, during a specified time
period, that are attracted to (and travel toward) each of its
specified destinations. These values are expressed in vehicles per
hour (vph) or in vehicles.

Turning Capacity The capacity associated with that component of the traffic stream
which executes a specified turn maneuver from an approach at an
intersection.
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B. DYNAMIC TRAFFIC ASSIGNMENT AND DISTRIBUTION MODEL

This section describes the integrated dynamic trip assignment and distribution model named
DTRAD (Dynamic Traffic Assignment and Distribution) that is expressly designed for use in
analyzing evacuation scenarios. DTRAD employs logit-based path-choice principles and is one
of the models of the DYNEVII System. The DTRAD module implements path-based Dynamic
Traffic Assignment (DTA) so that time dependent Origin-Destination (OD) trips are “assigned” to
routes over the network based on prevailing traffic conditions.

To apply the DYNEV Il System, the analyst must specify the highway network, link capacity
information, the time-varying volume of traffic generated at all origin centroids and, optionally,
a set of accessible candidate destination nodes on the periphery of the EPZ for selected origins.
DTRAD calculates the optimal dynamic trip distribution (i.e., trip destinations) and the optimal
dynamic trip assignment (i.e., trip routing) of the traffic generated at each origin node traveling
to its set of candidate destination nodes, so as to minimize evacuee travel “cost.”

Overview of Integrated Distribution and Assignment Model

The underlying premise is that the selection of destinations and routes is intrinsically coupled in
an evacuation scenario. That is, people in vehicles seek to travel out of an area of potential risk
as rapidly as possible by selecting the “best” routes. The model is designed to identify these
“best” routes in @ manner that realistically distributes vehicles from origins to destinations and
routes them over the highway network, in a consistent and optimal manner, reflecting evacuee
behavior.

For each origin, a set of “candidate destination nodes” is selected by the software logic and by
the analyst to reflect the desire by evacuees to travel away from the power plant and to access
major highways. The specific destination nodes within this set that are selected by travelers
and the selection of the connecting paths of travel, are both determined by DTRAD. This
determination is made by a logit-based path choice model in DTRAD, so as to minimize the trip
“cost”, as discussed later.

The traffic loading on the network and the consequent operational traffic environment of the
network (density, speed, throughput on each link) vary over time as the evacuation takes place.
The DTRAD model, which is interfaced with the DYNEV simulation model, executes a succession
of “sessions” wherein it computes the optimal routing and selection of destination nodes for
the conditions that exist at that time.

Interfacing the DYNEV Simulation Model with DTRAD

The DYNEV Il system reflects NRC guidance that evacuees will seek to travel in a general
direction away from the location of the hazardous event. An algorithm was developed to
support the DTRAD model in dynamically varying the Trip Table (O-D matrix) over time from
one DTRAD session to the next. Another algorithm executes a “mapping” from the specified
“geometric” network (link-node analysis network) that represents the physical highway system,
to a “path” network that represents the vehicle [turn] movements. DTRAD computations are
performed on the “path” network: DYNEV simulation model, on the “geometric” network.
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DTRAD Description
DTRAD is the DTA module for the DYNEV Il System.

When the road network under study is large, multiple routing options are usually available
between trip origins and destinations. The problem of loading traffic demands and propagating
them over the network links is called Network Loading and is addressed by DYNEVII using
macroscopic traffic simulation modeling. Traffic assignment deals with computing the
distribution of the traffic over the road network for given O-D demands and is a model of the
route choice of the drivers. Travel demand changes significantly over time, and the road
network may have time dependent characteristics, e.g., time-varying signal timing or reduced
road capacity because of lane closure, or traffic congestion. To consider these time
dependencies, DTA procedures are required.

The DTRAD DTA module represents the dynamic route choice behavior of drivers, using the
specification of dynamic origin-destination matrices as flow input. Drivers choose their routes
through the network based on the travel cost they experience (as determined by the simulation
model). This allows traffic to be distributed over the network according to the time-dependent
conditions. The modeling principles of D-TRAD include:

e Itis assumed that drivers not only select the best route (i.e., lowest cost path) but some
also select less attractive routes. The algorithm implemented by DTRAD archives several
“efficient” routes for each O-D pair from which the drivers choose.

¢ The choice of one route out of a set of possible routes is an outcome of “discrete choice
modeling”. Given a set of routes and their generalized costs, the percentages of drivers
that choose each route is computed. The most prevalent model for discrete choice
modeling is the logit model. DTRAD uses a variant of Path-Size-Logit model (PSL). PSL
overcomes the drawback of the traditional multinomial logit model by incorporating an
additional deterministic path size correction term to address path overlapping in the
random utility expression.

e DTRAD executes the TA algorithm on an abstract network representation called "the
path network" which is built from the actual physical link-node analysis network. This
execution continues until a stable situation is reached: the volumes and travel times on
the edges of the path network do not change significantly from one iteration to the
next. The criteria for this convergence are defined by the user.

e Travel “cost” plays a crucial role in route choice. In DTRAD, path cost is a linear
summation of the generalized cost of each link that comprises the path. The generalized
cost for a link, a, is expressed as

c,=at,+pl +ys,,

wherec, is the generalized cost for link a, anda, 3, and y are cost coefficients for link

travel time, distance, and supplemental cost, respectively. Distance and supplemental
costs are defined as invariant properties of the network model, while travel time is a
dynamic property dictated by prevailing traffic conditions. The DYNEV simulation model
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computes travel times on all edges in the network and DTRAD uses that information to
constantly update the costs of paths. The route choice decision model in the next
simulation iteration uses these updated values to adjust the route choice behavior. This
way, traffic demands are dynamically re-assigned based on time dependent conditions.
The interaction between the DTRAD traffic assignment and DYNEV Il simulation models
is depicted in Figure B-1. Each round of interaction is called a Traffic Assignment Session
(TA session). A TA session is composed of multiple iterations, marked as loop B in the
figure.

e The supplemental cost is based on the “survival distribution” (a variation of the
exponential distribution).The Inverse Survival Function is a “cost” term in DTRAD to
represent the potential risk of travel toward the plant:

sa=-BIn(p),0<p<lI;B>0

d, = Distance of node, n, from the plant
do=Distance from the plant where there is zero risk
B = Scaling factor

The value of d, = 15 miles, the outer distance of the shadow region. Note that the
supplemental cost, s,, of link, a, is (high, low), if its downstream node, n, is (near, far from) the
power plant.
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Network Equilibrium

In 1952, John Wardrop wrote:

Under equilibrium conditions traffic arranges itself in congested networks in such a way
that no individual trip-maker can reduce his path costs by switching routes.

The above statement describes the “User Equilibrium” definition, also called the “Selfish Driver
Equilibrium”. It is a hypothesis that represents a [hopeful] condition that evolves over time as
drivers search out alternative routes to identify those routes that minimize their respective
“costs”. It has been found that this “equilibrium” objective to minimize costs is largely realized
by most drivers who routinely take the same trip over the same network at the same time (i.e.,
commuters). Effectively, such drivers “learn” which routes are best for them over time. Thus,
the traffic environment “settles down” to a near-equilibrium state.

Clearly, since an emergency evacuation is a sudden, unique event, it does not constitute a long-
term learning experience which can achieve an equilibrium state. Consequently, DTRAD was
not designed as an equilibrium solution, but to represent drivers in a new and unfamiliar
situation, who respond in a flexible manner to real-time information (either broadcast or
observed) in such a way as to minimize their respective costs of travel.
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@ Start of next DTRAD Session
—

Set Ty = Clock time.
Archive System State at T

Define latest Link Turn

Percentages

Execute Simulation Model from
. > time, Ty to Ty (burn time)

Provide DTRAD with link MOE at
time, T;

Execute DTRAD iteration;
Get new Turn Percentages

Retrieve System State at Tj ;

Apply new Link Turn Percents

DTRAD iteration converges?
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(DTA session duration)
Set Clockto T,

Figure B-1. Flow Diagram of Simulation-DTRAD Interface
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C. DYNEV TRAFFIC SIMULATION MODEL

The DYNEV traffic simulation model is a macroscopic model that describes the operations of
traffic flow in terms of aggregate variables: vehicles, flow rate, mean speed, volume, density,
gueue length, on each link, for each turn movement, during each Time Interval (simulation time
step). The model generates trips from “sources” and from Entry Links and introduces them
onto the analysis network at rates specified by the analyst based on the mobilization time
distributions. The model simulates the movements of all vehicles on all network links over time
until the network is empty. At intervals, the model outputs Measures of Effectiveness (MOE)
such as those listed in Table C-1.

Model Features Include:

Explicit consideration is taken of the variation in density over the time step; an iterative
procedure is employed to calculate an average density over the simulation time step for
the purpose of computing a mean speed for moving vehicles.

Multiple turn movements can be serviced on one link; a separate algorithm is used to
estimate the number of (fractional) lanes assigned to the vehicles performing each turn
movement, based, in part, on the turn percentages provided by the DTRAD model.

At any point in time, traffic flow on a link is subdivided into two classifications: queued
and moving vehicles. The number of vehicles in each classification is computed. Vehicle
spillback, stratified by turn movement for each network link, is explicitly considered and
guantified. The propagation of stopping waves from link to link is computed within each
time step of the simulation. There is no “vertical stacking” of queues on a link.

Any link can accommodate “source flow” from zones via side streets and parking
facilities that are not explicitly represented. This flow represents the evacuating trips
that are generated at the source.

The relation between the number of vehicles occupying the link and its storage capacity
is monitored every time step for every link and for every turn movement. If the
available storage capacity on a link is exceeded by the demand for service, then the
simulator applies a “metering” rate to the entering traffic from both the upstream
feeders and source node to ensure that the available storage capacity is not exceeded.

A “path network” that represents the specified traffic movements from each network
link is constructed by the model; this path network is utilized by the DTRAD model.

A two-way interface with DTRAD: (1) provides link travel times; (2) receives data that
translates into link turn percentages.

Provides MOE to animation software, EVAN

Calculates ETE statistics
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All traffic simulation models are data-intensive. Table C-2 outlines the necessary input data
elements.

To provide an efficient framework for defining these specifications, the physical highway
environment is represented as a network. The unidirectional links of the network represent
roadway sections: rural, multi-lane, urban streets or freeways. The nodes of the network
generally represent intersections or points along a section where a geometric property changes
(e.g. alane drop, change in grade or free flow speed).

Figure C-1 is an example of a small network representation. The freeway is defined by the
sequence of links, (20,21), (21,22), and (22,23). Links (8001, 19) and (3, 8011) are Entry and Exit
links, respectively. An arterial extends from node 3 to node 19 and is partially subsumed within

a grid network. Note that links (21,22) and (17,19) are grade-separated.

Table C-1. Selected Measures of Effectiveness Output by DYNEV Il

Measure

Vehicles Discharged

Units

Vehicles

Applies To
Link, Network, Exit Link

Speed Miles/Hours (mph) Link, Network
Density Vehicles/Mile/Lane Link

Level of Service LOS Link

Content Vehicles Network

Travel Time Vehicle-hours Network
Evacuated Vehicles Vehicles Network, Exit Link
Trip Travel Time Vehicle-minutes/trip Network

Capacity Utilization Percent Exit Link
Attraction Percent of total evacuating vehicles Exit Link

Max Queue Vehicles Node, Approach

Time of Max Queue

Hours:minutes

Node, Approach

Route Statistics

Length (mi); Mean Speed (mph); Travel
Time (min)

Route

Mean Travel Time

Minutes

Evacuation Trips; Network
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Table C-2. Input Requirements for the DYNEV Il Model
HIGHWAY NETWORK

e Links defined by upstream and downstream node numbers

e Link lengths

e Number of lanes (up to 9) and channelization

e Turn bays (1 to 3 lanes)

e Destination (exit) nodes

e Network topology defined in terms of downstream nodes for each receiving link
e Node Coordinates (X,Y)

e Nuclear Power Plant Coordinates (X,Y)

GENERATED TRAFFIC VOLUMES

e Onall entry links and source nodes (origins), by Time Period
TRAFFIC CONTROL SPECIFICATIONS

e Traffic signals: link-specific, turn movement specific
e Signal control treated as fixed time or actuated
e Location of traffic control points (these are represented as actuated signals)
e Stop and Yield signs
e Right-turn-on-red (RTOR)
e Route diversion specifications
e Turn restrictions
e Lane control (e.g. lane closure, movement-specific)
DRIVER’S AND OPERATIONAL CHARACTERISTICS
e Driver’s (vehicle-specific) response mechanisms: free-flow speed, discharge headway
e Bus route designation.
DYNAMIC TRAFFIC ASSIGNMENT
e Candidate destination nodes for each origin (optional)
e Duration of DTA sessions

e Duration of simulation “burn time”
e Desired number of destination nodes per origin

INCIDENTS

e |dentify and Schedule of closed lanes
e |dentify and Schedule of closed links
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Figure C-1. Representative Analysis Network
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C.1 Methodology
C.1.1 The Fundamental Diagram

It is necessary to define the fundamental diagram describing flow-density and speed-density
relationships. Rather than “settling for” a triangular representation, a more realistic
representation that includes a “capacity drop”, (I-R)Qmax, at the critical density when flow
conditions enter the forced flow regime, is developed and calibrated for each link. This
representation, shown in Figure C-2, asserts a constant free speed up to a density, k¢, and then
a linear reduction in speed in the range, k¢ < k < k. = 45 vpm, the density at capacity. In the
flow-density plane, a quadratic relationship is prescribed in the range, k. < k < kg =95 vpm
which roughly represents the “stop-and-go” condition of severe congestion. The value of flow
rate, Q;, corresponding to Kg,is approximated at 0.7 RQuax- A linear relationship
between kg and k; completes the diagram shown in Figure C-2. Table C-3 is a glossary of terms.

The fundamental diagram is applied to moving traffic on every link. The specified calibration
values for each link are: (1) Free speed, v; ; (2) Capacity, Quax; (3) Critical density, k. =

45 vpm ; (4) Capacity Drop Factor, R = 0.9 ; (5) Jam density, k;. Then, v, = % , ke= k. —

— 2 — — — —
% Setting k =k — K, then Q = RQuax — 222 k? for 0 <k <k, =50. It can be

shown that Q = (0.98 —0.0056 l_<) RQ,ax for k¢ <k < l_<]-,where ks = 50 and l?] = 175.

C.1.2 The Simulation Model

The simulation model solves a sequence of “unit problems”. Each unit problem computes the
movement of traffic on a link, for each specified turn movement, over a specified time interval
(T1) which serves as the simulation time step for all links. Figure C-3 is a representation of the
unit problem in the time-distance plane. Table C-3 is a glossary of terms that are referenced in
the following description of the unit problem procedure.
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Table C-3. Glossary

The maximum number of vehicles, of a particular movement, that can discharge

Ca . ol . .
P from a link within a time interval.
£ The number of vehicles, of a particular movement, that enter the link over the
time interval. The portion, E1;, can reach the stop-bar within the TI.
G/C The green time: cycle time ratio that services the vehicles of a particular turn
movement on a link.
h The mean queue discharge headway, seconds.
k Density in vehicles per lane per mile.
K The average density of moving vehicles of a particular movement over a Tl, on a
link.
L The length of the link in feet.
Lo L The queue length in feet of a particular movement, at the [beginning, end] of a
b e time interval.
LN The number of lanes, expressed as a floating point number, allocated to service a
particular movement on a link.
Ly The mean effective length of a queued vehicle including the vehicle spacing, feet.
M Metering factor (Multiplier): 1.
The number of moving vehicles on the link, of a particular movement, that are
My, , M, moving at the [beginning, end] of the time interval. These vehicles are assumed
to be of equal spacing, over the length of link upstream of the queue.
0 The total number of vehicles of a particular movement that are discharged from a
link over a time interval.
The components of the vehicles of a particular movement that are discharged
On Ov O from a link within a time interval: vehicles that were Queued at the beginning of
QEMYYE  the Tl; vehicles that were Moving within the link at the beginning of the TI;
vehicles that Entered the link during the TI.
p The percentage, expressed as a fraction, of the total flow on the link that
X executes a particular turn movement, x.
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The number of queued vehicles on the link, of a particular turn movement, at the

Qb Qe [beginning, end] of the time interval.
The maximum flow rate that can be serviced by a link for a particular movement

Qmax in the absence of a control device. It is specified by the analyst as an estimate of
link capacity, based upon a field survey, with reference to the HCM.

R The factor that is applied to the capacity of a link to represent the “capacity
drop” when the flow condition moves into the forced flow regime. The lower
capacity at that point is equal to RQ .« -

RCap The remaining capacity available to service vehicles of a particular movement
after that queue has been completely serviced, within a time interval, expressed
as vehicles.

N Service rate for movement x, vehicles per hour (vph).

ty Vehicles of a particular turn movement that enter a link over the first t; seconds
of a time interval, can reach the stop-bar (in the absence of a queue down-
stream) within the same time interval.

Tl The time interval, in seconds, which is used as the simulation time step.

v The mean speed of travel, in feet per second (fps) or miles per hour (mph), of
moving vehicles on the link.

vq The mean speed of the last vehicle in a queue that discharges from the link within
the Tl. This speed differs from the mean speed of moving vehicles, v.

w The width of the intersection in feet. This is the difference between the link
length which extends from stop-bar to stop-bar and the block length.
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The formulation and the associated logic presented below are designed to solve the unit
problem for each sweep over the network (discussed below), for each turn movement serviced
on each link that comprises the evacuation network, and for each Tl over the duration of the
evacuation.

Given = Qb,Mb,L,TI,EO,LN,G/C,h,LV,RO,LC,E,M
Compute = 0,Q., M,
Define 0 =0q+ 0y +0g ; E=E; +E;

1. For the first sweep, s = 1, of this T, get initial estimates of mean density, Kk, , the R —factor,
R, and entering traffic, E;, using the values computed for the final sweep of the prior TI.
For each subsequent sweep, s > 1, calculate E = ); P, O; + S where P;,0; are the
relevant turn percentages from feeder link, i, and its total outflow (possibly metered) over
this TI; S is the total source flow (possibly metered) during the current TI.
Set iteration counter,n =0, k =k, ,and E = E, .

2. Calculate v (k) suchthat k < 130 using the analytical representations of the
fundamental diagram.

3600 (G/C) LN, in vehicles, this value may be reduced

Calculate Cap =

due to metering
SetR = 1.0 if G/C <1 orifk < k.; Set R = 0.9 only if G/C =1 and k > k.

L
Calculate queue length, Ly, = Qp ﬁ

3. Calculate t1=TI—%. Ift; <0, setty =E; =0 =0 ; Else, E1=E%.

4, Thel’l EZZE_El,tZZTI_tl

5. If Qu, = Cap,then
Ochap,OM :OE :O
If t; > 0,then
Qe =Qp + My +E; —Cap
Else
Qe = Qp —Cap
End if
Calculate Q. and M, using Algorithm A (below)

6. Else (Qp < Cap)
Oq =Qp, RCap = Cap — Oq

7. If M, < RCap, then
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) t; Cap
8. If t; >0, OM=Mb,OE=mm(RCap—Mb,T> =0

Qe =E; — Og
If Q. > 0,then
Calculate Q. , M, with Algorithm A

Else
Q.=0, M, =E,
End if
Else (t; =0)
_ (v(TD-Ly _
Oy = (—L_Lb ) My and O =0
End if

9. Else (My, > RCap)

OE =0

If t; >0, then
Om = RCap, Q. =M, — Oy + E;
Calculate Q. and M, using Algorithm A

10. Else (t; = 0)
v(TD-L
Ma = [( L-Ly b) Mb]
If Mg > RCap, then
Om = RCap
Qe = Mg — Oy
Apply Algorithm A to calculate Q. and M,
Else
OM = Md
Me =M, -0y +E and Q. =0
End if
End if
End if
End if

[kp + 2 ky, + kel ,

NI

11. Calculate a new estimate of average density, k, =

where ky, = density at the beginning of the Tl
k. = density at the end of the Tl
k,, = density at the mid-point of the Tl
All values of density apply only to the moving vehicles.

