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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 Palisades Power Plant (PPP) located in Van Buren
County, Michigan. ETE are part of the required planning basis and provide Entergy/Holtec 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:

Title 10, Code of Federal Regulations, Appendix E to Part 50 (10CFR50), Emergency
Planning and Preparedness for Production and Utilization Facilities, NRC, 2011.

Revision 1 of the Criteria for Development of Evacuation Time Estimate Studies,
NUREG/CR-7002, February 2021.

FEMA, “Radiological Emergency Preparedness Program Manual” (FEMA P-1028),
December 2019.

Project Activities

This project began in February 2021 and extended over a period of about 17 months. The
major activities performed are briefly described in chronological sequence:

Attended “kick-off” meetings with Entergy/Holtec personnel and emergency
management personnel representing state and county governments.

Accessed the 2020 U.S. Census Bureau data files.

Estimated the number of employees who reside outside the Emergency Planning Zone
(EPZ) and commute to work within the EPZ based upon data provided by the counties.
The plant employee data was provided by Entergy/Holtec.

Studied Geographic Information Systems (GIS) maps of the area in the vicinity of the
plant, then conducted a detailed field survey of the highway network to observe any
roadway changes relative to the previous ETE study done in 2012.

Updated the analysis network representing the highway system topology and capacities
within the EPZ, plus a Shadow Region covering the region between the EPZ boundary
and approximately 15 miles radially from the plant.

Designed and conducted an online demographic 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.

A data needs matrix (requesting data) was provided to Entergy/Holtec and the OROs at
the kickoff meeting. Available data was provided by Allegan, Berrien, and Van Buren
County emergency management officials for transient attractions, schools, and special
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facilities. Internet searches were also utilized where data was missing. If updated
information was not provided or available, the data gathered for the 2012 ETE study
was utilized (after being reviewed and confirmed as accurate by the OROs).

e The traffic demand and trip-generation rates of evacuating vehicles were estimated
from the gathered data. The trip generation rates reflect the estimated mobilization
time (i.e., the time required by evacuees to prepare for the evacuation trip) computed
using the results of the demographic survey.

e Following federal guidelines, the EPZ is subdivided into 7 Protective Action Areas (PAA).
These PAAs are then grouped within circular areas or “keyhole” configurations (circles
plus radial sectors) that define a total of 13 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/Light Snow, Heavy Snow). One special event scenario, South Haven’s Fourth of July
Celebration, was considered. One roadway impact scenario was considered wherein a
single lane was closed on Interstate 196 northbound 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, Rev. 1, the Planning Basis for the calculation of ETE is:

= A rapidly escalating accident at the PPP that quickly assumes the status of
General Emergency such that the Advisory to Evacuate (ATE) 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 ATE 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 the temporary host facilities 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, wheelchair transport, or ambulance, as required.
Separate ETE are calculated for the transit-dependent evacuees, for homebound
population with access and/or functional needs, and for those evacuated from special
facilities.
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e A “final” meeting was held with Entergy/Holtec personnel and emergency management
personnel representing the OROs to present final results from the study.

Computation of ETE

A total of 182 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 13 Evacuation
Regions to evacuate from that Region, under the circumstances defined for one of the 14
Evacuation Scenarios (13 x 14 = 182). 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 ATE applies only to those people
occupying the specified impacted region. It is assumed that 100% of the people within the
impacted region will evacuate in response to this ATE. 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% and 100%, 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%™
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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, Rev. 1.

Traffic Management

This study reviewed, modeled and analyzed the existing comprehensive Traffic Management
Plans (TMP) provided by Allegan, Berrien, and Van Buren Counties. Due to the limited traffic
congestion within the EPZ, no additional Traffic Control Points (TCPs) or Access Control Points
(ACPs) have been identified as a result of this study. Refer to Section 9 and Appendix G for
additional information.

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.

e Table 3-1 presents the estimates of permanent resident population in each PAA based
on the 2020 Census data.

e Table 6-1 defines each of the 13 Evacuation Regions in terms of their respective groups
of PAA.

e Table 6-2 lists the Evacuation Scenarios.

e Tables 7-1 and 7-2 are compilations of ETE. These data are the times needed to clear
the indicated regions of 90% and 100% 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.

e Tables 7-3 and 7-4 presents ETE for the 2-mile region when evacuating additional PAAs

downwind to 5 miles for un-staged and staged evacuations for the 90™ and 100t

percentiles, respectively.

Table 8-2 presents ETE for the schoolchildren in good weather.

Table 8-5 presents ETE for transit-dependent population in good weather.

Table 8-8 presents ETE for the medical facilities in good weather.

Figure 6-1 displays a map of the PPP EPZ showing the layout of the 7 PAAs that

comprise, in aggregate, the EPZ.

e Figure H-5 presents an example of an Evacuation Region (Region R0O5) to be evacuated
under the circumstances defined in Table 6-1. Maps of all regions are provided in
Appendix H.

Palisades Power Plant ES-4 KLD Engineering, P.C.
Evacuation Time Estimate Rev. 0



Conclusions

General population ETE were computed for 182 unique cases — a combination of 13
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 2:05
(hr:min) to 3:30 at the 90" percentile and 4:45 to 6:10 at the 100" percentile.

Inspection of Table 7-1 and Table 7-2 indicates that the ETE for the 100t percentile are
significantly longer than those for the 90" percentile. This is the result of the relatively
long mobilization time of a small proportion of the resident population and some
isolated traffic congestion within the EPZ. 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 evacuees
(those with the longest mobilization times) travel freely out of the EPZ. See Figures 7-7
through 7-20. Federal guidance recommends using the 90™ percentile ETE in
formulating protective action decisions.

Inspection of Table 7-3 and Table 7-4 indicates that a staged evacuation provides no
benefits to evacuees from within the 2 mile region and adversely impacts evacuees
located beyond 2 miles from the plant (compare Regions R02, R04 and RO5 with Regions
R11, R12 and R13, respectively, in Tables 7-1 and 7-2). See Section 7.6 for additional
discussion.

Comparison of Scenarios 5 (summer, weekend, evening, good weather) and 13
(summer, weekend, evening, 4" of July Celebration) in Table 7-1 indicates that the
special event significantly impacts (increases of up to 1 hour and 10 minutes) the 90t
percentile ETE for Evacuation Regions wherein PAA 4 evacuates, but does not affect the
100%™ percentile ETE (Table 7-2). See Section 7.5 for additional discussion.

