
 

P.O. Box 800 

 

VIA OVER

California 
Docket Of
1516 Ninth
Sacrament
 
Attn: Dock

To Docket
 

Enclos
Data Relat
informatio

 

 

 

 

 

 

Enclosure(s)

 

2244 Waln

RNIGHT DE

Energy Com
ffice  
h Street MS-
to, CA 95814

ket 13-IEP-1

Re: 

t Office: 

sed is a CD o
ted to Califo

on, please co

) 

nut Grove Ave. 

ELIVERY 

mmission 

-4 
4-5512 

1J 

13-IEP-1J R
Nuclear Pow

of Southern C
ornia’s Nucle
ntact Jose P

Rosemead, C

Ma

Request for D
wer Plants 

California E
ear Power Pl
erez at (626)

 

California 91770

ay 15, 2013

Data Related

Edison Comp
lants.  If you
) 302-5124 o

Very truly

__/s/ Ver

Veronica 

(626) 302-3104

d to Californ

pany’s public
u have any qu
or Jacqueline

y yours, 

ronica Flores

Flores-Och

v

4 Fax (626) 

nia’s 

c responses t
uestions or r
e Jones at (6

s-Ochoa 

oa 

Veronica Flo
Analyst-Prog

Case Admi
veronica.flores-o

302-3119  

to the Reque
require addit
626) 302-879

ores-Ochoa 
gram/Project 
inistration 
ochoa@sce.com

est for 
tional 
98. 

DOCKETED
California Energy Commission

MAY 16 2013

TN 70854

13-IEP-1J



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Paul Klapka 

Title: Project Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section I. B.1.a:

I. Progress in Completing AB 1632 Report/2008 IEPR2 Recommendations

B. Seismic Hazards at SONGS

1.a Please report on the status of SCE’s efforts to develop an active seismic hazards research program for 
SONGS (similar to PG&E’s LTSP) to assess whether there are sufficient design margins at the nuclear 
plant to avoid major power disruptions.

Response to Question Section I. B.1.a:

SCE is implementing a seismic program consisting of two parts 1) seismic research and 2) the 
assessment of seismic information. SCE obtained full funding for this program in May 2012.  
Funding was authorized by the CPUC in D.12-05-004.

The seismic research is in progress. Consistent with the CPUC decision, SCE has presented 
status updates to the CPUC-established Independent Peer Review Group, of which the CEC is a 
member. The latest update information including seismic research reports can be found on the 
CPUC website: 
http://www.cpuc.ca.gov/PUC/energy/nuclear.htm 
and
http://www.cpuc.ca.gov/NR/rdonlyres/DB14124D-2B5B-4CCC-A706-D594B9699B63/0/IPRG
Presentation022513.pdf

The assessment of seismic information is being conducted consistent with the requirements 
delineated in the Nuclear Regulatory Commission (NRC) 10 CFR 50.54(f) request for 
information that requested all nuclear licensees, including SCE, to reevaluate the seismic hazards 
at their sites using updated seismic hazard information and present-day regulatory guidance and 
methodologies (Also see response to Item II.A.3). The NRC request can be found at 
http://pbadupws.nrc.gov/docs/ML1205/ML12053A340.pdf.  This activity is in progress and SCE 
will meet the completion dates established by the NRC.



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Paul Klapka 

Title: Project Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section I. B.1.b:

I. Progress in Completing AB 1632 Report/2008 IEPR2 Recommendations

B. Seismic Hazards at SONGS

1.b Please include in the status report a discussion of how the research program 1) prioritizes and 
includes further investigations into the seismic setting at SONGS and 2) assesses whether recent 
or current seismic, geologic, or ground motion research in the vicinity of SONGS has 
implications for the long-term seismic vulnerability of the plant. (SONGS)

Response to Question Section I. B.1.b:

The latest status update and schedule of work may be found on the CPUC website: 
http://www.cpuc.ca.gov/NR/rdonlyres/DB14124D-2B5B-4CCC-A706-D594B9699B63/0/IPRG
Presentation022513.pdf

The first priorities for seismic research were to review existing data to identify potential areas for 
further data collection offshore (Historic Marine Geophysical Data Reprocessing and 
Reanalysis) and implement onshore projects (Marine Terrace and Coastal Deformation 
Investigations, Paleoseismic Trenching, and GPS and Seismic Monitor Installation). 
Additionally, work was done to support permitting for marine seismic reflection surveys.

The information obtained from the seismic research will be in the assessment of SONGS 
consistent with the requirements delineated in the Nuclear Regulatory Commission (NRC) 
50.54(f) request for information (see response to question I.B.1.a). Additionally, it is anticipated 
that some of the research information may not be available to support the 50.54(f) response 
timeline. This later received information will be used to update the 50.54(f) analysis.



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Paul Klapka 

Title: Project Manager, Genertion Regulatory  
 Dated: 04/17/2013

Question Section I. D.1.a:

I. Progress in Completing AB 1632 Report/2008 IEPR2 Recommendations

D. Tsunami Hazards at SONGS 

1. Please submit to the Energy Commission an updated tsunami hazard study for SONGS 
incorporating the following new information and research conducted since the 2010 PTHA was 
completed:

a. the Energy Commission’s 2012 California Climate Change Assessments specific to sea 
level rise and extreme wave characteristics

Response to Question Section I. D.1.a:

SCE is performing an evaluation of external flooding sources, including the effects of tsunamis, 
using guidance and methodologies consistent with the NRC's 10 CFR 50.54(f) request for 
information. This information is due to the NRC by March 2015 and will be available to the 
CEC upon completion. 



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Paul Klapka 

Title: Project Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section I. D.1.b:

I. Progress in Completing AB 1632 Report/2008 IEPR2 Recommendations

D. Tsunami Hazards at SONGS 

1. Please submit to the Energy Commission an updated tsunami hazard study for SONGS 
incorporating the following new information and research conducted since the 2010 PTHA was 
completed:

b. any applicable Pacific Earthquake Engineering Research Center (PEER) research 
reports (e.g., Probabilistic Tsunami Hazard in California, October 2010)

Response to Question Section I. D.1.b:

Please see response to Data Request I.D.1.a



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Paul Klapka 

Title: Project Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section I. D.1.c:

I. Progress in Completing AB 1632 Report/2008 IEPR2 Recommendations

D. Tsunami Hazards at SONGS 

1. Please submit to the Energy Commission an updated tsunami hazard study for SONGS 
incorporating the following new information and research conducted since the 2010 PTHA was 
completed:

c. improved scientific understanding of tsunamis and hazard assessment, including 
lessons learned from the 2011 Tōhoku/Great East Japan earthquake and tsunami

Response to Question Section I. D.1.c:

Please see response to Data Request I.D.1.a



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Paul Klapka 

Title: Project Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section I. D.2:

I. Progress in Completing AB 1632 Report/2008 IEPR2 Recommendations

D. Tsunami Hazards at SONGS 

2. Based on the updates to the tsunami study, identify any new hazards that warrant inclusion 
into the SONGS design and license basis.

Response to Question Section I. D.2:

Previously completed tsunami analysis demonstrated no additional protection was warranted for 
SONGS. The current evaluation of tsunami hazards is not complete (see response to question 
I.D.1). Upon review of the evaluation results, SCE and, as stated in the NRC 10 CFR 50.54(f) 
letter, the NRC staff will determine whether additional actions are necessary (e.g., update the 
design basis) to provide protection against tsunami hazards.



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Paul Klapka 

Title: Project Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section I. E.1:

I. Progress in Completing AB 1632 Report/2008 IEPR2 Recommendations

E. Vulnerability of Power Plant Buildings and Structures

1. Please report on the progress of PG&E’s and SCE’s investigations on the extent to which the 
respective plants’ non-safety-related systems, structures, and components (SSCs) comply with 
current building codes and seismic design standards for nonnuclear power plants and report to 
the Energy Commission the findings of such investigations. (Diablo Canyon, SONGS)

Response to Question Section I. E.1:

SCE’s February 2011 Evaluation of the CEC’s AB 1632 Report Recommendations, as amended 
by the August 9, 2011 letter (attached), contains the evaluation of non-safety related systems in 
terms of building codes, and seismic vulnerability and reliability implications, which includes 
fragility assessment.  The evaluation can be found at 
http://www.energy.ca.gov/ab1632/documents/status-reports/SCE/SCE_Evaluation_of_AB_1632
_Report_Recommendations.pdf







Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Paul Klapka 

Title: Project Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section I. E.2.a:

I. Progress in Completing AB 1632 Report/2008 IEPR2 Recommendations

E. Vulnerability of Power Plant Buildings and Structures

2.a Please report on the progress of PG&E’s and SCE’s evaluations of the seismic vulnerability 
and reliability implications for the nuclear plants’ non-safety related SSCs from changes to 
seismic design standards that have occurred since the plants were designed and built.

Response to Question Section I. E.2.a:

A. See response to question I.E.1



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Paul Klapka 

Title: Project Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section I. E.2.b:

I. Progress in Completing AB 1632 Report/2008 IEPR2 Recommendations

E. Vulnerability of Power Plant Buildings and Structures

b. The progress report should 1) consider IAEA (International Atomic Energy Agency) 
Standards and Safety Reports and any retrofits that the plant owners may have 
undertaken, and 2) discuss how the evaluations focused on those plant systems or 
components whose failure could lead to extended outages. (Diablo Canyon, SONGS)

Response to Question Section I. E.2.b:

A. See response to question I.E.1



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Paul Klapka 

Title: Project Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section I. E.3.a:

I. Progress in Completing AB 1632 Report/2008 IEPR2 Recommendations

E. Vulnerability of Power Plant Buildings and Structures

3. Please report on the status of PG&E’s and SCE’s plant component repair/replacement plans. 
The status report should describe how the plans:

a. identify key plant systems or components;

Response to Question Section I. E.3.a:

See response to question I.E.1



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Paul Klapka 

Title: Project Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section I. E.3.b:

I. Progress in Completing AB 1632 Report/2008 IEPR2 Recommendations

E. Vulnerability of Power Plant Buildings and Structures

3. Please report on the status of PG&E’s and SCE’s plant component repair/replacement plans. 
The status report should describe how the plans:

b. estimate the time needed to repair or replace key plant systems or components that 
could cause a prolonged plant outage as a result of earthquake damage, and;

Response to Question Section I. E.3.b:

See response to question I.E.1  The estimates were based on expert judgement, based on similar 
efforts performed previously and assuming availability of required human resources.



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Paul Klapka 

Title: Project Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section I. E.3.c:

I. Progress in Completing AB 1632 Report/2008 IEPR2 Recommendations

E. Vulnerability of Power Plant Buildings and Structures

3. Please report on the status of PG&E’s and SCE’s plant component repair/replacement plans. 
The status report should describe how the plans:

c. consider the fragility of components both in their operating positions and when 
relocated for refueling or plant maintenance. (Diablo Canyon, SONGS)

Response to Question Section I. E.3.c:

See response to question I.E.1.  Refueling outages were analyzed in the cited report.



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Belen Rosas-Perdon 

Title: Strategic Manager  
 Dated: 04/17/2013

Question Section I. F.1:

I. Progress in Completing AB 1632 Report/2008 IEPR2 Recommendations

F. Vulnerability of Spent Fuel Storage Facilities to Seismic and Terrorist Events

1. Please provide a progress report on the return of the spent fuel pools to open racking 
arrangements. (Diablo Canyon, SONGS)

Response to Question Section I. F.1:

At this time, there are no plans to change the utilization of the pools. The NRC has approved the 
use of engineered pools to store used fuel and has approved the current spent fuel pools 
configurations.  These pools provide cooling, prevent criticality, and protect the fuel assemblies 
from excess mechanical or thermal loading. Used fuel is stored underwater in the pools in 
storage racks. Used fuel assemblies are maintained in a safe configuration by several design 
aspects of used fuel storage  racks including: (1) the pattern of the fuel assemblies in the racks, 
and (2) the design of the racks which limit fuel assembly interaction.  Design of the used fuel 
pools ensures adequate convective cooling for the removal of decay heat.  The used fuel pools 
are located in a secured area at SONGS 2 & 3, with one pool for each unit.  Cooling and system 
integrity monitoring and maintenance are performed as part of routine operation and 
maintenance programs.



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Belen Rosas-Perdon 

Title: Strategic Manager 2  
 Dated: 04/17/2013

Question Section I. G.1:

I. Progress in Completing AB 1632 Report/2008 IEPR2 Recommendations

G. Vulnerability of Roadways and Transmission Systems 

As part of license renewal feasibility studies and to protect plant assets and equipment in an 
emergency, PG&E and SCE were to reassess the adequacy of access roads to the plants and 
surrounding roadways for allowing emergency response personnel to reach the plants and for 
allowing local communities and plant workers to evacuate.

