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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 PSEG Site located in Salem County,
New Jersey. Evacuation time estimates are part of the required planning basis and
provide PSEG 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 Government agencies. Most important of these are:

o 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.

o Analysis of Techniques for Estimating Evacuation Times for Emergency Planning
Zones, NUREG/CR-1745, November 1980.
° Development of Evacuation Time Estimates for Nuclear Power Plants,

NUREG/CR-6863, January 2005.

Overview of Project Activities

This project began in March, 2009 and extended over a period of 5 months. The major
activities performed are briefly described in chronological sequence:

. Attended “kick-off” meetings with PSEG personnel and emergency management
personnel representing state and local governments.

. Accessed U.S. Census Bureau data files for the year 2000. Studied
Geographical Information Systems (GIS) maps of the area in the vicinity of the
PSEG Site, then conducted a detailed field survey of the highway network.

o 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.

o 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 State
and county personnel prior to the survey.

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

. The traffic demand and trip-generation rates of evacuating vehicles were
estimated from the gathered data. The trip generation rates reflected the

PSEG Site ES-1 KLD Engineering, P.C.
Evacuation Time Estimates Rev. 1
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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.

o Following Federal guidelines, the EPZ is subdivided into 12 Emergency
Response Planning Areas (ERPA). These ERPA are then grouped within
circular areas or “keyhole” configurations (circles plus radial sectors) that define a
total of 17 Evacuation Regions.

. 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 scenario involving
the construction phase at the PSEG Site was considered.

J The Planning Basis for the calculation of ETE is:

— A rapidly escalating accident at the PSEG Site that quickly assumes
the status of General Emergency such that the Advisory to Evacuate is
virtually coincident with the siren alert.

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

J 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 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.

o 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 and for those
evacuated from special facilities.

Computation of ETE

A total of 255 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
17 Evacuation Regions to completely evacuate from that Region, under the
circumstances defined for one of the 15 Evacuation Scenarios (17 x 15 = 255).
Separate ETE are calculated for transit-dependent evacuees, including schoolchildren
for applicable scenarios.

Except for Region R03, which is the evacuation of the entire EPZ, only a portion of the

PSEG Site ES-2 KLD Engineering, P.C.
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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 a portion of the population within the EPZ but
outside the impacted region, will elect to “voluntarily” evacuate. In addition, a portion of
the population in the Shadow Region beyond the EPZ that extends from the EPZ
boundary to a distance of approximately 15 miles from the PSEG Site, 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.

The computational procedure is outlined as follows:

. 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 procedures.

. The evacuation trips are generated at locations called “zonal centroids” located
within the EPZ. 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.

. The computer models compute the routing patterns for evacuating vehicles that
are compliant with federal guidelines (outbound relative to the location of PSEG
Site), then simulate the traffic flow movements over space and time. This
simulation process estimates the rate that traffic flow exits the impacted region.
The following federal guidelines were adhered to in computing the ETE
presented in this study:

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

— Appendix 4 to NUREG-0654/FEMA-REP-1, Rev. 1 - “Criteria for
Preparation and Evaluation of Radiological Emergency Response
Plans and Preparedness in Support of Nuclear Power Plants"

— Supplement 2 to NUREG-0654/FEMA-REP-1, Rev. 1 — "Criteria for
Preparation and Evaluation of Radiological Emergency Response
Plans and Preparedness in Support of Nuclear Power Plants - Criteria
for Emergency Planning in an Early Site Permit Application"

— NUREG-0800, “Standard Review Plan for the Review of Safety
Analysis Reports for Nuclear Power Plants” — Section 13.3 -
“‘Emergency Planning”

— NUREG/CR-6863 - “Development of Evacuation Time Estimate
Studies for Nuclear Power Plants”

PSEG Site ES-3 KLD Engineering, P.C.
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— Regulatory Guide 1.206 — “Combined License Applications for Nuclear
Power Plants” — Section C.1.13.3 — “Emergency Planning”

— NUREG-0654/FEMA-REP-1, Rev. 1, Supp. 3, "Criteria for Preparation
and Evaluation of Radiological Emergency Response Plans and
Preparedness in Support of Nuclear Power Plants - Criteria for
Protective Action Recommendations for Severe Accidents"

o The ETE statistics provide the elapsed times for 50 percent, 90 percent, 95
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 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. Page 27 of NUREG/CR-6953, Volume 2 (NRC public
telephone survey) indicates that an evacuation tail of approximately 10% of the
EPZ population is appropriate for ETE studies. The evacuation tail prolongs the
ETE as a result of those stragglers who take longer to mobilize. Thus, a tail of
10% would imply using the 90th percentile ETE.

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 plan provided by
Delaware Emergency Management Agency and the State of New Jersey Radiological
Emergency Response Plan, 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 PSEG Site showing the layout of the 12
Emergency Response Planning Areas (ERPA) that comprise, in aggregate, the
EPZ.

. Table 3-1 presents the estimates of permanent resident population in each ERPA
based on the 2000 Census data. Extrapolation to the year 2010 reflects
population growth rates in each county derived from census data.

. Table 6-1 defines each of the 17 Evacuation Regions in terms of their respective
groups of ERPA.

J Table 6-2 lists the Evacuation Scenarios.

o Tables 7-1B and 7-1D 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

PSEG Site ES-4 KLD Engineering, P.C.
Evacuation Time Estimates Rev. 1
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consideration of mobilization time and of estimated voluntary evacuations from
other regions within the EPZ and from the shadow region.

o Table 8-6A presents ETE for the schoolchildren in good weather.
o Table 8-8A presents ETE for the transit-dependent population in good weather.
o Figure H-8 presents an example of an Evacuation Region (Region R08) to be

evacuated under the circumstances defined in Table 6-1. Maps of all regions are
provided in Appendix H.