Comparison of Scenarios 1 and 14 in Table 7-1 indicates that the roadway closure — one
lane northbound on |-196 from the interchange with County Road 378 (Exit 13) to the
interchange with County Road 89 (Exit 32) — does not have a material impact on the ETE.
See Section 7.5 for additional discussion.

South Haven and Watervliet are the two most congested areas in the EPZ during an
evacuation. Watervliet is the last location in the EPZ to be clear of traffic congestion. All
congestion within the EPZ clears by 2 hours and 35 minutes after the ATE. See Section
7.3 and Figures 7-3 through 7-6.

Separate ETE were computed for schools, medical facilities, transit-dependent persons
and access and/or functional needs persons. The average single-wave ETE for schools
and medical facilities are less than the general population ETE at the 90" percentile. The
average single-wave ETE for transit-dependent persons and access and/or functional
needs persons exceed the 90" percentile ET for the general population. See Section 8.
Table 8-1 indicates that there are enough transportation resources to evacuate the
schools, medical facilities, transit-dependent population, and access and/or functional
needs population within the EPZ in a single wave. Nonetheless, second-wave ETE were
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computed for these populations in the event there is a shortfall of transportation
resources or drivers. See Section 8.

e The general population ETE at the 90" percentile is sensitive to reductions in the base
trip generation time of 4 hours and 45 minutes. See Table M-1.

e The general population ETE is insensitive to the voluntary evacuation of vehicles in the
Shadow Region. When the shadow percent is increased to 100%, the ETE only increases
by 5 minutes. See Table M-2.

e An increase in permanent resident population (EPZ plus Shadow Region) of 107% or
greater results in an increase in the longest 90t percentile ETE of 30 minutes, which
meets the federal criterion for performing a fully updated ETE study between decennial
censuses. See Section M.3.

e A decrease in the average household size from 2.77 people per household to 2.41
people per household results in approximately 15% more evacuating vehicles and
increases the 90™ percentile ETE by up to 25 minutes; 100™ percentile ETE are not
impacted. See Section M.4.

Palisades Power Plant ES-6 KLD Engineering, P.C.
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Table 3-1. EPZ Permanent Resident Population

PAA 2010 Population 2020 Population |
1 1,548 1,463
2 2,205 2,019
3 2,221 1,841
4 10,356 10,040
5 14,675 14,231
6 0 0
7 0 0
l'- - FP7 TOTAI - | 9,93
EPZ Population Growth (2010-2020): -4.55%

Table 6-1. Description of Evacuation Regions

Radial Regions

Region Description o
RO1 2-Mile Region
R0O2 5-Mile Region
RO3 Full EPZ
eI Wind Direction PAA
From (Degrees) T= 2% |,*3 %It 4] =5 44 6= | * 7
N/A 256 and <169 Refer to RO1
RO4 >169 and <236 | |
N/A >236and <303 | Refer to R02
RO5 >303 and <56 = .
Evacuate 2-Mile Region and Downwind to the EPZ Boundary
Region Wind Direction PAA
From (Degrees)
RO6 256 and <169
RO7 2169 and <236
RO8 2236 and <303
RO9 2303 and <348

>348 and <56

Region Wind Direction PAA
From (Degrees)
R11 5-Mile Region
N/A 256 and <169 ; Refer to RO1
R12 2169and <23 [N | [ ' |
N/A >236and <303 | Refer to R11
2303 and <56

PAA(s) Shelter-in-Place

Palisades Power Plant ES-7 KLD Engineering, P.C.
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Table 6-2. Evacuation Scenario Definitions

Scenario Day of Week Time of 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
Light
7 Winter Midweek Midday Rain/Snow None
8 Winter Midweek Midday Heavy Snow None
9 Winter Weekend Midday Good None
Light
10 Winter Weekend Midday Rain/Snow None
11 Winter Weekend Midday Heavy Snow None
Midweek,
12 Winter Weekend Evening Good None
13 Summer Weekend Evening Good South Haven Fogrth
of July Celebration
Roadway Impact —
14 Summer Midweek Midday Good Lane Closure on 1-196
Northbound

" Winter means that school is in session at normal enroliment levels (also applies to spring and autumn). Summer means that school
is in session at summer school enroliment levels (lower than normal enroliment).

Palisades Power Plant ES-8 KLD Engineering, P.C.
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Table 7-1.

Time to Clear the Indicated Area of 90 Percent of the Affected Population

Summer Summer Summer Winter Winter Winter Summer Summer
Midweek Weekend Midweek Midweek Weekend e Weekend | Midweek
Weekend Weekend
(10) (11)
Midday Midday Evening Midday Midday Evening Evening Midday
Region Good Rain Good Rain Good Good Rain/Light | Heavy Good Rain/Light | Heavy Good Special Roadway
Weather Weather Weather | Weather Snow Snow | Weather Snow Snow Weather Event Impact
Radial Regions — 2-Mile, 5-Mile, Full EPZ
RO1 2:05 2:10 2:05 2:05 2:10 2:05 2:10 2:20 2:05 2:05 2:15 2:05 2:10 2:05
RO2 2:20 2:20 2:10 2:15 2:15 2:20 2:20 3:05 2:10 2:15 2:50 2:15 2:15 2:20
RO3 2:40 2:40 2:20 2:25 2:25 2:45 2:45 3:30 2:25 2:25 3:15 2:25 3:15 2:45
Evacuate 2-Mile Radius and Downwind to 5-Mile Radius
RO4 2:15 2:15 2:10 2:10 2:15 2:15 2:15 2:55 2:10 2:10 2:40 2:15 2:15 2:15
RO5 2:15 2:15 2:10 2:10 2:15 2:15 2:15 2:45 2:10 2:10 2:30 2:10 2:15 2:15
Evacuate 2-Mile Radius and Downwind to the EPZ Boundary
RO6 2:05 2:10 2:05 2:05 2:10 2:05 2:10 2:20 2:05 2:05 2:15 2:05 2:10 2:05
RO7 2:35 2:35 2:15 2:15 2:20 2:35 2:35 3:25 2:15 2:15 3:05 2:20 3:30 2:40
RO8 2:40 2:40 2:20 2:25 2:25 2:45 2:45 3:30 2:25 2:25 3:15 2:25 3:15 2:45
RO9 2:35 2:35 2:20 2:25 2:25 2:40 2:40 3:30 2:20 2:25 3:10 2:25 2:25 2:35
R10 2:35 2:35 2:20 2:25 2:25 2:40 2:40 3:30 2:20 2:25 3:10 2:25 2:25 2:35
Staged Evacuation - 2-Mile Radius Evacuates, then Evacuate Downwind to 5-Mile Radius
R11 2:35 2:35 2:30 2:30 2:35 2:35 2:35 3:05 2:30 2:30 2:50 2:35 2:35 2:35
R12 2:30 2:30 2:30 2:30 2:35 2:30 2:30 2:55 2:30 2:30 2:40 2:35 2:35 2:30
R13 2:25 2:25 2:20 2:20 2:25 2:25 2:25 2:45 2:20 2:20 2:35 2:25 2:25 2:25
Palisades Power Plant ES-9 KLD Engineering, P.C.
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Table 7-2