1. Please provide the most recent roadway assessment completed to satisfy this recommendation. 
(Diablo Canyon, SONGS)

Response to Question Section I. G.1:

In the event of an emergency at SONGS, SCE’s highest responsibility is safeguarding the 
surrounding communities and plant workers. SCE periodically reassesses the access roads and 
surrounding roadways near SONGS and confirms that they are adequate for allowing emergency 
personnel to reach SONGS and local communities and nonessential plant workers to evacuate 
when appropriate in the event of an emergency. A roadway assessment was recently completed 
and is described in section 1.3, and section 4 of the Final report Rev 1, Nov 2012, "Development 
of Evacuation Time Estimates" by KLD Engineering. The report can be found at 
http://pbadupws.nrc.gov/docs/ML1236/ML123630620.pdf. This report was transmitted to the 
NRC on December 19, 2012.



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Belen Rosas-Perdon 

Title: Strategic Manager  
 Dated: 04/17/2013

Question Section I. H.1:

I. Progress in Completing AB 1632 Report/2008 IEPR2 Recommendations

H. Vulnerability of Plant Aging-Related Degradation 

For many years, SONGS has been under scrutiny by the U.S. Nuclear Regulatory Commission 
(NRC) for failure to address several longstanding safety culture issues. In September 2011, 
based on the results of inspections at SONGS and a significant reduction in safety culture 
allegations in 2011 compared to 2010, the NRC determined that SCE has made reasonable 
progress in addressing the worker safety culture issues.

1. Please provide a progress report on how SONGS safety culture issues are being addressed. 
(SONGS)

Response to Question Section I. H.1:

SONGS has addressed and resolved the safety culture concerns raised by the NRC. 

As stated in a letter dated September 6, 2011 to Peter Dietrich, the NRC determined that SCE 
addressed the work environment at SONGS. The NRC has determined that SCE actions which 
included implementation of new site-wide programs to continue improving the work 
environment issues at SONGS have been effective. 

SCE is committed to preserving and improving a strong nuclear safety culture at SONGS. SCE is 
committed to ensuring an atmosphere exists that encourages workers to raise nuclear safety 
concerns. SCE has taken a number of actions to improve the nuclear safety culture including 
strengthening communications regarding nuclear safety culture and Safety Conscious Work 
Environment (SCWE); training station employees on nuclear safety culture, SCWE and the 
methods for raising nuclear safety concerns; and establishing mechanisms to monitor and assess 
nuclear safety culture, including the effectiveness of the aforementioned actions. SCE will 
continue to identify, through systematic reviews, actions to strengthen the SONGS nuclear safety 
culture.



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Jose Luis Perez 

Title: Principal Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section I. I.1:

I. Progress in Completing AB 1632 Report/2008 IEPR2 Recommendations

I. Economic, Environmental and Policy Issues 

As part of the license renewal feasibility studies for Diablo Canyon and SONGS, the CPUC was 
to require PG&E and SCE to conduct a detailed study of the local economic impacts of shutting 
down the nuclear plants compared with alternate uses of the site.

1. Please provide the most recent local economic impact study completed to satisfy this 
recommendation. (Diablo Canyon, SONGS)

Response to Question Section I. I.1:

As previously communicated, SCE retained IHS Global Insight to study the economic impacts of 
SONGS 2 & 3 for the period 2010-2014. "Southern California Edison's Evaluation of California 
Energy Commission AB 1632 Report Recommendations," which was submitted to the CPUC 
and CEC on February 2, 2011, includes a section discussing the results of the IHS Global Insight 
study, with an associated appendix containing the actual report "Economic Impacts of the San 
Onofre Nuclear Generating Station on the California Economy" (see attached).  This is the most 
current study.  The text of the appendix is provided below for ease of reference. SCE's Februray 
2, 2011 submittal is located at::

http://www.energy.ca.gov/ab1632/documents/status-reports/SCE/SCE_Evaluation_of_AB_1632
_Report_Recommendations.pdf

Executive Summary:

SCE studied the economic impact of SONGS 2 & 3 operations. The study showed that SONGS 2 
& 3 operations affect a large number of sectors within the California economy. Overall, SONGS 
2 & 3 operations directly and indirectly support approximately 9,400 jobs, and impact the 
California economy by more than $3.3 billion per year.

SCE cannot assess or compare the economic impact of alternate uses of the SONGS site because 



SCE leases the land for SONGS from the Department of the Navy under long-term agreements 
that specify SCE's use of the land. The future alternate uses of the land would be at the discretion 
of the Department of the Navy. At this time, SCE has no information regarding the alternate uses 
the Department of the Navy may consider once SONGS 2 & 3 is permanently shut down and 
decommissioned.

Detailed Analysis and Discussion:

SCE retained IHS Global Insight to study the economic impacts of SONGS 2 & 3. IHS Global 
Insight is a leading economic forecasting and consulting company (both the Commission and 
SCE have used IHS Global Insight's macroeconomic projections for over three decades). IHS 
Global Insight used the IMPLAN input/output (I/O) model to estimate the total economic 
impacts of SONGS 2 & 3 on the California economy. The IMPLAN model computes a set of 
multipliers that produce estimates of the total regional increases in output (the value of 
production by industry for a given time period), value added (payments made by industry to 
workers, interest, profits, and indirect business taxes), employment, and income produced by 
direct spending. The IMPLAN model uses inter-industry purchasing relationships to derive 
sector-specific multipliers that are unique to the regional economy being analyzed (California). 
The sizes of the multipliers are determined by the production functions in the affected final 
demand sectors, or by the number and types of industries that supply inputs to the directly 
affected sectors. The multipliers are used to derive indirect effects (result from direct suppliers 
purchasing additional inputs from other regional suppliers, such as a concrete contractor 
purchasing sand and gravel from a local quarry) and induced effects (result from the increase in 
local spending of disposable income by the newly hired workers; e.g., a newly hired contractor 
spending their earnings at a local restaurant, gas station, or grocery store), which are then added 
to the direct effects to obtain the total change in regional economic activity.

IHS Global Insight prepared a study to assess the economic impact over a 5-year period  
(2010-2014), using SONGS 2 & 3 expenditure estimates provided by SCE. The study first 
discusses the wage, employment, and expenditure estimates used in the study. Next, the study 
provides estimates of the indirect and induced effects on other economic sectors in California.  
The results of the study provide a macroeconomic estimate of wages, total output, taxes, and 
value added activity generated in the California economy due to the direct, indirect, and induced 
impacts of SONGS 2 & 3.

Specifically, the operation of SONGS 2 & 3 affects a large number of sectors within the 
California economy. The study indicates that the operation of SONGS 2 & 3 supports about 
9,400 jobs and impacts the California economy by more than $3.3 billion per year. The type of 
employment at SONGS 2 & 3 also has significant impacts. In California, average annual wages 
in 2010 totaled $56,000 and value added per employee is measured at about $135,000. In 
comparison, SONGS 2 & 3 average annual wages in 2010 were $84,000 and the value added per 
employee was over $243,000 per year, which were both substantially more than the state 
average.

Employment and economic impacts were as follows:
Employment impacts:



 3,751 jobs, on average, are directly supported per year (direct employment includes SCE 
employees, contractors and services employees)

 9,451 jobs, on average, are directly and indirectly supported per year 
 The value added per employee is $243,000 per year

Economic impacts:
 SONGS 2 & 3 total impact on the California economy on average is over $3.3 billion 

annually, or $16.5 billion over the 5-year study period
 State Tax Revenue is estimated to be $246 million annually, or $1.2 billion over the

5-year period
 During the study period, each dollar spent on SONGS 2 & 3 generates a total of $4.30 in 

output in the California economy
 During the study period, each dollar spent on SONGS 2 & 3 generates a total of $3.00 in 

value added in the California economy
 During the study period, each dollar spent on SONGS 2 & 3 produces $1.35 of labor 

earnings

As the IHS Global Insight study demonstrates, operations of SONGS 2 & 3 will provide broad 
economic benefits to the California economy.



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Robert Bledsoe 

Title: Manager, Project/Product  
 Dated: 04/17/2013

Question Section I. J.1:

I. Progress in Completing AB 1632 Report/2008 IEPR2 Recommendations

J. Nuclear Waste Accumulation 

As part of license renewal feasibility studies, PG&E and SCE were to assess the costs of 
disposing of low-level waste that will be generated during a 20-year license extension. The 
assessments were to include the cost to dispose of low-level waste that would be generated from 
major capital projects that might be required over this period. PG&E and SCE were also to 
provide information on their plans for storage and disposal of low-level waste and spent fuel 
through plant decommissioning.

1. Please provide the most recent disposal cost assessments and low-level waste (categorized as 
Class A, B, C, or Greater-than Class-C) and spent nuclear fuel storage
and disposal plans completed to satisfy this recommendation. (Diablo Canyon, SONGS)

Response to Question Section I. J.1:

The most recent disposal cost assessments and low-level waste and spent nuclear fuel storage 
and disposal plans are provided in the attached table.  







Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Jose Luis Perez 

Title: Principal Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section I. K.1.a:

I. Progress in Completing AB 1632 Report/2008 IEPR2 Recommendations

K. License Renewal Issues for State Policymakers

1. Please provide a status report on and the results of all license renewal feasibility studies 
in-progress or completed for license applications currently under review or planned for submittal 
with the NRC including but not limited to:

a. the adequacy of the plants’ maintenance programs and safety cultures;

Response to Question Section I. K.1.a:

SONGS 2 & 3 license renewal activities were placed on hold pending the return to service of the 
SONGS Units.  The timing of the decision whether to restart the preparation of the NRC 
application has not been established.

Since SONGS maintenance programs for important to safety systems, structures and components 
(SSC) are implemented consistent with NRC requirements, quality assurance standards, and 
receive regular oversight by the NRC, SCE performed a review of the adequacy of SONGS  
maintenance programs for important to reliability non-safety related SSC. This information was 
previously provided to the CEC in SCE's response to the CEC's AB1632 report, submitted in 
February 2011, in section III.K.  Information regarding safety culture can be found in SCE's 
response to 2013 IEPR data request III.F.1.



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Jose Luis Perez 

Title: Principal Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section I. K.1.b:

I. Progress in Completing AB 1632 Report/2008 IEPR2 Recommendations

K. License Renewal Issues for State Policymakers

1. Please provide a status report on and the results of all license renewal feasibility studies 
in-progress or completed for license applications currently under review or planned for submittal 
with the NRC including but not limited to:

b. plans for waste storage, transport and disposal;

Response to Question Section I. K.1.b:

SONGS 2 & 3 license renewal activities were placed on hold pending the return to service of the 
SONGS Units.  The timing of the decision whether to restart the preparation of the NRC 
application has not been established.

SCE previously provided a projection of the volume of Low Level Radioactive Waste (LLW) 
that may be produced during a potential period of extended operations in its response to the 
CEC's AB1632 report submitted in February 2011, in section III.C.2.b. 1.  SCE's used fuel 
management plan is provided in response to 2013 IEPR data request II.B.2. 



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Jose Luis Perez 

Title: Principal Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section I. K.1.c:

I. Progress in Completing AB 1632 Report/2008 IEPR2 Recommendations

K. License Renewal Issues for State Policymakers

1. Please provide a status report on and the results of all license renewal feasibility studies 
in-progress or completed for license applications currently under review or planned for submittal 
with the NRC including but not limited to:

c. seismic hazard and vulnerability assessments;

Response to Question Section I. K.1.c:

SONGS 2 & 3 license renewal activities were placed on hold pending the return to service of the 
SONGS Units.  The timing of the decision whether to restart the preparation of the NRC 
application has not been established.

Information regarding seismic hazards and vulnerability assessments is provided in response to 
2013 IEPR data requests I.B and I.E



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Jose Luis Perez 

Title: Principal Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section I. K.1.d:

I. Progress in Completing AB 1632 Report/2008 IEPR2 Recommendations

K. License Renewal Issues for State Policymakers

1. Please provide a status report on and the results of all license renewal feasibility studies 
in-progress or completed for license applications currently under review or planned for submittal 
with the NRC including but not limited to:

d. the life cycle or “cradle-to-grave” environmental and economic impact evaluation of 
the nuclear plants compared with alternative generating and transmission resources;

Response to Question Section I. K.1.d:

SONGS 2 & 3 license renewal activities were placed on hold pending the return to service of the 
SONGS Units.  The timing of the decision whether to restart the preparation of the NRC 
application has not been established.



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Jose Luis Perez 

Title: Principal Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section I. K.1.e:

K. License Renewal Issues for State Policymakers

1. Please provide a status report on and the results of all license renewal feasibility studies 
in-progress or completed for license applications currently under review or planned for submittal 
with the NRC including but not limited to:

e. contingency plans in the event the state’s nuclear power plants have prolonged 
outages;

Response to Question Section I. K.1.e:

SONGS 2 & 3 license renewal activities were placed on hold pending the return to service of the 
SONGS Units.  The timing of the decision whether to restart the preparation of the NRC 
application has not been established.

San Onofre Nuclear Generating Station Units 2 & 3 (SONGS 2 & 3) is the largest electric 
generation plant in southern California. The plant is located geographically between two major 
load centers in Los Angeles/Orange and San Diego counties. SONGS has been an integral part of 
the electric grid in southern California, providing power delivery, voltage support, import 
capability and transient stability support for a significant period. As the electric grid has grown, 
it has relied on the electric system reliability attributes provided by SONGS.