Conclusions

o General population ETE were computed for 255 unique cases — a combination of
17 unique Evacuation Regions and 15 unique Evacuation Scenarios. Tables 7-
1A through 7-1D document these ETE for the 50", 90", 95" and 100™
percentiles respectively. These ETE range from 2:00 (hr:min) to 2:55 at the 90"
percentile.

. Inspection of Table 7-1B and 7-1D indicates that the ETE for the 100™ percentile
are nearly double those for the 90" percentile. This is the result of the long tail of
the evacuation curve caused by those evacuees who take longer to mobilize.
See Figure 7-6.

. Comparison of Scenarios 6 (winter, midweek, midday, year 2010, no
construction) and 13 (winter, midweek, midday, year 2019, with construction and
refueling outage) in Table 7-1B indicates that construction/refueling activities add
approximately 30 minutes, on average, to the ETE. Note, however, that most of
this increase in ETE is due to the growth of population in the Delaware portion of
the EPZ between year 2010 and year 2019, not because of the
construction/outage vehicles (see Table 3-1).

. PSEG is considering a proposed causeway connecting the new site with local
roads in Elsinboro township, which will be used by construction workers and new
plant personnel. As documented in Appendix N, the use of the proposed
causeway reduces the ETE for the 2-mile Region (Region R01) and 5-mile
Region (Region R02) by 40 and 10 minutes, respectively, at the 90" percentile
and 40 and 25 minutes, respectively at the 95" percentile. The ETE for the full
EPZ (Region R03) is unaffected by the use of the proposed causeway.

° Middletown, Delaware and Salem, New Jersey are the two most congested
areas during an evacuation. The last location in the EPZ to exhibit traffic
congestion is Salem; this is the result of a large number of vehicles evacuating
through Salem, using a limited number of evacuation routes. All congestion
within the EPZ clears by 3 hours after the Advisory to Evacuate. See Figures 7-3
through 7-5.

o Special population ETE were computed for schools, medical facilities, transit-
dependent persons and homebound special needs persons. These ETE are
within a similar range as the general population ETE, with the exception of the
transit-dependent ETE which do exceed general population ETE for some bus
routes. See Section 8.

PSEG Site ES-5 KLD Engineering, P.C.
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o The general population ETE at the 100" percentile closely parallels the trip
generation time...further evidence of the long evacuation tail. See Table I-1.

. The general population ETE is not significantly impacted by the voluntary
evacuation of vehicles in the Shadow Region. See Table I-2.

o The use of gantry lights on the existing access road in order to provide an

additional lane outbound during an evacuation has no impact on the ETE. The
traffic signal at the intersection of the existing PSEG Site access road and
Salem-Hancocks Bridge Road is a bottleneck for those vehicles evacuating the
site; adding an additional outbound lane does not remove this bottleneck. See
Table 1-3.

) The use of Intelligent Transportation Systems (ITS) technologies and traffic
management techniques may benefit the evacuation process and may decrease
ETE. Conservatively, this study assumes that no ITS technologies or traffic
management techniques are in place. See Section 9 and Appendix G.

PSEG Site ES-6 KLD Engineering, P.C.
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Table 3-1. EPZ Permanent Resident Population
ERPA | 2000 Population | 2010 Population
New Jersey

1 844 862
2 2,992 3,067
3 6,900 6,595

4 241 242

5 431 437

6 446 491

7 279 299

8 No Population
NJ Total 12,133 | 11,993
Delaware
A 4,904 5,343
B 8,240 11,202
C 10,364 16,496
D No Population
DE Total 23,508 33,041
EPZ TOTAL 35,641 45,034
EPZ Population Growth: 26.4%
PSEG Site ES-8 KLD Engineering, P.C.
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Table 6-1. Description of Evacuation Regions*
ERPA
New Jersey Delaware
Region Description 112/3|4/5/6/7/8|A|B|C|D
RO1 2-Mile X X X
R02 5-Mile X X | x X
RO3 Entire EPZ X | X | X | X|X|X|X|[XxX]|X|X|X]|X
5-Mile Ring and Downwind to EPZ Boundary
ERPA
New Jersey Delaware
Region Wind Direction Towards: 112/3/4/5/6/7/8/|A/B|C|D
R04 NNW X X X X | x X | x
R0O5 N X X | x| Xx x [ x X | X
R06 NNE, NE X | X |xX|Xx|x X | x X
RO7 ENE X | x| x|x X x [ x X
R0O8 E, ESE X | x X | x| x| x X
R09 SE X X | x| x| x X
R10 SSE X X | x| x| x X
R11 S, SSW, SwW X X[ x| x X
R12 WSW, W, WNW X X[ x| x| x|x
R13 NW X X | x X | x
2-Mile Ring and Downwind to EPZ Boundary
ERPA
New Jersey Delaware
Region Wind Direction Towards: 112(3|4|/5/6/7|8|A|B|C|D
R14 NNE, NE X | X | x| x|Xx X X
R15 ENE X | xX|x|Xx X X X
R16 E, ESE X | X X | X |Xx X
R17 SE X X | x| X X
NNW Refer to Region R04
N Refer to Region R05
N/A SSE Refer to Region R10
S, SSW, SW Refer to Region R11
WSW, W, WNW Refer to Region R12
NW Refer to Region R13
2-Mile Ring and Downwind to 5 Miles
ERPA
New Jersey Delaware
Region Wind Direction Towards: 1/2]3]al5|6|7]|8|A|lB|c|D
N/A NNE, NE, ENE, E, ESE, SE Refer to Region R01
N/A N, SSEV\?N\?V?\,’\IVWS,V&’N\\’/VVSW’ w, Refer to Region R02
x = ERPA EVACUATES ERPA SHELTERS IN PLACE
*Adapted from Region definitions in County/State Radiological Emergency Plans
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Table 6-2. Evacuation Scenario Definitions