. Time to Clear the Indicated Area of 100 Percent of the Affected Population

Summer Summer Summer Winter Winter Winter Summer | Summer
Midweek Weekend Midweek Midweek Weekend Midweek Weekend | Midweek
Weekend Weekend
Scenario: (10) (11)
Midday Midday Evening Midday Midday Evening Evening Midday
Region Good Rain Good Rain Good Good Rain/Light | Heavy Good Rain/Light | Heavy Good Special Roadway
Weather Weather Weather | Weather Snow Snow | Weather Snow Snow | Weather Event Impact
Radial Regions — 2-Mile, 5-Mile, Full EPZ
RO1 4:45 4:45 4:45 4:45 4:45 4:45 4:45 6:00 4:45 4:45 6:00 4:45 4:45 4:45
RO2 4:50 4:50 4:50 4:50 4:50 4:50 4:50 6:05 4:50 4:50 6:05 4:50 4:50 4:50
RO3 4:55 4:55 4:55 4:55 4:55 4:55 4:55 6:10 4:55 4:55 6:10 4:55 5:00 4:55
Evacuate 2-Mile Radius and Downwind to 5-Mile Radius
RO4 4:50 4:50 4:50 4:50 4:50 4:50 4:50 6:05 4:50 4:50 6:05 4:50 4:50 4:50
RO5 4:50 4:50 4:50 4:50 4:50 4:50 4:50 6:05 4:50 4:50 6:05 4:50 4:50 4:50
Evacuate 2-Mile Radius and Downwind to the EPZ Boundary
RO6 4:45 4:45 4:45 4:45 4:45 4:45 4:45 6:10 4:45 4:45 6:10 4:45 4:45 4:45
RO7 4:55 4:55 4:55 4:55 4:55 4:55 4:55 6:10 4:55 4:55 6:10 4:55 5:00 4:55
RO8 4:55 4:55 4:55 4:55 4:55 4:55 4:55 6:10 4:55 4:55 6:10 4:55 5:00 4:55
RO9 4:55 4:55 4:55 4:55 4:55 4:55 4:55 6:10 4:55 4:55 6:10 4:55 4:55 4:55
R10 4:55 4:55 4:55 4:55 4:55 4:55 4:55 6:10 4:55 4:55 6:10 4:55 4:55 4:55
Staged Evacuation - 2-Mile Radius Evacuates, then Evacuate Downwind to 5-Mile Radius
R11 4:50 4:50 4:50 4:50 4:50 4:50 4:50 6:05 4:50 4:50 6:05 4:50 4:50 4:50
R12 4:50 4:50 4:50 4:50 4:50 4:50 4:50 6:05 4:50 4:50 6:05 4:50 4:50 4:50
R13 4:50 4:50 4:50 4:50 4:50 4:50 4:50 6:05 4:50 4:50 6:05 4:50 4:50 4:50
Palisades Power Plant ES-10 KLD Engineering, P.C.
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Table 7-3. Time to Clear 90 Percent of the 2-Mile Region within the Indicated Region

Summer Summer Summer Winter Winter Winter Summer | Summer
Midweek Weekend Midweek Midweek Weekend bl Weekend | Midweek
Weekend Weekend
(10) (11) _
Midday Midday Evening Midday Midday Evening Evening Midday
Region Good Rain Good Rain Good Good Rain/Light | Heavy Good Rain/Light | Heavy Good Special Roadway
Weather Weather Weather | Weather Snow Snow | Weather Snow Snow Weather Event Impact
Unstaged Evacuation - 2-Mile Region and 5-Mile Region
RO1 2:05 2:10 2:05 2:05 2:10 2:05 2:10 2:20 2:05 2:05 2:15 2:05 2:10 2:05
R0O2 2:05 2:10 2:05 2:05 2:10 2:05 2:10 2:20 2:05 2:05 2:15 2:05 2:10 2:05
Unstaged Evacuation - 2-Mile Region and Keyhole to 5-Miles
RO4 2:05 2:10 2:05 2:05 2:10 2:05 2:10 2:20 2:05 2:05 2:15 2:05 2:10 2:05
RO5 2:05 2:10 2:05 2:05 2:10 2:05 2:10 2:20 2:05 2:05 2:15 2:05 2:10 2:05
Staged Evacuation - 2-Mile Region and Keyhole to 5-Miles
R11 2:05 2:10 2:05 2:05 2:10 2:05 2:10 2:20 2:05 2:05 2:15 2:05 2:10 2:05
R12 2:05 2:10 2:05 2:05 2:10 2:05 2:10 2:20 2:05 2:05 2:15 2:05 2:10 2:05
R13 2:05 2:10 2:05 2:05 2:10 2:05 2:10 2:20 2:05 2:05 2:15 2:05 2:10 2:05
Palisades Power Plant ES-11
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Table 7-4. Time to Clear 100 Percent of the 2-Mile Region within the Indicated Region