Electric system reliability in southern California has been challenged by the unplanned outage at 
SONGS 2 & 3, especially in the SCE and SDG&E service territories. SONGS 2 & 3 provide 
energy for customers and significant support to keep the grid operable and compliant with state 
and federal performance standards. Without this support, the electric grid becomes especially 
vulnerable to failures and preserving the integrity of the electric grid has required that mitigation 
measures be established.  SCE in conjunction with the CPUC and CAISO established summer 
readiness teams to develop the measures.

There are sufficient system-wide resources to cover all resource adequacy requirements, 
provided that major transmission lines and large generation sources remain available.Sufficient 
resources are available to offset SONGS energy, but at a higher cost.  For the summer of 2012, 
without at least one of the SONGS’ units operating, there was a risk for customer load shedding 
in southern Orange County and the SDG&E service territory in the event  major transmission 



lines were lost and voltages degraded to unacceptable levels.

Several transmission projects are currently underway in the SCE service territory such as 
transmission line reconfiguration on the Barre-Ellis transmission corridor and capacitor bank 
installation at three substations in south Orange County.  In addition, Huntington Beach Units 3 
& 4 are being converted to synchronous condensors as mitigation measures.  These measures, in 
addition to those previously completed in 2012, all help to decrease the likelihood of customers 
being exposed to load shedding during a prolonged outage of the SONGS units.

SCE is also engaging customers and encouraging participation in one or more of its demand side 
resource programs including the Summer Discount Plan, automated demand resources 
technology, Flex Alert, pool pump education and home area network studies, a NEST thermostat 
study, Save Power Day, energy efficiency projects, and Energy Leader and institutional and 
governmental partnership programs.

An integrated communications and outreach plan utilizing various media and marketing channels 
is also underway to increase awareness of the reliability issues associated with the SONGS 
outage.



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Jose Luis Perez 

Title: Principla Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section I. K.1.f:

K. License Renewal Issues for State Policymakers

1. Please provide a status report on and the results of all license renewal feasibility studies 
in-progress or completed for license applications currently under review or planned for submittal 
with the NRC including but not limited to:

f. implications for grid reliability if these plants shut down;

Response to Question Section I. K.1.f:

SONGS 2 & 3 license renewal activities were placed on hold pending the return to service of the 
SONGS Units.  The timing of the decision whether to restart the preparation of the NRC 
application has not been established.

San Onofre Nuclear Generating Station Units 2 & 3 (SONGS 2 & 3) is the largest electric 
generation plant in southern California. The plant is located geographically between two major 
load centers in Los Angeles/Orange and San Diego counties. SONGS has been an integral part of 
the electric grid in southern California, providing power delivery, voltage support, import 
capability, and transient stability support for a significant period. As the electric grid has grown, 
it has relied on the electric system reliability attributes provided by SONGS.

Summary of implications 
There will be challenges in devising transmission fixes that are required to meet the existing 

grid reliability standards
There will be substantial adverse environmental impacts which will significantly affect the 

State’s goals
There will be rate increases needed to reflect the impact of more costly replacement power 

resources and transmission
There is an immediate need to start planning and permitting of replacement generation and 

transmission facilities if SONGS 2 & 3 does not operate beyond 2022

Some details
Without SONGS operating beyond 2022

The southern CA grid loses voltage support, stability support and import capability.



To mitigate the above condition requires the addition of various resource options 

including: (a) additional generation located in south Orange County and north San 
Diego County; (b) additional transmission coming into these areas; and (c) the 
aggressive addition of preferred resources

Assumed Replacement Generation:

Depending on the level of future demands and the amount of preferred resources that 

materialize, increasing amounts of new combined cycle and peaking gas turbines will 
have to be developed at existing or new sites to replace SONGS' 2,150 MW.  Much 
of the new generation would be needed in the environmentally sensitive southern 
California region.

Transmission:

New transmission will be needed to

Interconnect the new generation 

Upgrade the existing grid

Preferred Resources:

Aggressive efforts will need to be made in developing preferred resources at key 

southern California locations.
Given the targeted nature of the use of the aggressive use of preferred resources, 

consideration should be given to a pilot effort to manage, learn and enhance the 
design and use of these resources such that they provide the value needed by the 
CAISO to provide local reliability

Simultaneously siting and licensing the replacement generation facilities and needed 

transmission will be challenging
Currently, there is significant uncertainty as to the means and timing of acquiring necessary 

air pollution credits for replacement generation
Siting high voltage transmission lines and 230/500 kV substations in the Los Angeles basin 

will be challenging and time consuming
Approximately ten years would be required to modify  and upgrade the generation and grid 

infrastructure
Fuel prices may increase, as well as the potential need for additional natural gas 

infrastructure
Electric energy prices, as well as GHG emissions are expected to be higher as a least cost 

source of clean power is not available



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Jose Luis Perez 

Title: Principal Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section I. K.1.g:

K. License Renewal Issues for State Policymakers

1. Please provide a status report on and the results of all license renewal feasibility studies 
in-progress or completed for license applications currently under review or planned for submittal 
with the NRC including but not limited to:

g. assessments of the options and costs for complying with the State Water Resources 
Control Board policy requiring a phase-out of once-through cooling, and;

Response to Question Section I. K.1.g:

SONGS 2 & 3 license renewal activities were placed on hold pending the return to service of the 
SONGS Units.  The timing of the decision whether to restart the preparation of the NRC 
application has not been established.

On May 4, 2010 the State Water Resources Control Board (SWRCB) adopted a policy on the use 
of coastal and estuarine waters for power plant cooling.  The policy, which became effective 
October 1, 2010, includes a schedule for implementation, including milestones for thermal fossil 
plants using OTC technology to retrofit using alternative cooling technologies, such as closed 
cycle cooling, or to shut down no later than the individual compliance dates shown in the 
amended policy's implementation schedule.  The OTC policy also established separate 
requirements for the state’s nuclear-fueled power plants, such as SONGS 2 & 3, because of these 
plants’ positive environmental benefits and importance to the reliability of the electric grid. The 
requirements include: (1) installing large organism exclusion devices (LOED) around the 
SONGS 2 & 3 intake structures; (2) conducting and providing to the SWRCB within three years 
after the effective date of the policy (i.e., by October 1, 2013) a special study of alternatives for 
SONGS 2 & 3 to meet the policy’s objectives, including costs for the alternatives; and (3) 
achieving full compliance with the policy by December 31, 2022.

Working with the SWRCB, SCE developed a design for an LOED that is currently being 
implemented at an estimated cost of $26 million for the main water intake.  SCE is seeking a 
waiver to install an LOED on the much smaller, auxiliary intake, which provides a source of 
cooling water to maintain the plant safely shutdown following any loss of main water intake.

The special study identified by section (2) above is currently underway under the direction of the 



Review Committee for Nuclear Fueled Power Plants created under the auspices of the SWRCB.



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Jose Luis Perez 

Title: Prinicipal Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section I. K.1.h:

I. Progress in Completing AB 1632 Report/2008 IEPR2 Recommendations

K. License Renewal Issues for State Policymakers

1. Please provide a status report on and the results of all license renewal feasibility studies 
in-progress or completed for license applications currently under review or planned for submittal 
with the NRC including but not limited to:

h. the overall economic and environmental costs and benefits of license extension. 
(Diablo Canyon, SONGS)

Response to Question Section I. K.1.h:

SONGS 2 & 3 license renewal activities were placed on hold pending the return to service of the 
SONGS Units.  The timing of the decision whether to restart the preparation of the NRC 
application has not been established.



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Paul Klapka 

Title: Project Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section II. A.1:

II. Progress in Completing 2011 IEPR Recommendations

A. Seismic Issues

1. Please provide an update on the progress in completing the AB 1632 Reportrecommended 
seismic studies, including the technical details and any significant updates of seismic hazard 
study plans completed, in progress or proposed since 2011
(as recommended in the 2008 IEPR Update ) and the associated findings as applicable. (Diablo 
Canyon, SONGS)

Response to Question Section II. A.1:

The progress of the seismic studies is reported to the SONGS Independent Peer Review Group 
(IPRG - which has a CEC member).  The reports, findings and recommendations of the SONGS 
IPRG are maintained on the CPUC’s website at: 
http://www.cpuc.ca.gov/PUC/energy/nuclear.htm  
The site also contains reports that SCE has made to the IPRG.



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Paul Klapka 

Title: Project Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section II. A.2:

II. Progress in Completing 2011 IEPR Recommendations

A. Seismic Issues

2. Please provide the reports, findings and recommendations from the California Independent 
Peer Review Panel (IPRP)/ Independent Peer Review Group (IPRG) on seismic studies, 
including onshore and offshore seismic studies funded by CPUC
Decision’s 10-08-003 and Decision 12-05-004. (Diablo Canyon, SONGS)

Response to Question Section II. A.2:

The reports, findings and recommendations of the SONGS Independent Peer Review Group 
(IPRG - which has a CEC member) are maintained on the CPUC’s website. The IPRG report is 
at:
http://www.cpuc.ca.gov/NR/rdonlyres/41C6CC90-6A6E-4827-A9D7-C8AFFDEF2563/0/IPRG
ReportNo1.pdf



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Paul Klapka 

Title: Project Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section II. A.3:

II. Progress in Completing 2011 IEPR Recommendations

A. Seismic Issues

3. Please provide an update on the composition of SONGS’ Seismic Advisory Board and efforts 
SCE has made in to include independent seismic experts with no current or prior professional 
affiliation with utilities, including SCE or PG&E, or their consultants. (SONGS)

Response to Question Section II. A.3:

SCE is performing an evaluation of the seismic hazards in accordance with the direction of the 
NRC in their 10 CFR 50.54(f) request for information. This activity requires the implementation 
of a level 3 Senior Seismic Hazard Analysis Committee (SSHAC). The implementation of the 
SSHAC has replaced the Seismic Advisory Board efforts since the SSHAC process engages a 
larger group of geological, seismological, and geotechnical experts. This direction can be found 
on the NRC’s website in Enclosure 1 of the 10 CFR 50.54(f) letter at:  
http://pbadupws.nrc.gov/docs/ML1205/ML12053A340.pdf   A copy is attached.



UNITED STATES 

NUCLEAR REGULATORY COMMISSION 


WASHINGTON, D.C. 20555-0001 

March 12, 2012 

All Power Reactor Licensees and 
Holders of Construction Permits in 
Active or Deferred Status 

SUBJECT: 	 REQUEST FOR INFORMATION PURSUANT TO TITLE 10 OF THE CODE OF 
FEDERAL REGULATIONS 50.54(f) REGARDING RECOMMENDATIONS 2.1,2.3, 
AND 9.3, OF THE NEAR-TERM TASK FORCE REVIEW OF INSIGHTS FROM 
THE FUKUSHIMA DAI-ICHI ACCIDENT 

This letter is being issued in accordance with the provisions of Sections 161.c, 103.b, and 182.a 
of the Atomic Energy Act of 1954, as amended (the Act), and the U.S. Nuclear Regulatory 
Commission (NRC or Commission) regulation in Title 10 of the Code of Federal Regulations 
(10 CFR), Part 50, Section 50.54(f). Pursuant to these provisions of the Act or this regulation, 
you are required to provide further information to support the evaluation of the NRC staff 
recommendations for the Near-Term Task Force (NTTF) review of the accident at the 
Fukushima Dai-ichi nuclear facility. The review will enable the staff to determine whether the 
nuclear plant licenses under your responsibility should be modified, suspended, or revoked. For 
combined license (COL) holders under 10 CFR Part 52, the issues in NTTF Recommendation 
2.1 and 2.3 regarding seismic and flooding reevaluations and walkdowns are resolved. 
Therefore, COL holders are not required to respond to Enclosures 1 through 4 of this letter. 
Similarly, information requests in Enclosures 3 and 4 are not applicable to holders of 
construction permits under 10 CFR Part 50. Operating power reactor licensees under 
10 CFR Part 50 are required to respond to all of the information requests. 

BACKGROUND 

Following the accident at the Fukushima Dai-ichi nuclear power plant resulting from the 
March 11, 2011, Great T5hoku Earthquake and subsequent tsunami, the NRC established the 
NTTF in response to Commission direction. The NTTF Charter, dated March 30, 2011, tasked 
the NTTF with conducting a systematic and methodical review of NRC processes and 
regulations and determining if the agency should make additional improvements to its regulatory 
system. Ultimately, a comprehensive set of recommendations contained in a report to the 
Commission (dated July 12, 2011, SECY-11-0093 (Agencywide Documents Access and 
Management System (ADAMS) Accession No. ML 111861807)) was developed using a decision 
rationale built around the defense-in-depth concept in which each level of defense-in-depth 
(namely prevention, mitigation, and emergency preparedness (EP)) is critically evaluated for its 
completeness and effectiveness in performing its safety function. 