Scenario | Season' | Day of Week | Time of Day Weather Special Year
1 Summer Midweek Midday Good None 2010
2 Summer Midweek Midday Rain None 2010
3 Summer Weekend Midday Good None 2010
4 Summer Weekend Midday Rain None 2010

Midweek,
5 Summer Weekend Evening Good None 2010
6 Winter Midweek Midday Good None 2010
7 Winter Midweek Midday Rain None 2010
8 Winter Midweek Midday Snow None 2010
9 Winter Weekend Midday Good None 2010
10 Winter Weekend Midday Rain None 2010
11 Winter Weekend Midday Snow None 2010
Midweek,
12 Winter Weekend Evening Good None 2010
New Plant
Construction
13 Winter Midweek Midday Good + Refueling 2019
Scenario 13
with
Proposed
14 Winter Midweek Midday Good Causeway 2019
Refueling
15 Winter Midweek Midday Good Only 2019

! Winter assumes that school is in session (also applies to spring and autumn). Summer assumes that school is not in session.
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Table 7-1B. Time to Clear the Indicated Area of 90 Percent of The Affected Population
S S Winter Winter Winter Winter
A Midweek q Midweek s
Midweek Weekend Weekend Midweek Weekend Weekend Midweek
Scenario: M [ @ 3) [ (@ (5) Scenario: 6 [ @ 1 3 9 [ (10) [ (11) (12) Scenario: (13) [ (14) [ (15)
Midday Mg Evenin T T Evenin Midday
Region Region Region New Plant
. . Good q Good N Good - b Good q Good q Good 5 ) 7 Proposed N
Wind Toward: Weather | RN | weather | R2M | weather Wind Toward: Weather | RaIN | Snow | o er | RN [Snow | e Wind Toward: Co;ztfﬁ;tiit:;n + Gy Refueling Only
Entire 2-Mile Region, 5-Mile Region, and EPZ
I'?01 . 1:50 1:50 1:45 1:45 1:45 I'?01 . 1:50 1:50 | 2:05 1:45 1:45 | 2:40 1:45 301 . 2:25 1:45 1:50
2-mile ring 2-mile ring 2-mile ring
'.202. 1:35 1:45 1:35 1:40 1:35 '.202. 1:35 1:45 | 2:10 1:35 1:40 | 2:00 1:35 302. 1:50 1:40 1:40
5-mile ring 5-mile ring 5-mile ring
RO3 . ) . ) ’ R03 . . . . . . . R0O3 5 ’ 3
Entire EPZ 2:15 2:25 2:00 2:10 2:00 Entire EPZ 2:15 2:25 | 2:55 2:00 2:10 | 2:40 2:00 Entire EPZ 2:45 2:45 2:40
5-Mile Ring and Downwind to EPZ Boundary
R04 . . ) X . R04 X 5 X X X X X R04 X : .
NNW 2:10 2:15 1:50 2:00 1:55 NNW 2:10 2:15 | 2:50 1:50 1:55 | 2:30 1:55 NNW 2:35 2:35 2:30
RSS 2:10 2:15 1:50 2:00 1:55 R£5 2:10 2:15 | 2:50 1:50 1:55 | 2:30 1:55 R,(:S 2:35 2:35 2:30
R06 . . . . . R06 . . . . . . . R06 . . .
NNE, NE 2:00 2:05 1:40 1:50 1:45 NNE, NE 2:00 2:05 | 2:35 1:40 1:45 | 2:15 1:45 NNE, NE 2:15 2:15 2:00
RO7 . . . . . RO7 . . . . . . . RoO7 . . .
ENE 1:55 2:00 1:40 1:45 1:40 ENE 1:55 2:00 | 2:30 1:35 1:45 | 2:15 1:40 ENE 2:15 2:15 1:55
R08 . . . . . R08 . . . . . . . RO . . .
E, ESE 1:40 1:50 1:35 1:40 1:40 E, ESE 1:40 1:50 | 2:15 1:35 1:40 | 2:05 1:40 E, ESE 1:55 1:45 1:45
R09 . . . . . R09 . . . . . . . R09 . . .
SE 1:40 1:45 1:35 1:40 1:35 SE 1:40 1:45 | 2:10 1:35 1:40 | 2:05 1:35 SE 1:50 1:40 1:40
R10 . . . . . R10 . . . . . . . R10 . . .
SSE 2:00 2:10 1:50 2:00 1:50 SSE 2:00 2:10 | 2:45 1:50 2:00 | 2:30 1:50 SSE 2:20 2:15 2:15
R11 . . . . . R11 . . . . . . . R11 . . .
S, SSW, SW 2:00 2:10 1:50 2:00 1:50 S, SSW, SW 2:00 2:10 | 2:45 1:50 2:00 | 2:30 1:50 S, SSW, SW 2:20 2:15 2:15
R12 . . . . . R12 . . . . . ) ) R12 . . )
W, WSW, WNW 2:10 2:20 2:00 2:10 2:00 W, WSW, WNW 2:10 2:20 | 2:55 2:00 2:10 | 2:40 2:00 W, WSW, WNW 2:40 2:40 2:40
R13 . " . . . R13 . . . . . . . R13 X . .