Summer Summer Summer Winter Winter Winter Summer | Summer
Midweek Weekend QP Midweek Weekend Midwesk Weekend | Midweek
Weekend Weekend
(10) (11)
Midday Midday Evening Midday Midday Evening Evening Midday
Region Good Rain Good Rain Good Good Rain/Light | Heavy Good Rain/Light | Heavy Good Special Roadway
Weather Weather Weather | Weather Snow Snow | Weather Snow Snow Weather Event Impact
Unstaged Evacuation - 2-Mile Region and 5-Mile Region
RO1 4:45 4:45 4:45 4:45 4:45 4:45 4:45 6:00 4:45 4:45 6:00 4:45 4:45 4:45
R0O2 4:45 4:45 4:45 4:45 4:45 4:45 4:45 6:00 4:45 4:45 6:00 4:45 4:45 4:45
Unstaged Evacuation - 2-Mile Region and Keyhole to 5-Miles
RO4 4:45 4:45 4:45 4:45 4:45 4:45 4:45 6:00 4:45 4:45 6:00 4:45 4:45 4:45
RO5 4:45 4:45 4:45 4:45 4:45 4:45 4:45 6:00 4:45 4:45 6:00 4:45 4:45 4:45
Staged Evacuation - 2-Mile Region and Keyhole to 5-Miles
R11 4:45 4:45 4:45 4:45 4:45 4:45 4:45 6:00 4:45 4:45 6:00 4:45 4:45 4:45
R12 4:45 4:45 4:45 4:45 4:45 4:45 4:45 6:00 4:45 4:45 6:00 4:45 4:45 4:45
R13 4:45 4:45 4:45 4:45 4:45 4:45 4:45 6:00 4:45 4:45 6:00 4:45 4:45 4:45
Palisades Power Plant ES-12
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Table 8-2. School Evacuation Time Estimates — Good Weather

Travel
Time
from

EPZ
Bdry to

Dist.
EPZ
Bdry to

Travel
Time to

Driver Loading Dist. To Average EPZ ETA to

School

Mobilization
Time (min)

Time
(min)

EPZ Bdry
(mi)

Speed
(mph)

ALLEGAN COUNTY, MI

Bdry
(min)

ETE
(hr:min)

THF
(mi.)

THF
(min)

THF
(hr:min)

Baseline Middle School 90 15 4.5 55.0 5 1:50 14.7 17 2:10
North Shore Elementary School 90 15 3.9 55.0 5 1:50 14.7 17 2:10
EN COUNTY, Mi
Salem Lutheran Preschool 90 15 14 219 4 1:50 15.1 17 2:10
Watervliet North Elementary School 90 15 1.0 9.3 7 1:55 0.4 1 2:00
Coloma Elementary School 90 15 0.9 25.3 3 1:50 1577 17 2:10
Coloma Intermediate School 90 15 0.9 25.3 3 1:50 1151, 17 2:10
Coloma High School 90 15 0.9 25.3 3 1:50 15.1 17 2:10
Coloma Junior High School 90 15 0.9 25.3 3 1:50 15.1 17 2:10
VAN BUREN COUNTY, Mi
Maple Grove Elementary School 90 15 7.5 55.0 9 1:55 14.7 17 2:15
Head Start - South Haven 90 15 7.0 50.1 9 1:55 14.7 17 2:15
Covert Middle School 90 15 10.1 30.6 20 2:05 0.6 1 2:10
Covert High School 90 15 10.1 30.6 20 2:05 0.6 1 2:10
Covert Elementary School 90 15 10.1 30.6 20 2:05 0.6 1 2:10
Head Start - Migrant at Lincoln Elementary 90 15 7.0 44.8 10 1:55 14.7 17 2:15
Lincoln Elementary School 90 15 7.0 44.8 10 1:55 14.7 17 2:15
L.C. Mohr High School 90 15 7.0 44.8 10 1:55 14.7 17 2:15
St. Paul Lutheran School 90 15 6.9 52.9 8 1:55 14.7 17 2:15
St. Basil Catholic School 90 15 6.9 46.1 9 1:55 14.7 17 2:15
WAY- South Haven Schools (LMC Campus) 90 15 5.7 55.0 7 1:55 14.7 17 2:15
Z'::p'\:fh'gan LSS TS 90 15 5.7 55.0 7 1:55 14.7 17 2:15
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Travel

Evacuation Time Estimate

Time

Travel Dist. from

Time to EPZ EPZ

Driver Loading Dist. To Average EPZ Bdryto Bdryto

Mobilization Time EPZ Bdry Speed Bdry ETE THF THF

‘ Time (min) (min) (mi) (mph) (min) (hr:min) (mi.) (min)
Wood School 90 15 4.0 41.2 6 1:55 14.2 16 2:15
Bangor High School 90 15 0.4 19.5 2 1:50 14.2 16 2:10
Bangor Middle School 90 15 0.4 19.5 2 1:50 14.2 16 2:10
Head Start - Bangor 90 15 0.4 19.5 2 1:50 14.2 16 2:10
Bangor Alternative High School 90 15 0.4 19.5 2 1:50 14.2 16 2:10
South Walnut Elementary School 90 15 0.4 19.5 2 1:50 14.2 16 2:10

Maximum for EPZ: 2:05 Maximum: 2:15.4
Average for EPZ: | 1:55 _,i Average: 2;1§ “
Palisades Power Plant ES-14 KLD Engineering, P.C.
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Table 8-5. Transit-Dependent Evacuation Time Estimates — Good Weather

One-Wave Two-Wave
Route Distance Travel Route
Route Route Travel Pickup to Rec. Time to Driver Travel Pickup
Route  Number Mobilization Length Speed Time Time ETE Ctr. Rec. Ctr. Unload Rest Time Time ETE
Number of Buses (min) (miles) (mph) (min) (min) (hr:min) (miles) (min) (min) (min) (min) (min) (hr:min)
1 1 150 9.8 55.0 11 30 3:15 8.3 9 5 10 30 30 4:40
2 1 150 9.0 55.0 10 30 3:10 14.7 16 5 10 36 30 4:50
3 1 150 8.6 51.0 10 30 3:15 0.4 0 5 10 20 30 4:20
2 150 5.8 48.3 7 30 3:10 14.7 16 5 10 29 30 4:40
4 2 170 5.8 48.5 7 30 3:30 14.7 16 5 10 29 30 5:00
2 150 6.2 46.8 8 30 3:10 14.2 15 5 10 30 30 4:40
> 1 170 6.2 47.2 8 30 3:30 14.2 15 5 10 30 30 5:00
2 150 7.8 55.0 9 30 3:10 14.4 16 5 10 33 30 4:45
6 1 170 7.8 55.0 9 30 3:30 14.4 16 5 10 33 30 5:05
Maximum ETE: 3:30 Maximum ETE: 5:05
Average ETE: 3:20 Average ETE: 4:50
Palisades Power Plant ES-15 KLD Engineering, P.C.
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Table 8-8. Medical Facility Evacuation Time Estimates — Good Weather