The current regulatory approach, and the resultant plant capabilities, gave the NTTF and the 
NRC the confidence to conclude that an accident with consequences similar to the Fukushima 
accident is unlikely to occur in the United States (U.S.). The NRC concluded that continued 
plant operation and the continuation of licensing activities did not pose an imminent risk to 
public health and safety. 
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On August 19, 2011, following issuance of the NTTF report, the Commission directed the NRC 
staff in staff requirements memorandum (SRM) for SECY-11-0093 (ADAMS Accession No. 
ML 112310021), in part, to determine which of the recommendations could and should be 
implemented without unnecessary delay. 

On September 9,2011, the NRC staff provided SECY-11-0124 to the Commission (ADAMS 
Accession No. ML 11245A 158). The document identified those actions from the NTTF report 
that should be taken without unnecessary delay. As part of the October 18, 2011, SRM for 
SECY-11-0124 (ADAMS Accession No. ML 112911571), the Commission approved the staff's 
proposed actions, including the development of three information requests under 
10 CFR 50.54(f). The information collected would be used to support the NRC staff's evaluation 
of whether further regulatory action was needed in the areas of seismic and flooding design, 
and EP. 

On December 23, 2011, the Consolidated Appropriations Act, Public Law 112-074, was Signed 
into law. Section 402 of the law also requires a reevaluation of licensees' design basis for 
external hazards, and expands the scope to include other external events, as described below: 

The Nuclear Regulatory Commission shall require reactor licensees to 
re-evaluate the seismic, tsunami, flooding, and other external hazards at their 
sites against current applicable Commission requirements and guidance for such 
licensees as expeditiously as possible, and thereafter when appropriate, as 
determined by the Commission, and require each licensee to respond to the 
Commission that the design basis for each reactor meets the requirements of its 
license, current applicable Commission requirements and guidance for such 
license. Based upon the evaluations conducted pursuant to this section and 
other information it deems relevant, the Commission shall require licensees to 
update the design basis for each reactor, if necessary. 

Reevaluation of the design basis with respect to other external events will be requested later as 
a separate action from this letter. However, licensees are encouraged to consider this when 
performing the Recommendation 2.3 walkdowns for flooding. 

In the context of Recommendation 2.1 of this 10 CFR 50.54(f) letter, the NRC staff definition of 
vulnerability1 is broad enough to capture both prevention and mitigation aspects and also 
include features of protection such as hardware, procedures, temporary measures, and 
potentially available off-site resources. Such a definition allows both licensees and the NRC 
staff to assess plant response to a natural hazard event as an integrated system providing 
consideration for all available resources. Information resulting from such an evaluation will help 
the staff decide upon the most appropriate regulatory action focusing on the most beneficial 
safety enhancements. 

1 For the purpose of this document, plant-specific vulnerabilities are defined as those features important to safety that when subject 
to an increased demand due to the newly calculated hazard evaluation have not been shown to be capable of performing their 
intended safety functions. 
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ACTION 

The NRC has concluded that it requires the information requested in the enclosures to this letter 
to verify the compliance with your plant's design basis and to determine if additional regulatory 
actions are appropriate. Therefore, you are required, pursuant to Section 182(a) of the Atomic 
Energy Act of 1954, as amended, and 10 CFR 50.54(f), to submit a response to this letter. You 
must confirm receipt of this letter within 30 days, however, each attachment contains a 
topic-specific schedule for response. Your response must be written and signed under oath or 
affirmation. 

The NRC has provided information in each enclosure on acceptable approaches for responding 
to the information requests. Alternate approaches with appropriate justification will be 
considered. 

This request contains information collection requirements that are subject to the Paperwork 
Reduction Act of 1995 (44 U.S.C. 3501 et seq.). These information collections were approved 
by the Office of Management and Budget (OMB) under an expedited clearance, approval 
number 3150-0211, which expires September 30,2012. Prior to the expiration date, the NRC 
will submit the collection to OMB for renewal. 

The burden for these information collections is estimated to average 13,300 hours per 
response, as detailed in Table 1. This estimate includes the time for reviewing instructions, 
searching existing data sources, gathering data, performing necessary analyses, and 
completing and reviewing the collection of information. These estimates represent the average 
level of effort per plant; actual levels of effort may vary depending upon the results of the hazard 
analyses. Send comments regarding this burden estimate or any other aspect of these 
information collections, including suggestions for reducing the burden, to the Information 
Services Branch (T-5 F53), U.S. Nuclear Regulatory CommiSSion, Washington, DC 
20555-0001, or by email to INFOCOLLECTS.RESOURCE@NRC.GOV; and to the Desk Officer, 
Office of Information and Regulatory Affairs, NEOB-10202, (3150-0211), Office of Management 
and Budget, Washington, DC 20503. 

The NRC may not conduct or sponsor, and a person is not required to respond to, a request for 
information or an information collection requirement unless the requesting document displays a 
currently valid OMB control number. 

Table 1 Burden Estimate (hours) 

Hazard 
Evaluation 

RiSk/Integrated 
Assessment Walkdowns 

EP 
Communications 

EP 
Staffing 

Enclosure 1 1700 3500 N/A N/A N/A 
Enclosure 2 1300 2700 N/A N/A N/A 
Enclosure 3 N/A N/A 2000 N/A N/A 
Enclosure 4 N/A N/A 2000 N/A N/A 
Enclosure 5 N/A N/A N/A 50 50 

mailto:INFOCOLLECTS.RESOURCE@NRC.GOV
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In accordance with 10 CFR 2.390, "public inspections, exemptions, and requests for 
withholding," a copy of this letter and your response will be made available for inspection and 
copying at the NRC Website at www.nrc.gov, and/or at the NRC Public Document Room. If you 
believe that any of the information to be submitted meets the criteria in 10 CFR 2.390 for 
withholding from public disclosure, you must include sufficient information, as required by the 
subsection, to support such a determination. 

INFORMATION REQUEST JUSTIFICATION 

Hazard Reevaluations and Walkdowns 

Current NRC regulations and associated regulatory guidance provide a robust regulatory 
approach for the evaluation of site hazards associated with natural phenomena. However, this 
framework has evolved over time as new information regarding site hazards and the potential 
consequence has become available. As a result, the licensing basis, design, and level of 
protection from natural phenomena differ among the existing operating reactors in the U.S., 
depending on when the plant was constructed and licensed for operation. Additionally, the 
assumptions and factors that were considered in determining the level of protection necessary 
at these sites vary depending on a number of contributing factors. To date, the NRC has not 
undertaken a comprehensive re-establishment of the design basis for existing plants to reflect 
the current state of knowledge or current licensing criteria. 

Protection from natural phenomena is critical for safe operation of nuclear power plants. Failure 
to protect structures, systems, and components (SSCs) important to safety from natural 
phenomena with appropriate safety margins has the potential to result in common-cause 
failures with significant consequences, as was demonstrated at Fukushima. Additionally, the 
consequences of an accident from some natural phenomena may be aggravated by a 
"cliff-edge" effect, in that a small increase in the hazard (e.g., flooding level) may sharply 
increase the number of SSCs affected. 

As the state of knowledge of these hazards has evolved significantly since the licensing of many 
of the plants within the U.S., and given the demonstrated consequences from Fukushima, it is 
necessary to confirm the appropriateness of the hazards assumed for U.S. plants and their 
ability to protect against them. 

In accordance with Commission direction, the NRC staff is implementing the following: 

A hazard evaluation consistent with Recommendation 2.1 will be implemented in two phases as 
follows: 

• 	 Phase 1: Issue 10 CFR 50.54(f) letters to all licensees to request that they reevaluate 
the seismic and flooding hazards at their sites using updated seismic and flooding 
hazard information and present-day regulatory guidance and methodologies and, if 
necessary, to request they perform a risk evaluation. The evaluations associated with 
the requested information in this letter do not revise the design basis of the plant. This 
letter implements Phase 1. 

http:www.nrc.gov
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• 	 Phase 2: Based upon the results of Phase 1, the NRC staff will determine whether 
additional regulatory actions are necessary (e.g., update the design basis and SSCs 
important to safety) to provide additional protection against the updated hazards. 

The NRC staffs goal is to complete Phase 1 and collect sufficient information to make a 
regulatory decision for most plants within five years. It is anticipated that collection of this 
information for all plants will take no longer than seven years. 

Information collection on hazard protection walkdowns consistent with Recommendation 2.3 will 
be implemented in a single-phase. The results from these walkdowns are expected to capture 
any degraded, non-conforming conditions, and cliff-edge effects for flooding so that they are 
addressed by the licensee's corrective action program and will provide input to 
Recommendation 2.1. It is anticipated that this effort will be completed within approximately 
one year. 

Emergency Preparedness 

Further, if mitigation is not successful in preventing the release of radioactive materials from the 
plant, EP provides additional defense-in-depth to minimize exposure to radiation to the public. 
The accident at Fukushima reinforced the need for effective EP, the objective of which is to 
ensure the capability to implement effective measures to mitigate the consequences of a 
radiological emergency. The accident at Fukushima highlighted the need to determine and 
implement the required staff to fill all necessary positions responding to a multi-unit event. 
Additionally, there is a need to ensure that the communication equipment relied upon to 
coordinate the event response during a prolonged station blackout can be powered. 

The reevaluation and related analysis being conducted under this request are justified by the 
need to enhance those EP measures that support the prevention or mitigation of core damage 
and uncontrolled release of radioactive material. The justification in this letter, as well as the 
background and discussions in each of its enclosures, provide the reasoning and justification for 
this request. Moreover, the reevaluation and related analysis will serve to meet NRC's 
obligation under the Consolidated Appropriations Act, for 2012 (Pub Law 112-74), Section 402, 
and also affords licensees the opportunity to inform the NRC regarding safety-related decisions. 
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If you have any questions on this matter, please contact your NRC licensing Project Manager. 

Sincerely, 

~L~ 
Office of Nuclear Reactor Regulation 

Michael . Johnson, Director 
Office of New Reactors 

Enclosures: 
1. Recommendation 2.1: Seismic 
2. Recommendation 2.1: Flooding 
3. Recommendation 2.3: Seismic 
4. Recommendation 2.3: Flooding 
5. Recommendation 9.3: EP 
6. Licensees and Holders of Construction Permits 

cc: Listserv 



RECOMMENDATION 2.1: SEISMIC 


PURPOSE 

The U.S. Nuclear Regulatory Commission (NRC or Commission) is issuing this information 
request for the following purposes: 

• 	 To gather information with respect to Near-Term Task Force (NTTF) Recommendation 
2.1, as directed by staff requirements memoranda (SRM) associated with 
SECY -11-0124 and SECY -11-0137, and the Consolidated Appropriations Act, for 2012 
(Pub Law 112-74), Section 402, to reevaluate seismic hazards at operating reactor sites 

• 	 To collect information to facilitate NRC's determination if there is a need to update the 
design basis and systems, structures, and components (SSCs) important to safety to 
protect against the updated hazards at operating reactor sites 

• 	 To collect information with respect to the resolution of Generic Issue (GI) 199 

Pursuant to Title 10 of the Code of Federal Regulations (10 CFR) 50.54(f), addressees are 
required to submit a written response to this information request. 

BACKGROUND 

The SSCs important to safety in operating nuclear power plants are designed either in 
accordance with, or meet the intent of Appendix A to 10 CFR Part 100 and Appendix A to 10 
CFR Part 50, General Design Criteria (GDC) 2. GDC 2 states that SSCs important to safety at 
nuclear power plants must be designed to withstand the effects of natural phenomena such as 
earthquakes, tornados, hurricanes, floods, tsunami, and seiches without loss of capability to 
perform their intended safety functions. The design bases for these SSCs reflect consideration 
of the most severe of the natural phenomena that have been historically reported for the site 
and surrounding area. The design bases also reflect margin to account for the limited accuracy, 
quantity, and period of time in which the historical data have been accumulated. 

In response to the accident at the Fukushima Dai-ichi nuclear power plant caused by the 
March 11,2011, Tohoku earthquake and subsequent tsunami, the Commission established a 
NTTF to conduct a systematic review of NRC processes and regulations and to determine if the 
agency should make additional improvements to its regulatory system. The NTTF developed a 
set of recommendations intended to clarify and strengthen the regulatory framework for 
protection against natural phenomena. The purpose of this letter is to gather information with 
respect to NTTF Recommendation 2.1 for seismic hazards. Recommendation 2.1, as amended 
by the SRMs associated with SECY-11-0124 and SECY-11-0137, instructs the NRC staff to 
issue requests for information to licensees pursuant to Sections 161.c, 103.b, and 182.a of the 
Atomic Energy Act of 1954, as amended, and 10 CFR 50.54(f). This information request is for 
licensees and holders of construction permits under 10 CFR Part 50 to reevaluate the seismic 
hazards at their sites against present-day NRC requirements and guidance. Based upon this 
information, the NRC staff will determine whether additional regulatory actions are necessary 
(e.g., update the design basis and SSCs important to safety) to protect against the updated 
hazards. In developing Recommendation 2.1, the NTTF recognized that the state of knowledge 

Enclosure 1 
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of seismic hazard within the United States (U.S.) has evolved and the level of conservatism in 
the determination of the original seismic design bases should be reexamined. 