NW 2:00 2:05 1:50 1:55 1:50 NW 2:00 2:05 | 2:40 1:45 1:55 | 2:25 1:50 NW 2:30 2:30 2:30
2-Mile Ring and Downwind to EPZ Boundary
R14 . . . . . R14 . . . . . . . R14 . . .
NNE, NE 2:25 2:35 1:55 2:05 2:00 NNE, NE 2:30 2:35 | 3:05 1:55 2:05 | 2:40 2:00 NNE, NE 2:45 2:45 2:25
R15 . . . . . R15 . . . . . . . R15 . . .
ENE 2:15 2:25 1:50 2:00 1:55 ENE 2:20 2:25 | 2:55 1:50 1:55 | 2:40 1:55 ENE 2:40 2:40 2:15
R16 . " . . . R16 . . . . . . . R16 . . .
E, ESE 2:00 2:00 1:40 1:40 1:50 E, ESE 2:00 2:00 | 2:40 1:40 1:45 | 2:30 1:50 E, ESE 2:25 1:55 2:05
R17 R17 R17
SE 2:00 2:00 1:50 1:50 1:55 SE 2:00 2:00 | 2:30 1:55 1:55 | 2:45 1:50 SE 2:25 1:50 2:00
PSEG Site ES-11 KLD Engineering, P.C.
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Table 7-1D. Time to Clear the Indicated Area of 700 Percent of The Affected Population
Summer Summer Winter Winter Winter Winter
s Midweek f Midweek n
Midweek Weekend Weekend Midweek Weekend Weekend Midweek
Scenario: 1) 1 (2) 3 | 4 (5) Scenario: ©® [ @ [ @® © [ (@0 [ (11) (12) Scenario: (13) | (14) I (15)
Midday Midday Evening Midday Midday Evening Midday
Region Region Region New Plant
. ) Good . Good . Good = . Good . Good . Good . . " Proposed "
Wind Toward: Weather Rain Weather Rain Weather Wind Toward: Weather Rain | Snow Weather Rain | Snow Weather Wind Toward: Co;::::l;it;n + Calseway Refueling Only
Entire 2-Mile Region, 5-Mile Region, and EPZ
ROT. 4:00 4:05 310 | 310 | 310 RO1 4:00 | 405 | 510 | 310 | 3:10 | 410 |  3:10 ROT 4:00 4:00 4:00
2-mile ring 2-mile ring 2-mile ring
R02 4:10 4:10 4:10 4:10 4:10 R02 4:10 4:10 | 5:10 4:10 4:10 | 5:10 4:10 R02 4:10 4:10 4:10
5-mile ring 5-mile ring 5-mile ring
RO3 . . . ' ' RO3 . . . X . . . RO3 . X .
Entire EPZ 6:10 6:10 6:00 6:00 6:00 Entire EPZ 6:10 6:15 | 6:15 6:00 6:00 | 6:00 6:00 Entire EPZ 6:10 6:10 6:10
5-Mile Ring and Downwind to EPZ Boundary
R04 . . . . . R04 . . . . . . . R04 . . .
NNW 6:05 6:10 4:10 4:10 4:10 NNW 6:05 6:10 | 6:10 4:10 4:20 | 5:10 4:10 NNW 6:10 6:10 6:10
st 6:05 6:05 410 | 410 | a0 R:S 6:05 | 6:10 | 6:10 | 4:10 | 4:20 | 5110 | 4:10 R:"s 6:10 6:10 6:10
R06 . . . i i R06 . . . . . . . R06 . X .
NNE, NE 6:00 6:00 4:10 4:10 4:10 NNE, NE 6:10 6:10 | 6:10 4:10 4:10 | 5:10 4:10 NNE, NE 6:10 6:10 6:00
RoO7 . . . . . RO7 . . . . . . . RO7 . . .
ENE 6:00 6:00 4:10 4:10 4:10 ENE 6:00 6:10 | 6:10 4:10 4:10 | 5:10 4:10 ENE 6:00 6:00 6:00
R08 . . . . . R08 . . . . . . . R08 . . .
E, ESE 4:10 4:10 4:10 4:10 4:10 E. ESE 4:10 4:10 | 5:10 4:10 4:10 | 5:10 4:10 E, ESE 4:10 4:10 4:10
RO09 . . . . . R09 . . . i . . . RO9 i . .
SE 4:10 4:10 4:10 4:10 4:10 SE 4:10 4:10 | 5:10 4:10 4:10 | 5:10 4:10 SE 4:10 4:10 4:10
R10 . . . X . R10 . . . . ’ . . R10 L . .
SSE 6:10 6:10 6:00 6:00 6:00 SSE 6:10 6:10 | 6:10 6:00 6:00 | 6:00 6:00 SSE 6:10 6:10 6:10
R11 R11 R11
S, SSW, SW 6:10 6:10 6:00 6:00 6:00 S, SSW, SW 6:10 6:10 | 6:10 6:00 6:00 | 6:00 6:00 S, SSW, SW 6:10 6:10 6:10
R12 . . ' . . R12 . . . . ' . § R12 ' . .
W, WSW, WNW 6:10 6:10 6:00 6:00 6:00 W, WSW, WNW 6:10 6:10 | 6:15 6:00 6:00 | 6:00 6:00 W, WSW, WNW 6:10 6:10 6:10
R13 . . . . . R13 . . . . . . . R13 ' . .
NW 6:00 6:05 4:10 4:10 4:10 NW 6:00 6:05 | 6:10 4:10 4:15 | 5:10 4:10 NW 6:10 6:10 6:10
2-Mile Ring and Downwind to EPZ Boundary
R14 . . i . . R14 . . . . . . . R14 i . .
NNE, NE 6:00 6:00 4:10 4:10 4:10 NNE, NE 6:10 6:10 | 6:10 4:10 4:10 | 5:10 4:10 NNE, NE 6:10 6:10 6:00