Evacuation Time Estimate

Travel
Loading Time to
Rate Total EPZ
Mobilization (min per Loading Dist. To EPZ Boundary
Medical Facility Patient (min) person) People  Time (min) Bdry (mi) (min)
) ) Ambulatory 90 1 43 30 4.9 6 2:10
Ec;url:etry Side Nursing Wheelchair bound 90 5 46 75 4.9 6 2:55
Bedridden 90 15 4 30 4.9 6 2:10
Forest Beach AFC Home Inc | Ambulatory 90 1 16 16 1.4 10 2:00
. Ambulatory 90 1 2 2 1.3 8 1:40
Juniper Home
Wheelchair bound 90 5 4 20 1.3 8 2:00
Ambulatory 90 1 3 3 6.8 7 1:40
Bronson South Haven -
Hospital Wheelchair bound 90 5 2 10 6.8 7 1:50
Bedridden 90 15 1 15 6.8 8 1:55
South Haven Nursing & Ambulatory 90 1 10 10 6.8 7 1:50
Rehabilitation Community | Wheelchair bound 90 5 51 75 6.8 7 2:55
Turner Tender Care Ambulatory 90 1 3 3 8.9 10 1:45
Wheelchair bound 90 5 3 15 8.9 10 1:55
River Ridge Retirement Ambulatory 90 1 26 26 4.8 5 2:05
Village Wheelchair bound 90 5 13 65 4.8 5 2:40
Bedridden 90 15 3 30 4.8 5 2:05
Maximum ETE: 2:55
Average ETE: 2:05
Palisades Power Plant ES-16 KLD Engineering, P.C.
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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 Palisades Power Plant (PPP), located in Van Buren
County, Michigan. 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
Government agencies. Most important of these are:

o Title 10, Code of Federal Regulations, Appendix E to Part 50 (10CFR50), Emergency
Planning and Preparedness for Production and Utilization Facilities, NRC, 2011.

o Revision 1 of the Criteria for Development of Evacuation Time Estimate Studies,
NUREG/CR-7002, February 2021.

J FEMA, “Radiological Emergency Preparedness Program Manual” (FEMA P-1028),
December 2019.

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.

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 Entergy/Holtec.

b. Attended meetings with emergency planners from the State of Michigan and
Allegan, Berrien and Van Buren County Emergency Management Offices to identify
issues to be addressed and resources available.

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 2020 Census (See Section 3.1).
Conducted an online demographic survey of EPZ residents.

f. Conducted a data collection effort to identify and describe schools, special facilities,
major employers, tourist attractions, 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 online
demographic survey.

Palisades Power Plant 1-1 KLD Engineering, P.C.
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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 (TMP) to be implemented by local and
state police in the event of an incident at the plant. Traffic and access control is applied
at specified Traffic Control Points (TCP) and Access Control Points (ACP) located within
the EPZ.

5. Used existing Protective Action Areas (PAA) to define Evacuation Regions. The EPZ is
partitioned into 7 PAA along political 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, Rev. 1.

6. Estimated demand for transit services for persons at “Special Facilities” (schools,
medical facilities, etc.) and for transit-dependent persons at home.

7. Prepared the input streams for the DYNEV Il system, which computes ETE (see

Appendices B and C).

a. Estimated the evacuation traffic demand, based on the available information
derived from Census data, and from data provided by local and state agencies,
Entergy/Holtec and from the demographic survey.

b. Updated the link-node representation of the evacuation network, using observations
from the field survey and aerial imagery, which is used as the basis for the computer
analysis that calculates the ETE.

c. Applied the procedures specified in the 2016 Highway Capacity Manual (HCM?) to
the data acquired during the field survey, to estimate the capacity of all highway
segments comprising the evacuation routes.

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 plant.

8. Executed the DYNEV Il models to provide the estimates of evacuation routing and 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, Rev. 1.

10. Calculated the ETE for all transit activities including those for special facilities, for the
transit-dependent population and for homebound population with access and/or
functional needs.

" Highway Capacity Manual (HCM 2016), Transportation Research Board, National Research Council, 2016.
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1.2 The Palisades Power Plant Location

The PPP is located on the shores of Lake Michigan in Van Buren County, Michigan. The site is
approximately 55 miles southwest of Grand Rapids, Michigan and 75 miles northeast of
Chicago, lllinois. The EPZ consists of parts of Allegan, Berrien and Van Buren Counties. Figure
1-1 displays the area surrounding the PPP, identifying the communities in the area and the
major roads.

1.3 Preliminary Activities

These activities are described below.

Field Surveys of the Highway Network

In March 2021, 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 listed in Table 1-2.

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 2016 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 15-46 in the HCM 2016 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 Geographic
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 Il System.

As documented on page 15-6 of the HCM 2016, the capacity of a two-lane highway is 1,700
passenger cars per hour in one direction. For freeway sections, a value of 2,250 vehicles per
hour per lane is assigned, as per Exhibit 12-37 of the HCM 2016. 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 15-46. 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.
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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, Rev. 1 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.

Demographic Survey

A demographic 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 responses.

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).

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
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(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
plant.

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
are designed to represent the behavioral responses of evacuees. The effects of these
countermeasures may then be tested with the model.
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1.4 Comparison with Prior ETE Study

Table 1-3 presents a comparison of the present ETE study with the previous ETE study (KLD TR-
500, dated August 2012). The 90" percentile ETE for the entire EPZ increased by 40 minutes for
a winter midweek midday scenario and by 15 minutes for a summer weekend midday scenario
when compared with the 2012 study. The 100%™ percentile ETE increased by 15 minutes for both
a winter midweek midday scenario and for a summer weekend midday scenario. 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:

Although the permanent resident population decreased by 4.55%, the number of
evacuating vehicles (approximately 16,000 vehicles) for the permanent resident
population is comparable with the 2012 study. Similarly, the number of evacuating
vehicles from the Shadow Region from the 2012 and current studies are nearly the
same. Thus, permanent resident population change should have minimal impact on ETE.
The transient population and number of transient vehicles increased by 12.5% and 8.6%,
respectively, mostly due to more seasonal population identified in this study. This could
lead to longer ETE for weekend scenarios when transient population is at its peak.

Trip generation and mobilization characteristics have changed. The time to mobilize
100% of residents with commuters and residents without commuters takes an
additional 15 minutes in this study relative to the 2012 study. This directly explains the
15 minute increase in 100" percentile ETE given that traffic congestion clears well
before mobilization time (see Section 7.3) and trip generation times dictate the ETE.