Since the issuance of GDC 2, the NRC has developed new regulations, regulatory guidance, 
and several regulatory programs aimed at enhancements for previously licensed reactors. 
These regulatory programs for enhancements are described in Section 4.1.1 of the NTTF 
Report, "Recommendations for Enhancing Reactor Safety in the 21 st Century." Two recent 
programs are the individual plant examinations of external events (IPEEEs) and GI-199, 
"Implications of Updated Probabilistic Seismic Hazard Estimates in Central and Eastern United 
States on Existing Plants," dated June 9, 2005 (Agencywide Documents Access and 
Management System (ADAMS) Accession No. ML051600272). The following paragraphs 
summarize these two programs. 

Individual Plant Examination of External Events: 

On June 28, 1991, the NRC issued Supplement 4 to Generic Letter (GL) 88-20, "Individual Plant 
Examination of External Events (lPEEE) for Severe Accident Vulnerabilities," (ADAMS 
Accession No. ML031150485). GL 88-20, referred to as the IPEEE program, requested that 
each I[censee identify and report to the NRC all plant-specific vulnerabilities to severe accidents 
caused by external events. The IPEEE program included the following four supporting 
objectives: 

(1) 	 Develop an appreciation of severe accident behavior. 

(2) 	 Understand the most likely severe accident sequences that could occur at the licensee's 
plant under full-power operating conditions. 

(3) 	 Gain a qualitative understanding of the overall likelihood of core damage and fission 
product releases. 

(4) 	 Reduce, if necessary, the overall likelihood of core damage and radioactive material 
releases by modifying, where appropriate, hardware and procedures that would help 
prevent or mitigate severe accidents. 

The external events to be considered in the IPEEE were: seismic events; internal fires; high 
winds, floods, and other external initiating events, including accidents related to transportation 
or nearby facilities and plant-unique hazards. 

NUREG-1742, "Perspectives Gained from the Individual Plant Examination of External Events 
(IPEEE) Program," issued April, 2002 (ADAMS Accession Nos. ML021270070 and 
ML021270674), provides insights gained by the NRC from the IPEEE program. Almost all 
licensees reported in their IPEEE submittals that no plant vulnerabilities were identified with 
respect to seismic risk (the use of the term "vulnerability" varied widely among the IPEEE 
submittals). However, most licensees did report at least some seismic "anomalies," "outliers,' or 
other concerns. In the few submittals that did identify a seismic vulnerability, the findings were 
comparable to those identified as outliers or anomalies in other IPEEE submittals. Seventy 
percent of the plants proposed improvements as a result of their seismic IPEEE analyses. In 
several responses, neither the IPEEE analyses nor subsequent assessments documented the 
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potential safety impacts of these improvements, and in most cases, plants have not reported 
completion of these improvements to the NRC. 

Generic Issue 199: 

In support of early site permits (ESPs) and combined licenses (COls) for new reactors, the 
NRC staff reviewed updates to the seismic source and ground motion models provided by 
applicants. These seismic updates included new Electric Power Research Institute models to 
estimate earthquake ground motion and updated models for earthquake sources in the Central 
and Eastern United States (CEUS), such as those around Charleston, SC, and New Madrid, 
MO. These reviews identified higher seismic hazard estimates than previously assumed, which 
may result in an increased likelihood of exceeding the safe-shutdown earthquake (SSE) at 
operating facilities in the CEUS. The staff determined that based on the evaluations of the 
IPEEE program, seismic designs of operating plants in the CEUS do not pose an imminent 
safety concern. At the same time, the staff also recognized that because the probability of 
exceeding the SSE at some currently operating sites in the CEUS is higher than previously 
understood, further study was warranted. As a result, the staff concluded on May 26,2005 
(ADAMS Accession No. Ml051450456), that the issue of increased seismic hazard estimates in 
the CEUS should beexamined.under the Generic Issues Program (GIP). 

Generic Issue (GI)-199 was established on June 9,2005 (ADAMS Accession No. 
Ml051600272). The initial screening analysis for GI-199 suggested that estimates of the 
seismic hazard for some currently operating plants in the CEUS have increased. The NRC staff 
completed the initial screening analysis of GI-199 and held a public meeting in February 2008, 
(ADAMS Accession Nos. Ml073400477 and Ml080350189) concluding that GI-199 should 
proceed to the safety/risk assessment stage of the GIP. 

Subsequently, during the safetylrisk assessment stage of the GIP, the NRC staff reviewed and 
evaluated the new information received with the ESP/Cal submittals, along with 2008 
U.S. Geological Survey seismic hazard estimates. The staff compared the new seismic hazard 
data with the earlier evaluations conducted as part of the IPEEE program. The NRC staff 
completed the safety/risk assessment stage of GI-199 on September 2,2010 (ADAMS 
Accession No. Ml100270582), concluding that GI-199 should transition to the regulatory 
assessment stage of the GIP. The safety/risk assessment also concluded that (1) an immediate 
safety concern did not exist and (2) adequate protection of public health and safety was not 
challenged as a result of the new information. The NRC staff presented this conclusion at a 
public meeting held on October 6, 2010 (ADAMS Accession No. Ml1 02950263). Information 
Notice 2010-018, "Generic Issue 199, 'Implications of Updated Probabilistic Seismic Hazard 
Estimates in Central and Eastern United States on Existing Plants,'" dated September 2,2010 
(ADAMS Accession No. Ml101970221), summarizes the results of the GI-199 safetylrisk 
assessment. 

For the GI-199 safetylrisk assessment, the NRC staff evaluated the potential risk significance of 
the updated seismic hazards on seismic core damage frequency (SCDF) estimates. The 
changes in SCDF estimate in the safety/risk assessment for some plants lie in the range of 10-4 
per year to 10-5 per year, which meet the numerical risk criteria for an issue to continue to the 
regulatory assessment stage of the GIP. However, as described in NUREG-1742, there are 
limitations associated with utilizing the inherently qualitative insights from the IPEEE submittals 
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in a quantitative assessment. In particular, the staff's assessment did not provide insight into 
which SSCs are important to seismic risk, Such knowledge is necessary for the NRC staff to 
determine, in light of the new understanding of seismic hazards, whether additional regulatory 
action is warranted. 

APPLICABLE REGULATORY REQUIREMENTS 

• 	 Appendix A, "General Design Criteria for Nuclear Power Plants," to 10 CFR Part 50, 
GDC 2, "Design Bases for Protection against Natural Phenomena" 

• 	 10 CFR 50.54, "Conditions of Licenses" 

• 	 10 CFR 50.34(a)(1), (a)(3), (a)(4), (b)(1), (b)(2), and (b)(4) 

• 	 Appendix A, "Seismic and Geologic Siting Criteria for Nuclear Power Plants," to 
10 CFR Part 100, "Reactor Site Criteria" 

• , 10 CFR1 00.23. "Geological and Sejsmic Siting Criteria" 

The seismic design bases for currently operating nuc,lear power plants were either developed in 
accordance with, or meet the intent of GDC 2 and 10 CFR Part 100, Appendix A. Although the 
regulatory requirements in Appendix A to 10 CFR Part 100 are fundamentally deterministic, the 
NRC process for determining the seismic design basis ground motions for new reactor 
applications after January 10, 1997, as described in 10 CFR 100.23, requires that uncertainties 
be addressed through an appropriate analysis such as a probabilistic seismic hazard analysis. 

DISCUSSION 

Recommendation 2.1, as amended by the SRMs associated with SECY-11-0124 and 
SECY-11-0137, instructs the NRC staff to issue requests for licensees to reevaluate the seismic 
hazards at their sites using present-day NRC requirements and guidance, and identify actions 
that are planned to address plant-specific vulnerabilities 1 associated with the updated seismic 
hazards. Recommendation 2.1 for seismic hazards will be implemented in two phases as 
follows: 

• 	 Phase 1: Issue 10 CFR 50.54(f) letters to all licensees to reevaluate the seismic hazard 
at their sites using updated seismic hazard information and present-day regulatory 
guidance and methodologies and, if necessary, to perform a risk evaluation. 

• 	 Phase 2: If necessary, and based upon the results of Phase 1, determine whether 
additional regulatory actions are necessary (e.g., update the design basis and SSCs 
important to safety) to protect against the updated hazards. 

1 A definition of vlIfnerability in the context of this enclosure is as follows: Plant-specific vulnerabilities are those features important 
to safety that when subject to an increased demand due to the nev/ly calculated hazard evaluation have not been shown to be 
capable of performing their intended safety functions, 
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To implement NTTF Recommendation 2.1, the staff is utilizing the general process developed 
for GI-199 as presented in the draft GL for GI-199 (ADAMS Accession No. ML 11710783). This 
process, described in Attachment 1, asks each addressee to provide information about the 
current hazard and potential risk posed by seismic events using a progressive screening 
approach. Depending on the comparison between the reevaluated seismic hazard and the 
current design basis, the result is either no further risk evaluation or the performance of a 
seismic risk assessment. Risk assessment approaches acceptable to the staff include 
a seismic probabilistic risk assessment (SPRA), or a seismic margin assessment (SMA). 

Present-day NRC requirements and guidance with respect to characterizing seismic hazards 
use a probabilistic approach in order to develop a risk-informed performance-based ground 
motion response spectrum (GMRS) for the site. This approach is described in Regulatory 
Guide (RG) 1.208, "A Performance-Based Approach to Define the Site-Specific Earthquake 
Ground Motion." RG 1.208 recommends the use of the Senior Seismic Hazard Analysis 
Committee (SSHAC) approach for treatment of expert judgment and quantifying uncertainty in 
order to develop seismic source and ground motion models for a Probabilistic Seismic Hazard 
Analysis used to develop the GMRS for a site. 

The SMA approach should be the NRC SMA approach {e.g.; NUREG/CR-4334, "An Approach 
to the Quantification of Seismic Margins in Nuclear Power Plants," issued in August 1985 
(ADAMS Accession No. ML090500182) as enhanced for full-scope plants in NUREG-1407, 
"Procedural and Submittal Guidance for the Individual Plant Examination of External Events 
(IPEEE) for Severe Accident Vulnerabilities"). Part 10 of the American Society of Mechanical 
Engineers/American Nuclear Society standard (ASME/ANS), RA-Sa-2009, "Standard for 
Level1/Large Early Release Frequency Probabilistic Risk Assessment for Nuclear Power Plant 
Applications," provides an acceptable approach for determining the technical adequacy of the 
SMA approach used to respond to this information request. The SMA approach should include 
both core damage (accident prevention) and large early release (accident mitigation). 

The NRC staff recommends that the SPRA approach at least be a Level 1 with an estimate of 
large early release frequency (LERF). By including containment performance and extending to 
Level 2 (including LERF) additional mitigation features that may be under consideration can be 
incorporated into the analyses. One acceptable approach for determining the technical 
adequacy of the SPRA is described in RG 1.200, Revision 2, "An Approach for Determining the 
Technical Adequacy of Probabilistic Risk Assessment Results for Risk-Informed Activities," 
(ADAMS Accession No. ML090410014) and ASME/ANS RA-Sa-2009). Consistent with the 
NRC's probabilistic risk assessment (PRA) policy statement, the technical adequacy of the 
methods used to develop the requested information must be sufficient to provide confidence in 
the results, such that the seismic risk information can be used in regulatory decision-making. 

REQUESTED ACTIONS 

Addressees are requested to perform a reevaluation of the seismic hazards at their sites using 
present-day NRC requirements and guidance to develop a GMRS Recently, new consensus 
seismic source models for the CEUS (NUREG-2115, "Central and Eastern United States 
Seismic Source Characterization for Nuclear Facilities"), referred to as the Central and Eastern 
United States Seismic Source Characterization, have been completed using a SSHAC Level 3 
process. Addressees whose plants are located in the CEUS will be able to use this new seismic 
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source model to characterize the hazard for their plants. Addressees whose plants lie in the 
Western United States (WUS) are requested to develop seismic source and ground motion 
models to characterize their regional and site-specific seismic hazards. Consistent with current 
practice for 10 CFR Part 52, new reactor licensing, WUS addressees should perform a SSHAC 
Level 3 study to develop a probabilistic seismic hazard analysis. 

Addressees are requested to submit, along with the hazard evaluation, an interim evaluation 
and actions planned or taken to address the reevaluated hazard where it exceeds the current 
design basis. 