R15 . . . . . R15 . ' . . . . . R15 ' . .
ENE 6:00 6:00 4:10 4:10 4:10 ENE 6:00 6:10 | 6:10 4:10 4:10 | 5:10 4:10 ENE 6:00 6:00 6:00
R16 . . . . . R16 . . . . . . . R16 . . .
E, ESE 4:10 4:10 4:10 4:10 4:10 E, ESE 4:10 4:10 | 5:10 4:10 4:10 | 5:00 4:10 E. ESE 4:10 4:10 4:10
R17 . . X . . R17 . i . . i . X R17 i . .
SE 4:10 4:10 3:10 3:10 3:10 SE 4:10 4:10 | 5:10 3:10 3:10 | 410 3:10 SE 4:10 4:10 4:10
PSEG Site ES-12 KLD Engineering, P.C.
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Table 8-6A. School Evacuation Time Estimates - Good Weather
Travel
Travel Dist. Time
Dist. to Time EPZ EPZ
Driver Loading EPZ Average Adjusted to EPZ Bndry Bdry ETE to
Mobilization Time Boundary Speed Speed Bdry ETE to R.C. toRC R.C.
School Time(min) (min) (mi.) (mph) (mph) (min) (hr:min) (mi.) (min) (hr:min)
Salem County, NJ Schools
Lower Alloways Creek Elementary School 90 15 4.61 48.89 45.00 7 1:55 10 14 2:10
Quinton Elementary School 90 15 4.16 55.23 45.00 6 1:55 10 14 2:05
Elsinboro Township Elementary School 90 15 5.35 37.95 37.95 9 1:55 8 11 2:05
John Fenwick Elementary School 90 15 4.28 8.57 8.57 30 2:15 10 14 2:30
Salem High School 90 15 4.78 9.30 9.30 31 2:20 10 14 2:30
Salem Middle School 90 15 3.80 12.33 12.33 19 2:05 10 14 2:20
The ARC of Salem County 90 15 1.22 49.77 45.00 2 1:50 10 14 2:05
Cumberland County, NJ Schools
Stow Creek Township Elementary School 90 15 1.86 60.00 45.00 3 1:50 8 11 2:00
Woodland Country Day School 90 15 2.28 59.06 45.00 4 1:50 8 11 2:00
Morris Goodwin Elementary School 90 15 1.47 38.80 38.80 3 1:50 8 11 2:00
New Castle County, DE Schools
Van Hook Walsh School Inc. 90 15 5.64 61.37 45.00 8 1:55 16 22 2:15
Everett Meredith Middle School 90 15 11.98 40.23 40.23 18 2:05 20 27 2:30
Groves Adult High Shool 90 15 11.98 40.23 40.23 18 2:05 13 18 2:25
Middletown High School 90 15 10.91 42.06 42.06 16 2:05 20 27 2:30
Silver Lake Elementary School 90 15 11.95 40.29 40.29 18 2:05 13 18 2:25
St. Andrew’s School 90 15 8.90 16.18 16.18 34 2:20 20 27 2:50
St. Anne’s Episcopal School 90 15 8.90 16.18 16.18 34 2:20 16 22 2:45
Townsend Elementary School 90 15 6.73 21.73 21.73 19 2:05 13 18 2:25
AdvoServ School 90 15 3.58 15.90 15.90 14 2:00 16 22 2:25
Alfred Waters Middle School 90 15 13.53 47.73 45.00 19 2:05 13 18 2:25
Brick Mill Elementary School 90 15 10.89 42.07 42.07 16 2:05 13 18 2:20
Cedar Lane Elementary School 90 15 13.53 47.73 45.00 19 2:05 13 18 2:25
Gunning Bedford Middle School 90 15 3.94 13.98 13.98 17 2:05 16 22 2:25
Kathleen H. Wilbur Elementary School 90 15 1.29 52.23 45.00 2 1:50 16 22 2:10
Louis L. Redding Middle School 90 15 11.76 40.68 40.68 18 2:05 20 27 2:30
Southern Elementary School 90 15 3.94 13.98 13.98 17 2:05 16 22 2:25
St. George's Technical High School 90 15 6.20 16.16 16.16 24 2:10 16 22 2:35
Appogquinimink Early Childhood Center 90 15 11.98 40.23 40.23 18 2:05 20 27 2:30
Cedar Lane Early Childhood Center 90 15 13.53 47.73 45.00 19 2:05 13 18 2:25
Townsend Early Childhood Center 90 15 6.73 21.73 21.73 19 2:05 13 18 2:25
Maximum for EPZ: 2:20 Maximum: 2:50
Average for EPZ: 2:05 Average: 2:25
PSEG Site ES-13 KLD Engineering, P.C.
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Table 8-8A. Transit-Dependent Evacuation Time Estimates - Good Weather
Single Wave Second Wave