The increases in 90™ percentile ETE can also be explained by changes in mobilization
time:

o It took 150 minutes to mobilize about 90% of residents with commuters
returning in the 2012 study versus 180 minutes in this study, a difference of 30
minutes.

o It took 105 minutes to mobilize 90% of residents without commuters returning in
the 2012 study versus 150 minutes in this study, a difference of 45 minutes.
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Table 1-1. Stakeholder Interaction

Stakeholder Nature of Stakeholder Interaction

Attended kickoff meeting to define project
methodology and data requirements. Set up
contacts with local government agencies. Provided
Entergy/Holtec emergency planning personnel recent plant employee data. Reviewed and
approved all project assumptions. Engaged in the
ETE development and was informed of the study
results and coordinated with the OROs.

Attended kickoff meeting to discuss the project
methodology, key project assumptions and to
define data needs. Provided state and county
State of Michigan and Allegan, Berrien and Van | emergency plans, special facility data and existing
Buren County Emergency Management Offices traffic management plans. Reviewed and approved
all project assumptions. Engaged in the ETE
development and was informed of the study
results.

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.
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Topic

Resident Population
Basis

Table 1-3. ETE Study Comparisons

Previous ETE Study

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

Current ETE Study

ArcGIS Software
Census blocks;
used.

using 2020 US
area ratio method

Population = 31,005

Population = 29,594

Resident Population
Vehicle Occupancy

2.40 persons/household, 1.25
evacuating vehicles/household
yielding: 1.92 persons/vehicle.

2.77 persons/household, 1.50
evacuating vehicles/household
yielding: 1.85 persons/vehicle.

Resident vehicles = 16,169

Resident vehicles = 15,898

Shadow Population

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

ArcGIS Software using 2020 US
Census blocks; area ratio method
used.

Shadow Population = 24,296
Shadow vehicles = 12,698

Shadow Population = 23,192
Shadow vehicles = 12,446

Employee Population

Employee estimates based on
information provided about major
employers in EPZ by the employers
themselves. 1.08 employees per
vehicle based on the telephone
survey results.

Employee estimates based on
information provided about major
employers in EPZ by the employers
themselves. 1.10 employees per
vehicle based on the demographic
survey results.

Employees = 797

Employee vehicles = 738

Employees = 753
Employee vehicles = 684

Transient Population

Transient estimates based upon
information provided about transient
attractions in EPZ, supplemented by
observations of the facilities during
the road survey and from aerial
photography. Seasonal population
estimated using vacant household
data from the U.S. Census Bureau.

Transient estimates based upon
information provided about transient
attractions in EPZ, supplemented by
observations of the facilities during
the road survey and from aerial
photography. Seasonal population
estimated using vacant household
data from the U.S. Census Bureau.

Transients = 18,965

Transient vehicles = 8,837

Transients = 21,347

Transient vehicles = 9,596
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Topic

Medical Facilities

Previous ETE Study

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

Current census =224

Buses Required =7

Wheelchair Buses Required = 10
Wheelchair Vans Required =0

Ambulances Required = 6

Current ETE Study

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

Current census = 230

Buses Required = 8
Wheelchair Buses Required =9
Wheelchair Vans Required = 3

Ambulances Required =5

School Population

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

Current enrollment = 7,219
Buses required = 105

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

Current enrollment = 5,740

Buses required = 107 (excluding 109
private vehicles for commuter
students at Lake Michigan College)

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

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

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

Shadow Evacuation

20% of people outside of the EPZ
within the Shadow Region (see Figure
7-2)

20% of people outside of the EPZ
within the Shadow Region (see Figure
7-2)

Network Size

795 Links; 556 Nodes.

898 Links; 630 Nodes.

Roadway Geometric
Data

Field surveys conducted in November
of 2010. Major intersections were
video archived.

Road capacities based on 2010 HCM.

Field surveys conducted in March of
2021. Major intersections were video
archived.

Road capacities based on HCM 2016.

School Evacuation

Direct evacuation to designated
Reception Center/ Temporary Host
Facilities.

Direct evacuation to designated
Reception Center/ Temporary Host
Facilities.
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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 733 people who do
not have access to a vehicle,
requiring 50 buses to evacuate. An

Current ETE Study

Estimates based upon U.S. Census
data and the results of the
demographic survey. A total of 336
people who do not have access to a
vehicle, requiring 13 buses to
evacuate. An additional 55

. additional 21 homebound people .
Population . . homebound people with access
with access and/or functional needs .
s and/or functional needs are reported
are reported within the three oy .
. . . within the three counties.
counties. Special transportation to .
.| Transportation needed to evacuate: 2
evacuate: 1 ambulance, 1 wheelchair ) .
. ambulances, 3 wheelchair accessible
accessible van, and 3 regular buses.
buses, and 3 regular buses.
. 76% of transit-dependent persons
50% of transit-dependent persons [ . P . P .
. . S . . ) will ride out with a neighbor or friend
Ridesharing will ride out with a neighbor or friend as per the demographic surve
as per NUREG/CR-7002. resul':s grap Y

Trip Generation for

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

Based on the demographic survey of
specific pre-trip mobilization
activities:

Residents with commuters returning
leave between 30 and 270 minutes.

Residents with commuters returning
leave between 30 and 285 minutes.

E ) Residents without commuters | Residents without commuters
vacuation returning leave between 0 and 210 | returning leave between 15 and 225
minutes. minutes.
Employees and transients leave | Employees and transients leave
between 0 and 105 minutes. between 0 and 105 minutes.
All times measured from the Advisory | All times measured from the Advisory
to Evacuate. to Evacuate.
Normal, Rain/Light Snow, or Heavy
Normal, Rain, or Snow. The capacity | Snow. The capacity and free flow
Weather and free flow speed of all links in the | speed of all links in the network are
network are reduced by 10% in the reduced by 10% in the event of
event of rain and 20% for snow. rain/light snow and 15% and 25% for
heavy snow, respectively.
Modeling DYNEV Il System — Version 4.0.0.0 DYNEV Il System — Version 4.0.20.0

Special Events

Fourth of July celebration at North
and South Beach in South Haven, MI.
Attracts approximately 15,000
people, 35% of which are considered
transients.