If |Rn - Rn_1| >€andn <N
where N = max number of iterations, and € is a convergence criterion, then
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12. setn =n+ 1, and return to step 2 to perform iteration, n, using k = k,, .
End if

Computation of unit problem is now complete. Check for excessive inflow causing
spillback.

(L-W) LN

13.1f Qe + M, > ==,

then

(L-W) - LN
Ly
where W is the width of the upstream intersection. To prevent spillback, meter the
outflow from the feeder approaches and from the source flow, S, during this Tl by the
amount, SB. That is, set
SB
E+5) > 0,where M is the metering factor (over all movements).
This metering factor is assigned appropriately to all feeder links and to the source flow, to be
applied during the next network sweep, discussed later.

The number of excess vehicles that cause spillback is: SB = Q¢ + M, —

)

M=1-

Algorithm A

This analysis addresses the flow environment over a Tl during which moving vehicles can
'y join a standing or discharging queue. For the case

Qb va shown, Qp < Cap,witht; >0anda queue of
Qe length, Qg , formed by that portion of My and E

that reaches the stop-bar within the TI, but could
4 not discharge due to inadequate capacity. That is,
Mo Qp + My + E; > Cap. This  queue length,
v L3 Qe = Qp + My + E; — Cap can be extended to Q.
by traffic entering the approach during the current
Tl, traveling at speed, v, and reaching the rear of the

queue within the TI. A portion of the entering

t 3|
>E—>

Tl vehicles, E; = E %, will likely join the queue. This

d »
<« L

analysis calculates t;,Q.and M, for the input
valuesof L, Tl, v, E, t, Ly, LN, Qg .
When t; > 0 and Q, < Cap:
L L
Define: L, = Q¢ ﬁ . From the sketch, Ly =v(TI—t; —t3) =L —(Qz + E3) ﬁ .
Substituting E; = % E yields: — vtg +% E II:—I‘\’I = L — v(TI — t;) — L} . Recognizing that
the first two terms on the right hand side cancel, solve for t; to obtain:
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Le

tng suchthat OSt3 STI—tl
_ = v
[V TI LN
. E Ly
If the denominator, [V ~ I IN <0,settz =TI —t;.
Th —QL4E M—E(l t1+t3)
en' Qe - Qe TI Y e — TI

The complete Algorithm A considers all flow scenarios; space limitation precludes its
inclusion, here.

C.1.3 Lane Assignment

The “unit problem” is solved for each turn movement on each link. Therefore it is necessary to
calculate a value, LNy, of allocated lanes for each movement, x. If in fact all lanes are specified
by, say, arrows painted on the pavement, either as full lanes or as lanes within a turn bay, then
the problem is fully defined. If however there remain un-channelized lanes on a link, then an
analysis is undertaken to subdivide the number of these physical lanes into turn movement
specific virtual lanes, LN,.

C.2 Implementation
C.2.1 Computational Procedure

The computational procedure for this model is shown in the form of a flow diagram as Figure
C-4. As discussed earlier, the simulation model processes traffic flow for each link
independently over Tl that the analyst specifies; it is usually 60 seconds or longer. The first step
is to execute an algorithm to define the sequence in which the network links are processed so
that as many links as possible are processed after their feeder links are processed, within the
same network sweep. Since a general network will have many closed loops, it is not possible to
guarantee that every link processed will have all of its feeder links processed earlier.

The processing then continues as a succession of time steps of duration, Tl, until the simulation
is completed. Within each time step, the processing performs a series of “sweeps” over all
network links; this is necessary to ensure that the traffic flow is synchronous over the entire
network. Specifically, the sweep ensures continuity of flow among all the network links; in the
context of this model, this means that the values of E, M, and S are all defined for each link such
that they represent the synchronous movement of traffic from each link to all of its outbound
links. These sweeps also serve to compute the metering rates that control spillback.

Within each sweep, processing solves the “unit problem” for each turn movement on each link.
With the turn movement percentages for each link provided by the DTRAD model, an algorithm
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allocates the number of lanes to each movement serviced on each link. The timing at a signal, if
any, applied at the downstream end of the link, is expressed as a G/C ratio, the signal timing
needed to define this ratio is an input requirement for the model. The model also has the
capability of representing, with macroscopic fidelity, the actions of actuated signals responding
to the time-varying competing demands on the approaches to the intersection.

The solution of the unit problem yields the values of the number of vehicles, O, that discharge
from the link over the time interval and the number of vehicles that remain on the link at the
end of the time interval as stratified by queued and moving vehicles: Q. and M,. The
procedure considers each movement separately (multi-piping). After all network links are
processed for a given network sweep, the updated consistent values of entering flows, E;
metering rates, M; and source flows, S are defined so as to satisfy the “no spillback” condition.
The procedure then performs the unit problem solutions for all network links during the
following sweep.

Experience has shown that the system converges (i.e. the values of E, M and S “settle down” for
all network links) in just two sweeps if the network is entirely under-saturated or in four sweeps
in the presence of extensive congestion with link spillback. (The initial sweep over each link
uses the final values of E and M, of the prior TI). At the completion of the final sweep for a TI,
the procedure computes and stores all measures of effectiveness for each link and turn
movement for output purposes. It then prepares for the following time interval by defining the
values of Q;, and M}, for the start of the next Tl as being those values of Q. and M, at the end
of the prior Tl. In this manner, the simulation model processes the traffic flow over time until
the end of the run. Note that there is no space-discretization other than the specification of
network links.
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Sequence Network Links

Next Time-step, of duration, Tl

Next sweep; Define E, M, S for all
Links

Next Link

Next Turn Movement, x

Get lanes, LNy
Service Rate, S,; (G/C,)

Get inputs to Unit Problem:
Qb ’ Mb , E
|

Solve Unit Problem: Q. , M, ,0

1717

Last Movement ? M
| Yes
Last Link ? No :@
| Yes
Last Sweep ? No e
| Yes
Calc., store all Link MOE
Set up next Tl :
|
Last Time —step ? No
| Yes
DONE

Figure C-4. Flow of Simulation Processing (See Glossary: Table C-3)
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C.2.2 Interfacing with Dynamic Traffic Assignment (DTRAD)

The DYNEV Il system reflects NRC guidance that evacuees will seek to travel in a general
direction away from the location of the hazardous event. Thus, an algorithm was developed to
identify an appropriate set of destination nodes for each origin based on its location and on the
expected direction of travel. This algorithm also supports the DTRAD model in dynamically
varying the Trip Table (O-D matrix) over time from one DTRAD session to the next.

Figure B-1 depicts the interaction of the simulation model with the DTRAD model in the DYNEV
Il system. As indicated, DYNEV Il performs a succession of DTRAD “sessions”; each such session
computes the turn link percentages for each link that remain constant for the session duration,
[Ty, T,], specified by the analyst. The end product is the assignment of traffic volumes from
each origin to paths connecting it with its destinations in such a way as to minimize the
network-wide cost function. The output of the DTRAD model is a set of updated link turn
percentages which represent this assignment of traffic.

As indicated in Figure B-1, the simulation model supports the DTRAD session by providing it
with operational link MOE that are needed by the path choice model and included in the
DTRAD cost function. These MOE represent the operational state of the network at a time,
T, < T,, which lies within the session duration, [Ty, T,]. This “burn time”, T; —T,, is
selected by the analyst. For each DTRAD iteration, the simulation model computes the change
in network operations over this burn time using the latest set of link turn percentages
computed by the DTRAD model. Upon convergence of the DTRAD iterative procedure, the
simulation model accepts the latest turn percentages provided by the DTA model, returns to
the origin time, T,, and executes until it arrives at the end of the DTRAD session duration at
time, T, . At this time the next DTA session is launched and the whole process repeats until the
end of the DYNEV Il run.

Additional details are presented in Appendix B.
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D. DETAILED DESCRIPTION OF STUDY PROCEDURE

This appendix describes the activities that were performed to compute Evacuation Time
Estimates. The individual steps of this effort are represented as a flow diagram in Figure D-1.
Each numbered step in the description that follows corresponds to the numbered element in
the flow diagram.

Step 1

The first activity was to obtain EPZ boundary information and create a GIS base map. The base
map extends beyond the Shadow Region which extends approximately 15 miles (radially) from
the power plant location. The base map incorporates the local roadway topology, a suitable
topographic background and the EPZ boundary.

Step 2

2010 Census block information was obtained in GIS format. This information was used to
estimate the resident population within the EPZ and Shadow Region and to define the spatial
distribution and demographic characteristics of the population within the study area. Employee
data were estimated from county emergency managers, internet searches and from phone calls
to major employers. Transient data were obtained from county emergency management
agencies, from phone calls to transient attractions and estimations based on similar facilities.
Information concerning schools, medical and other types of special facilities within the EPZ was
obtained from county and municipal sources.

Step 3

A kickoff meeting was conducted with major stakeholders (state and county emergency
managers, on-site and off-site utility emergency managers). The purpose of the kickoff meeting
was to present an overview of the work effort, identify key agency personnel, and indicate the
data requirements for the study. Specific requests for information were presented to county
emergency managers. Unique features of the study area were discussed to identify the local
concerns that should be addressed by the ETE study.

Step 4

Next, a physical survey of the roadway system in the study area was conducted to determine
the geometric properties of the highway sections, the channelization of lanes on each section
of roadway, whether there are any turn restrictions or special treatment of traffic at
intersections, the type and functioning of traffic control devices, gathering signal timings for
pre-timed traffic signals, and to make the necessary observations needed to estimate realistic
values of roadway capacity.

Step 5

A telephone survey of households within the EPZ was conducted to identify household
dynamics, trip generation characteristics, and evacuation-related demographic information of
the EPZ population. This information was used to determine important study factors including
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the average number of evacuating vehicles used by each household, and the time required to
perform pre-evacuation mobilization activities.

Step 6

A computerized representation of the physical roadway system, called a link-node analysis
network, was developed using the UNITES software developed by KLD. Once the geometry of
the network was completed, the network was calibrated using the information gathered during
the road survey (Step 4). Estimates of highway capacity for each link and other link-specific
characteristics were introduced to the network description. Traffic signal timings were input
accordingly. The link-node analysis network was imported into a GIS map. 2010 Census data
were overlaid in the map, and origin centroids where trips would be generated during the
evacuation process were assigned to appropriate links.

Step 7

The EPZ is subdivided into 5 PAAs. Based on wind direction and speed, Regions (groupings of
PAA) that may be advised to evacuate, were developed.

The need for evacuation can occur over a range of time-of-day, day-of-week, seasonal and
weather-related conditions. Scenarios were developed to capture the variation in evacuation
demand, highway capacity and mobilization time, for different time of day, day of the week,
time of year, and weather conditions.

Step 8

The input stream for the DYNEV Il model, which integrates the dynamic traffic assignment and
distribution model, DTRAD, with the evacuation simulation model, was created for a prototype
evacuation case — the evacuation of the entire EPZ for a representative scenario.

Step 9

After creating this input stream, the DYNEV Il System was executed on the prototype
evacuation case to compute evacuating traffic routing patterns consistent with the appropriate
NRC guidelines. DYNEV Il contains an extensive suite of data diagnostics which check the
completeness and consistency of the input data specified. The analyst reviews all warning and
error messages produced by the model and then corrects the database to create an input
stream that properly executes to completion.

The model assigns destinations to all origin centroids consistent with a (general) radial
evacuation of the EPZ and Shadow Region. The analyst may optionally supplement and/or
replace these model-assigned destinations, based on professional judgment, after studying the
topology of the analysis highway network. The model produces link and network-wide
measures of effectiveness as well as estimates of evacuation time.

Step 10

The results generated by the prototype evacuation case are critically examined. The
examination includes observing the animated graphics (using the EVAN software which
operates on data produced by DYNEV Il) and reviewing the statistics output by the model. This
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is a labor-intensive activity, requiring the direct participation of skilled engineers who possess
the necessary practical experience to interpret the results and to determine the causes of any
problems reflected in the results.

Essentially, the approach is to identify those bottlenecks in the network that represent
locations where congested conditions are pronounced and to identify the cause of this
congestion. This cause can take many forms, either as excess demand due to high rates of trip
generation, improper routing, a shortfall of capacity, or as a quantitative flaw in the way the
physical system was represented in the input stream. This examination leads to one of two
conclusions:

e The results are satisfactory; or
e The input stream must be modified accordingly.

This decision requires, of course, the application of the user's judgment and experience based
upon the results obtained in previous applications of the model and a comparison of the results
of the latest prototype evacuation case iteration with the previous ones. If the results are
satisfactory in the opinion of the user, then the process continues with Step 13. Otherwise,
proceed to Step 11.

Step 11

There are many "treatments" available to the user in resolving apparent problems. These
treatments range from decisions to reroute the traffic by assigning additional evacuation
destinations for one or more sources, imposing turn restrictions where they can produce
significant improvements in capacity, changing the control treatment at critical intersections so
as to provide improved service for one or more movements, or in prescribing specific
treatments for channelizing the flow so as to expedite the movement of traffic along major
roadway systems. Such "treatments" take the form of modifications to the original prototype
evacuation case input stream. All treatments are designed to improve the representation of
evacuation behavior.

Step 12

As noted above, the changes to the input stream must be implemented to reflect the
modifications undertaken in Step 11. At the completion of this activity, the process returns to
Step 9 where the DYNEV Il System is again executed.

Step 13

Evacuation of transit-dependent evacuees and special facilities are included in the evacuation
analysis. Fixed routing for transit buses and for school buses, ambulances, and other transit
vehicles are introduced into the final prototype evacuation case data set. DYNEV Il generates
route-specific speeds over time for use in the estimation of evacuation times for the transit
dependent and special facility population groups.

Step 14

The prototype evacuation case was used as the basis for generating all region and scenario-
specific evacuation cases to be simulated. This process was automated through the UNITES user
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interface. For each specific case, the population to be evacuated, the trip generation
distributions, the highway capacity and speeds, and other factors are adjusted to produce a
customized case-specific data set.

Step 15

All evacuation cases are executed using the DYNEV Il System to compute ETE. Once results were
available, quality control procedures were used to assure the results were consistent, dynamic
routing was reasonable, and traffic congestion/bottlenecks were addressed properly.

Step 16

Once vehicular evacuation results are accepted, average travel speeds for transit and special
facility routes were used to compute evacuation time estimates for transit-dependent
permanent residents, schools, hospitals, and other special facilities.

Step 17

The simulation results are analyzed, tabulated and graphed. The results were then
documented, as required by NUREG/CR-7002.

Step 18

Following the completion of documentation activities, the ETE criteria checklist (see Appendix
N) was completed. An appropriate report reference is provided for each criterion provided in
the checklist.
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Step 1

Step 10
Create GIS Base Map Examine Results of Prototype Evacuation Case
using EVAN and
DYNEV Il Output
Step 2 e
\ 4
Gather Census Block and Demographic Data for Results Satisfactory
Study Area
Step 11
v Step 3
Modify Evacuation Destinations and/or Develop
Conduct Kickoff Meeting with Stakeholders Traffic Control Treatments
v Step 4 v Step 12
Field Survey of Roadways within Study Area Modify Database to Reflect Changes to Prototype
Evacuation Case
v Step 5
Conduct Telephone Survey and Develop Trip
Generation Characteristics
Step 13
Step 6
\ 4 Establish Transit and Special Facility Evacuation |
l
Create and Calibrate Link-Node Analysis Network Routes and Update DYNEV Il Database
v Step 14
Step 7
v Generate DYNEV Il Input Streams for All
Evacuation Cases
Develop Evacuation Regions and Scenarios vacuat
Step 15
Step 8 A 4 P
A 4 Execute DYNEV Il to Compute ETE for All
Create and Debug DYNEV Il Input Stream Evacuation Cases
v Step 16
Step 9
v Use DYNEV Il Average Speed Output to Compute
. ETE for Transit and Special Facility Routes
Execute DYNEV Il for Prototype Evacuation Case
v Step 17
Documentation
v Step 18
Complete ETE Criteria Checklist
Figure D-1. Flow Diagram of Activities
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E. SPECIAL FACILITY DATA

The following tables list population information, as of September 2012, for special facilities,
transient attractions and major employers that are located within the Fermi EPZ. Special
facilities are defined as schools, hospitals and other medical care facilities, and correctional
facilities. Transient population data is included in the tables for recreational areas and lodging
facilities. Employment data is included in the tables for major employers. Each table is grouped
by county. The location of the facility is defined by its straight-line distance (miles) and
direction (magnetic bearing) from the center point of the plant. Maps of each school, medical
facility, recreational area, lodging facility, and major employer are also provided.

Fermi Nuclear Power Plant E-1 KLD Engineering, P.C.
Evacuation Time Estimate Rev. 1



T 'A3Y

"D°d ‘Buaauiduz a1

[4F

91eWI1S3 aWl] UollenJeA]
1ue|d JaMOod Jesjanp 1wl

Heis

jusw
S

ALNNOJ JOUYNOIN
SSa1ppYy 199418

awep [00Yds

Zd3 3Y2 ulyum sjooyds “T-3 3|qeL

91 11¢ 0£9T-Tev (vEL) S0JUON "}S 90JUON YINOS TS |00YdS S,uyor 1S | MSM €8 S

6 291 006%-592 (v€L) S0JUON 1S 9|SS20Y YMON £/ |00YdS Aleluswa|l dpISIaAlY | MSM v'8 S
ST 4% 008%-592 (v€L) S0JUON | PY 3||IAuUISIEY YHON 00ET |ooyds Asejuawia|g 3jjiaulsiey M L6 S
44 8T 200T-T¥C (VL) S0J4UON ‘PY MEMI)S 66TT | 4edAeQ /Awapedy uensyd Aemyled | MSM 9/ S
ST SLT 00££-59T (v€L) S0JUON 1S B0 0SLT |00YdS YSIH 423U3) pIeydio | MS L'l S
81T 0€TC 00t€-592 (v€L) S0JUON "PY 4J3H T06 [00Y2S YSIH J0IUSS S04UOIA | MSM 66 S
65 16 000t-592 (v€2) S0JUON 1S uo1ulysep €05 [O0YIS 3|PPIA S0JUOIAl | MSM €8 S
9¢ 90t 00Lt-59T (v€L) S0JUoN "JS UIRJOT ISOM TELT |ooyds Aeuswia|g Jouely | AMSM 9'8 S

9 9¢ 7£88-98S (v€L) d0Juol | “pY ydes3a|a] YmoN 0TZ8 UY1nos |00ydS Y3IH uesaying | MANM LS S
0S (0747 0855-68¢ (v€L) S0JUON PY PANH "3 096T [00ydS Aseruswa|d panH | MSM TS S
0t 00T 6050-2¥C (v€L) S0JUON "PY SSI9H £95€ |ooyds uesayinT isoys AjoH M 6'8 S
1C LET 00S7-S9¢ (v€L) S0JUON SNUBAY MBIAISALY GETT |00YdS Alejuswal3z poomA|IoH | MSM 0L S
0t v6¢ 00£-592 (v€2) S0JUON "pY uleq|y 1s9M T00S T# 10042G AJejuswialg 431sn) | MSM L0T S
8t 059 00£-592 (v€2) S0JUON "PY uleq|y 1S9M £00S T# |00Y2S AJejuswialg 491snd) | MSM 90T S
44 ovL TTST-7S9 (vEL) uolape) ‘PY uoyeI5 00TTT [00YdS YSiH Jotunr Jagem | MN 08 12
LT €T€ 9¥89-159 (v€L) uolaped "PY J3Ussa4 09T |ooyds Asejuawia|q Sulals | MN 18 12
€1 YET TTST1S9 (vEL) uolaped ‘PY 0geT 1S9 0462 |00YdS YI11ed IS | MNM 16 12
81 00€ GEES-6L€ (VEL) poomxa0y *S Py POOMYI0Y |ooyas Aejuswa|3 Jonly N 99 12

'S-uois|de) 0995
‘PY pOooOMO0Y .