Route Average Route Pickup ETE to Driver Return Average Route Pickup

Route Bus Mobilization | Distance | Speed Travel Time Rec. Ctr | Unload Rest time to Speed Travel Time
Number Number (min) (mi.) (mph) | Time (min)| (min) ETE (min) (min) (min) | EPZ (min) (mph) Time (min)| (min) ETE
1 1 105 18 17.70 61 30 3:20 130 5 10 13 38.57 28 30 3:40
2A 1 105 20 36.36 33 30 2:50 130 5 10 13 36.36 33 30 3:45
2B 1 105 23 32.09 43 30 3:00 130 5 10 13 37.30 37 30 3:45
3A 1 105 13 14.72 53 30 3:10 130 5 10 13 39.00 20 30 3:30
3B 1 105 4 8.67 37 30 2:55 130 5 10 13 12.63 19 30 3:30
4 1 105 10 37.50 16 30 235 130 5 10 13 37.50 16 30 3:25
5 1 105 8 34.29 14 30 2:30 130 5 10 13 34.29 14 30 825
6 1 105 18 37.24 29 30 2:45 130 5 10 13 37.24 29 30 3:40
7 1 105 16 36.92 26 30 2:45 130 5 10 13 36.92 26 30 3:35
Blue 1 105 21 20.00 63 30 3:20 150 5 10 22 38.18 33 30 4:10
2 110 21 20.00 63 30 825 155 5 10 22 38.18 33 30 4:15
1 90 24 32.00 45 30 2:45 150 5 10 22 38.92 37 30 4:15
2 95 24 33.49 43 30 2:50 155 5 10 22 38.92 37 30 4:20
3 100 24 33.49 43 30 256 160 5 10 22 38.92 37 30 4:25
4 105 24 36.92 39 30 2:55 165 5 10 22 38.92 37 30 4:30
Green 5 110 24 36.92 39 30 3:00 170 5 10 22 38.92 37 30 4:35
6 115 24 38.92 37 30 3:05 175 5 10 22 38.92 37 30 4:40
7 120 24 38.92 37 30 3:10 180 5 10 22 38.92 37 30 4:45
8 125 24 38.92 37 30 Sils 185 5 10 22 38.92 37 30 4:50
o 130 24 38.92 37 30 3:20 190 5 10 22 38.92 37 30 4:55
10 135 24 38.92 37 30 3:25 195 5 10 22 38.92 37 30 5:00
1 90 26 28.36 55 30 2:55 150 5 10 22 37.14 42 30 4:20
2 95 26 28.89 54 30 3:00 155 5 10 22 37.14 42 30 4:25
Red & 100 26 28.89 54 30 3:05 160 5 10 22 37.14 42 30 4:30
4 105 26 28.89 54 30 3:10 165 5 10 22 37.14 42 30 4:35
5 110 26 28.89 54 30 S5 170 5 10 22 37.14 42 30 4:40
Pink 1 105 30 38.30 47 30 3:05 150 5 10 22 38.30 47 30 4:25
2 110 30 38.30 47 30 3:10 155 5 10 22 38.30 47 30 4:30
Purple 1 105 25 35.71 42 30 3:00 150 5 10 22 36.59 41 30 4:20
2 110 25 35.71 42 30 3:05 155 5 10 22 36.59 41 30 4:25
1 90 33 36.67 54 30 2:55 150 5 10 22 36.67 54 30 4:35
Brown 2 95 33 36.67 54 30 3:00 155 5 10 22 36.67 54 30 4:40
3 100 33 36.67 54 30 3:05 160 5 10 22 36.67 54 30 4:45
4 105 33 36.67 54 30 3:10 165 5 10 22 36.67 54 30 4:50
Maximum ETE for Single Wave:| 3:25 Maximum ETE for Second Wave:| 5:00
Average ETE for Single Wave:| 3:00 Average ETE for Second Wave:| 4:20
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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 PSEG Site, located in Salem County,
New Jersey. 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 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.

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

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

We wish to express our appreciation to all the directors and staff members of the
Delaware Emergency Management Agency (DEMA), the New Jersey State Police
(NJSP) Emergency Management Section and local and state law
enforcement agencies, who provided valued guidance and contributed information
contained in this report.

1.1 Overview of the ETE Process

The following outline presents a brief description of the work effort in chronological
sequence:
1. Information Gathering:
. Defined the scope of work in discussions with representatives from
Sargent & Lundy and from PSEG.

o Attended meetings with emergency planners from DEMA and NJSP
to identify issues to be addressed and resources available.

. Conducted a detailed field survey of the Emergency Planning Zone
(EPZ) highway system and of area traffic conditions.

o Obtained demographic data from census and state agencies.

o Conducted a random sample telephone survey of EPZ residents.
PSEG Site 1-1 KLD Engineering, P.C.
Evacuation Time Estimate Rev. 1
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. Conducted a data collection effort to identify and describe schools,
special facilities, major employers, transportation providers, and
other important sources of 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. Defined a traffic management strategy. Traffic control is applied at
specified Traffic Control Points (TCP) located within the Emergency
Planning Zone (EPZ). Local and state police personnel have reviewed all
traffic control plans.

5. Used existing Emergency Response Planning Areas (ERPA) to define
Evacuation Areas or Regions. The EPZ is partitioned into 12 ERPA along
political and geographic boundaries. “Regions” are groups of contiguous
ERPA 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-6863.

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 IDYNEV system.

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

. Applied the procedures specified in the 2000 Highway Capacity
Manual (HCM") to the data acquired during the field survey, to
estimate the capacity of all highway segments comprising the
evacuation routes.

! Highway Capacity Manual (HCM2000), Transportation Research Board, National Research Council,
2000.

PSEG Site 1-2 KLD Engineering, P.C.
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o Developed the link-node representation of the evacuation network,
which is used as the basis for the computer analysis that calculates
the ETE.

. Calculated the evacuating traffic demands for each Region and for

each Scenario.

. Specified the candidate destinations of evacuation travel consistent
with outbound movement relative to the location of the PSEG Site.

8. Executed the IDYNEV 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- 0654.

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

Steps 7 and 8 are iterated as described in Appendix D.

1.2 The PSEG Site Location

The PSEG Site is located on the southern part of Artificial Island on the east bank of the
Delaware River in Lower Alloways Creek Township, Salem County, New Jersey. The
site is approximately 18 miles south of Wilmington, Delaware and 30 miles southwest of
Philadelphia, Pennsylvania. The Emergency Planning Zone (EPZ) consists of parts of
Salem and Cumberland Counties in New Jersey, and parts of New Castle and Kent
Counties in Delaware. Figure 1-1 displays the area surrounding the PSEG Site. This
map identifies the communities in the area and the major roads.

PSEG Site 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
covering the region between the EPZ boundary and approximately 15 miles radially
from the PSEG Site. The characteristics of each section of highway were recorded.
These characteristics include:

Number of lanes
Pavement Width
Shoulder type & width
Intersection configuration
Lane channelization
Geometrics: Curves, grades

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

Posted speed

Actual free speed
Abutting land use
Control devices
Interchange geometries

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 20-5 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 12-15 in the HCM shows no sensitivity for the estimates of Service
Volumes at Level of Service (LOS) E (near capacity), with respect to FFS. The highway
terrain (Level, Rolling, and Mountainous) is a far more important factor than lane and
shoulder width when estimating capacity.