While the seismic hazard reevaluation is being performed, NRC staff and stakeholders will 
continue interacting to develop strategies for screening, prioritization, and potential interim 
actions as well as implementation guidance for the risk evaluation. For plants where the 
reevaluated hazard exceeds the current design basis, addressees may opt to perform an SPRA. 
In addition, an SPRA, rather than a SMA, may be necessary for cases where the SMA 
screening tables are not usable due to a higher reevaluated hazard (Le., GMRS). For all other 
plants where the reevaluated hazard exceeds the current design basis, the NRC will provide 
guidance on when an SMA option can be used. Factors that the staff will consider to determine 
whether an SPRA or an SMA is appropriate are (1) the extent to w.hich the reevaluated hazard 
(GMRS) exceeds the current design basis (SSE), (2) the absolute seismic hazard based on an 
examination of the probabilistic seismic hazard curves for the site, and ($) previous estimates of 
plant capacity (e.g., IPEEE insights). The priority for the subsequent completion of the risk 
assessments by the addressees will also be based on the above factors. For example, as part 
of the GI-199 safety/risk assessment, the NRC staff found that assuming a factor of 1.3 times 
the SSE, combined with updated seismic hazard curves, distinguished between plants with 
lower and higher risk estimates. 

Along with an assessment of reactor integrity, the NTIF recommended an evaluation of the 
spent fuel pool (SFP) integrity. The addressee's evaluation should consider all seismically 
induced failures that can lead to draining of the SFP. The evaluation should consider SFP 
walls, liner, penetrations (cooling water supplies or returns, drains), transfer gates and seals, 
seals and bellows between the SFP, transfer canal, and reactor cavity, sloshing effects 
(including loss of SFP inventory, wave-induced failures of gates, and subsequent flooding), 
siphon effects caused by cooling water pipe breaks, and other relevant effects that could lead to 
a significant loss of inventory of the SFP. 

REQUESTED INFORMATION 

The NRC requests that each addressee provide the following information (see Attachment 1 for 
additional details): 

Seismic Hazard Evaluation 

(1) 	 site-specific hazard curves (common fractiles and mean) over a rang~ of spectral 
frequencies and annual exceedance frequencies 

(2) 	 site-specific, performance-based GMRS developed from the new site-specific seismic 
hazard curves at the control point elevatlon(s) 
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(3) 	 SSE ground motion values including specification of the control point elevation(s) 

(4) 	 comparison of the GMRS and SSE (if the GMRS is completely bounded by the SSE, an 
interim action plan or a risk evaluation is not necessary. However, if the GMRS exceeds 
the SSE only at higher frequencies information related to the functionality of high
frequency sensitive SSCs is requested. Attachment 1 provides further details) 

(5) 	 additional information such as insights from NTTF Recommendation 2.3 walkdown and 
estimates of plant seismic capacity developed from previous risk assessments to inform 
NRC screening and prioritization 

(6) 	 interim evaluation and actions taken or planned to address the higher seismic hazard 
relative to the design basis, as appropriate, prior to completion of the risk evaluation 
described below 

(7) 	 selected risk evaluation approach (if necessary) 

Seismic Risk Evaluation" . 

(8) 	 SMA or SPRA (depending on criteria discussed above) 

A. 	 For plants that perform a SMA, the following information is requested: 

(1) description of the methodologies used to quantify the seismic margins of high 
confidence of low probability of failure (HCLPF) capabilities of SSCs, together 
with key assumptions 

(2) detailed list of the SSC seismic margin values with reference to the method of 
seismic qualification, the dominant failure modes, and the source of 
information 

(3) for each analyzed sse, the parameter values defining the seismic margin 
(e.g., the HCLPF capacity and any other parameter values such as the 
median acceleration capacity (Cso) and the logarithmic standard deviation or 
"beta" values) and the technical bases for the values 

(4) general bases for screening SSCs 

(5) description of the SMA, including the development of its logic models, the 
seismic response analysis, the results of the evaluation of containment 
performance, the results of the screening analysis, the results of the plant 
seismic walkdown, the identification of critical failure modes for each SSC, 
and the calculation of HCLPF capacities for each SSC included in the SMA 
logic model 
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(6) description of the process used to ensure that the SMA is technically 
adequate, including the dates and findings of peer reviews 

(7) identified plant-specific vulnerabilities and actions planned or taken 

B. 	 For plants that perform a SPRA, the following information is requested: 

(1) list of the significant contributors to SCDF for each seismic acceleration bin, 
including importance measures (e.g., Risk Achievement Worth, Fussell
Vesely and Birnbaum) 

(2) a summary of the methodologies used to estimate the SCDF and LERF, 
including the following: 

i. 	 methodologies used to quantify the seismic fragilities of SSCs, 
together with key assumptions 

ii. 	 SSC fragility values with reference to the method of seismic 
qualification, the dominant failure mode(s), and the source of 
information 

iii. 	 seismic fragility parameters 

iv. 	 important findings from plant walkdowns and any corrective actions 
taken 

v. 	 process used in the seismic plant response analysis and 
quantification, including the specific adaptations made in the internal 
events PRA model to produce the seismic PRA model and their 
motivation 

vi. 	 assumptions about containment performance 

(3) description of the process used to ensure that the SPRA is technically 
adequate, including the dates and findings of any peer reviews 

(4) identified plant-specific vulnerabilities and actions that are planned or taken 

(9) 	 SFP Evaluation 

A. 	 description of the procedures used to evaluate the SFP integrity 

B. 	 results of the evaluation 

C. 	 identified actions that have been taken or that will be taken to address vulnerabilities 
associated with the SFP integrity 
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REQUIRED RESPONSE 

In accordance with 10 CFR 50.54(f), an addressee must respond as described below: 

1. 	 Within 60 days of the date of the NRC's issuance of guidance on screening and 
prioritization criteria, and the implementation details of the risk assessment, each 
addressee is requested to submit: (1) its intention to follow the NRC-developed 
guidance2

, or (2) an alternative approach, including acceptance criteria. 

2. 	 Within 1.5 years of the date of this information request, each CEUS addressee is 
requested to submit a written response consistent with the requested information, 
seismic hazard evaluation, items 1 through 7 above. Within approximately 30 days of 
receipt of the last addressee submittal, the NRC staff will have determined the 
acceptability of the licensee's proposed risk evaluation approach, if necessary, and 
priority for completion. 

3. 	 Within 3 years of the date of this information request, each WUS addressee is requested 
to submit a written response consistent with the requested information, seismic hazard 
evaluation, items 1 through 7 above. Within approximately 30 days of receipt of the last 
addressee submittal, the NRC staff will have determined the acceptability of the 
licensee's proposed risk evaluation approach, if necessary, and priority for completion. 

4. 	 For hazard reevaluations that the NRC determines demonstrate the need for a higher 
priority, addressees are requested to complete the risk evaluation (items 88 and 9 
above) over a period not to exceed 3 years from the date of the prioritization. 

5. 	 For hazard reevaluations that the NRC determines do not demonstrate the need for a 
higher priority, addressees are requested to complete the risk evaluation (items 8A or 88 
and 9 above) over a period not to exceed 4 years from the date of the prioritization. 

If an addressee cannot meet the requested response date, the addressee must provide a 
response within 90 days of the date of this information request and describe the alternative 
course of action that it proposes to take, including the basis of the acceptability of the proposed 
alternative course of action and estimated completion dates. 

The required written response should be addressed to the U.S. Nuclear Regulatory 
Commission, ATTN: Document Control Desk, 11555 Rockville Pike, Rockville, MD 20852, 
under oath or affirmation under the provisions of Sections 161.c, 103.b, and 182.a of the Atomic 
Energy Act of 1954, as amended, and 10 CFR 50.54(f). In addition, addressees should submit 
a copy of the response to the appropriate regional administrator. 

2 The NRC staff will develop screening and prioritization criteria, and the implementation details of the risk assessment, including 
criteria for identifying vulnerabilities. This information is scheduled to be developed by November 30,2012 and the NRC staff will 
interact with stakeholders, as appropriate during this process. 



Attachment 1 to Seismic Enclosure 1 

Introduction 

This Attachment describes an acceptable process for developing the information requested by 
the U.S. Nuclear Regulatory Commission (NRC). Figure 1 illustrates the process, which is 
based on a progressive screening approach. The following paragraphs provide additional 
discussion about each individual step in Figure 1. 

Step 1. Addressees should develop site-specific base rock and control point elevation hazard 
curves (Le., corresponding to fractile levels of 0.05, 0.16, 0.50, 0.84, and 0.95 and the mean) 
over a range of spectral frequencies (0.5 Hz, 1 Hz, 2.5 Hz, 5 Hz, 10Hz, and 25 Hz and peak 
ground acceleration - PGA) and annual exceedance frequencies (1 x 10-6 and higher) determined 
from a probabilistic seismic hazard analysis (PSHA) as follows: 

• 	 Addressees of plants located in the Central and Eastern United States (CEUS) are 
expected to use the CEUS Seismic Source Characterization (CEUS-SSC) model 
(NUREG-2115, "Central and Eastern United States Seismic Source Characterization for 
Nuclear Facilities".) and the appropriate Electric Power Research Institute (2004, 2006) 
ground motion prediction equations. Regional and local refinements of the CEUS-SSC 
are not necessary for this evaluation. 

• 	 Addressees of plants located in the Western United States (Columbia, Diablo Canyon, 
Palo Verde, and San Onofre) should develop an updated, site-specific PSHA. Any new 
or updated seismic hazard assessment should consider all relevant data, models, and 
methods in the evaluation of seismic sources and ground motion models. Consistent 
with Regulatory Guide (RG) 1.208, "A Performance-Based Approach to Define the Site
Specific Earthquake Ground Motion," addressees should use a Senior Seismic Hazard 
Analysis Committee (SSHAC) study, as described in NUREG/CR-6372, 
"Recommendations for Probabilistic Seismic Hazard Analysis: Guidance on Uncertainty 
and Use of Experts." Consistent with current practice, as described in NUREG-2117, 
"Practical Implementation Guidelines for SSHAC Level 3 and 4 Hazard Studies," a 
SSHAC Level 3 study should be performed. 

• 	 To remove non-damaging lower-magnitude earthquakes, addressees should either use 
a lower bound magnitude cutoff of moment magnitude (Mw) 5 or the cumulative absolute 
velocity (CAV) filter for the PSHA. The CAV filter should be limited to Mw less than or 
equal to 5.5. 

• 	 Addressees should use site response methods 2 or 3, as described in NUREG/CR
6728, "Technical Basis for Revision of Regulatory Guidance on Design Ground Motions: 
Hazard- and Risk-consistent Ground Motion Spectra Guidelines." The dynamic site 
response should be determined through analyses based on either time history or 
random vibration theory. The subsurface site response model, for both soil and rock 
sites, should extend to sufficient depth to reach the generic rock conditions as defined in 
the ground motion models used in the PSHA. In addition, a randomization procedure 
should be used that appropriately represents the amount of subsurface information at a 
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• 	 given site. In addition, the randomization procedure should accommodate the variability 
in soil depth (including depth to generic rock conditions), shear-wave velocities, layer 
thicknesses, and strain dependant nonlinear material properties at the site. Generally, at 
least 60 convolution analyses should be performed to define the mean and standard 
deviation of the site response. Site amplification curves should be developed over a 
broad range of annual exceedance frequencies (1 x1 0·6 and higher) to facilitate 
estimation of seismic core damage frequency. 

• 	 Addresses should document the low- and high-frequency controlling earthquakes at 
frequencies of 10-4 and 10.5 per year. 

• 	 Addressees should use the site-specific hazard curves to develop a performance-based 
ground motion response spectrum (GMRS) for the site, using the guidance in RG 1.208. 
The site-specific GMRS should be determined and clearly specified at the same 
elevation as the design-basis safe shutdown earthquake (SSE) ground motion assuming 
a site profile with a free surface above the control point elevation. 

Step 2. Addressees are requested to provide the new seismic hazard curves, the GMRS, and 
the SSE in graphical an'd tabular format. Addressees are also requested to provide soil profiles 
used in the site response analysis as well as the resulting soil amplification functions. 

Step 3. If the SSE is greater than or equal to the GMRS at all frequencies between 1 and 10Hz 
and at the PGA anchor point, then addressees may terminate the evaluation (Step 4)3 after 
providing a confirmation, if necessary, that SSCs, which may be affected by high-frequency 
ground motion, will maintain their functions important to safety. 

Step 4. This step demonstrates termination of the process for resolution of NTTF, 
Recommendation 2.1 for plants whose SSE is greater than the calculated GMRS. 

Step 5. Based on NRC screening criteria, addressees will be requested to perform a seismic 
margins analysis (SMA) or a seismic probabilistic risk assessment (SPRA). If addressees 
perform an SPRA, then they are requested to follow Steps 6a and 7a. If addressees perform an 
SMA, then they are requested to follow Steps 6b and 7b. 

Step 6a. It is requested that addressees that perform an SPRA ensure that the SPRA is 
technically adequate for regulatory decision making and includes an evaluation of containment 
performance and integrity. RG 1.200, "An Approach for Determining the Technical Adequacy of 
Probabilistic Risk Assessment Results for Risk-Informed Activities," provides an acceptable 
approach for determining the technical adequacy of an SPRA used to respond to this 
information request. 