6T 00€ TZTC-vS9 (vEL) uola|ie) g-U0IB|IED CEET [ooyds Aseyuswia|3 J9jA3 | MN '8 v
11 A% ver8-v59 (v€L) uois|e) PY [ISMXeIN £0LTT |ooyds Aeg Aiauno) uolslied | MN L6 v
SS 0S0'T 8079-7S9 (VL) uolape) "PY UOIRID OEETT |00YdS ySiH Joluas uodily | MN 18 12
0¢ 443 ¥8£9-986 (v€£) S0JUON "pY neapen 888¢ |ooyds Aleuawiall pos | MSM 9'€ €
1C S9¢ 6955-68C (v€L) S0JUON "PY %2343 Au0ls N TOZS |00YIS 3|PPIN UOSISHr | MSM 0€ €
St SLL 6555-68T (vEL) S0JUON "PY SWel||IM L0LS |00YdS YSIH UosIayar | MSM 6¢C €
0t v61 T€57-98S (v€L) S0JUON %9940 UBMS GZT8 |ooYdS saldeyd 1S | MN 9'C 14
91 90¢€ TTTT-1S9 (vEL) poom0y 'S "PY HOdM3N °S 0013 |00Y2S AJelusWS|F JBISWIBPISN | MN g€ 4
€T Sty ¥8£9-986 (v€L) podmaN | AemySiH S1XIQ YHON T/T8 |ooyas Aseauawa|3 yHuoN | MNN €C T

(sonw)
QJuelsig

vvd




T 'A3Y

"D°d ‘Buaauiduz a1

91eWI1S3 aWl] UollenJeA]
1ue|d JaMOod Jesjanp 1wl

3els

jusw
S

Ayjedpiuniy

SS94pPpPY 19311S

awep [00Yds

(sanw)
QJuelsig

0TY'T €LT'6T | IV1OL
195 ZIT9 | :sipioigns Aauno) auhom
J1a1ua) pooypiiydy )
09 cov 0189-6L€ (v€L) X204y 1el4 PY peaswO 00TOE AjiE3 JWILING /ALISPEY YLIWNG N 7’8 12
|ooyds

ST (0144 S86-6L€ (VEL) poompoy 1S Yaunyd Liirze AUe1UBWA|3 POOMYPOY SAIBI 19 N 1L v
€€ 153% €SYT-T8L (vEL) Y20y 1el4 1@ smopea|A 006t [00Y2S 3|ppIIAl uosdwis N ¥'8 ¥
€S Ly 0556-9£9 (v€L) Jejelqio | py Jelesqio S|ppIN €L T [ooydos Alequawa|3 suosied | INN €6 12
L9 vL0'T 00T.-6L€ (¥EL) Jeyjesqio AAY UOSIaYAN M 0SSOE |00Y2S YSiH uosjied 'y Jedsso | INN S'8 ¥
Ge (4% €TTC-C8L (vEL) X204y 1el4 1Q SMOpesN SZ617 |ooyas Asejuawia|3 sauleg ‘A uyor N €8 12
9s 568 009.-6L€ (v€L) Jeyeuqio DAY UOSIH3M M 0SSOE | 100YdS YSiH Jotunr dewnys - udf|aH | 3NN 9'8 12
(3% 895 0£21T-78L (vEL) X204y 1el4 JQ uadsy 00182 [00Y2S YSiH Ayunwwio) 320y el N €6 12

0 SLT 0189-6.L€ (v€L) X204y 1el4 1S UOISIAIQ 6£98C Heis peaH Jeyelqio /320y ie|d N 06 12
09 €8y S00€-78L (vEL) Y20y 1el4 1S US24849A3 00EBT |  100YdS Atejuawa|3 uesdqog I |3Y3g N 6 12
4 29 YOLY-6L€ (PEL) poomxa0y PY UUBDIN TTZEE [00Y2S YSIH JaAUMOg | INN €L 12
89 w 0556-9£9 (v€2) uMOISUMOIg pY 8Yy20Y 0ZETT AueruaWwa|3 J9IUNH Ua o_wn_vﬁom N 7’6 12
135 €05 99/€-6L€ (VEL) poomp0y pY pea1sw|o 00STE |ooyds Alejuswial3 uewdeyd N 9L 12
618 T90°€T | :s/b301gns A3uno) ao4uop

S 29 8LET-TVT (VEL) S0JUON "PY 3|00 98T [00YIS UeJaYINT UOIZ | MSM 69 S
2 0S¢ 0015-59C (¥€L) S0JUON "PY 491SND YInos €€6T |ooyds AJeuswialz 00338 | MSM €6 S
4 (0144 09TT-T¥C (vEL) S0JUON "15 11035 GT€ [o0yas uesaying AluLL | MSM 18 S
2 G8T €76€-TYT (vEL) S0JUON 1S 1U0J4 1S9 0TS [00YIS S,19BYIIIAI IS | MSM €8 S
2 81T LLEE-TTY (VEL) S0JUON "}S S0JUOIN YMON TST [00Y2S ysiied s,ABIN "1S | MSM 6L S
€€ 1TV €990-T¥T (v€L) S0JUON dNUBAY W[3 359 80T YBIH 193U53 JMjoReT S A L_M_w,_r_.wm MSM 08 S

vvd




T A9y
"D°d ‘Buaauiduz a1

91eWI1S3 aWl] UollenJeA]
jue|d Jamod Jeajnp 1wJa4

8€ €71 68L 0S6 TE0‘T | :Iv1iOL

0 T or IT 4 :s|pro3gns Auno) aukop

0 1 0t 1T 41 ST00-28L (v€L) Yo0Y 1e(4 Py JeyeiqiD TOZEZ | 9dudpIsay yooughAlen N 9C v

0 X/

8¢ zzr 64/ 6€6 6I0°T | :s/pr0igns Auno) aoiuopy

4 4! 191 SLT 761 8¥8Y-tve (VL) S04UON ydesSopaL N ﬂww S0JUOIA JO 31e2I3PUD] | MSM 19 S
121ud) 8uisinN .

1 0 65 09 0L 888T-0vC (v€L) S0JUON PY 1eM31S 00/ LOWSIY A2Jo MSM L S

|eydsoH .

0€ 69 69 89T 891 00%78-017¢ (v€L) S0JUOIN 1S quodeN N 8T/ [eLIOWSI A MSM g9 S

T 9 S8 76 €01 78¢9-tve (veL) S0JUOIN | U7 U339 33e|IA T8Y 11 98pOJIP3IN | MSM 08 S

T 8 10T 01T 0zt 00TS-€¥C (VL) S0JUOIN 1S ®0JUOIN N 0SCTE Joue\ poomajdely | M €8 S

T 8 90T STT STT €€S6-TVC (VEL) S04UOIN 1S 90JUOIN S 9€TT SWOH ueJdayIng | MSM 43 S

14 €1 LLT 761 0T¢ 8re-LLL (VEL) 90JUON SAY WI3 M 0T9 9SNOYJIBYION INHI | MSM S'8 S

0 0 ST ST 0¢ 00£S-T¥C (VL) S0JUOIN | Ja SYPUBP3IS S09T BBV | MSM 8'8 S

0 9 9 [4) 12 000%-£¥C (v€L) S0JUON 1S 90JUOIAI N 06S¢ DIV | M g/ S

sjuaned
usppu
-pag

sjuaned
Jleyd
-[23ym

sjuaned
Aoje
-|lnquiy

TED)
ju3d1In)

Apede)

ALNNOD JOUYNOIN

Ayjedpunpy

SS3IPpPY 19911S

Zd3 3Y3 UIYHM S31|1PeS [EIIPSIN "Z-3 B|qel

awen Ayes

uoi

-a110

(sa1w)
aosuelsiq

vvd




T 'A3Y

"D°d ‘Buaauiduz a1

S

91eWI1S3 aWl] UollenJeA]
1ue|d JaMOod Jesjanp 1wl

(zd3 uoN)

so9hojdwi3

Zd3

-UON %

(3p1ys xew)
soaAojdw3

auoyd

ALNNOD JOYNON

Aujedpiunpy

SS91ppY 199115

8L€ %SG 189 102T-v8€ (vEL) 90JUON 15 3044 3 00SE ue|d J19MOd BOJUON | MS 69 S
peoy
4% %6E €11 ¥680-GE€L (¥€L) S0JUoN souesie|de] 005 T sdoys Aioroeg 0JUON | MS 0L S
08 %08 00T TEVE-TYT (vEL) 90JUoN 35 uoidurysem 0T 1snJL g yueg 304UOIAl | MSM Sv S
LT %6E 0L 0069-2t7¢ (v€L) S0JUO *1Q sau4d] 000T s1npo.Ud pieAydeg s0JUON | MSM €01 S
walsAs
891 %6E 00T'T 0768-0t7¢ (v€L) 90JUON 1S 90JUON N SZ/ endson [eLowapy Avsapy | MM 18 S
19 %6€ 9GT 1008-78€ (v€L) S0JUOA | Py ydes33|9L N 00LT (24035 umolydUBIH) JBIBIN | MSM L S
63 %09 8¥1 9 T-eve (VEL) 90JUON 1S 3u0.4 3 000€ T3ILSIVIN | MS 70T S
261 %01 08t vy T-2ve (V€L) S0JUOA | Py ydessadL N ¥82T paielodiodu| Aog-z-e7 | MSM L€ S
YT %SC SSY 0ST6-2vC (v€L) 90JUON 1S 90JUON N TZTT [lelAl ®4enbS umolyoualg | MSM €01 S
29 %6E 09T 00S6-T¥C (¥€4) 90JUON 1S3ST 3 0TST Javo1s0a8a | MS 99 S
00T %0S 00¢ 9v0.-0v¢ (v€L) 90JUON 1S puz "35¢T 30JUOIA 40 AJUNOD | MSM 6L S
86 %6E 0S¢ 00vS-€t7C (v€L) 90JUON 1S Y3L M SS9T pajednuio) Aeg | MSM S S
oL %0L 00T 009t-59 (v€L) uola|e] | py uola|ie) ||IM 888 uonepodsuel] O3 | MNN 9'6 12
J93ud) ASojouyda]
LTT %06 0€T TTTT-¥S9 (vEL) uolpe) pY duiwoy TISHT 5 22us1s ueipieng | NN 7'6 12
8¥T %08 68T ¥979-¥59 (v€L) uolape) pY auiwoy 009t T sallisnpuj ueipiens | MANN 08 12
6t %6€ Y4 0T¥9-759 (v€L) uolape) PY 43131S 3 66TT 9snoyuaalo Jeisunod | MN L9 12
14 %6€ 0ce 0T¥9-7S9 (v€L) uolajie) |  py |ledl uelpu| STQT asnoyusalo Jeisunod | MN S 12
08¢ %0L (0]0]7 00TZ-%S9 (v€L) uolale) | py uoIde) ||IIM 009 uoiY 0Ny Hodzed | MN L 12
187 %TS 08 YIYT-¥S9 (VL) uois|le) Py uoles 0LTTT sj0oyds Ajunwiwo) Jodily | MN 08 17
9T %0t (0]7 00t9-68¢ (¥€L) 90JUo\ pY neapeN 009T DT Auedwod gml | M €6 €
LTT %6€ 00€ 0555-68C (¥€L) 90JUON AmH a1x1a N 00%¢ S|00Y2S 31|qnd UOSIIHSr | MSM 4] €
9/T %6€ oSt 00TZ-986 (¥€L) HodmaN | pyd@3i) uems /588 J31ua) uolnguasig MBI | MN SY 14
LLY %SS £98 00€5-986 (v€L) HodmaN AMH 31XIQ N 0079 | 3UB|d JOMOJJedINN || IWId4 | MSS 0L T

awey Ayjpey

(sapw)  vvd
ajuelsig

uond
-a11Q

Zd3 3y1 uiyum s1ahojdwy Jofely "€-3 s|qel



T 'A3Y

"D°d ‘Buaauiduz a1

91eWI1S3 aWl] UollenJeA]
jue|d Jamod Jeajnp 1wJa4

(zd3 uon)

sa9hojdwi3

Zd3
-UON %

(3p1ys xew)
soaAojdw3

Ajedpiuniy

SS9IpPpPY 19911

awenN Ayes

L6L'Y = £88°0T | -1vliOL

NNN\H = mwﬂ\m :s|bjoigns \ﬁt:o.u NEAU\S

LTTT %6€ SYT'e 008£-28L (¥€L) ¥20y 1e|4 | dAMQ |euoliRUISIU| T |euoljeusalu| uel|y oy | N €€ 12

0/S°€ = Ve /A4 :5/301GNS A1UN0D 30JUON
6C %6€ SL 08zT-Tie (veL) 90JUON | PpY ydesds|dL N GSTC HeN-leM | M L9 S
13 %0S 0L 068Z-T¥¢ (¥€L) 90JUON 3AY 1104133 099 HI0MIBN VINDAS | MSM v'9 S

AJeAl Jo 1iea ale|ndeww|

8¢ %ST 98T 099€-1t7¢ (v€L) 90JuUoN 9NV W3 M 019 au1 10 suenas ‘siansig | MSM 18 S
1S %6E 0fT €TET-¥8E (VEL) 90Juo\ JQ sauia] §z§ Suiysiul4 |13\ J23UOId | MSM |  €0T S
6€ %6€ 00T 788T-€vT (v€L) 90JUON 1S 191 00ST 8uiziueajeo [euolieN | MSM L S
6V %6€E Y4 00TT-2tC (v€L) 90JUON 1SIST M 0Z | Auedwo) Bulysijignd 0JUOIN | MSM 6 S
0T %SC ov 000€-59¢ (v€£) S0JUoN 1S qWIOdBIAl N G/CT S|00YdS 21|gNnd S0JUON | MSM 97 S

(sapw)  vvd
ajuelsig




T 'A3Y 9]ew|1S3 swli] uollendend

SO|2IYaA sjuaisuel ]

auoyd

Aujedipiunpy

ALNNOD JOYNON
SS24ppY 192415

awen Ayjoey

Zd3 3Y3 UIYHM SUOIBINY [BUONERIIRY/S)HIed -] B|qeL

(sanw)
2ouessig

"J°d ‘SBuasuidul a1y /-3 1ue|d JaMOd Jes[anp lwia4
6T9'S 988‘TT | :1V1OL
00Z°T 00£C :sjp303gns Ayunon auhom
yded ayy yum papnppul | 8%¥00-6L€ (V€L) UMO1SUMOIG peoy 83798/ T 10 JOGUEH MEdOIIB m_mmw_mh ANN 16 12
yJed 8yl yum papnppul | 8%¥00-6L€ (EL) UMOISUMOIG PY 93798/%T | 95In0J 4|09 iedosd|A 314 3xeT | INN g'S v
000°T 00£‘C 020S-6L€ (v€L) UMOISUMOIG UOSIa443r M T8YTE yded 0J19|A 313 e] | INN L v
(Y e )
00¢ (0]0]7 €€99-9/9 (v€L) poom a0y J1[BIGID SIPPIA 00VET ou| ‘eulely Snquiny | 3NN 69 12
0 v,
6Ty 98I'6 :s/p3031gns Auno) aoluop
14 0S S¥SS-TvT (vEL) S0JUOWN | JQ Jog.eH s3jjog 0/6L uiseg 1yoeA sanodl | S €L S
LE6'T 0y STLT-68C (VEL) S0JUON PY >Jed 2115 008¢ Yded 21e1S Bull4IS | MS 9y S
0S 0S 00TL-TvT (vEL) S0JUON PY SSISH £/ T€ 954n0) |09 393D Apues | M 18 S
SL 0ST LELO-TYT (VEL) S0JUON 3AY W|3 3 09ST BULIBIA JUOILIDAIY | MS 89 S
0S 0S 00££-68¢ (v€L) S0JUON AmH 31x10 N 00ST gn|D Aljunod Jany uisiey | MSM L'8 S
0s 0s T€S9-THT (vEL) S0JUON pY 910D TT19 qn|> AJauno) 13 4|09 S0JUOIAl | MSM L9 S
00% 008 ¥680-S€L (vEL) S0JUON py douesie|de] 0OSYT sdoys Aiojoeg soduol | S S'S S
14 0S vELL-TYT (VEL) 90JUON py douesie|de] €89 BULIBIA 380G B[N | MS €6 S
4 0S €€8C-TYC (VEL) S0JUON 1S 28p1g 0S6ET BULIBIAI JOQJIBH | MS 96 S
00¢ 007 0ST6-C¥T (vEL) S0JUON 1S S0JUON N TZTT [IeIN 3Jenbs umolyduaid | MSM 9 S
00S 000°T €€8z-Tve (veL) 90JUON py douesie|jde] 8€g9 sy00Q 13 addoys Aned a3 | MS ¥'0T S
ov ov SYST-TvC (VEL) 90JUON py douesie|de] 89y ET Jeg gieogsalldeyd | MS S'6 S
0S 0S GSSE-6L€ (VEL) POOMYI0Y S |  IQ JBAIY UOINH S £T9S gn|3 A1uno) = 4|09 uINgsa N 19 v
0S 0S T0Z9-7S9 (v€L) uoijied peoy uoyelo 0LyET qn|d 4/0D U39 uoldle) | MN ¥'9 12
0/8 000' 7696-6L€ (VL) uMOIsUMoIg | PY 3||INOIA JUIOd SOTLE ealy BWIED 2115 93(INOI 2UI0d | INN 6/ .
0S 0s GGS/-98S (vEL) Hod maN pY SuoJiswiy 0606 354n0) J|0D sJay1oag el | MNN L8 4
L vT 79.42-98S (v€L) Hodman pY As|qwol) 8685 uiseg 1ydep uems | AMNN S'6 T
ST o€ Y€TT-68¢ (v€L) 1odmaN pY 1s2.9 8801 euleln Aeg 1salg | MS 70T T

vvd




T 'A3Y

"D°d ‘Buaauiduz a1

91eWI1S3 aWl] UollenJeA]
jue|d Jamod Jeajnp 1wJa4

S3IY3A

sjuaisuel ]

auoyd

Aujedpiunpy

ALNNOD JOYNON

SS94ppPY 193115

awey Ajped

Zd3 ays ulyum sanyoey SuiSpol ‘-3 sjqel

(74] 1597 V10l
v8 891 :s|pj019ns A1uno) aukpm
0s 00T 8686-78L (V7€) %20y 3e|4 g @J3WwWo) TOT6T uupdaals | N TL 12
8 91 €€67-€8L (VEL) %20y 184 pY ydeisa|al TvS/C |9I0IA S, wey N 88 1
L 12! 9T/€-28. (vEL) %20y 184 pY ydeusa|aL TE€89C [930 Jejdod N ¥'0 1
6T 8¢ 66€6-78L (VEL) X0y 1e|4 pY ydeuss|al £25/¢ [910A13539 | N 00T 12
0 v
1774 E8Y'T :s|po3gns Ano) aoiuop
0] 08 000¢2-68¢ (v€L) S0JUOA AmH a1x1a N OPPT seds 13 sa}Ng uu| [9ABIL | MSM 6'S S
9 45 8ve-Tre (vEL) 90JUON pY ydei3s|aL N 0St [9I0IA 3SUNS | MSM | 0T S
6CT 85C GSS0-TvT (vEL) S0JUOA AmH a1x1a N S2ZT $31INnS 13 uu| AJljenD | MSM LS S
LT 7S 00TT-¥8€ (v€L) S0JUOIN AMH 31X10 S 06€ST USA3S [910Al | MSM €6 S
0T 0t EVY9-1vC (VEL) S0JUON py yde3s|aL S 6€€ST [9I0IAl S0JUOIA | MSM 9'6 S
88 9.1 L6S0-€¥T (VEL) S0JUO AmH a1x10 N 05CT uu| sydiuy | MSM 8's S
6€ 6L TTe9-tve (veL) 904UON 1S 3044 M 60T SuI91S [930H | MSM 18 S
(0] 0t €€EL-TVT (VEL) S0JUON pY ydeuss|aL N 820T [910IN POOMA|IOH | MSM ¥'8 S
65 8TT 00£5-68C (7€) 90JUON AmH a1x1Q yHoN S95T 30JUO|A uuj uordwen | MSM 79 S
(014 ov 00v6-2¥C (VEL) 90JUON IS WI33STT [930H '8 S21NS O1Y |24 | MSM 18 S
s 0T 00ST-v8€ (7€) 90JUON pY uteq|y 3se3 0059 uuj Mojwod | MS 16 S
96 61 0€€7-68¢ (v€L) 90JUON Aepn dwod9M 0061 UJa1Sa/ 3599 | MSM 96 S
63 8.1 080T-68¢ (v€L) 90JUOIN Aepy awodja/ S8BT uuj anjep1sag | MSM LS S
0S 00T ¥69./-T€6 (8%7) 90JUON py douesie|de] y//yT | S0JUOIA SBUNS 73 uU| JUowAeg | MS 99 S
8 91 0018-98S (€) uolape) pY ydeisa|al S6TOT [910A 23|9 | MN 8L 1%
8 91 0T69-759 (v€L) uola|ie) 1S 0JUON £T6 [930H uoyed | MN 9'6 ¥
01 0t €VT6-759 (VEL) uola|ied pY ydes3s|aL 0Z6TT [930IAl S,2AT | MNN 6 ¥