The data from the audio and video recordings were used to create detailed 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 IDYNEV System.

As documented on page 20-3 of the HCM, the capacity of a two-lane highway is 1700
passenger cars per hour for each direction of travel. For freeway sections, a value of
2250 vehicles per hour per lane is assigned. The road survey has identified several
segments which are characterized by adverse geometrics which are reflected in
reduced values for both capacity and speed. These estimates reflect the service

PSEG Site 1-5 KLD Engineering, P.C.
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volumes for LOS E presented in HCM Exhibit 12-15. These links may be identified by
reviewing Appendix K. Link capacity is an input to IDYNEV which computes the ETE.
Further discussion of roadway capacity is provided in Section 4 of this report.

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.

Developing 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
links of the analysis network using Geographic Information System (GIS) mapping
software. The IDYNEV system was then used to compute ETE for all Regions and
Scenarios.

Analvtical Tools

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

PC-DYNEYV consists of three submodels:

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

. An intersection capacity model (for details, see Highway Research Record
No. 772, Transportation Research Board, 1980, papers by Lieberman and
McShane & Lieberman).

PSEG Site 1-6 KLD Engineering, P.C.
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. A dynamic, node-centric routing model that adjusts the “base” routing in
the event of an imbalance in the levels of congestion on the outbound
links.

Another model of the IDYNEV System is the TRAD (TRaffic Assignment and
Distribution) model. This model integrates an equilibrium assignment model with a trip
distribution algorithm to compute origin-destination volumes and paths of travel
designed to minimize travel time. For details, see Appendix B.

Still another software product developed by KLD, named UNITES (UNlIfied
Transportation Engineering System) was used to expedite data entry.

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

For the reader interested in more details of the model than are provided in Appendices
B, C and D, and in Highway Research Record No. 772 (discussed in Section 4 of this
report), the following references are suggested:

¢ 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

PSEG Site 1-7 KLD Engineering, P.C.
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The evacuation analysis procedures are based upon the need to:

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

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

o Move traffic in directions that are generally outbound, relative to the
location of the PSEG Site.

A set of candidate destination nodes on the periphery of the EPZ is specified for each
traffic origin (or centroid) within the EPZ. The TRAD model produces output that
identifies the "best" traffic routing, subject to the design conditions outlined above. In
addition to this information, rough estimates of travel time are provided, together with
turn-movement data required by the PC-DYNEV simulation model.

The simulation model is then executed to provide 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 expedite the
movement of vehicles.

As outlined in Appendix D, this procedure consists of an iterative
design-analysis-redesign sequence of activities. If properly done, this procedure
converges to yield an evacuation plan which best services the evacuating public.

1.4  Comparison with Prior ETE Study

Table 1-1 presents a comparison of the present ETE study with the 2002 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:

o An increase in permanent resident population.
o Vehicle occupancy and Trip-generation rates are based on the results of a
telephone survey of EPZ residents.
. Voluntary and shadow evacuations are considered.
. The highway representation is far more detailed.
PSEG Site 1-9 KLD Engineering, P.C.
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Table 1-1. ETE Study Comparisons

Tobic Treatment
P Previous ETE Study Current ETE Study
ArcGIS Software using 2000 US
. ArcGIS Software using 2000 US Census blocks; area ratio method
Resident ) ) )
. Census blocks; population used; population extrapolated to
Population
Basi extrapolated to 2003. 2010.
asis
Population = 37,956 Population = 45,034
Average household size for New
Resident Jersey and Delaware are 2.60 and
. 2.57 respectively, 1.25 evacuating | 2.92 persons/household, 1.35
Population . o , )
. vehicles per household, yielding: evacuating vehicles/household
Vehicle . o .
o 2.08 and 2.06 persons/vehicle for | yielding: 2.16 persons/vehicle.
ccupancy
New Jersey and Delaware
respectively.
Employee estimates based on
. information provided about major
Employee estimates based on .
: . . . employers in EPZ, supplemented
information provided about major . .
Employee . by observations of commercial
) employers in EPZ. 1.16 . )
Population : : property in EPZ from aerial
employees per vehicle derived
photography. 1.03 employees per
from 2000 Census. .
vehicle based on telephone survey
results.
Voluntary 50 percent of population within the
evacuation from . . o
o : circular portion of the region; 35
within EPZ in . . .
. Not considered. percent, in annular ring between
areas outside ;
) the circle and the EPZ boundary
region to be :
(see Figure 2-1)
evacuated
Shadow 30% of people outside of the EPZ
: Not considered. within the shadow area
Evacuation :
(see Figure 7-2)
PSEG Site 1-10 KLD Engineering, P.C.
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Table 1-1. ETE Study Comparisons (cont.)

Topic

Treatment

Previous ETE Study

Current ETE Study

Network Size

655 Links; 487 Nodes.

1,733 Links; 1,218 Nodes.

Roadway
Geometric Data

Field surveys conducted in 2001.

Road capacities based on 2000
HCM.

Field surveys conducted in April
2009. Major intersections were
video archived. GIS shape-files of
signal locations and roadway
characteristics created during road
survey.

Road capacities based on 2000
HCM.

School Direct evacuation to designated Direct evacuation to designated
Evacuation Reception Center/Host School. Reception Center/Host School.
. Census data used to provide an Transit-Dependent population
Transit- . . : .
estimate of the number of people | estimated using population
Dependent . .
. without access to personal estimates and results of telephone
Population !
transportation. survey.
50 percent of transit-dependent 50 percent of transit-dependent
Ridesharing persons will ride out with a persons will ride out with a
neighbor or friend. neighbor or friend.
PSEG Site 1-11 KLD Engineering, P.C.
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Table 1-1. ETE Study Compari

sons (cont.)