Step 6b. It is requested that addressees that perform an SMA use a composite spectrum 
review level earthquake, defined as the maximum of the GMRS and SSE at each spectral 
frequency. The SMA should also include an evaluation of containment performance and 

3 For plants with only a high frequency ground motion exceedance (above 10Hz), the documentation should also include a 
confirmation that affected plant structures and equipment at variolls elevations will maintain their functions important to safety at the 
higher acceleration levels. 
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integrity. The American Society of Mechanical Engineers/American Nuclear Society 
(ASME/ANS) RA-Sa-2009 provides an acceptable approach for determining the technical 
adequacy of an SMA used to respond to this information request. 

Step 7a. Document and submit the results of the SPRA to the NRC for review. The 
"Requested Information" section in the main body of Enclosure 1 identifies the specific 
information that is requested. In addition, addresses are requested to submit an evaluation of 
the SFP integrity. 

Step 7b. Document and submit the results of the SMA to the NRC for review. The "Requested 
Information" section in the main body of Enclosure 1 identifies the specific information that is 
requested. In addition, addresses should submit an evaluation of the SFP integrity. 

Step 8. Submit plans for actions that evaluate seismic risk contributors. NRC staff, industry, 
and other stakeholders will continue to interact to develop acceptance criteria in order to identify 
potential vulnerabilities. 

Step 9. The information provided in Steps 6 through 8 will be evaluated in Phase 2 to consider 
any additional regulatory actions. 
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Figure 1. Development of Requested Information and Its Use in Regulatory Analysis. 
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Seismic Hazard Estimates in Central and Eastern United States on Existing Plants,'" ADAMS 
Accession No. ML100270582, September 2,2010. 

"10/6/201 - Public Meeting Summary on "Safety/Risk Assessment Results for Generic Issue 
199, 'Implication of Updated Probabilistic Seismic Hazard Estimates in Central and Eastern 
United States on Existing Plants,'" ADAMS Accession Nc. ML 102950263, October 29,2010. 



-6

"NRC Information Notice 2010-018: Generic Issue 199, 'Implications of Updated Probabilistic 
Seismic Hazard Estimates in Central and Eastern United States on Existing Plants,'" ADAMS 
Accession No. ML101970221, September 2, 2010. 

Appendix A, "General Design Criteria for Nuclear Power Plants," to 10 CFR Part 50, GDC 2, 
"Design Bases for Protection against Natural Phenomena" 

10 CFR 50.34(a)(1), (a)(3), (a)(4), (b)(1), (b)(2), and (b)(4), "Contents of Applications; technical 
information." 

Appendix A, "Seismic and Geologic Siting Criteria for Nuclear Power Plants," to 
10 CFR Part 100, "Reactor Site Criteria" 

"Use of Probabilistic Risk Assessment Methods in Nuclear Regulatory Activities" (Volume 60, 
page 42622, of the Federal Register (60 FR 42622». 

NUREG/BR-0058 Revision 4, "Regulatory Analysis Guidelines of the U.S. Nuclear Regulatory 
Commission," ADAMS Accession No. ML042820192, September 30, 2004. 

"Draft NRC Generic Letter 2011-XX: Seismic Risk Evaluations for Operating Reactors," ADAMS 
Accession No. ML111710783, July 26, 2011. 

NUREG/CR-4334, "An Approach to the Quantification of Seismic Margins in Nuclear Power 
Plants," ADAMS Accession No. ML090500182, August 1985. 

Part 10 of the American Society of Mechanical Engineers/American Nuclear Society standard, 
RA-Sa-2009, "Standard for Level 1/Large Early Release Frequency Probabilistic Risk 
Assessment for Nuclear Power Plant Applications," 

Regulatory Guide 1.200, "An Approach for Determining the Technical Adequacy of Probabilistic 
Risk Assessment Results for Risk-Informed Activities," Revision 2, ADAMS Accession No. 
ML090410014, March 2009. 

Electric Power Research Institute (EPRI), "CEUS Ground Motion Project Final Report," EPRI 
Technical Report 1009684, December 2004. 

Electric Power Research Institute (EPRI), "Program on Technology Innovation: Truncation of the 
Lognormal Distribution and Value of the Standard Deviation for Ground Motion Models in the 
Central and Eastern United States," Technical Report 1014381, Palo Alto, California, August 
2006. 

American Society of Mechanical Engineers/American Nuclear Society (ASME/ANS) 
RA-Sa-2009, "Standard for Level1/Large Early Release Frequency Probabilistic Risk 
Assessment for Nuclear Power Plant Applications," 2009. 

NUREG/CR-6372, "Recommendations for Probabilistic Seismic Hazard Analysis: Guidance on 
Uncertainty and Use of Experts," ADAMS Accession Nos. ML080090003 and ML080090004, 
April 30,1997. 
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NUREG-2117, "Practicallrnplementation Guidelines for SSHAC Level 3 and 4 Hazard Studies" 

NUREG/CR-6728, "Technical Basis for Revision of Regulatory Guidance on Design Ground 
Motions: Hazard- and Risk-Consistent Ground Motion Spectra Guidelines," ADAMS Accession 
No. ML013100232, October 2001. 

Regulatory Guide 1.208, "A Performance-Based Approach to Define the Site-Specific 
Earthquake Ground Motion," ADAMS Accession No. ML070310619, March 11,2007. 

NUREG-2115, "Central and Eastern United States Seismic Source Characterization for Nuclear 
Facilities" 



RECOMMENDATION 2.1: FLOODING 


PURPOSE 

The U.S. Nuclear Regulatory Commission (NRC or Commission) is issuing this information 
request for the following purposes: 

• 	 To gather information with respect to Near-Term Task Force (NTTF) Recommendation 
2.1, as amended by staff requirements memoranda (SRM) associated with 
SECY -11-0124 and SECY -11-0137, and the Consolidated Appropriations Act, for 2012 
(Pub Law 112-74), Section 402, to reevaluate seismic and flooding hazards at operating 
reactor sites 

• 	 To collect information to facilitate NRC's determination if there is a need to update the 
design basis and systems, structures, and components (SSCs) important to safety to 
protect against the updated hazards at operating reactor sites 

• 	 To collect information to address Generic Issue (GI) 204 regarding flooding of nuclear 
power plant sites following upstream dam failures 

Pursuant to Sections 161.c, 103.b, and 182.a of the Atomic Energy Act of 1954, as amended, 
and Title 10 of the Code of Federal Regulations (10 CFR), Section 50.54(f), addressees are 
required to submit a written response to this information request. 

BACKGROUND 

The SSCs important to safety in operating nuclear power plants are designed either in 
accordance with, or meet the intent of Appendix A to 10 CFR Part 50, General Design Criteria 
(GDC) 2. GDC 2 states that SSCs important to safety at nuclear power plants must be 
designed to withstand the effects of natural phenomena such as earthquakes, tornados, 
hurricanes, floods, tsunami, and seiches without loss of capability to perform their intended 
safety functions. The design bases for these SSCs reflect consideration of the most severe of 
the natural phenomena that have been historically reported for the site and surrounding area. 
The design bases also reflect margin to account for the limited accuracy, quantity, and period of 
time in which the historical data have been accumulated. 

In response to the accident at the Fukushima Dai-ichi nuclear power plant caused by the 
March 11, 2011, Tohoku earthquake and subsequent tsunami, the Commission established the 
NTTF to conduct a systematic review of NRC processes and regulations, and to make 
recommendations to the Commission for its policy direction. The NTTF developed a set of 
recommendations that are intended to clarify and strengthen the regulatory framework for 
protection against natural phenomena. The purpose of this letter is to gather information related 
to NTTF Recommendation 2.1 for flooding hazards. Recommendation 2.1, as amended by the 
SRMs associated with SECY-11-0124 and SECY-11-0137, instructs the NRC staff to issue 
requests for information to licensees pursuant to Sections 161.c, 103.b, and 182.a of the Atomic 
Energy Act of 1954, as amended, and 10 CFR 50.54(f). This letter requests licensees and 
holders of construction permits under 10 CFR Part 50 to reevaluate the flooding hazards at their 
sites against present-day regulatory guidance and methodologies being used for early site 
permits and combined license reviews (SECY-11-0124, Staff Recommendations 2 and 4 for 
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NTTF Recommendation 2.1). This request is consistent with and required by the Consolidated 
Appropriations Act for 2012 (Pub Law 112-74), Section 402. 

In developing Recommendation 2.1, the NTTF recognized that, "since the establishment of 
GDC 2, the NRC's requirements and guidance for protection from seismic events, floods, and 
other natural phenomena has continued to evolve," and that "as a result, significant differences 
may exist between plants in the way they protect against design-basis natural phenomena and 
the safety margin provided." 

Since the issuance of GDC 2 in 1971, the NRC has developed new regulations, regulatory 
guidance, and several regulatory programs aimed at enhancements for previously licensed 
reactors. A summary of these regulatory programs for enhancements are described in 
Section 4.1.1 of the NTTF report. From this summary, items of note with regard to flooding 
include the individual plant examination of external events (IPEEE) program, the new 
requirement in 10 CFR 100.20 for applications after January 10,1997, and efforts underway to 
update Regulatory Guide (RG) 1.59, "Design Basis Floods for Nuclear Power Plants." 

Individual Plant Examination of External Events: 

On June 28,1991, the NRC issued Supplement 4 to Generic Letter (GL) 88-20, "Individual Plant 
Examination of External Events (IPEEE) for Severe Accident Vulnerabilities," (Agencywide 
Documents Access and Management System (ADAMS) Accession No. ML031150485) to 
request that each licensee identify and report to the NRC all plant-specific vulnerabilities to 
severe accidents caused by external events. The IPEEE program included the following four 
supporting objectives: 

(1) 	 Develop an appreciation of severe accident behavior. 

(2) 	 Understand the most likely severe accident sequences that could occur at the licensee's 
plant under full-power operating conditions. 

(3) 	 Gain a qualitative understanding of the overall likelihood of core damage and fission 
product releases. 

(4) 	 Reduce, if necessary, the overall likelihood of core damage and radioactive material 
releases by modifying, where appropriate, hardware and procedures that would help 
prevent or mitigate severe accidents. 

The external events to be considered in the IPEEE were: seismic events; internal fires; high 
winds, floods, and other external initiating events, including accidents related to transportation 
or nearby facilities, and plant-unique hazards. 

In most cases, licensees used a qualitative progressive-screening approach in lieu of a more 
quantitative approach to assess the flooding hazard. NUREG-1742, "Perspectives Gained from 
the Individual Plant Examination of External Events (IPEEE) Program," volumes 1 and 2 issued 
April, 2002 (ADAMS Accession Nos. ML021270070 and ML021270674) states that "given the 
SUbstantial uncertainties involved in developing site-specific flood hazard curves, a 
consideration of possible combinations of multiple effects causing a range of flood levels would 
have enhanced the robustness of some of the lice,nsee's analyses and lent greater confidence 
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to their findings." It should be noted that the term "vulnerability" was not defined in GL 88-20. 
Instead, GL 88-20 states that licensees should provide a discussion on how vulnerability is 
defined for each external event evaluated. NUREG-1742 notes that "as a result, the use of the 
term vulnerability varied widely among the IPEEE submittals ... Some licensees avoided the term 
altogether, other stated that no vulnerabilities existed at their plant without defining the word, 
and still others provided a definition of vulnerability along with a discussion of their findings." 

New Requirements for Evaluation of Dam Hazards in 10 CFR 100.20: 

The staff established a new requirement in 10 CFR 100.20, "Factors to be Considered when 
Evaluating Sites," in 1996. The requirement in 10 CFR 1 00.20(b) states that for applications 
submitted on or after January 10, 1997, the nature and proximity of man-related hazards must 
be evaluated to establish site parameters for use in determining whether a plant design can 
accommodate commonly occurring hazards, and whether the risk of other hazards is very low. 
A parenthetical statement in the new regulation specifically identifies dams as hazards to be 
evaluated at a plant site. 

Tsunami and Regulatory Guide 1.59 Updates: 

Following the Sumatra earthquake and its accompanying tsunami in December 2004, the NRC 
staff initiated a study to examine tsunami hazards at power plant sites. Study results are 
documented in NUREG/CR-6966, "Tsunami Hazard Assessment at Nuclear Power Plant Sites 
in the United States of America," which was published in March 2009. As the NTTF report 
notes, "while tsunami hazards are not expected to be the limiting flood hazard for operating 
plants sited on the Atlantic Ocean and the Gulf of Mexico, plants in these coastal regions do not 
currently include an analysis of tsunami hazards in their licensing basis." 

Regulatory Guide 1.59, "Design Basis Floods for Nuclear Power Plants," was originally issued in 
1973. The most recent version is Revision 2, published in 1977, including an errata dated 
July 1980, and a substitution of methods presented in Appendix A (ADAMS Accession 
No. ML003740388). NRC staff is in the process of updating RG 1.59 to address advances in 
flooding analysis in the 35 years since Revision 2 was published. Although the update to 
RG 1.59 update is not complete, NUREG/CR7046, "Design Basis Flood Estimation for Site 
Characterization at Nuclear Power Plants in the United States of America," was published in 
November 2011. This report documents present-day methodologies used by the NRC to review 
early site permits (ESPs) and combined license (COL) applications. 