-a11Q

(sapw)
aouelsig

vvd



1 'A9Y 91eWI1S3 aWl] UollenJeA]
jue|d Jamod Jeajnp 1wJa4

"D°d ‘Buaauiduz a1 6-3
crE v/ :[p3019nS A1UNO) 304UOWN
09T L€ 00v7/-0tC (E¥7L) 90JUON pY Jequna 3 000 z# Ajioed - jrer AJuno) souduolp| MS S8 S
€8T LE 00¥£-0%C (E¥L) S0JUOIN 1S puz 3 00T T# Aljioed - jier AJuno) s0JUoN | MSM 6L S

ALINNOJ JOUNOW
Ajjedpiuny SS94pPY 19941S awepN Aujne4

uond | (sajiw)

snsua)  yeis auoyd
-a11g  Pauessiqg

Zd3 2Y3 UIYUM sanI[19e4 [EUOIIDII0) “9-] BjqeL



T 'A3Y

*J'd ‘Buaauidul gy

91BWI1S] dWI| UOIlENIBA]
013 jue|d Jamod Jel|anp lwia4

(€ 40 1) Zd3 3y ulyum sjooyds *1-3 a.n3iy

’ 7 7 A} .
solN I > AB12u3 310 ‘Buli2auiSy3 O
ot s 0 'Sy uoigay mopeys
Jooyds Aderuawa|3 3|[IAulsiey | 05 Yvd ﬁ
Jooyas AegAnnunojy uolajie) | y¢ —
100Y2S UBIaYINT 3SOYD AJOH | £T sSUlY BIINOT ‘S ‘C 7~ Y
100Yd3§ $314eY) IS | +T 00U
100YydS AJe1UBWI|3 1POS | €T 100yas H
|ooyas Asejuawald yoN | ZT ¢ luusq
100Y3S S[PPIN UoSIayar | TT —_— T T~ -8 %
100Y2S YBIH U0SIaY3T | 0T LonS Ty,
43nos |00Ys YSIH ueayin | 6 e N
|0oyas AJeIuswalg panH | 8 7 N ﬂvcwmwn_
|00yds ySiH Jotunriadep | £ / v
100ya$3}o1IRd IS | 9 - Yonagi / \
|ooyas Asejuawa3 8ull4ais | § sseig. J104]2G]
Jooyds Alejuawalg Ja1awIapIaN | € o E.Sm, 42128
oxeT. PRVTIINSS) PURIPoog
100Y2S ySIH Joluas wodily | 7 P S . -3 oan314 085
Jooyas Asejuswa|3JajAg | T 1
awen A1ljoeg ‘oN depy
|
| -
|
\
& |
o1 \
w ‘
=
\ M ! 7 /
S 22qAvN
NS / /
i /
\_ /
Rl 5
/
112N,
oz X\ - /
orer POOMY20Y-Y 10§’ H
L Y
\ /
wess
bpoun) Jeneal N R
‘oumiu ~P \
Hmo ¢ WWw:JS L H 3
? ) <
Sy s Z g5
el 4 }S [ N
s
! Zd3 1uge|d 1oMO0d 1ed|dnN ¢ lwia4 odliuj
O > 747
o 7/ 3y} uIyHM S|ooYds




T 'A3Y

"D°d ‘Buaauiduz a1

11-3

91eWI1S3 aWl] UollenJeA]
1ue|d JaMOod Jesjanp 1wl

(€ 40 2) Zd3 3y UM sjooyds z-3 3anSid

10 weseald

o 5

any UoSIaar M.

15 sabues

Jasoned

Kelly Bivd
Stefano Dr
Truman Rd

Groat Bivd

1q JBMOWINS

Day Lily Or

P JEYRIqID QIPPIN

ony esseinog
any eueIpU]

i oueox

5
Rose B

10 188 UoINH

un
‘oo

p
® poomer,

5,

1q uewmaN

Relda Dr

Wyatt Ave

'S Juowe|

1sl1essny,

Tt

©
~

a

1q @

Py PESISWIO

H

X - T =T — T A P
531110 I E— ~ 7 — e Al
4 T 0 =S | & PEes — = 21070t /01 2180 uoiday mopeys
= I s &
100U25 3IPPIA UOSAW]S | 8 z g Vvd ﬁ
100YaS AJBIUBWI|T S2UJeg W UYor | Lt H 2 a
100Y3s Y314 AHunwwo) Yooy 1el4 | 9y m.ss. SSUIY BN OT B S J
Jooyas Alejuawa|3 suosied | Sy H -
14BIS peSH Je1|RIqID /o0y 1Bld | i 3 10043s H
J0oyds Alejuawa|3 J23uny uaJiQ pIneq | €v m
|00YdS YBIH Jolun[ 33BWNYS ") UBJI3H | Tt m t:mmw._
|00Y2S YSIH UOS|IBD 'V 4BISO | Tt T o oo
& Jooyas Arejuawajz poomydoy sAle 1S | ot
Jooyds AJeuawia|3 ueadqog ) [2Y3a | 6€
100Y25 YSIH J2ALUMOq | 8€
|ooyas Aseyuswa|g uewdey)d | L€
123U pPooyp|1yd Ale3 Jwwins/Awapedy Jwwns | 9€ @
|jooyds Aleauawag o0y | v w

POONYI0Y
ynog .vH

gy

oEpUED),

PY tinipooy,
2
z
g 5 Ly
(=] gy - 2
3
&
2 S
ony Aay, H 5 3
E 214 35
= m g B
s 3
A ‘a5 w g
& A s
g £ H g
2 2 ) 20.UOp
W s %xmn B 2o Aunoy &:, "
> =) S, funoy) oufiDp)’ Pu URHED A
Py EIRID 3 2 \ ]
o S
% @2
Y
1
°
9
Z
2 Z
£ T
£ = A
B
2
any w00y

P poompoY uoleLED)|

Aemaniia

4
¢
§
$
&

pu foune )

Py BanamN|

9

g
—  —SOIN 0= 3% T

Zd3 ue|d 19MOd Jed)anN g 1w4d4 0dug
3y} ulyHMm sjooyds




T°A9Y
"2'd ‘BunasuIBul g1

[ANE

21eWI1S] aWl| uollendeAy
1ue|d JaMOod Jesjanp 1wl

(€ 40 €) Zd3 3y UM sjooyds "g-3 331y

sallN
z

— -
100425 YSIH J01U3S 204UOIN | 61
Awapeoy uensuyy Aemyled | ¢
100425 5,12BYIN IS | EE
Jooyas uesayanAnunl | zg
|00yds ueIdYINTUOIZ | TE
100yds ysiied SAJBIN IS | 0E
100YdS Y81H 423u) 21j0y3eD SAIBIN IS | 67
100Y25 s,uyor1s | 87
|00y2S AJeIUSWS|3 00491BM | 9T
Jooyds Asejuswa|3 apisianly | v
100Y3s YSIH 491D paeyalQ | 7z
|00yds Alejuswaj Joue | Tg
|00yYds Adejuawa(g poomA|[OH | 6T
T#100YdS Aeluswa|3 491sn) | 8T
T#|00Yds Atejuawa(g 4aisn) | LT
10043S 3|PPIN 90JUON | ST

awen Axjj1oe4 *ON deln

G siogsane N -

Py 1owe

q sousg,

RSEN

]
@9

' i, g

P en

'S
(!
s 49,%0;%7
N

1o,
\E@\ @Q_\: S

A813u3 310 "BunisauiBu3 a1
ereq dewaseq (453 2ySuAdo)
2102/21/0T 2180

uol3ay mopeys

wvd ﬁ

5 —
SSUIY BN 0T 8 S Y

~—

loows T

puasdaq

S

“
o
U
2

\

b
8,

“SenemeH

Zd3 Jue|d JaMOd JeajInN ¢ w4 0dug
ay3 ulyHM sjooyds




T A9y
"D°d ‘Buaauiduz a1

€T3

91eWI1S3 aWl] UollenJeA]
1ue|d JaMOod Jesjanp 1wl

Zd3 2y} UIYUM saRIIde [eJIPBIN p-3 3nS14

ppoun)
‘oumuQ

mAGV\s Il

N 288504L)

5@\\@
“
N
NN
o (V] R

)
Y
L

Jou

7 4 N
"o

~
. Saa——— ) So
ot S 0 o.\\\\.
3ouaplisay yoolqhieN | v9
eldV | €9
Jouey poomaldep | z9
90JUOA JO 3JBDIBpUaL | T9
1198pojIpan | 09
9SNOYJI3YION NHI | 65
SWOH ueIayInT | 8§ = =
i.m. ~Ss,,
193ua) BuisinN |eow N AdIsN | LS 5o\ ,&\.h.
20 | 95 e N
|endsoH [elloway AJIBIN | 6§ Ve N
aweN Ajey ‘oNndenw | /
Yonagi
/ / 104126
! JU10d] Ysvag
/ & ou3 A
N ~uo15/ss, punipooy]
N A
e Z ¢
o3
oot
)
&
=
o
=
\

POOMYI0Y

N b
POONY 2011108

ey

2
A813U3 310 ‘Burisauisy:

7

3 Qi

uol3ay mopeys

wvd ﬁ

-

3 o
SSUY 9|IIN 0T 'S N\{ Y

Hl

[BIPAN @

X

puasai

|exdsoH

7 w4

7/

aufinp
fouoryspm

Zd3 ue|d 19MOd Jed)anN g 1w4d4 0dug
BY3 UIYNM sa1jIoe [EIIPSIN




T A9y
"D°d ‘Buaauiduz a1

4%

91eWI1S3 aWl] UollenJeA]
1ue|d JaMOod Jesjanp 1wl

(2 30 T) Zd3 ayYs ulyum si1dhojdw3 sofey *g-3 a4nsiy4

~ ’ 7 7/ . AY L
o111 I E— - 18123 310 ‘izousya a1y S
. e1eq dewaseq |y AdoD uoiSay mope
ot S 0 Q Z10Z/01/0T 2180 ° m —U F_W
\ / vvd ﬁ
2 02 sBuyeimot'sz /T,
g —
w % 19Ao|dw] Joley u
Lzl hoad
e
m = finnoy so.uopy m - = 20U0 ) YInog 7% clued
e S22, R ~Sg, » /
‘oo Py UOIOED [ L ,\N\.h. g
7 7 h o W uaga
N m.c@mag I EVEQSN 159417 4 p 1
ool y
yovagi oo > 7
V. e 1042 €Ll 55

au3,
227

ppoun)
‘oumuQ

iseig

yovag \ u
PUDIPOOL, Aad

”.\\\VQ
“

o
voneg. N

ony
Joissq
r

\L

2550.41)

|
1 £ \
S 22qAvN
NS 7/// /
‘ >
; /
7 j
/ |eUOIIBUIAIU| dJUEI|lY OINY [ 67T
J91ua) ABojouydal g 9dualds uelpienD | £7T
uoneyodsueld) DY | 92T
/ asnoyuasun eisunod | 7T
D11Auedwod gmlL | STT
9snoyuasin Jeisunod | pIT
5100425 21|qnd UosIayar | €1T
uony oIy 1104320 | TTT
431u9) UolINglIsia J3flaN | 0TT
sjooyds Allunwwo) yodily | 60T
saulsnpujuelpiens | 90T
1Ue|d JOMOdJBINN || lwiad | 66
awen Ailjoeq ‘oN deyl
000,

r.wm§<0w y’

Zd3 1ue|d JamOod Jeljanp g 1wad4 odlug
ay} uiyum siahojdwg solepy




T 'A3Y

91ewWI1S3 sawi] uollendeAa]
"D°d ‘Buaauiduz a1 ST-3

jue|d JoMOd Jes|dnN lwio4

(2 30 7) Zd3 aya ulyum si1dhojdw3 sofey *9-3 a4nsiy4

7 s)
Jiaiaus 3q Busudus ary
e

1eq dewsseq [¥s3 1ySLAdOD uoigay mopeys

2107/0T/01
vvd %

—_

bawsas oS | SBUIY BN OT 8 S 7 P

Joho|dwig Jofep I

.
g
"o

P
Y6,
U S
%0,

puasda

P pEganH

2
¥ 2o

Py wiegpy 47

Py “5599);
&

RY
i,
Mg,
Yy

Py wnes

em\mnc:m\:

m@:ﬁ%ﬁ 15941 Buiziuenje |euolieN | 87T

@%@o\ Bulysiuld |19 J9BUOId | ¥TT

$10npoid pJeAyoeg 90JUON | €7T

Y sdoys Aio1oe4 90JuolN | ZZT

4940151104380 | TTT

H1OMIBN VINDAS | 0ZT

Auedwo) Suiysijgnd a0JuolN | 6TT

paieSnuo)Aeg | 8TT

%v HEN-[BM | LTT

9% % / AJBIAIJO 1BDH 91B|NJBWW] 9Y] JO SIJUBAISS ‘SI91SIS | 9TT

1SnJL 1®3ueg 90JUON | ZTT

T33LSOVIN | 80T

\ paiesodiodujAog-z-e1 | £0T

dymand (24015 Umolyduai4) 43BN | SOT H

J. 90J4UOA Jo Ajuno) | 0T

|leIN 24BNnbS UMO1YdUBIS | €0T

\ $100Y25 21|qnd 04U | Z0T

%% ’ w1sAs [e11dSOH |el oW B AJJBIN | TOT
5

A oe
/

1 oo N
—
o

D
" A
o,

B

1UB|d J9MOd S0JUOIA | 00T
/ awen Ajioeq *oN de iy

P 11eIN

\ Zd3 ue|d 19MOod Jedjan ¢ lwd4 0d1iug
ay3 uiyum siahojdwy solen

Vg, @ & m\\&mv Py vemerg

@d
‘a\ue““sv




T 'A3Y 9]ew|1S3 swli] uollendend
J°d ‘Buasui8uz a1l 91-3 1Ue|d J3MOd JE3|INN W34

Zd3 9Y31 UIYHM Ssealy |euoilealddy /-3 a4nsi4

7 7

A813U3 310 ‘B 33u18u3 A1)

eieq dewsseg 453 3y3HAdo) uoigay mopeys
*2102/01/0T :21eQ :

.\. vvd ﬁ

3 SBUY N 0T ‘'S ‘T 7 I\

. Saa——— )
oT S 0

951n0) 4|09y edoidN 9143 e | 9€T
954n0J |09 ¥234) Apues | GeT
qnj Alqunod Jany uisiey | vET
qn|2 A13uno) 1 4109 204UO | €€T
954n0D 4|09 siayioig 2.1 | ZET
gn[JAiuno) 84|09 uIngsam | T€T
qn|34109 ua|o uoialed | O€T - — = - _
sdoys AJo1oeq 20JUON | £/ w%.i.m. @m\\&\h
11BN 21BNbS UMOIYdUBIS | 92 - ~

28n)ay J0 JoqueH yiedoJld 13 e | G/ 2 \CS
“oul ‘euldelN SnquinH | vz b

BULIBIA| JUOLI9AIY | €4 - aug%
BUlIB JOQUBH | TL o) :ES&Q

uiseg 1ydeA sanodL | T2 s ES&’. fc“%
BuLIBIA 180G J3|[IN | 0L o107 ~orgSeyl 99 puppooy
-~ nv4| \

119y

Sed

eulep

(%)
®
8uiyst4 / ununy n
b

409

T IWia4 M N

puasda

$}00Q@ g addoysAned au3 | 69
1leg 3 1804 S,91[4RYD
uIseg 1ydeA UBMS
eulelN Aeg 1saig
Sded 0J13A A3 e
B3JY dWED 9]1B]S 93|[INOIA JUl0d
JJed 21e15 Sulals
awen Ay|1oed

oy

—=#SolIN O 1

-

229N

4
s
aﬂW.
(%)
l\_
e

3

6&.\&V
QNI
ppoun) ionsd] N
‘orumuQ
AN,
_:§

A Bw:%g g Zd3 1ue|d Jamod Jedpnp ¢ 1wid4 od1ug
WAAHVVg | ./ Y} UIY}M Ssealy |euollealdny

N ISSOID) s ot S 2 7/ :




T A9y
"J°d ‘SBuasuidul a1y LT-3

91eWI1S3 aWl] UollenJeA]
1ue|d JaMOod Jesjanp 1wl

Zd3 Y3 ulyum sapjidey Suispo *g-3 ainsiy

. Saa——— )
oT S 0

8UJI4915 [910H [ L¥T
uujdasls | L6
1910 Jejdod | 96
210N S,WIBY | S6
|210N 159G | ¥6
|210\ 20JUO | €6
o Tesuns | T s = s,
Sk ¢
UBASS |[210 | 06 7~
1910 poOmA||oH | 68 e
1910 S,BA3 | 88 7/
|910H 1 Sd1INS OlY |24 | L8 /
D0JUOIA| S31INS g uU| juowAeg 98
4 1410
|910A 3319 | S8 a3, - ’.
o7 ~AU0]§]S8,
uuj uoywo) | v8 -
seds g $31INS UU| [9ABIL
uJ31S9M 1599
uuj sysiuy
uu| anjep 1sag
90JUOAl Uuj uoydweH
$91INnS g uu| Alljenp
awep Aylj1oeq

]

Dpouny FTN
‘oumuQ

/

7

2 ;
A833U3 31 ‘BurizauiBy3 gl
e1eq dewases [ys3 3ysuAdo)
2102/01/01 2180

uoi3ay mopeys

SBUY BN 0T ‘'S ‘T 7~

vvd ﬁ
J

8uiBpo7 o

[AUUCE] MM

puasdal

20900
»

Zd3 we|d Jamod 1ed)anN g 1wid4 od1au3
ay3 ulyum sary|ioe4 SuiSpon




T A9y
"D°d ‘Buaauiduz a1

813

91eWI1S3 aWl] UollenJeA]
1ue|d JaMOod Jesjanp 1wl

Zd3 2Y3 UIYUM SaRI|I9E] |EUOIIDII0] "6-3 3nS14

ppoun)
‘oumuQ

oT
P
e4-|1erAJuno) aoJuoly | 8ET
e4-|ler AJuno) aoJuolN | LET
awep Ayjoey ‘oN depy
/
/
oz
/ o1
/
J
$
N
&
o3
211
\

o
oo N

ol (V)
oy

2l
2550.41)

au3,

S ~s,
sl 9 0\\&\6

— =

~N
N

/,,,,,,ﬂ

P0UOPT =

UBLEYS]
reg
e 110426
yoag
PUDIPOOY

mc,&% W YIN0S

\N«,J 7 7 puasdal

2040 15244

U/

20¥-Y110§’

ey

7

2
A833U3 31 ‘BurizauiBy3 gl
e1eq dewiaseg |y 8uAdo)),
2102/0T/01 :31eQ

\. <<¢ﬁ

3 SBUY N 0T ‘'S ‘T 7 I\

uoi3ay mopeys

|euoi3pa.10) ﬂ

[AUUCE] MM

20900
»

aufiopm
houaryspm

Zd3 ue|d 19MOd Jed)anN g 1w4d4 0dug
3Y} UIYHM S31}|1984 |BUOI}IRLI0D)




APPENDIX F

Telephone Survey



F. TELEPHONE SURVEY
F.1 Introduction

The development of evacuation time estimates for the Fermi EPZ requires the identification of
travel patterns, car ownership and household size of the population within the EPZ.
Demographic information can be obtained from Census data. The use of this data has several
limitations when applied to emergency planning. First, the Census data do not encompass the
range of information needed to identify the time required for preliminary activities
(mobilization) that must be undertaken prior to evacuating the area. Secondly, Census data do
not contain attitudinal responses needed from the population of the EPZ and consequently may
not accurately represent the anticipated behavioral characteristics of the evacuating populace.