Topic

Treatment

Previous ETE Study

Current ETE Study

Trip Generation
for Evacuation

Trip Generation curves adapted
from telephone survey of Nine
Mile Point EPZ in Oswego, New
York.

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

Residents with commuters
returning leave between 30 and
300 minutes.

Residents without commuters
returning leave between 15 and
240 minutes.

Employees and transients leave
between 15 and 150 minutes.

All times measured from the
Advisory to Evacuate.

Normal, Rain, or Snow. The
capacity and free flow speed of all

Normal, Rain, or Snow. The
capacity and free flow speed of all

Weather links in the network are reduced links in the network are reduced by
by 15% in the event of rain and 10% in the event of rain and 20%
25% for snow. for snow.
. IDYNEV System: TRAD and PC- IDYNEV System: TRAD and PC-
Modeling

DYNEV (version 1.0.0.1).

DYNEV (version 3.0.3.92).

Special Events

None considered.

One considered — construction of
new plant coincident with refueling
outage at existing unit.

17 Regions (single sector wind

17 Regions (central sector wind

Evacuation o . direction and each adjacent sector
direction used) and 10 Scenarios : :
Cases . . technique used) and 15 Scenarios
producing 170 unique cases. . .
producing 255 unique cases.
PSEG Site 1-12 KLD Engineering, P.C.
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Table 1-1. ETE Study Comparisons (cont.)

Topic Treatment
Previous ETE Study Previous ETE Study

. ETE reported for 90" and 99" ETE reported for 50", 90", 95™,
Evacuation . : th ) ;
Time Estimates percentile populat!on. Results and 100™ percentile populgtlon.
Reportin presented by Region and Results presented by Region and

P 9 Scenario. Scenario.

Evacuation Winter Weekday Midday, Winter Weekday Midday,
Time Estimates | Good Weather: 2:05 Good Weather: 2:15
for the entire
EPZ, 90" Summer Weekend, Midday, Summer Weekend, Midday,
percentile Good Weather: 1:50 Good Weather: 2:00
PSEG Site 1-13 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 2000 data, extrapolated to
year 2010 using municipality specific population. Estimates of employees
who commute into the EPZ to work are based upon the state Journey to
Work database for 2000 and surveys of major employers in the EPZ.

Population estimates at special facilities are based on available data from
state emergency management offices.

Roadway capacity estimates are based on field surveys and the
application of the Highway Capacity Manual 2000.

Population mobilization times are based on a statistical analysis of data
acquired from a random sample telephone survey of EPZ residents.

The relationship between resident population and evacuating vehicles is
developed from the telephone survey. Average values of 2.92 persons per
household and 1.35 evacuating vehicles per household are used. The
relationship between persons and vehicles for special facilities is as
follows:

a. Employees: 1.03 employees per vehicle (telephone survey results)
for all major employers, excluding PSEG

b. Parks: 2.92 people per vehicle (average household size obtained
from the telephone survey results, assuming 1 vehicle per family)

C. Special Events: 1.30 construction workers per vehicle and 1.00 new
plant employees per vehicle for Scenarios 13 and 14. Actual
vehicle counts from Traffic Impact Analysis study, included in the
Environmental Report, were used for background traffic
(Salem/Hope Creek employees and supplemental contractors);
therefore, a vehicle occupancy is not needed for these employees.

ETE are presented for the evacuation of the 100" percentile of population
for each Region and for each Scenario. ETE are presented in tabular
format and %raphically showing the values of ETE associated with the 50™,
90™ and 95™ percentiles of population. A Region is defined as a group of
Emergency Response Planning Areas (ERPA) that is issued an Advisory
to Evacuate.

PSEG Site

2-1 KLD Engineering, P.C.

Evacuation Time Estimate Rev. 1 |
PSEG SITE ESPA - EP ATT 11 -43 Rev. 4



PSEG Site
ESP Application
PART 5, Emergency Plan

2.2 Study Methodological Assumptions

1.

The 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 people.

. The ETE are computed and presented in a format compliant with NUREG

0654, CR-1745 and CR-6863. The ETE for each evacuation area (“Region”
comprised of included ERPA) is presented in both statistical and graphical
formats.

Evacuation movements (paths of travel) are generally outbound relative to the
power station to the extent permitted by the highway network, as computed
by the computer models. All major evacuation routes are used in the analysis.

Regions are defined by the underlying “keyhole” or circular configurations as
specified in NUREG/CR-6863. These Regions, as defined, display irregular
boundaries reflecting the geography of the ERPA included within these
underlying configurations.

Voluntary evacuation is considered as indicated in the accompanying Figure
2-1. Within the circle defined by the distance to be evacuated but outside the
Evacuation Region, 50 percent of the people not advised to evacuate are
assumed to voluntarily evacuate within the same time-frame. In the outer
annular area between the circle defined by the extent of the Evacuation
Region and the EPZ boundary, it is assumed that 35 percent of people will
voluntarily evacuate. In the area between the EPZ boundary and a 15-mile
circular area centered at the plant (the Shadow Region), it is assumed that 30
percent of the people will evacuate voluntarily. Sensitivity studies explored
the effect on ETE, of increasing the percentage of voluntary evacuees in the
Shadow Region (see Appendix I). The basis of these assumptions on
voluntary evacuation is testimony proffered by Dr. Dennis Miletti, a professor
at Colorado State University, and one of the nation’s top disaster response
experts, at Atomic Safety and Licensing Board (ASLB) hearings1, which were
deemed acceptable by the ASLB. The numbers we use are Professor Miletti’s
best esti