Fourth of July celebration at North
and South Beach in South Haven, Ml.
Attracts 33,899 transients.
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Topic

Previous ETE Study
Transients: 4,302
Vehicles: 1,434

Current ETE Study
Transients: 33,899
Vehicles: 9,908

Evacuation Cases

10 Regions (central sector wind

direction and each adjacent sector

technique used) and 14 Scenarios
producing 140 unique cases.

13 Regions (central sector wind
direction and each adjacent sector
technique used) and 14 Scenarios
producing 182 unique cases.

Evacuation Time
Estimates Reporting

ETE reported for 90" and 100"
percentiles. Results presented by
Region and Scenario.

ETE reported for 90" and 100%
percentiles. Results presented by
Region and Scenario.

Evacuation Time
Estimates for the
entire EPZ, 90"
percentile

Winter Weekday Midday,
Good Weather (Scenario 6): 2:05

Winter Weekday Midday,
Good Weather (Scenario 6): 2:45

Summer Weekend, Midday,
Good Weather (Scenario 3): 2:05

Summer Weekend, Midday,
Good Weather (Scenario 3): 2:20

Evacuation Time
Estimates for the
entire EPZ, 100"
percentile

Winter Weekday Midday,
Good Weather (Scenario 6): 4:40

Winter Weekday Midday,
Good Weather (Scenario 6): 4:55

Summer Weekend, Midday,
Good Weather (Scenario 3): 4:40

Summer Weekend, Midday,
Good Weather (Scenario 3): 4:55
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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 Assumptions

1. The permanent resident population is based on the 2020 U.S. Census population from
the Census Bureau website!. A methodology, referred to as the “area ratio method”, is
employed to estimate the population within portions of census blocks that are divided
by Protective Action Area (PAA) boundaries. It is assumed that the population is evenly
distributed across a census block in order to employ the area ratio method. (See Section
3.1)

2. Estimates of employees who reside outside the Emergency Planning Zone (EPZ) and
commute to work within the EPZ are based upon data provided by each county and by
Entergy/Holtec. (See Section 3.4.)

3. Population estimates at transient and special facilities are based on the data from the
previous ETE study confirmed and updated by the EPZ county emergency management
agencies.

4. The relationship between permanent resident population and evacuating vehicles is
based on the results of the recent online demographic survey (see Appendix F). Values
of 2.77 persons per household and 1.50 evacuating vehicles per household are used for
the permanent resident population.

5. Where data is not provided, the average household size is assumed to be the vehicle
occupancy rate for transient facilities.

6. Employee vehicle occupancies are based on the results of the demographic survey. 1.10
employees per vehicle are used in the study. In addition, it is assumed there are two
people per carpool, on average. (See Appendix F, sub-section F.3.1 and Figure F-6.)

7. The maximum bus speed assumed within the EPZ is 55 mph based on state laws for
buses and on average posted speed limits on major roadways within the EPZ.

8. Roadway capacity estimates are based on field surveys performed in 2021 (verified by
aerial imagery), and the application of the Highway Capacity Manual 2016.

a. In accordance with NUREG/CR-7002, Rev. 1, only those roadway construction
projects that are completed prior to the finalization of this report are considered
in an ETE study. As no roadway projects were identified by Entergy/Holtec or the
OROs, no future roadway improvement projects (affecting roadway capacity
estimates) are considered in this study.

" www.census.gov
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2.2 Methodological Assumptions

1. The Planning Basis Assumption for the calculation of ETE is a rapidly escalating accident
that requires evacuation, and includes the following? (as per NRC guidance):
a. Advisory to Evacuate (ATE) is announced coincident with the siren notification.
b. Mobilization of the general population will commence within 15 minutes after
siren notification.
c. ETE is measured relative to the ATE.

2. The center-point of the plant is located at the center of the containment building
42°19'22.1"N, 86°18'51.5"W.

3. The DYNEV I3 system is used to compute ETE in this study.

4. Evacuees will drive safely, travel radially away from the plant to the extent practicable
given the highway network and obey all traffic control devices and traffic guides. All
major evacuation routes are used in the analysis.

5. The existing EPZ and PAA boundaries are used. See Figure 3-1.

6. The Shadow Region extends to 15 miles radially from the plant or approximately 5 miles
radially from the EPZ boundary, as per NRC guidance. See Figure 7-2.

7. One hundred percent (100%) of the people within the impacted keyhole will evacuate.
Twenty percent (20%) of the population within the Shadow Region and within PAAs of
the EPZ not advised to evacuate will voluntarily evacuate, as shown in Figure 2-1, as per
NRC guidance. Sensitivity studies explore the effect on ETE of increasing the percentage
of voluntary evacuees in the Shadow Region (see Appendix M).

8. Shadow population characteristics (household size, evacuating vehicles per household,
and mobilization time) are assumed to be the same as that of the permanent resident
population within the EPZ.

9. The ETE is presented at the 90™ and 100" percentiles in graphical and tabular format, as
per NRC guidance. The percentile ETE is defined as the elapsed time from the ATE issued
to a specific Region of the EPZ, to the time that Region is clear of the indicated percentile
of evacuees.

10. This study does not assume that roadways are empty at the start of the evacuation.
Rather, there is an initialization period (often referred to as “fill time” in traffic
simulation) wherein the anticipated traffic volumes from the start of the evacuation are

2 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 stages of an emergency.

3 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 DYNEV Il model incorporates the latest technology in traffic simulation and in dynamic traffic assignment.

Palisades Power Plant 2-2 KLD Engineering, P.C.
Evacuation Time Estimate Rev. 0



loaded onto roadways in the study area. The amount of initialization/fill traffic that is on
the roadways in the study area at the start of the evacuation depends on the scenario
and the region being evacuated. See Section 3.11.

11. To account for boundary conditions (roadway conditions outside the study area that are
not specifically modeled due to the limited radius of the study area) beyond the study
area, this study assumes a 25% reduction in capacity on two-lane roads and multi-lane
highways for roadways that have traffic signals downstream. The 25% reduction in
capacity is based on the prevalence of actuated traffic signals in the study area and the
fact that the evacuating traffic (“main street”) volume is more significant than the
competing traffic (“side street”) volume at any downstream signalized intersections,
thereby warranting a more significant percentage (75% in this case) of the signal green
time. There is no reduction in capacity for freeways due to boundary conditions.