These concerns are addressed by conducting a telephone survey of a representative sample of
the EPZ population. The survey is designed to elicit information from the public concerning
family demographics and estimates of response times to well defined events. The design of the
survey includes a limited number of questions of the form “What would you do if ...?” and other
questions regarding activities with which the respondent is familiar (“How long does it take you
to ...?")

Fermi Nuclear Power Plant F-1 KLD Engineering, P.C.
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F.2 Survey Instrument and Sampling Plan

Attachment A presents the final survey instrument used in this study. A draft of the instrument
was submitted to stakeholders for comment. Comments were received and the survey
instrument was modified accordingly, prior to conducting the survey.

Following the completion of the instrument, a sampling plan was developed. A sample size of
approximately 550 completed survey forms yields results with a sampling error of +4.17% at
the 95% confidence level. The sample must be drawn from the EPZ population. Consequently, a
list of zip codes in the EPZ was developed using GIS software. This list is shown in Table F-1.
Along with each zip code, an estimate of the population and number of households in each area
was determined by overlaying Census data and the EPZ boundary, again using GIS software. The
proportional number of desired completed survey interviews for each area was identified, as
shown in Table F-1. Note that the average household size computed in Table F-1 was an
estimate for sampling purposes and was not used in the ETE study.

The completed survey adhered to the sampling plan.

Table F-1. Fermi Telephone Survey Sampling Plan

Population within Required
Zip Code EPZ (2000) Households Sample
48117 7,333 2,683 42
48134 8,958 3,430 54
48145 112 35 0
48161 20,502 8,042 126
48162 27,406 10,634 166
48166 10,468 3,677 57
48173 10,247 3,968 62
48179 3,067 1,100 17
48183 4,606 1,661 26
Total 92,699 35,230 550
Average Household Size: 2.63

The survey discussed herein was performed in 2007 for the preparation of a COLA licensing
effort. The EPZ population has increased by about 5.5 percent (5,126 people) between the 2000
and 2010 Census (see Section 3.1). In the intervening period, the nature of the EPZ has not
changed. Consequently, the use of 2007 telephone survey results can be justified on this basis.

Fermi Nuclear Power Plant F-2 KLD Engineering, P.C.
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F.3 Survey Results

The results of the survey fall into two categories. First, the household demographics of the area
can be identified. Demographic information includes such factors as household size, automobile
ownership, and automobile availability. The distributions of the time to perform certain pre-
evacuation activities are the second category of survey results. These data are processed to
develop the trip generation distributions used in the evacuation modeling effort, as discussed in
Section 5.

A review of the survey instrument reveals that several questions have a “don’t know” (DK) or
“refused” entry for a response. It is accepted practice in conducting surveys of this type to
accept the answers of a respondent who offers a DK response for a few questions or who
refuses to answer a few questions. To address the issue of occasional DK/refused responses
from a large sample, the practice is to assume that the distribution of these responses is the
same as the underlying distribution of the positive responses. In effect, the DK/refused
responses are ignored and the distributions are based upon the positive data that is acquired.

F.3.1 Household Demographic Results

Household Size

Figure F-1 presents the distribution of household size within the EPZ. The average household
contains 2.72 people. The estimated household size (2.63 persons) used to determine the
survey sample (Table F-1) was drawn from Census data. The close agreement between the
average household size obtained from the survey and from the Census is an indication of the
reliability of the survey.

Fermi Household Size
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Figure F-1. Household Size in the EPZ
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Automobile Ownership

The average number of automobiles available per household in the EPZ is 1.99. It should be
noted that approximately 4.2 percent of households do not have access to an automobile. The
distribution of automobile ownership is presented in Figure F-2. Figure F-3 and Figure F-4
present the automobile availability by household size. Note that the majority of households
without access to a car are single person households. As expected, nearly all households of 2 or
more people have access to at least one vehicle.

Fermi Vehicle Availability
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Figure F-2. Household Vehicle Availability
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Figure F-3. Vehicle Availability - 1 to 5 Person Households
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Figure F-4. Vehicle Availability - 6 to 9+ Person Households
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Commuters

Figure F-5 presents the distribution of the number of commuters in each household.
Commuters are defined as household members who travel to work or college on a daily basis.
The data shows an average of 1.05 commuters in each household in the EPZ, and 62% of

households have at least one commuter.

Fermi Commuters
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Figure F-5. Commuters in Households in the EPZ
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Commuter Travel Modes

Figure F-6 presents the mode of travel that commuters use on a daily basis. The vast majority of
commuters use their private automobiles to travel to work. The data shows an average of 1.01
employees per vehicle, assuming 2 people per vehicle — on average — for carpools.

Fermi Travel Mode to Work
120%
97.9%
100%
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Rail Bus Walk/Bike  Drive Alone Carpool (2+)
Mode of Travel

Figure F-6. Modes of Travel in the EPZ

F.3.2 Evacuation Response

Several questions were asked to gauge the population’s response to an emergency. These are
now discussed:

“How many of the vehicles would your household use during an evacuation?” The response is
shown in Figure F-7. On average, evacuating households would use 1.24 vehicles.

“Would your family await the return of other family members prior to evacuating the area?”
Of the survey participants who responded, 55 percent said they would await the return of other
family members before evacuating and 45 percent indicated that they would not await the
return of other family members.

“If you had a household pet, would you take your pet with you if you were asked to evacuate
the area?” Based on the responses to the survey, 70 percent of households have a family pet.
Of the households with pets, 79 percent of them indicated that they would take their pets with
them, as shown in Figure F-8.

Fermi Nuclear Power Plant F-7 KLD Engineering, P.C.
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Vehicles Used for Evacuation
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Figure F-7. Number of Vehicles Used for Evacuation
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Figure F-8. Households Evacuating with Pets
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F.3.3 Time Distribution Results

The survey asked several questions about the amount of time it takes to perform certain pre-
evacuation activities. These activities involve actions taken by residents during the course of
their day-to-day lives. Thus, the answers fall within the realm of the responder’s experience.

The mobilization distributions provided below are the result of having applied the analysis
described in Section 5.4.1 on the component activities of the mobilization.

Fermi Nuclear Power Plant F-9 KLD Engineering, P.C.
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“How long does it take the commuter to complete preparation for leaving work?” Figure F-9
presents the cumulative distribution; in all cases, the activity is completed by about 90 minutes.
Ninety-four percent can leave within 45 minutes.
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Figure F-9. Time Required to Prepare to Leave Work/School

“How long would it take the commuter to travel home?” Figure F-10 presents the work to
home travel time for the EPZ. Ninety-four percent of commuters can arrive home within 45
minutes of leaving work; all within 90 minutes.
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Figure F-10. Work to Home Travel Time
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“How long would it take the family to pack clothing, secure the house, and load the car?”
Figure F-11 presents the time required to prepare for leaving on an evacuation trip. In many
ways this activity mimics a family’s preparation for a short holiday or weekend away from
home. Hence, the responses represent the experience of the responder in performing similar

activities.

The distribution shown

hour.

in Figure F-11 has a long “tail.” About 96 percent of households can be
ready to leave home within 75 minutes; the remaining households require up to an additional

Time to Prepare to Leave Home

100%

80%

60%

40%

% of Households

20%

/

/

0%

0 15 30 45 60 75 90 105 120 135

Preparation Time (min)

Figure F-11. Time to Prepare Home for Evacuation
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”How long would it take you to clear 6 to 8 inches of snow from your driveway?” During
adverse, snowy weather conditions, an additional activity must be performed before residents
can depart on the evacuation trip. Although snow scenarios assume that the roads and
highways have been plowed and are passable (albeit at lower speeds and capacities), it may be
necessary to clear a private driveway prior to leaving the home so that the vehicle can access
the street. Figure F-12 presents the time distribution for removing 6 to 8 inches of snow from a
driveway. The time distribution for clearing the driveway has a long tail; about 93 percent of
driveways are passable within 60 minutes. The last driveway is cleared 135 minutes after the
start of this activity.

Time to Remove Snow from Driveway
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Figure F-12. Time to Clear Driveway of 6"-8" of Snow

F.4 Conclusions

The telephone survey provides valuable, relevant data associated with the EPZ population,
which have been used to quantify demographics specific to the EPZ, and “mobilization time”
which can influence evacuation time estimates.

Fermi Nuclear Power Plant F-12 KLD Engineering, P.C.
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ATTACHMENT A

Telephone Survey Instrument

Fermi Nuclear Power Plant F-13 KLD Engineering, P.C.
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Survey Instrument

Hello, my name is and I'm working COL.1 Unused
on a survey being made for [insert marketing firm COL.2 Unused
name] designed to identify local travel patterns COL.3 Unused

in your area. The survey will be used for
emergency plans in response to hazards that

are not weather-related. The information obtained

will be used in a traffic engineering study and in CcoL.4 Unused

connection with an update of the county’s COoL.5 Unused

emergency response plans. Your participation in this

survey will greatly enhance the county’s emergency

preparedness program. Sex COL. 8
1 Male

2 Female

INTERVIEWER: ASK TO SPEAK TO THE HEAD OF HOUSEHOLD OR THE SPOUSE OF THE HEAD OF HOUSEHOLD.

(Terminate call if not a residence)

DO NOT ASK:
1A. Record area code. To Be Determined

COL. 9-11
1B. Record exchange number. To Be Determined

COL. 12-14
2. What is your home Zip Code Col. 15-19
3. In total, how many cars, or other vehicles COL.20

are usually available to the household? 1 ONE

(DO NOT READ ANSWERS.) 2  TWO

3 THREE
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4 FOUR
5 FIVE
6 SIX
7 SEVEN
8 EIGHT
9 NINE OR MORE
0 ZERO (NONE)
X REFUSED
4. How many people usually live in this COL.21 COL.22
household? (DO NOT READ ANSWERS.) 1 ONE 0 TEN
2  TWO 1 ELEVEN
3 THREE 2 TWELVE
4 FOUR 3 THIRTEEN
5 FIVE 4 FOURTEEN
6 SIX 5 FIFTEEN
7 SEVEN 6 SIXTEEN
8 EIGHT 7 SEVENTEEN
9 NINE 8 EIGHTEEN
9 NINETEEN OR MORE
X REFUSED
5. How many children living in this COL.23
household go to local public, 0 ZERO
private, or parochial schools? 1 ONE
(DO NOT READ ANSWERS.) 2  TWO
3 THREE
4 FOUR
5 FIVE
6 SIX
7 SEVEN
8 EIGHT
9 NINE OR MORE
X REFUSED
6. How many people in the household COL.24 SKIP TO
commute to a job, or to college, 0 ZERO Q. 12
at least 4 times a week? 1 ONE Q. 7
2  TWO Q. 7
3 THREE Q. 7
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4 FOUR OR MORE Q. 7

5 DON'T KNOW/REFUSED Q. 12

INTERVIEWER: For each person identified in Question 6, ask Questions 7, 8, 9, and 10.

7. Thinking about commuter #1, how does that person wusually travel to work or college?
(REPEAT QUESTION FOR EACH COMMUTER.)

Commuter #1 Commuter #2 Commuter #3 Commuter #4
COL.25 COL.26 COL. 27 COL.28
Rail 1 1 1 1
Bus 2 2 2 2
Walk/Bicycle 3 3 3 3
Driver Car/Van 4 4 4 4
Park & Ride (Car/Rail, Xpress_bus) 5 5 5 5
Driver Carpool-2 or more people 6 6 6 6
Passenger Carpool-2 or more people 7 7 7 7
Taxi 8 8 8 8
Refused 9 9 9 9
8. What 1is the name of the city, town or community in which Commuter #1 works or attends
school? (REPEAT QUESTION FOR EACH COMMUTER.) (FILL IN ANSWER.)
COMMUTER #1 COMMUTER #2 COMMUTER #3 COMMUTER #4
City/Town State City/Town State City/Town State City/Town State

COL.29 COL.30 COL.31 COL.32 COL.33 COL.34 COL.35 COL.36 COL.37 COL.38 COL.39 COL.40

0 0 0 0 0 0 0 0 0 0 0 0
1 1 1 1 1 1 1 1 1 1 1 1
2 2 2 2 2 2 2 2 2 2 2 2
3 3 3 3 3 3 3 3 3 3 3 3
4 4 4 4 4 4 4 4 4 4 4 4
5 5 5 5 5 5 5 5 5 5 5 5
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6 6 6 6 6 6 6 6 6 6 6 6
7 7 7 7 7 7 7 7 7 7 7 7
8 8 8 8 8 8 8 8 8 8 8 8
9 9 9 9 9 9 9 9 9 9 9 9
9. How long would it take Commuter #1 to travel home from work or college?
(REPEAT QUESTION FOR EACH COMMUTER.) (DO NOT READ ANSWERS.)
COMMUTER #1 COMMUTER #2
COL.41 COL. 42 COL.43 COL. 44
1 5 MINUTES OR LESS 1 46-50 MINUTES 1 5 MINUTES OR LESS 1 46-50 MINUTES
2 6-10 MINUTES 2 51-55 MINUTES 2 6-10 MINUTES 2 51-55 MINUTES
3 11-15 MINUTES 3 56 - 1 HOUR 3 11-15 MINUTES 3 56 - 1 HOUR
4 16-20 MINUTES 4 OVER 1 HOUR, BUT 4 16-20 MINUTES 4 OVER 1 HOUR, BUT
5 21-25 MINUTES LESS THAN 1 HOUR 5 21-25 MINUTES LESS THAN 1 HOUR
6 26-30 MINUTES 15 MINUTES 6 26-30 MINUTES 15 MINUTES
7 31-35 MINUTES 5 BETWEEN 1 HOUR 7 31-35 MINUTES 5 BETWEEN 1 HOUR
8 36-40 MINUTES 16 MINUTES AND 1 8 36-40 MINUTES 16 MINUTES AND 1
9 41-45 MINUTES HOUR 30 MINUTES 9 41-45 MINUTES HOUR 30 MINUTES
6 BETWEEN 1 HOUR 6 BETWEEN 1 HOUR
31 MINUTES AND 1 31 MINUTES AND 1
HOUR 45 MINUTES HOUR 45 MINUTES
7 BETWEEN 1 HOUR 7 BETWEEN 1 HOUR
46 MINUTES AND 46 MINUTES AND
2 HOURS 2 HOURS
8 OVER 2 HOURS 8 OVER 2 HOURS
(SPECIFY ) (SPECIFY )
9 9
0 0
X DON'T KNOW/REFUSED X DON'T KNOW/REFUSED
COMMUTER #3 COMMUTER #4
COL. 45 COL. 46 COL. 47 COL. 48

1 5 MINUTES OR LESS 1

2 6-10 MINUTES 2
3 11-15 MINUTES 3
4 16-20 MINUTES 4
5 21-25 MINUTES
6 26-30 MINUTES
7 31-35 MINUTES 5
8 36-40 MINUTES
9 41-45 MINUTES

6

46-50 MINUTES
51-55 MINUTES
56 - 1 HOUR

OVER 1 HOUR, BUT
LESS THAN 1 HOUR
15 MINUTES -
BETWEEN 1 HOUR

16 MINUTES AND 1
HOUR 30 MINUTES

BETWEEN 1 HOUR

1 5 MINUTES OR LESS

2 6-10 MINUTES

3 11-15 MINUTES
4 16-20 MINUTES
5 21-25 MINUTES
6 26-30 MINUTES
7 31-35 MINUTES
8 36-40 MINUTES
9 41-45 MINUTES

1

2
3

6

46-50 MINUTES
51-55 MINUTES
56 - 1 HOUR
OVER 1 HOUR, BUT
LESS THAN 1 HOUR
15 MINUTES
BETWEEN 1 HOUR
16 MINUTES AND 1
HOUR 30 MINUTES

BETWEEN 1 HOUR
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31 MINUTES AND 1
HOUR 45 MINUTES
7 BETWEEN 1 HOUR
46 MINUTES AND
2 HOURS
8 OVER 2 HOURS

(SPECIFY )

X DON'T KNOW/REFUSED

31 MINUTES AND 1
HOUR 45 MINUTES
7 BETWEEN 1 HOUR
46 MINUTES AND
2 HOURS
8 OVER 2 HOURS

(SPECIFY )

X DON'T KNOW/REFUSED

10. Approximately how long does it take Commuter #1 to complete preparation for leaving work
(REPEAT QUESTION FOR EACH COMMUTER.)

or college prior to starting the trip home?

(DO NOT READ ANSWERS.)

COMMUTER #1
COL. 49 COL.50

1 5 MINUTES OR LESS 1 46-50 MINUTES

2 6-10 MINUTES 2 51-55 MINUTES

3 11-15 MINUTES 3 56 - 1 HOUR

4 16-20 MINUTES 4 OVER 1 HOUR, BUT
5 21-25 MINUTES LESS THAN 1 HOUR
6 26-30 MINUTES 15 MINUTES

7 31-35 MINUTES 5 BETWEEN 1 HOUR

8 36-40 MINUTES 16 MINUTES AND 1
9 41-45 MINUTES HOUR 30 MINUTES

6 BETWEEN 1 HOUR
31 MINUTES AND 1
HOUR 45 MINUTES

7 BETWEEN 1 HOUR
46 MINUTES AND
2 HOURS

8 OVER 2 HOURS

(SPECIFY )

X DON'T KNOW/REFUSED

COMMUTER #3
COL. 53 COL. 54

1 5 MINUTES OR LESS 1 46-50 MINUTES

COMMUTER #2

COL.51 COL. 52
1 5 MINUTES OR LESS 1 46-50 MINUTES
2 6-10 MINUTES 2 51-55 MINUTES
3 11-15 MINUTES 3 56 - 1 HOUR
4 16-20 MINUTES 4 OVER 1 HOUR, BUT
5 21-25 MINUTES LESS THAN 1 HOUR
6 26-30 MINUTES 15 MINUTES
7 31-35 MINUTES 5 BETWEEN 1 HOUR
8 36-40 MINUTES 16 MINUTES AND 1
9 41-45 MINUTES HOUR 30 MINUTES
6 BETWEEN 1 HOUR
31 MINUTES AND 1
HOUR 45 MINUTES
7 BETWEEN 1 HOUR
46 MINUTES AND
2 HOURS
8 OVER 2 HOURS
(SPECIFY )
9
0
X DON'T KNOW/REFUSED
COMMUTER #4
COL. 55 COL. 56

1

5 MINUTES OR LESS

1 46-50 MINUTES
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2 6-10 MINUTES

3 11-15 MINUTES
4 16-20 MINUTES
5 21-25 MINUTES
6 26-30 MINUTES
7 31-35 MINUTES
8 36-40 MINUTES

9 41-45 MINUTES

51-55 MINUTES
56 - 1 HOUR
OVER 1 HOUR, BUT

LESS THAN 1 HOUR

15 MINUTES -

BETWEEN 1 HOUR
16 MINUTES AND 1
HOUR 30 MINUTES
BETWEEN 1 HOUR
31 MINUTES AND 1
HOUR 45 MINUTES
BETWEEN 1 HOUR
46 MINUTES AND

2 HOURS

OVER 2 HOURS

(SPECIFY )

DON'T KNOW/REFUSED

2 6-10 MINUTES

MINUTES

MINUTES

MINUTES

MINUTES

MINUTES

MINUTES

MINUTES

51-55 MINUTES

56 - 1 HOUR

OVER 1 HOUR, BUT
LESS THAN 1 HOUR
15 MINUTES
BETWEEN 1 HOUR
16 MINUTES AND 1
HOUR 30 MINUTES
BETWEEN 1 HOUR
31 MINUTES AND 1
HOUR 45 MINUTES
BETWEEN 1 HOUR
46 MINUTES AND
2 HOURS

OVER 2 HOURS

(SPECIFY )

DON'T KNOW/REFUSED

11. When the commuters are away from home,

3 11-15
4 16-20
5 21-25
6 26-30
7 31-35
8 36-40
9 41-45
is there

a vehicle at home that is available for evacuation

during any emergency?

12. Would you await the return of family members
prior to evacuating the area?

Col. 57

Col. 58

Yes

Don’t Know/Refused

Yes

Don’t Know/Refused

13. How many of the vehicles that are usually available to
the household would your family use during an evacuation?

(DO NOT READ ANSWERS.)

1
2

COL.59
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3 THREE
4 FOUR
5 FIVE
6 SIX

7 SEVEN
8 EIGHT

9 NINE OR MORE

0 ZERO

(NONE)

X REFUSED

14. How long would it take the family to pack clothing, secure the house, load the car, and
complete preparations prior to evacuating the area? (DO NOT READ ANSWERS.)

COL. 60 COL. 61

1 LESS THAN 15 MINUTES 1 3 HOURS TO 3 HOURS 15 MINUTES

2 15-30 MINUTES 2 3 HOURS 16 MINUTES TO 3 HOURS 30 MINUTES

3 31-45 MINUTES 3 3 HOURS 31 MINUTES TO 3 HOURS 45 MINUTES

4 46 MINUTES - 1 HOUR 4 3 HOURS 46 MINUTES TO 4 HOURS

5 1 HOUR TO 1 HOUR 15 MINUTES 5 4 HOURS TO 4 HOURS 15 MINUTES

6 1 HOUR 16 MINUTES TO 1 HOUR 30 MINUTES 6 4 HOURS 16 MINUTES TO 4 HOURS 30 MINUTES

7 1 HOUR 31 MINUTES TO 1 HOUR 45 MINUTES 7 4 HOURS 31 MINUTES TO 4 HOURS 45 MINUTES

8 1 HOUR 46 MINUTES TO 2 HOURS 8 4 HOURS 46 MINUTES TO 5 HOURS

9 2 HOURS TO 2 HOURS 15 MINUTES 9 5 HOURS TO 5 HOURS 15 MINUTES

0 2 HOURS 16 MINUTES TO 2 HOURS 30 MINUTES 0 5 HOURS 16 MINUTES TO 5 HOURS 30 MINUTES

X 2 HOURS 31 MINUTES TO 2 HOURS 45 MINUTES X 5 HOURS 31 MINUTES TO 5 HOURS 45 MINUTES

Y 2 HOURS 46 MINUTES TO 3 HOURS Y 5 HOURS 46 MINUTES TO 6 HOURS

coL. 62
1 DON'T KNOW

15. How long would it take you to clear 6-8" of snow to move the car from the driveway or

curb to begin the evacuation trip?

(DO NOT READ RESPONSES.)

COL. 63
1 LESS THAN 15 MINUTES
2 15-30 MINUTES
3 31-45 MINUTES

4 46 MINUTES - 1 HOUR

COL.64

5 1 HOUR TO 1 HOUR 15 MINUTES

6 1 HOUR 16 MINUTES TO 1 HOUR 30 MINUTES
7 1 HOUR 31 MINUTES TO 1 HOUR 45 MINUTES
8 1 HOUR 46 MINUTES TO 2 HOURS

Assume the roads are passable.

1 MORE THAN 3 HOURS

2 DON'T KNOW
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9 2 HOURS TO 2 HOURS 15 MINUTES
0 2 HOURS 16 MINUTES TO 2 HOURS 30 MINUTES
X 2 HOURS 31 MINUTES TO 2 HOURS 45 MINUTES
Y 2 HOURS 46 MINUTES TO 3 HOURS
16. Would you take household pets with you if you were asked to evacuate the area?

Thank you very much.

If requested:

(TELEPHONE NUMBER CALLED)

For Additional information

Contact your County Emergency Management Office

Col. 65

Yes
No

Don’t Know/Refused

County EMA Phone
Monroe (734)240-3135
Wayne (734)942-5289
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APPENDIX G

Traffic Management Plan



G. TRAFFIC MANAGEMENT PLAN

NUREG/CR-7002 indicates that the existing TCPs and ACPs identified by the offsite agencies
should be used in the evacuation simulation modeling. The traffic and access control plans for
the EPZ were provided by each county.

These plans were reviewed and the TCP and ACPs were modeled accordingly.
G.1 Traffic and Access Control Points

As discussed in Section 9, traffic and access control points at intersections (which are
controlled) are modeled as actuated signals. Figure G-1 displays TCPs and ACPs that were
included in the county emergency plans. If an intersection has a pre-timed signal, stop, or yield
control, and the intersection is identified as a traffic or access control point, the control type
was changed to an actuated signal in the DYNEV Il system. Table K-2 provides the control type
and node number for those nodes which are controlled. If the existing control was changed due
to the point being a TCP or ACP, the control type is indicated as “Traffic Control Point” in Table
K-2.

It is assumed that ACPs will be established within 2 hours of the advisory to evacuate to
discourage through travelers from using major through routes which traverse the EPZ. As
discussed in Section 3.7, external traffic was considered on the interstates which traverse the
EPZ — I-75 and |-275 — in this analysis. The generation of these external trips ceased at 2 hours
after the advisory to evacuate in the simulation.

It is recommended that ACPs on these interstates be given top priority in assigning manpower
and equipment as they are the major routes traversing the EPZ, which will typically carry the
highest volume of through traffic.

Fermi Nuclear Power Plant G-1 KLD Engineering, P.C.
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APPENDIX H

Evacuation Regions



H. EVACUATION REGIONS

This appendix presents the evacuation percentages for each Evacuation Region (Table H-1) and
maps of all Evacuation Regions. The percentages presented in Table H-1 are based on the
methodology discussed in assumption 5 of Section 2.2 and shown in Figure 2-1.

Note the baseline ETE study assumes 20 percent of households will not comply with the shelter
advisory, as per Section 2.5.2 of NUREG/CR-7002.
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Table H-1. Percent of PAA Population Evacuating for Each Region

Basic Regions

PAA
Region Description 3
RO1 2-Mile Region
RO2 5-Mile Region
RO3 Full EPZ
Evacuate 2-Mile Region and Downwind to 5 Miles
PAA
Region Wind Direction From: 1 ‘ 2 ‘ 3 | 4 ‘ 5
N/A W,WNW,NW,NNW,N,NNE Refer to Region R0O1
RO4 NE,ENE,E 20% | 20%
N/A ESE,SE Refer to Region R02
ROS SSE,S,SSW,SW,WSW | 20% | 20% | 20%
Evacuate 5-Mile Region and Downwind to the EPZ Boundary
PAA
Region Wind Direction From: 1 ‘ 2 ‘ 3 | 4 ‘ 5
N/A WSW,W,WNW,NW,NNW,N Refer to Region R02
RO6 NNE,NE,ENE
N/A E,ESE,SE
RO7 SSE,S,SSW,SW

Staged Evacuation - 2-Mile Region Evacuates, then Evacuate Downwind to 5 Miles

Region Wind Direction From: 5
RO8 No Wind 20%
N/A W,WNW,NW,NNW,N,NNE
R0O9 NE,ENE,E 20%
N/A ESE,SE
R10 SSE,S,SSW,SW,WSW 20%

- PAA(s) Shelter-in-Place _

Fermi Nuclear Power Plant H-2 KLD Engineering, P.C.
Evacuation Time Estimate Rev. 1



T 'A3Y

312WI1S3 3wl uoliendeas
"J°d ‘BulsauIBul T

€-H 1ue|d JaMOod Jesjanp 1wl

T0Y uoi3ay ‘T-H a4nsi4

7

A813u3 31 ‘BueauIBu AT
e eeq dewsseq 53 aySukdod
210/6/01 :23eQ

\, sBulg N 0T ‘s 7 )
a1enoeny wNW,NA

vwd
[4 LV WW

puasal

e ——— X

o1 S 0 N

AJepunog 103095

7
”Vo/

,\&
|
|

201U
ymog

vpp

/

\
3

S

I
N
%
G
4

X5

430
PR
SRR
o 2555,
SRCHIKES
D% Y2005
R
SR

%
K

£
&

SOl G—
s
%7
“Q
£
‘]
XK

bis
s
5
&
£
1o
K
%

%%,
S
-

R o
0,
&
%
%
S
K

e
Do
e
55
s
o
%
&5
o

o 22050 1%

1 SIS HRTIGEI 3

SO 0e e letes o
{ ».N@WOW‘W‘W"VO’Q}Q}’P’V >

‘ L , 20q4ny,

/

uojaLv)
==
) T,
| /
" pppun) [
‘ounuQ / ®/zlxo( - .
, P o

/
’
/
R -

—E oM

Apunopaufivpm
firunop’mouaiysom

\Sredonai oyt
don=it 1M o
' s poomiays

[\ ,\mﬁ s ed L
Sossoury  WedezIa

10y uo1Say |

z




T 'A3Y 9]ew|1S3 swli] uollendend
J°d ‘Buasui8uz a1l ¥-H 1ue|d JOMOd Je3]dnp 1wJd4

20y uoi33y "g-H a4n3i4

X 1} A4 =
ey a— ] R B O
It Emn_%:_/mmmm 1453 .m_;n& Alepuno 1018
ot S 0 N .2102/6/01 :33eq 4 P 9 S —
7 ssuaIN 0T ‘s T T D

~

ajenoeny [
vd
iRy X

puasaq

/ EEaa £ e opr

2%
Pl D
3 .

R 3 v ST e %% %0 %0%0%s

/ B SIS BTN KIS
’ : / OSSN
. S SRS IR
AR ELRS
LA LIS
SRR SRLILLIIEIKKS
S0 I RIIIILLRES
SRS SIREIREK
000008 Divre s etetete %%
OB R

300 157 Seteseteeey

S3IIN G~

SHRLKS
S e
’ % VAVAVAY
\ CRKKF RS RN
\ R R T
\ N\ ARRRIRII I RN 3040
\ o IIARIEIRRH IS PN / G,
\ | it ) / :
P g e D AR oatevass / ’
\ e SO0 ;
\ { LA

e %:;ws_” Pooiio0y,
\ ; ;
~ 3ueen POOMY0Y QN%%,N\/

=
N 2 z[:
| yledonap S8
G \,ﬁmwoo;.xﬂo , mu H
] \ (| 19N s
[\ Vs ,‘Qx‘_mnngww_\,_ & ny
70y uo13ay | N: ,;_arﬁ - wed 8 5O
| weqezi|3 | poomiays
- 2550.40) | g e M




T A9y
"D°d ‘Buaauiduz a1

S-H

91eWI1S3 aWl] UollenJeA]
jue|d Jamod Jeajnp 1wJa4

€0y uo133y "€-H a4n314

K TNt 029 5555
SRS KX HK XX >

£ 03030%
ESSSIRSGMCS KKK

200707 Saetetetetets
S EPRSRS
KAEPPEREESS
B AOTeTatate edete
900%8! atetetetetotstetete!

S3IIN G~

R

S
CK0

R

o

\

255
258
bose’
XS
R

<X
{ERXXXNL

2
'
l".
<X
=
<

Pe%%,
2535808
R

RIS
e
s
020
X
25
5
%

SIXK
s
oesetese:

XK
XS
S
.
SR
2939%
oo
35
%S
3
308
%,
<9
e
%
%

SRS
00000 ot ed

5 B A0, SURDAL
R

W@ﬁ% ,,/,ﬁmae\ﬁs_

N“Q«O?AWMO& \,ﬁwwoo;.xao

&

255

SIS

e
X
&
R
33
3
%!
S

58

>

Yo1RIg; &5
110912(T/ &00

QR
Le%e%

R

o
o
<

%
55

%
o904

X5
0 RIS,
¢&®¢§b$>u.iww

0!
5K
be%%;
o
N
%5
&
5%

A

&5

<4
PRPIILLLRR RIS
oy
A

o)

i

2
2
2e

LK

IXHXIK TS
SXRLRESFECNN
SR AL

<
R
e
ot

%

>

K

Y

-

%\

2

XY
AN

52
&
O

o
NES%
o
o
o
S
35

K
%
0
950
X
O
0%
LR
KK
&
K
R
oo
=

L

<

7

ne

SR
R
SR
SRS
3R]
3%
Boseseses
3RS
SRR
SRREKRAX
3K
SRR
SRS
SKLRS
SRR
QRRKL
XX
XS
Sos0se!
SXKS
KR
égﬁk
Y%
%
oo
3%

1%
2
55
58
L
55
Y
S5
000
2900
35
X5
03¢
o
5
X5
%
2
>
%

&
dodetelelede  steted
deetetotetete e
SIRLILIIRLS

SRR
X >

RSt 0 SIS

. N ,

{

%
2

<
"

€0y uoiSay |

[\

A813u3 310 ‘Suizusyl g
ejeq dewsseq 1¥s3

O, %%
.

29

o, FXERNLSSKIL

5
<

%

%

<o
<K%
e
05
&
S
000'
55
90

%

K5
(S

»

>
<
<3

o

R
Y )
sv‘iyry*x

5
o2,

&
958
o3
X%
o
%

&

5

<

%
v

020

5K
<3
5

%
5%
0SS
o
»
%
x
%
et

<2
&

e %%

<)
X
50585
25

<
X

et
e

o
%

555

%5
25
R

X
LK

35
=~

o

N
<X
TR
35
5
%
%

%

<
0!

555

<

<
~

535

S

SOISIKTLIRES
S Rpaa RIS SSESKE,

5
5

<

%

o
XL
<9

%

bln < S X I LLLRKLS
RIS

SR
CHBES JEOSLILIEL
‘\‘" "".r' VAVAVAV L aN }’m7>- f

A”

28 R R S SRR KKK
RTINS
s

<
b4
~

55

R PR OIS IOIGIK
p&&&wn@&mmmw
e e - %
PSRRI
RGHKRD
55

<>
RS

N
XSS
K
3%
02000
535
252555
6\"
IR
Q5
253585
2505
2555
’&’Q’
B
2000
LR
2325858
253588
< X
o
gg@
3

.

R
o
bode

2%

<

B TRIRAIRLILRXR %
e ]

- mmmwdhwwE

/

=

2102/6/0T :23ea |

ssuyoIN 0T ‘ST T )

AJEPUNOG J0109S s

~

ajenceny [
vvd
[4LIEE] ww

puasaq

7/

Y

4

I

uum;\cg\

vp[

TunopimouaysvM

7

i
u

z<¢>
2

Nied
poomiays
o

| fipunoploufivm




T A9y
"D°d ‘Buaauiduz a1

9-H

91eWI1S3 aWl] UollenJeA]
1ue|d JaMOod Jesjanp 1wl

0y uo133y *p-H a4n314

[ T — ] =g\ 481303 314 ‘SupssuiBul 4T
R 7 \ e1eq dewaseg 453 aySpiAdo)
ot S 0 N ( 2102/6/0T :21eQ Atepunog 103035
4 \ ssuyoN 0T ‘'s T D
’ —
d a1eNneA] %
/
/ vvd o
S e,
5 cruss 3L
@ y
\ 4 - ~ 1 = 79~ 20.U0J] puasa
/ - = x ymog
/ , bpr
/ s/
/ /
/
/ 7
/
/
- —
o
=
3
\
\ \
\
\ &
\ QQ” 20qdojy,
\ %% /
\
\
N |
N
N yiedoljp iy
,,/ ] 'mv_n._
| N
“pppun) N )
‘oI, f < Jeuueyn)
HOHIO ,\\,/r\\w uojuail
[y /4 3 ,
/ . =|&
) \\M\_W fma?.\ﬁs. g5
A «v, :mxm m\,\iwvooz&mo W z
\ e SN s
| oy EED
0y uoi8ay 4 1 e SN
) 5 poomiays |
— 0 " | N




T A9y
"D°d ‘Buaauiduz a1

L-H

91eWI1S3 aWl] UollenJeA]
1ue|d JaMOod Jesjanp 1wl

S0y uoi33y *g-H a4n3i4

ey e—— X \ =9 ot 3,0 B o
o1 S 0 N / e e|  Adepunog Jopas
7 \ . sSulMSIN 0T ‘'S'2 T D
. —_
y a1enden] W“WNA
Y v P
o zwey 2t
&
\ / 7 = — — ~ 20.4U uagda
. _ - 204U0J p 1
. 110
> D (i 7%
/ \ _ N\ jiedaeist op[
; yay Buil 1215
/ /
. /
) /
) I
I
o
E .
3
\
\ \ 0 9
0230 2054 030200 &
\ K SR STERSTIES ST
CSERAIALKHIRI T X
\ I s s Y ey o
\ R A0 P T A Qoo tete adesstecss / 2044jy
A e earerever S0 00% 2020202020 0% detetete%¢ s .
T R B S e
\ oo S e [
\ % B SIRISLIRRE SRR S /
. 00y X
.\ / )
. / o \
\ < axer
\ : S
AR S 211N /
Ny
IN
, .
“pppun) N )
‘oumuQ /. ,‘ < Jeuueyn)
W | = w\\/r\i\.u uosuatll
I Ji K/ W =
\ ;, JOAIY 5\.\,3 3 - 3 WM
) ea ﬂ ) . wedonap &7
4 R qxr w ‘\\Swwooz&mO 3
S0y uoiday aga “iedonan” \ woru E[EON
! , >d ~1{ mojIm Aded & 3 n
— 0.15) ez o % poomiays | AV
fie | N




T A9y
"D°d ‘Buaauiduz a1

8-H

91eWI1S3 aWl] UollenJeA]
jue|d Jamod Jeajnp 1wJa4

90y uo133y "9-H aIn3i4

X 07

3NN G—

*
%
5
5%
<5

-~
LSS
<Y
SRS

>

\
"..
bo2e:

P<X

7 e

IRIKS

R3S

0% 05000

A0, Sete etee

e, SISO o Setess
0 S RIIIT GRS,
RIS
ST IR I I

2588

B A SRS
%.%&nnwnonownwwownwﬂ% <
e ar

900N 7e% %% %"

Y SN

a

5 IR0 Leletetetetite
RIS LIRS
0% % :
Vs

g B s

>

Patetele? meteletotete?
NS

2ui8u3 QTN

teefejor e AIBPUNOG J01DDS s

35058
PLRIKS
s P (R
92%6% PRI
YIS
BRI
% w". RSSE8 oooooooou
CEKIIEEL

u0j2110)

Aun0)) JuADM - w
3 NS
. gedoapy aH
\,/.vaooz&mo e
Vi mie | / 1
ﬁk..mn.o..ww_z & wym
W ey Aed & 5 "
Y R poomiays
[ S 4 il N

=

sSUlMSIN 0T ‘'S'2 T D

~

ajenoeny [

vvd o
4 UEE] M«W

puasa

vpr

2aqAy,




T 'A3Y 9]ew|1S3 swli] uollendend
J°d ‘Buasui8uz a1l 6-H 1ue|d JOMOd Je3]dnp 1wJd4

L0Y uo133y °/-H ain314

X 1} = AN =
Yy H— g
o1 S 0 - ao/efor @iea Alepunog 101085 e
7 sBurg aINOT ‘s ‘T D
7 a1eN28A] WNWNA
e v P
/ ziway XL
/ _ - — - puasai
7 _ /
, s ) o
/o O -
CIE]
/ / \ ayeT
4 / A LTRSS
. / / EENWM&W,? yI0oq O&OONO“ONQNOMOW/
\ S TS IE RIS
4 01 R g A X IR
\ / LRI XRS5