12. The ETE also includes consideration of “through” (External-External, traffic that originates
its trip outside of the study area and has its destination outside of the study area) trips
during the time that such traffic is permitted to enter the evacuated Region. See Section
3.10.

2.3 Assumptions on Mobilization Times

1. Trip generation time (also known as mobilization time, or the time required by evacuees
to prepare for the evacuation) are based upon the results of the recent online
demographic survey (see Section 5 and Appendix F). It is assumed that stated events take
place in sequence such that all preceding events must be completed before the current
event can occur.

2. One hundred percent (100%) of the EPZ population can be notified within 45 minutes, in
accordance with the 2019 Federal Emergency Management Agency (FEMA) Radiological
Emergency Preparedness Program Manual.

3. Commuter percentages (and percentage of residents awaiting the return of a commuter)
are based on the results of the demographic survey. According to the survey results,
86% of the households in the EPZ have at least 1 commuter; 58% of those households
with commuters will await the return of a commuter before beginning their evacuation
trip (see Appendix F, sub-sections F.3.1 and F.3.2). Therefore, 50% (86% x 58% = 50%) of
EPZ households will await the return of a commuter, prior to beginning their evacuation
trip.

2.4 Transit Dependent Assumptions

1. The percentage of transit-dependent people who will rideshare with a neighbor or friend
is based on the results of the demographic survey. According to the survey results, 76%
of the transit-dependent population will rideshare (see Appendix F, sub-section F.3.1).

2. Buses are used to transport those without access to private vehicles:
a. Schools and preschools
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i. If schools and preschools are in session, transport (buses) will evacuate
students directly to the designated temporary host facilities.

ii.  Buses will evacuate children at preschools within the EPZ, as needed.

iii.  Children at day cares within the EPZ are picked up by parents and
evacuated in private vehicles.

iv. For the schools/preschools that are evacuated via buses, it is assumed no
school children are picked up by their parents prior to the arrival of the
buses.

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

b. Medical Facilities

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

ii. The percent breakdown of ambulatory (46%), wheelchair bound (50%)
and bedridden patients (4%) from the 2012 study are used to determine
the number of ambulatory, wheelchair bound and bedridden patients at
the medical facilities within the EPZ.

c. Transit-dependent permanent residents:

i.  Transit-dependent general population is evacuated to reception centers.

ii.  Access and/or functional needs population may require county assistance
(ambulance, bus or wheelchair transport) to evacuate. This is considered
separately from the general population ETE, as per NRC guidance.

iii.  Households with 3 or more vehicles were assumed to have no need for
transit vehicles.

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

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

3. Transit vehicle capacities:

a. School buses = 70 students per bus for primary schools/preschools and 50

students per bus for middle/high schools

b. Ambulatory transit-dependent persons and medical facility patients = 30 persons
per bus
Vans =5 persons
Ambulances = 2 bedridden persons (includes advanced and basic life support)
Wheelchair vans = 4 wheelchair bound persons
Wheelchair buses = 15 wheelchair bound persons

- o o o

4. Transit vehicles mobilization times, which are considered in ETE calculations:
a. School buses will arrive at schools and preschools to be evacuated within 90
minutes of the ATE.
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b. Transit dependent buses are mobilized when approximately 90% of residents
with no commuters have completed their mobilization. If necessary, multiple
waves of buses are utilized to gather transit dependent people who mobilize
more slowly.

c. Vehicles will arrive at hospitals, medical facilities, and senior living facilities to be
evacuated within 90 minutes of the ATE.

5. Transit Vehicle loading times:

a. Concurrent loading on multiple buses/transit vehicles is assumed.

b. School buses are loaded in 15 minutes.

c. Transit Dependent buses will require 1 minute of loading time per passenger.

d. Buses for hospitals and medical facilities will require 1 minute of loading time
per ambulatory passenger.

e. Wheelchair transport vehicles will require 5 minutes of loading time per
passenger.

f. Ambulances are loaded in 15 minutes per bedridden passenger.

6. Drivers for all transit vehicles are available.
2.5 Traffic and Access Control Assumptions

1. Traffic Control Points (TCP) and Access Control Points (ACP) as defined in the approved
county and state emergency plans are considered in the ETE analysis, as per NRC
guidance. See Appendix G.

2. TCP and ACP are staffed approximately 120 minutes after the ATE, as per NRC guidance.
It is assumed that no through traffic will enter the EPZ after this 120-minute time period.

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

2.6 Scenarios and Regions

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

a. The Fourth of July Celebration in South Haven is considered as the special event
(single or multi-day event that attracts a significant population into the EPZ;
recommended by NRC guidance) for Scenario 13.

b. As per NRC guidance, one segment of one of the highest volume roadways is out
of service or one lane outbound on a freeway must be closed for a roadway
impact scenario. This study will consider the closure of one lane on [-196
northbound from the interchange with County Road 378/32™ Ave (Exit 13) to
the interchange with Blue Star Highway (Exit 30) for the roadway impact
scenario — Scenario 14.

Palisades Power Plant 2-5 KLD Engineering, P.C.
Evacuation Time Estimate Rev. 0



2. 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 at about the same time the evacuation advisory is issued. Thus, no weather-
related reduction in the number of transients who may be present in the EPZ is assumed.
It is further assumed that snow removal equipment is available, the appropriate agencies
are clearing/treating the roads as they would normally during snow, and the roads are
passable albeit at lower speeds and capacities.

3. Adverse weather affects roadway capacity and free flow speeds. Transportation research
indicates capacity and speed reductions of about 10% for rain and a range of 10% to 25%
for snow. In accordance with Table 3-1 of Revision 1 to NUREG/CR-7002, this study
assumes a 10% reduction in speed and capacity for rain/light snow and a speed and
capacity reduction of 15% and 25%, respectively, for heavy snow. These factors are
shown in Table 2-2.

4. Some evacuees will need additional time to clear their driveways and access the public
roadway system for heavy snow scenarios. The distribution of time for this activity was
gathered through the demographic survey of the public and takes up to 180 minutes (see
Appendix F, Figure F-15). It is assumed that the time needed by evacuees to remove
snow from their driveways is sufficient time for snow removal crews to mobilize and
clear/treat the public roadway system.

5. Employment is reduced slightly in the summer for vacations.

6. Mobilization and loading times for transit vehicles are slightly longer in adverse weather.
Mobilization times are 10 minutes and 20 minutes longer in rain/light snow and heavy
snow, respective<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>