S
S SIS S

3NN G—

: %%
3 ireg s
PORERKS

\ o
\ \ SR IIIIRERS
PV 000000000050 95000%000,0% %4

{

“—redonspy monm

~ T |
[ iy

\ > 200,67 950 2aqAy,
| AN 0E o7 9% > e oo T A
\ , A K S R RIS
RIS RAKKKFN S A R AKX
S RBRAILLITIL LG RS BRI RIS
ERRHIXKRESIX LS O OO e 000 00000000000 000000 00s0%e
CERLRARIRRLIL 0 Tty B 0 es S o a et oo esosasesesesese’
, Ve
& S :
S e S IRIERIRIRRL LK
b AT S IRALLEEPLLLLRILLRRLILN 7
IR IIDE RS SRR
PIXKHIXLRS ot a o te%e iteseoato%s Itetetesatotesetetonisess?
SRRPILLLKS IR I RILRILLS
IIRHKIRS SRR SRR KL R LIRS
; 00000000000&&000%%@&0000000000000%000
XKL RN oI 1A
DS050A000s 020200000 Satetes oZatal e oded
SRR L KIISRISIIER] ‘
sl
Aot IS0 00 Te e %0000 0 00% Sode% O 0%t
K S ORI
e SO0 r0o0 0000 o%0%e%
A R S AR KSS
S A S R RN
S PR RRIEIAT et S -
00“0“0“ V"O“ONO“O“O“O“‘ QO/WGH yaedohs 2o m z
S P IEPELLIXIRASCR K== spoomyie0 \ oE
SRR XSGl SRS == gpoomiE( S
<X f‘»”‘@”&x\&”‘ N g [a
PO D i

\_ N sed

J ) 7 poomiays

P

B




T A9y
"D°d ‘Buaauiduz a1

0T-H

91eWI1S3 aWl] UollenJeA]
jue|d Jamod Jeajnp 1wJa4

80Y uo133y "8-H a.n314

3NN G—

KX
K

\ TITHXIPRAIIEHK AN o
\ \ AR e

PSR IS
aﬁow%o&»%%%%%%%%%

. v A
RIS ILL XY S

O

18

pooayooy [

'\ /#1203 310 B
{ereq dewsseg [ys3 ¢

=

AJepunog J0199S s
sBulg N 0T ‘s ‘2 )
a1endeny uayl a13ys [/
a1eN28A] %
v o
[4UTEEE] uﬂv

puadal

GruasEnion

-

N 9 /,vmmao.:ws_

2aqAy,

fApumopoufivpm
firunopimpuaiysvm

/

’
|
.
=

Nied
poomiays

o




T A9y
"D°d ‘Buaauiduz a1

TT-H

91eWI1S3 aWl] UollenJeA]
1ue|d JaMOod Jesjanp 1wl

60y uoi33y °6-H 24n314

{a1su3 314 BussuBUz Ty
s N I \ﬁS dewsaseg 1453 doo’
ot S 0 e Asepunog 103095
et —
7 \ / SBUMBINOT ‘S D
7 a1endens uayy usypYys /]
4 91eNn28A] %
o wd 9
%%
y wis
\ / ¢ P - 20.1UO] ¢ 4 M«W
/ ~ y1mog puasal
;o
/ s/
/ 4
/
/ /
/
/
— —
o
=
3
\
\ \
\
\ S
\ QQ” 20qdojy,
\ o >
\
\ -
A / .
N B
A yiedoljp iy
AN ~auglye
\ N
“pppun) N )
‘oI, f < Jeuueyn)
IO i \wf/ﬁ\\u uojual]
i 7/ \ <
/ D). , ] m/
) \\M\_W 3 fma?.\ﬁs. gz
Y «,, faxr\ m\,\iwvooz&mo W g
§ 1 EIeNG s
\ nojm S5
604 uoiSay| o, N wed RO
' ueqezi3 poomiays
— 04D, A5 { | M




T 'A3Y 9]ew|1S3 swli] uollendend
J°d ‘Buasui8uz a1l ZI-H 1Ue|d J3MOd JE3|INN W34

0Ty uo133y ‘0T-H 24n314

{a1su3 314 BussuBUz Ty
ey —aaSaaaaaa— | \58 dewaseq 1S3 do
ot S o e AJepunog 103095
7 \ ; sBulg N 0T ‘s ‘2 )
/ 91endeny usyy 43 ays %
4 21eNn2EA] %
/
S vwd 2
A
& 7 1wiay
-/ 4 - T T - 20.1UOJ M«W
\ — o
/ ~ > o 7 yynog puasai
/ s a' N ied e
k -, Y Bui|1)s
/ \ \ = g
/ 4
/
/ /
p /
’ /
I .
a :
£ &
\
\ | 2
XA
, ,, W s 1 amqo
\ (XXX / >
\
/
' 7
.\
N / g /
\ < axe]
Y \ 3 &
N e 4
Ny
N
\ N
“pppun) ~N )
‘oumuQ /. | < Jeuueyn)
A . w\\/r\i\.u :E&@h -
f [y £ \ =
/ . . g
) \\M\_W .5 fma?.\ﬁs. gz
7 «,, fﬂxr V m\,\iwvooziwo SH
W N zla
| Lo S|¢ s
[\ “—uedonsp oy < 5%
0Ty :O_wwm_ ;:mr_\\y _[momm i Aed & WAV;,
g WeaEZi3 = : poomiays | T
- = 7 A I




APPENDIX J
Representative Inputs to and Outputs from the DYNEV Il System



J. REPRESENTATIVE INPUTS TO AND OUTPUTS FROM THE DYNEV Il SYSTEM

This appendix presents data input to and output from the DYNEV Il System. Table J-1 provides
the volume and queues for the ten highest volume signalized intersections in the study area.
Refer to Table K-2 and the figures in Appendix K for a map showing the geographic location of
each intersection.

Table J-2 provides source (vehicle loading) and destination information for several roadway
segments (links) in the analysis network. Refer to Table K-1 and the figures in Appendix K for a
map showing the geographic location of each link.

Table J-3 provides network—wide statistics (average travel time, average speed and number of
vehicles) for an evacuation of the entire EPZ (Region R03) for each scenario. As expected,
Scenario 13 (Special Event) has a slower network-wide average travel speed and higher
network-wide average travel time than Scenario 3 (Summer, Weekend, Midday, Good
Weather). Scenario 14 (Roadway Impact) has a slower network-wide average travel speed and
higher network-wide average travel time than Scenario 1 (Summer, Midweek, Midday, Good
Weather).

Table J-4 provides statistics (average speed and travel time) for the major evacuation routes — I-
275, I-75, N Dixie Hwy, and US-24 — for an evacuation of the entire EPZ (Region R03) under
Scenario 1 conditions. As discussed in Section 7.3 and shown in Figures 7-3 through 7-8,
congestion persists for the first two hours of the evacuation. As such, the average speeds are
comparably slower (and travel times longer) during these first two hours compared with the
last two hours of the evacuation.

Table J-5 provides the number of vehicles discharged and the cumulative percent of total
vehicles discharged for each link exiting the analysis network, for an evacuation of the entire
EPZ (Region R0O3) under Scenario 1 conditions. Refer to Table K-1 and the figures in Appendix K
for a map showing the geographic location of each link.

Figure J-1 through Figure J-14 plot the trip generation time versus the ETE for each of the 14
Scenarios considered. The distance between the trip generation and ETE curves is the travel
time. Plots of trip generation versus ETE are indicative of the level of traffic congestion during
evacuation. For low population density sites, the curves are close together, indicating short
travel times and minimal traffic congestion. For higher population density sites, the curves are
farther apart indicating longer travel times and the presence of traffic congestion. As seen in
Figure J-1 through Figure J-14, the curves are spatially separated as a result of the traffic
congestion in the EPZ, which was discussed in detail in Section 7.3.

Fermi Nuclear Power Plant J-1 KLD Engineering, P.C.
Evacuation Time Estimate Rev. 1



Table J-1. Characteristics of the Ten Highest Volume Signalized Intersections

Max.
Approach Turn
Intersection (Up Queue
Location Control Node) (Veh)
395 3,725 0
392 SR-85 & Van horn Rd A 172 2,606 0
TOTAL 6,331 -
424 5,916 144
, 87 21 0
152 SR-85 & Sibley Rd A
199 249 3
TOTAL 6,186 -
SR-85 & Left T ol 0147 0
- eft Turns
793 from Williamsbur Dr A 794 0 0
TOTAL 6,147 -
419 5,493 96
. 421 161 0
154 SR-85 & King Rd A
202 450 5
TOTAL 6,104 -
SR.85 & Lef 610 249 1
424 | SR8 &leftTurns A 154 5,665 82
from Sibley Rd
TOTAL 5,914 -
73 754 29
. 514 663 36
97 | SR-125 & W Albain Rd A
98 4,327 222
TOTAL 5,744 -
135 4,328 136
73 US-24 & W Albain Rd A 97 1,333 172
TOTAL 5,661 -
SR.85 & Left T 155 5,040 93
419 ) eft Turns A 611 450 11
from King Rd
TOTAL 5,490 -
398 4,841 6
179 163 0
156 SR-85 & West Rd A
714 72 0
TOTAL 5,076 -
364 4,231 0
168 43 0
118 US-24 & West Rd A
166 778 0
TOTAL 5,052 -
Fermi Nuclear Power Plant J-2 KLD Engineering, P.C.
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Table J-2. Sample Simulation Model Input

Vehicles
Entering
Link Network Directional Destination Destination
Number on this Link  Preference Nodes Capacity
8089 3,810
2 541 S 8437 5,715
8240 6,750
8454 6,750
901 143 w 8773 1,698
8631 1,698
8240 6,750
504 130 N 8055 3,810
8629 3,810
8240 6,750
781 1,168 N 8055 3,810
8629 3,810
8454 6,750
163 67 w 8773 1,698
8631 1,698
467 504 W 8030 6,750
8678 1,698
8216 1,698
944 99 w 8541 1,698
8773 1,698
261 ”n N 8089 3,810
8437 5,715
8497 1,698
586 57 Sw 8510 1,698
8454 6,750
773 45 NW 8678 1,698
Fermi Nuclear Power Plant J-3 KLD Engineering, P.C.
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Table J-3. Selected Model Outputs for the Evacuation of the Entire EPZ (Region R03)

Scenario
Network-Wide Average 1.8 2.2 2.2 26 21 1.7 21
Travel Time (Min/Veh-Mi) ' ' ' ' ' ' '
Network-Wide Average 32.9 27.2 276 | 227 289 | 345 28.2
Speed (mph)
Total Vehicles 76,019 | 76,149 | 75,015 | 75544 | 62,367 | 75,103 | 75,531
Exiting Network
Scenaio 8 9 10 11 12 13 14 |
Network-Wide Average 2.1 1.9 2.3 2.3 2.0 2.4 2.0
Travel Time (Min/Veh-Mi) ' ' ' ' ' ' '
Network-Wide Average 285 | 317 26.3 26.5 294 | 251 | 306
Speed (mph)
Total Vehicles 75,169 | 69,989 | 70,474 | 69,730 | 61,363 | 77,668 | 75,801
Exiting Network

Fermi Nuclear Power Plant J-4 KLD Engineering, P.C.
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Table J-4. Average Speed (mph) and Travel Time (min) for Major Evacuation Routes (Region R03, Scenario 1)

Elapsed Time (hours)

Travel
Length Speed Time Travel Travel Travel
(miles) (mph) (min) Speed Time Speed | Time Speed | Time
I-275 NB 7.5 66.9 6.7 715 6.3 74.5 6.0 74.5 6.0
I-75 NB 9.2 72.1 7.6 73.6 7.5 73.7 7.5 73.7 7.5
I-75 SB 9.7 60.6 9.6 67.6 8.6 67.9 8.5 67.9 8.5
N Dixie Hwy NB 11.9 30.3 23.6 47.8 15.0 48.5 14.8 50.0 14.3
N Dixie Hwy SB 6.5 25.9 15.1 40.2 9.7 38.9 10.0 41.7 9.3
US-24 NB 10.4 46.1 13.6 44.9 14.0 45.5 13.8 46.9 13.3
US-24 SB 7.4 36.0 12.3 36.1 12.3 40.8 10.9 41.4 10.7
Fermi Nuclear Power Plant J-5 KLD Engineering, P.C.
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Network

Table J-5. Simulation Model Outputs at Network Exit Links for Region R03, Scenario 1

Elapsed Time (hours)

3

Exit Link Cumulative Vehicles Discharged by the Indicated Time Interval
Cumulative Percent of Vehicles Discharged During by the Indicated Time Interval
0 0 0 0 0
0% 0% 0% 0%
106 363 1,122 1,524 1,568
2% 2% 2% 2%
137 192 926 1,182 1,218
1% 2% 2% 2%
214 417 1,734 2,954 3,038
2% 3% 4% 4%
915 350 1,300 2,298 2,605
2% 2% 3% 3%
- 479 1,240 1,762 1,795
2% 2% 2% 2%
337 558 1,689 2,487 2,579
3% 3% 3% 3%
360 4,335 10,866 12,971 13,088
21% 19% 17% 17%
390 4,245 10,897 12,933 13,183
20% 19% 17% 17%
441 4,795 11,067 15,577 15,768
23% 19% 21% 21%
639 220 571 655 669
1% 1% 1% 1%
270 354 992 1,173 1,198
2% 2% 2% 2%
849 542 1,831 2,174 2,208
3% 3% 3% 3%
850 113 536 682 695
1% 1% 1% 1%
854 372 1,221 1,527 1,564
2% 2% 2% 2%
856 314 1,176 1,459 1,485
2% 2% 2% 2%
858 491 1,785 2,208 2,253
2% 3% 3% 3%

Fermi Nuclea
Evacuation Ti

r Power Plant
me Estimate

J-6

KLD Engineering, P.C.




Elapsed Time (hours)

Network

3

Exit Link Cumulative Vehicles Discharged by the Indicated Time Interval
Cumulative Percent of Vehicles Discharged During by the Indicated Time Interval
860 4 38 51 53
0% 0% 0% 0%
879 485 1,331 1,949 1,992
2% 2% 3% 3%
890 657 2,233 2,866 2,888
3% 1% 1% 1%
914 1,526 4,742 6,018 6,150
7% 8% 8% 8%

Fermi Nuclear Power Plant -7 KLD Engineering, P.C.
Evacuation Time Estimate Rev. 1



ETE and Trip Generation
Summer, Midweek, Midday, Good
(Scenario 1)

e Trip Generation ess==fTE

100%
n /
Q2
L2 80%
-
()
> //
w 60%
3 //
'—
% 40%
g /
o 20%
[}
o

0% 1 1 1 1 1 1 1 1 J
0 30 60 90 120 150 180 210 240 270
Elapsed Time (min)
Figure J-1. ETE and Trip Generation: Summer, Midweek, Midday, Good Weather (Scenario 1)
ETE and Trip Generation
Summer, Midweek, Midday, Rain
(Scenario 2)
em=eTrip Generation ess==fTE

100%
w
fe /
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()
> //
T 60%
3 //
[
S 40%
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S 20%
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0% 1 1 1 1 1 1 1 1 J
0 30 60 90 120 150 180 210 240 270
Elapsed Time (min)
Figure J-2. ETE and Trip Generation: Summer, Midweek, Midday, Rain (Scenario 2)
Fermi Nuclear Power Plant J-8 KLD Engineering, P.C.
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ETE and Trip Generation
Summer, Weekend, Midday, Good
(Scenario 3)

e Trip Generation ess==fTE
100%
- 77
S

Iy

0% 1 1 1 1 1 1 1 1 J
0 30 60 90 120 150 180 210 240 270

Elapsed Time (min)

Percent of Total Vehicles

Figure J-3. ETE and Trip Generation: Summer, Weekend, Midday, Good Weather (Scenario 3)

ETE and Trip Generation
Summer, Weekend, Midday, Rain
(Scenario 4)

e===Trip Generation es===ETE

100% f
w
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0 30 60 90 120 150 180 210 240 270
Elapsed Time (min)
Figure J-4. ETE and Trip Generation: Summer, Weekend, Midday, Rain (Scenario 4)
Fermi Nuclear Power Plant J-9 KLD Engineering, P.C.
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ETE and Trip Generation
Summer, Midweek, Weekend, Evening, Good
(Scenario 5)

e Trip Generation ess==fTE
100% /
80% //
60% / /
40%

20% /
O% 1 1 1 1 1 1 1 1 J

0 30 60 90 120 150 180 210 240 270
Elapsed Time (min)

Percent of Total Vehicles

Figure J-5. ETE and Trip Generation: Summer, Midweek, Weekend, Evening, Good Weather (Scenario 5)

ETE and Trip Generation
Winter, Midweek, Midday, Good
(Scenario 6)
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Figure J-6. ETE and Trip Generation: Winter, Midweek, Midday, Good Weather (Scenario 6)
Fermi Nuclear Power Plant J-10 KLD Engineering, P.C.
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ETE and Trip Generation
Winter, Midweek, Midday, Rain
(Scenario 7)

e Trip Generation ess==fTE
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Figure J-7. ETE and Trip Generation: Winter, Midweek, Midday, Rain (Scenario 7)
ETE and Trip Generation
Winter, Midweek, Midday, Snhow
(Scenario 8)
e==sTrip Generation ess==ETE
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Figure J-8. ETE and Trip Generation: Winter, Midweek, Midday, Snow (Scenario 8)
Fermi Nuclear Power Plant J-11 KLD Engineering, P.C.
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ETE and Trip Generation
Winter, Weekend, Midday, Good
(Scenario 9)

e Trip Generation ess==fTE
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Figure J-9. ETE and Trip Generation: Winter, Weekend, Midday, Good Weather (Scenario 9)
ETE and Trip Generation
Winter, Weekend, Midday, Rain
(Scenario 10)
e==sTrip Generation ess==ETE
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Figure J-10. ETE and Trip Generation: Winter, Weekend, Midday, Rain (Scenario 10)
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ETE and Trip Generation
Winter, Weekend, Midday, Snow
(Scenario 11)

e Trip Generation ess==fTE
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Figure J-11. ETE and Trip Generation: Winter, Weekend, Midday, Snow (Scenario 11)
ETE and Trip Generation
Winter, Midweek, Weekend, Evening, Good
(Scenario 12)
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Figure J-12. ETE and Trip Generation: Winter, Midweek, Weekend, Evening, Good Weather (Scenario 12)
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ETE and Trip Generation
Summer, Weekend, Midday, Good, Special Event
(Scenario 13)
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Figure J-13. ETE and Trip Generation: Summer, Weekend, Midday, Good Weather, Special Event (Scenario 13)

ETE and Trip Generation
Summer, Midweek, Midday, Good, Roadway Impact
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Figure J-14. ETE and Trip Generation: Summer, Midweek, Midday, Good Weather, Roadway Impact (Scenario 14)
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APPENDIX K

Evacuation Roadway Network



K. EVACUATION ROADWAY NETWORK

As discussed in Section 1.3, a link-node analysis network was constructed to model the roadway
network within the study area. Figure K-1 provides an overview of the link-node analysis
network. The figure has been divided up into 46 more detailed figures (Figure K-2 through
Figure K-23) which show each of the links and nodes in the network.

The analysis network was calibrated using the observations made during the field survey
conducted in January 2012. Table K-1 lists the characteristics of each roadway section modeled
in the ETE analysis. Each link is identified by its road name and the upstream and downstream
node numbers. The geographic location of each link can be observed by referencing the grid
map number provided in Table K-1. The roadway type identified in Table K-1 is based on the
following criteria:

e Freeway: limited access highway, 2 or more lanes in each direction, high free flow
speeds

e Freeway ramp: ramp on to or off of a limited access highway

e Major arterial: 3 or more lanes in each direction

e Minor arterial: 2 or more lanes in each direction

e Collector: single lane in each direction

e Local roadways: single lane in each direction, local roads with low free flow speeds

The term, “No. of Lanes” in Table K-1 identifies the number of lanes that extend throughout the
length of the link. Many links have additional lanes on the immediate approach to an
intersection (turn pockets); these have been recorded and entered into the input stream for the
DYNEV Il System.

As discussed in Section 1.3, lane width and shoulder width were not physically measured during
the road survey. Rather, estimates of these measures were based on visual observations and
recorded images.

Table K-2 identifies each node in the network that is controlled and the type of control (stop
sign, vyield sign, pre-timed signal, actuated signal, traffic control point) at that node.
Uncontrolled nodes are not included in Table K-2. The location of each node can be observed by
referencing the grid map number provided.

Fermi Nuclear Generating Plant K-1 KLD Engineering, P.C.
Evacuation Time Estimate Rev. 1
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Table K-2. Nodes in the Link-Node Analysis Network which are Controlled

X Coordinate’ Y Coordinate® Control
(ft) (ft) Type
6 13389814 165512 Stop 21
18 13393958 161732 | TCP-No Control 21
20 13349552 162613 Stop 19
32 13402229 158900 | Actuated Signal 22
33 13405644 160866 | Actuated Signal 22
34 13409067 163763 | Actuated Signal 22
35 13413812 167808 | Actuated Signal 22
36 13416333 173396 | Actuated Signal 22
37 13410915 184755 Stop 17
40 13437216 209104 Stop 13
42 13439153 218935 | Actuated Signal 13
43 13433198 219129 | Actuated Signal 13
47 13426311 218845 | Actuated Signal 13
48 13422085 229229 Stop 6
49 13418940 218522 | Pretimed Signal 12
50 13417697 218492 | Actuated Signal 12
51 13415941 218492 Stop 12
52 13415630 218201 Stop 12
53 13394252 153607 Stop 21
54 13413989 218181 | Pretimed Signal 12
56 13409043 207827 | Actuated Signal 12
57 13398457 186471 | Actuated Signal 16
58 13393590 176666 | TCP-Actuated 16
59 13386491 165850 | Pretimed Signal 21
60 13385323 163097 | Pretimed Signal 21
61 13384697 161596 | Pretimed Signal 21
62 13383736 159207 | Pretimed Signal 21
63 13393170 150769 Stop 26
64 13381884 154431 | Actuated Signal 21
65 13380978 154527 | Actuated Signal 21
66 13376230 155455 | Actuated Signal 20
67 13369123 159109 | TCP-Actuated 20
72 13359842 114038 | Actuated Signal 29
73 13376536 142088 | TCP-Actuated 25
74 13379232 148321 | Actuated Signal 26
75 13381477 152904 | Actuated Signal 21
76 13383802 153968 | Actuated Signal 21
78 13387085 153275 | Pretimed Signal 21
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X Coordinate’

Y Coordinate’

Control

Grid Map
Number

(ft)

(ft)

Type

79 13387402 153931 | Actuated Signal 21
80 13388193 153584 | Actuated Signal 21
81 13391793 152205 | Actuated Signal 21
82 13392540 153288 | Actuated Signal 21
83 13396311 156758 | Pretimed Signal 21
84 13396685 156896 | Actuated Signal 21
88 13405696 244557 | Actuated Signal 2
90 13448715 248874 | Actuated Signal 4
91 13421520 245130 | Actuated Signal 2
94 13428774 246220 | Actuated Signal 3
95 13450881 230706 | Actuated Signal 8
96 13371561 134179 Yield 25
97 13379506 140955 | Actuated Signal 26
98 13382311 145516 | Pretimed Signal 26
99 13383253 147002 | Pretimed Signal 26
100 13385181 150107 | Pretimed Signal 26
101 13385979 151399 | Pretimed Signal 21
104 13387818 155116 | Actuated Signal 21
105 13389054 160052 | Pretimed Signal 21
106 13390950 164976 | Pretimed Signal 21
107 13393433 171051 | Actuated Signal 21
109 13380746 191718 | Actuated Signal 16
110 13365310 196200 Stop 15
113 13390954 160659 | Pretimed Signal 21
114 13414541 219170 | Actuated Signal 12
115 13416253 222716 | Actuated Signal 6
116 13416777 223829 | Actuated Signal 6
117 13419313 229192 | Actuated Signal 6
118 13421849 234519 | Actuated Signal 6
120 13421692 239698 | Actuated Signal 6
121 13388197 138026 | TCP-No Control 26
123 13388700 134552 Stop 26
124 13388063 132773 | TCP-No Control 26
126 13382523 133621 Stop 26
134 13372097 135006 Stop 25
137 13358516 152084 Stop 20
138 13346396 154767 Stop 19
139 13340076 156098 Stop 19
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X Coordinate’ Y Coordinate’ Control Grid Map
(ft) (ft) Type Number
143 13339160 150760 Stop 24
144 13339981 134462 Stop 24
145 13355925 135146 Stop 25
146 13339501 144999 Stop 24
149 13342883 163317 Stop 19
151 13442618 247850 Stop 3
152 13442609 246567 | Actuated Signal 3
153 13419043 236602 Stop 6
154 13442956 241255 | Actuated Signal 7
155 13443066 238582 | Actuated Signal 7
156 13442588 235929 | Actuated Signal 7
158 13433176 220471 Stop 13
159 13432007 219090 | Actuated Signal 13
160 13432376 219116 | Actuated Signal 13
162 13401454 158586 | Actuated Signal 22
163 13400780 170860 | Actuated Signal 22
166 13424382 234576 Stop 7
167 13436105 199541 Yield 13
168 13419420 234449 Stop 6
169 13425007 210687 Stop 13
170 13426650 209106 | Actuated Signal 13
171 13441763 225349 Yield 7
172 13443730 230647 | Actuated Signal 7
173 13443779 231070 | Actuated Signal 7
174 13444606 235020 | Actuated Signal 7
175 13391771 149988 Stop 26
177 13387102 148960 Stop 26
178 13445822 235842 | Actuated Signal 7
179 13441489 235895 | Actuated Signal 7
180 13440557 235856 | Pretimed Signal 7
182 13387349 146456 Stop 26
185 13436604 235705 | Pretimed Signal 7
187 13433965 235651 | Pretimed Signal 7
188 13432648 235618 | Actuated Signal 7
190 13389260 153223 | Actuated Signal 21
191 13427243 234683 | Actuated Signal 7
192 13425889 234591 | Actuated Signal 7
194 13425262 240277 | Actuated Signal 7
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X Coordinate’

Y Coordinate’

Control

Grid Map
Number

(ft)

(ft)

Type

195 13429369 245982 | Actuated Signal 3
196 13432288 246120 | Actuated Signal 3
197 13436271 246269 | Actuated Signal 3
198 13437958 246333 | Actuated Signal 3
199 13441179 246486 | Actuated Signal 3
200 13445345 246636 | Actuated Signal 3
202 13441593 241244 | Actuated Signal 7
203 13436408 240966 | Actuated Signal 7
205 13432580 238238 | Actuated Signal 7
207 13432865 230266 | Actuated Signal 7
208 13433118 224948 | Pretimed Signal 7
217 13387975 140240 Stop 26
221 13378649 128877 Stop 26
225 13374879 113967 Stop 29
227 13370995 194197 Stop 15
230 13362844 114102 | Actuated Signal 29
237 13385921 205855 Stop 11
239 13390728 217962 | TCP-Actuated 11
250 13423292 184853 | TCP-Actuated 17
252 13429428 219007 | Actuated Signal 13
258 13383177 157841 | Pretimed Signal 21
265 13395253 156410 Stop 21
307 13380614 125337 | TCP-No Control 30
317 13395336 165276 | TCP-No Control 21
319 13392552 169000 Stop 21
320 13388709 154844 | Actuated Signal 21
323 13384201 155424 | Pretimed Signal 21
325 13387967 153072 | Actuated Signal 21
332 13395871 181222 Stop 16
336 13400925 186608 | TCP-Actuated 17
338 13404146 197996 Stop 12
341 13399868 218063 | TCP-No Control 11
347 13414706 219486 Stop 12
350 13414946 219932 | Actuated Signal 12
362 13427404 229389 Stop 7
363 13411545 228899 | Actuated Signal 6
366 13411322 234120 | Actuated Signal 6
367 13423441 237175 | Actuated Signal 6
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X Coordinate’

Y Coordinate’

Control

Grid Map
Number

(ft)

(ft)

Type

390 13435993 225037 | Pretimed Signal 7
392 13439356 230580 | Actuated Signal 7
398 13442329 235352 | Actuated Signal 7
419 13442966 240649 | Actuated Signal 7
421 13446462 241383 | Actuated Signal 7
424 13442754 245827 | Actuated Signal 3
467 13410843 184997 Stop 17
468 13416927 182226 | TCP-Actuated 17
470 13424969 206827 | Actuated Signal 13
472 13428586 187554 | TCP-Actuated 18
477 13433363 192998 | TCP-No Control 18
498 13371028 135735 Stop 25
502 13383121 152809 Stop 21
505 13374079 150361 Stop 25
506 13361776 160332 Stop 20
507 13365686 150643 | TCP-No Control 25
508 13369579 160020 | TCP-No Control 20
512 13381848 126370 | TCP-No Control 30
514 13382921 139340 Stop 26
519 13386936 150844 | Pretimed Signal 26
520 13387508 145240 Stop 26
531 13386893 161062 | Actuated Signal 21
535 13380416 207006 | TCP-No Control 11
545 13433249 208933 Stop 13
547 13437651 215152 | Actuated Signal 13
552 13433224 221999 Stop 7
557 13445620 234930 | Actuated Signal 7
558 13447843 246774 | Actuated Signal 4
559 13432377 240859 | Actuated Signal 7
569 13392282 149993 Stop 26
580 13391184 206047 Stop 11
593 13421847 236396 | Actuated Signal 6
605 13422576 208276 Stop 12
606 13419142 215004 Stop 12
608 13426854 246184 | Actuated Signal 3
609 13410869 244828 | Actuated Signal 2
616 13382178 156083 Stop 21
617 13382826 155914 Stop 21
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X Coordinate’ Y Coordinate’ Control Grid Map
(ft) (ft) Type Number
618 13383032 155860 Stop 21
620 13385267 222982 | TCP-No Control 5
621 13384939 233717 | Pretimed Signal 5
623 13418473 239675 Stop 6
627 13411015 239464 | Actuated Signal 6
628 13405823 239320 Stop 6
630 13372418 177159 | TCP-No Control 15
635 13435322 198363 | TCP-No Control 13
645 13433230 218221 Stop 13
650 13406243 228888 | Actuated Signal 6
657 13437465 230442 | Actuated Signal 7
661 13422799 197865 | TCP-No Control 12
667 13354549 184782 Stop 15
670 13348193 203935 Stop 9
677 13380096 216764 | TCP-No Control 11
679 13414074 218324 | Actuated Signal 12
683 13427988 218963 | Actuated Signal 13
684 13436545 238380 Stop 7
692 13427281 246392 | Actuated Signal 3
695 13410182 185332 | Actuated Signal 17
714 13445437 235906 | Actuated Signal 7
716 13439841 235833 | Actuated Signal 7
718 13438476 235777 | Actuated Signal 7
720 13437524 235742 | Actuated Signal 7
722 13435491 235729 | Actuated Signal 7
726 13371768 168846 | TCP-Actuated 20
730 13386830 151365 Stop 21
732 13386936 152995 | Actuated Signal 21
736 13397811 157296 | TCP-Actuated 21
737 13402674 159175 Stop 22
743 13431938 251472 | Actuated Signal 3
744 13426640 251253 | Actuated Signal 3
745 13421311 251012 | Actuated Signal 2
746 13410800 250110 | Actuated Signal 2
747 13405529 249923 | Actuated Signal 2
748 13416039 250638 | Actuated Signal 2
752 13395149 244243 | Actuated Signal 1
753 13395313 239049 Stop 5
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X Coordinate’

Y Coordinate’

Control

Grid Map
Number

(ft)

(ft)

Type

755 13391240 205447 | Actuated Signal 11
756 13423593 207333 Stop 12
760 13411623 165904 | TCP-Actuated 22
762 13363971 215196 Stop 10
763 13385190 225765 Stop 5
765 13407881 176294 | TCP-No Control 17
767 13356049 145801 Stop 25
774 13368351 160603 | TCP-Actuated 20
775 13382606 156381 Stop 21
780 13416405 176515 | TCP-Actuated 17
785 13385526 150743 Stop 26
788 13445870 236336 | Actuated Signal 7
790 13445938 236790 | Actuated Signal 7
791 13446110 238145 | Actuated Signal 7
793 13442632 248868 | Actuated Signal 3
795 13382161 133903 Stop 26
796 13387613 152585 Stop 21
797 13388817 151846 Stop 21
798 13390142 151005 Stop 26
799 13390479 150757 | Actuated Signal 26
800 13412029 166290 | TCP-Actuated 22
802 13399281 176042 | TCP-No Control 16
805 13418162 182753 | TCP-Actuated 17
807 13425996 186097 | TCP-No Control 18
808 13402429 181512 | TCP-No Control 17
810 13400206 189935 | TCP-No Control 16
811 13409890 192102 | TCP-No Control 17
812 13401183 191935 Stop 17
814 13423754 207267 | TCP-No Control 12
815 13398864 170854 | TCP-No Control 21
816 13373646 113993 | TCP-No Control 29
817 13425565 210132 | TCP-Actuated 13
821 13375287 183774 | TCP-No Control 15
822 13371288 183561 | TCP-No Control 15
824 13380810 189177 | TCP-No Control 16
825 13380588 194390 | TCP-No Control 16
826 13380436 198497 | TCP-No Control 11
827 13380397 201797 | TCP-No Control 11
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X Coordinate’
(ft)

Y Coordinate’
(ft)

Control
Type

Grid Map
Number

829 13391811 217083 | TCP-No Control 11
830 13395932 218144 | TCP-No Control 11
831 13386974 130423 | TCP-No Control 26
832 13371430 136205 | TCP-No Control 25
834 13385526 217849 | TCP-No Control 11

'Coordinates are in the North American Datum of 1983 Michigan South State Plane Zone

Fermi Nuclear Generating Plant
Evacuation Time Estimate

K-76

KLD Engineering, P.C.
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L. PROTECTIVE ACTION AREA BOUNDARIES

PAA 1

PAA 2

PAA 3

PAA 4

PAA 5

County: Monroe

e Berlin Township east of North Dixie Highway, and south of U.S.
Turnpike and Reaume Road.

e Frenchtown Township east of North Dixie Highway and north of Brest
Road.

County: Monroe

e Berlin Township south of Sigler Road, west of North Dixie Highway,
north of U.S. Turnpike and Reaume Road.

County: Monroe

e Frenchtown Township west of North Dixie Highway, south of Brest
Road, east of I-75 and north of Hurd Road.

County: Monroe

e Berlin Township north of Sigler Road.
e Ash Township east of Maxwell Road and south of Carleton West Road.
e Exeter Township south of O’'Hara Road and east of Finzel Road.

County: Wayne

e Brownstone Township south of Vreeland Road and the municipalities of
Rockwood, Gibraltar, and Flat Rock.

County: Monroe
Frenchtown Township west of I-75 and south of Hurd Road.

e Raisinville Township east of Steffas Road and North Raisinville Road and
north of North Custer Road.

e Monroe Township east of Herr Road, north of Dunbar Road, east of
South Telegraph Road, north of Albain Road, east of I-75, and north of
Mortar Creek Road.

e City of Monroe.

Fermi Nuclear Power Plant L-1 KLD Engineering, P.C.
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M. EVACUATION SENSITIVITY STUDIES

This appendix presents the results of a series of sensitivity analyses. These analyses are
designed to identify the sensitivity of the ETE to changes in some base evacuation conditions.

M.1 Effect of Changes in Trip Generation Times

A sensitivity study was performed to determine whether changes in the estimated trip
generation time have an effect on the ETE for the entire EPZ. Specifically, if the tail of the
mobilization distribution were truncated (i.e., if those who responded most slowly to the
Advisory to Evacuate, could be persuaded to respond much more rapidly), how would the ETE
be affected? The case considered was Scenario 6, Region 3; a winter, midweek, midday, good
weather evacuation of the entire EPZ. Table M-1 presents the results of this study.

Table M-1. Evacuation Time Estimates for Trip Generation Sensitivity Study

Trip Evacuation Time Estimate for Entire EPZ
Generation
Period 90" Percentile 100" Percentile
3 Hours 2:05 3:10
3 Hours 30 Minutes 2:05 3:40
4 Hours (Base) 2:05 4:10

As discussed in Section 7.3, traffic congestion persists within the EPZ for about 2 hours. As such,
the ETE for the 100™ percentile mirrors trip generation time. The 90" percentile ETE are not
sensitive to truncating the tail of the mobilization time distribution. The results indicate that
programs to educate the public and encourage them toward faster responses for a radiological
emergency, translates into shorter ETE at the 100™ percentile. The results also justify the
guidance to employ the [stable] 90" percentile ETE for protective action decision making.

Fermi Nuclear Power Plant M-1 KLD Engineering, P.C.
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M.2 Effect of Changes in the Number of People in the Shadow Region Who Relocate

A sensitivity study was conducted to determine the effect on ETE of changes in the percentage
of people who decide to relocate from the Shadow Region. The case considered was Scenario
6, Region 3; a winter, midweek, midday, good weather evacuation for the entire EPZ. The
movement of people in the Shadow Region has the potential to impede vehicles evacuating
from an Evacuation Region within the EPZ. Refer to Sections 3.2 and 7.1 for additional
information on population within the shadow region.

Table M-2 presents the evacuation time estimates for each of the cases considered. The results
show that the ETE is not impacted by shadow evacuation from 0% to 20%. Tripling the shadow
percentage only increases the ETE by 5 minutes at the 90" percentile — not a material impact.

Table M-2. Evacuation Time Estimates for Shadow Sensitivity Study

Evacuating Evacuation Time Estimate for Entire EPZ
Percent Shadow Shadow
Evacuation Vehicles 90" Percentile 100" Percentile
0 0 2:05 4:10
15 7,704 2:05 4:10
20 (Base) 10,272 2:05 4:10
60 30,817 2:10 4:10
Fermi Nuclear Power Plant M-2 KLD Engineering, P.C.

Evacuation Time Estimate Rev. 1



M.3 Effect of Changes in EPZ Resident Population

A sensitivity study was conducted to determine the effect on ETE of changes in the resident
population within the study area (EPZ plus Shadow Region). As population in the study area
changes over time, the time required to evacuate the public may increase, decrease, or remain
the same. Since the ETE is related to the demand to capacity ratio present within the study
area, changes in population will cause the demand side of the equation to change. The
sensitivity study was conducted using the following planning assumptions:

1. The percent change in population within the study area was increased by 55%. Changes
in population were applied to permanent residents only (as per federal guidance), in
both the EPZ area and in the Shadow Region.

2. The transportation infrastructure remained fixed; the presence of new roads or highway
capacity improvements were not considered.

3. The study was performed for the 2-Mile Region (R01), the 5-Mile Region (R02) and the
entire EPZ (R03).

4. The good weather scenario which yielded the highest ETE values was selected as the
case to be considered in this sensitivity study (Scenario 6).

Table M-3 presents the results of the sensitivity study. Section IV of Appendix E to 10 CFR Part
50, and NUREG/CR-7002, Section 5.4, require licensees to provide an updated ETE analysis to
the NRC when a population increase within the EPZ causes ETE values (for the 2-Mile Region, 5-
Mile Region or entire EPZ) to increase by 25 percent or 30 minutes, whichever is less. Note that
all of the base ETE values, except the 9o™ percentile ETE for the 2-mile region, are greater than
2 hours; 25 percent of these base ETE are always greater than 30 minutes. Therefore, 30
minutes is the lesser and is the criterion for updating these regions. Twenty-five percent of the
9o™ percentile ETE for the 2-mile region (1:55) is 29 minutes, which is less than 30 minutes.

Those percent population changes which result in ETE changes greater than 30 minutes, or 29
minutes for the 2-mile region at the 90" percentile, are highlighted in red below — a 55%
increase in the EPZ population. DTE Energy will have to estimate the EPZ population on an
annual basis. If the EPZ population increases by 55% or more, an updated ETE analysis will be
needed.

Fermi Nuclear Power Plant M-3 KLD Engineering, P.C.
Evacuation Time Estimate Rev. 1



Table M-3. ETE Variation with Population Change

Resident

Population

Base

Population Change

30% | 50% | 55%

97,825 127,173 | 146,738 151,629
ETE for 90" Percentile

Population Change

Region
Base 30% 50% 55%
2-MILE 1:55 1:55 2:00 2:00
5-MILE 2:00 2:00 2:00 2:00
FULL EPZ 2:05 2:20 2:30 2:35

ETE for 100" Percentile

Population Change

Region
Base 30% 50% 55%
2-MILE 4:00 4:00 4:00 4:00
5-MILE 4:05 4:05 4:05 4:05
FULL EPZ 4:10 4:10 4:10 4:10

Fermi Nuclear Power Plant
Evacuation Time Estimate

KLD Engineering, P.C.
Rev. 1



APPENDIX N
ETE Criteria Checklist
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