GI-204: Flooding of Nuclear Power Plant Sites following Upstream Dam Failures: 

Page 28 of the NTrF report states that, "In August 2010, the NRC initiated a proposed GI 
regarding flooding of nuclear power plant sites following upstream dam failures." The NRC staff 
approved this generic issue as GI-204 on February 29, 2012. The staff notes that the flood 
hazard information gathered by this 10 CFR 50.54(f) request will be applicable to the resolution 
of GI-204. 
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APPLICABLE REGULATORY REQUIREMENTS 


• 	 10 CFR 50.34(a)(1), (a)(3), (a)(4), (b)(1), (b)(2), and (b)(4) 

• 	 10 CFR 50.54, "Conditions of Licenses" 

• 	 Appendix A, "General Design Criteria for Nuclear Power Plants," to 10 CFR Part 50, 
GDC 2, "Design Bases for Protection against Natural Phenomena" 

• 	 Appendix A, "Seismic and Geologic Siting Criteria for Nuclear Power Plants,~ to 10 CFR 
Part 100 

• 	 Subpart B, "Evaluation Factors for Stationary Power Reactors Site Applications On or 
After January 10, 1997," to 1 0 CFR Part 100 

In GDC 2 it states that SSCs important to safety at nuclear power plants must be designed to 
withstand the effects of natural phenomena such as earthquakes, tornados, hurricanes, floods, 
tsunami, and seiches without loss of capability to perform their intended safety functions. The 
design bases for these SSCs are to reflect appropriate consideration of the most severe of the 
natural phenomena that have been historically reported for the site and surrounding area. The 
design bases are also to reflect sufficient margin to account for the limited accuracy, quantity, 
and period of time in which the historical data have been accumulated. 

Present-day regulations for reactor site criteria (Subpart B to 10 CFR Part 100 for applications 
on or after January 10, 1997) states, in part, that the physical characteristics of the site, 
including hydrology, must be evaluated and site parameters established such that potential 
threats from such physical characteristics will pose no undue risk to the type of facility proposed 
to be located at the site (10 CFR 100.21(d». Factors to be considered when evaluating sites 
includes the nature and proximity of dams and other man-related hazards (10 CFR 100.20(b» 
and the physical characteristics ofthe site, including the hydrology (10 CFR 100.20(c». 

DISCUSSION 

The NTTF recommended that the Commission direct several actions to ensure adequate 
protection from natural phenomena, consistent with the current state of knowledge and 
analytical methods. These actions should be undertaken to prevent fuel damage and to ensure 
containment and spent fuel pool integrity. In particular, Recommendation 2.1 states, "Order 
licensees to reevaluate the seismic and flooding hazards at their sites against current NRC 
requirements and guidance, and ·if necessary, update the design basis and SSCs important to 
safety to protect against the updated hazards." 

Staff assessment of Recommendation 2.1 is discussed in SECY -11-0124. Staff noted that the 
assumptions and factors that were considered in flood protection at operating plants vary. In 
some cases, the design bases did not consider the effects from local-intense precipitation and 
related site drainage. In other cases, the probable maximum flood is calculated differently at 
units co-located at the same site, depending on the time of licensing, resulting in different 
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design-basis flood protection. The NTTF and the staff noted that some plants rely on operator 
actions and temporary flood mitigation measures such as sandbagging, temporary flood walls 
and barriers, and portable equipment to perform safety functions. For several sites, the staff 
noted that not all appropriate flooding hazards are documented in the updated final safety 
analysis report. The NTTF and the staff also noted that flooding risks are of concern because of 
a "cliff-edge" effect, in that the safety consequences of a flooding event may increase sharply 
with a small increase in the flooding level. Therefore, the staff concluded that all licensees 
should confirm that SSCs important to safety are adequately protected from flooding hazards. 

!n the SRM to SECY-11-0124 the Commission approved the staff's proposed actions, which 
were to implement the NTTF recommendations as described in the SECY without delay. With 
regard to reevaluating flooding hazards, staff's approved actions are to: 

1. 	 Initiate stakeholder interactions to discuss application of present-day regulatory 
guidance and methodologies being used for ESP and COL reviews to the reevaluation of 
flooding hazards at operating reactors. 

2. 	 Develop and issue a request for information to licensees pursuant to 10 CFR 50.54(f) to: 

a. 	 reevaluate site-specific flooding hazards using the methodology discussed in Item 1 
above, and 

b. 	 identify actions that have been taken or are planned to address plant-specific 
vulnerabilities associated with the updated flooding hazards. 

The SRM to SECY-11-0124 also directed the NRC staff to do the following: 

• 	 For Recommendation 2.1, when the staff issues the requests for information to licensees 
pursuant to 10 CFR 50.54(f) to identify actions that have been taken or are planned to 
address plant-specific vulnerabilities associated with the reevaluation of seismic and 
flooding hazards, the staff should explain the meaning of "vulnerability." 

• 	 The staff should inform the Commission, either through an Information Paper or briefing 
of the Commissioners' Assistants, when it has developed the technical bases and 
acceptance criteria for implementing Recommendation 2.1, 2.3, and 9.3. 

Additionally, the Consolidated Appropriations Act, for 2012 (Pub Law 112-74), Section 402, 
directs the NRC to "require reactor licensees to reevaluate the seismic, tsunami, flooding, and 
other external hazards at their sites against current applicable Commission requirements and 
guidance for such licensees as expeditiously as possible, and thereafter, when appropriate, as 
determined by the Commission, and require each licensee to respond to the Commission that 
the design basis for each reactor meets the requirements of its license, current applicable 
Commission requirements and guidance for such license." These other external hazards can 
include meteorological and other natural phenomena that could reduce or limit the capacity of 
safety-related cooling water supplies. These other external hazards will be addressed 
separately from this information request. 
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Following the Commission's direction to implement the staff's proposed actions without delay, 
the NRC staff will implement Recommendation 2.1 in two phases, as follows: 

• 	 Phase 1: Issue 10 CFR 50.54(f) letters to all licensees to reevaluate the seismic and 
flooding hazards at their sites against present-day regulatory guidance and 
methodologies used for ESP and Cal reviews. 

• 	 Phase 2: If necessary, and based upon the results of Phase 1, determine whether 
additional regulatory actions are necessary (e.g., update the design basis and SSCs 
important to safety) to protect against the updated hazards 

This information request addresses only Phase 1; Phase 2 will be conducted after receiving 
responses to this request. 

The NRC staff will interact with industry and stakeholders to develop approaches that can be 
applied in a uniform and consistent manner across the different sites and plant conditions. This 
type of an integrated approach will allow the NRC and industry time to assess the significance 
of any new information related to the hazard evaluation in a systematic manner. This approach 
is also consistent with Commission direction to initiate stakeholder interactions. As such, 
responses to this request for information are expected in stages, as outlined in the Required 
Response section. 

Because of the experience gained by both the NRC and the industry in preparing and reviewing 
numerous ESPs and COls, present-day methodologies associated with evaluating flooding 
hazards at plant sites are well documented. It is anticipated that some interactions will be 
required with the industry and other stakeholders on particulars associated with implementing 
these methodologies for the existing plants (e.g., certain data collection activities are likely to be 
needed). However, the timeframe outlined in the requested response section takes this into 
account. General steps to develop the flooding hazard evaluation are discussed under the 
requested actions section below, and detailed steps are provided in Attachment 1. 

Information related to the identification of actions that will be taken or planned to be taken to 
address plant-specific vulnerabilities will inform staff's development of "acceptance criteria" 
necessary to conduct Phase 2, or to address other regulatory actions as necessary. The 
approaches and methodology used to develop this information requires multiple interactions 
between the NRC staff, industry, and other stakeholders. The timeframe discussed in the 
requested response section explicitly recognizes this aspect. 

REQUESTED ACTIONS 

Addressees are requested to perform a reevaluation of all appropriate external flooding sources, 
including the effects from local intense precipitation on the site, probable maximum flood (PMF) 
on stream and rivers, storm surges, seiches, tsunami, and dam failures. It is requested that the 
reevaluation apply present-day regulatory guidance and methodologies being used for ESP and 
Cal reviews including current techniques, software, and methods used in present-day standard 
engineering practice to develop the flood hazard. The requested information will be gathered in 
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Phase 1 of the NRC staffs two phase process to implement Recommendation 2.1, and will be 
used to identify potential vulnerabilities 1 

• 

For the sites where the reevaluated flood exceeds the design basis, addressees are requested 
to submit an interim action plan that documents actions planned or taken to address the 
reevaluated hazard with the hazard evaluation. 

Subsequently, addressees should perform an integrated assessment of the plant to identify 
vulnerabilities and actions to address.them. The scope of the integrated assessment report will 
include full power operations and other plant configurations that could be susceptible due to the 
status of the flood protection features. The scope also includes those features of the ultimate 
heat sinks (UHS) that could be adversely affected by the flood conditions and lead to 
degradation of the flood protection (the loss of UHS from non-flood associated causes are not 
included). It is also requested that the integrated assessment address the entire duration of the 
flood conditions. 

REQUESTED INFORMATION 

The NRC staff requests that each addressee provide the following information. Attachment 1 
provides additional information regarding present-day methodologies and guidance used by the 
NRC staff performing ESP and COL reviews. The attachment also provides a stepwise 
approach for assessing the flood hazard that should be applied to evaluate the potential hazard 
from flood causing mechanisms at each licensed reactor site. . 

1. 	 Hazard Reevaluation Report 

Perform a flood hazard reevaluation. Provide a final report documenting results, as well 
as pertinent site information and detailed analysis. The final report should contain the 
following: 

a. 	 Site information related to the flood hazard. Relevant SSCs important to safety 
and the UHS are included in the scope of this reevaluation, and pertinent data 
concerning these SSCs should be included. Other relevant site data includes the 
following: 

i. 	 detailed site information (both designed and as-built), including 
present-day site layout, elevation of pertinent SSCs important to safety, 
site topography, as well as pertinent spatial and temporal data sets 

ii. 	 current design basis flood elevations for all flood causing mechanisms 
iii. 	 flood-related changes to the licensing basis and any flood protection 

changes (including mitigation) since license issuance 
iv. 	 changes to the watershed and local area since license issuance 

1 A definition of vulnerability in the context of this enclosure is as follows: Plant-specific vulnerabWties are those features important to 
safety that when subject to an increased demand due to the newly calculated hazard evaluation have not been shown to be capable 
of performing their intended functions. 



-8

v. current licensing basis flood protection and pertinent flood mitigation 
features at the site 

vi. additional site details, as necessary, to assess the flood hazard (i.e., 
bathymetry, walkdown results, etc.) 

b. 	 Evaluation of the flood hazard for each flood causing mechanism, based on 
present-day methodologies and regulatory guidance. Provide an analysis of 
each flood causing mechanism that may impact the site including local intense 
precipitation and site drainage, flooding in streams and rivers, dam breaches and 
failures, storm surge and seiche, tsunami, channel migration or diversion, and 
combined effects. Mechanisms that are not applicable at the site may be 
screened-out; however, a justification should be provided. Provide a basis for 
inputs and assumptions, methodologies and models used including input and 
output files, and other pertinent data. 

c. 	 Comparison of current and reevaluated flood causing mechanisms at the site. 
Provide an assessment of the current design basis flood elevation to the 
reevaluated flood elevation for each flood causing mechanism. Include how the 
findings from Enclosure 4 of this letter (Le., Recommendation 2.3 flooding 
walkdowns) support this determination. If the current design basis flood bounds 
the reevaluated hazard for all flood causing mechanisms, include how this finding 
was determined. 

d. 	 Interim evaluation and actions taken or planned to address any higher flooding 
hazards relative to the design basis, prior to completion of the integrated 
assessment described below, if necessary. 

e. 	 Additional actions beyond Requested Information item 1.d taken or planned to 
address flooding hazards, if any. 

2. 	 Integrated Assessment Report 

For the plants where the current design basis floods do not bound the reevaluated 
hazard for all flood causing mechanisms, provide the following: 

a. 	 Description of the integrated procedure used to evaluate integrity of the piant for 
the entire duration of flood conditions at the site. 

b. 	 Results of the plant evaluations describing the controlling flood mechanisms and 
its effects, and how the available or planned measures will provide effective 
protection and mitigation. Discuss whether there is margin beyond the 
postulated scenarios. 

c. 	 Description of any additional protection and/or mitigation features that were 
installed or are planned, including those installed during course of reevaluating 



-9

the hazard. The description should include the specific features and their 
functions. 

d. 	 identify other actions that have been taken or are planned to address 
plant-specific vulnerabilities. 

REQUIRED RESPONSE 

Within approximately 60 days of the date of this information request, NRC staff will determine 
the priority for each reactor site to complete the hazard reevaluation report. The site priority will 
determine the submittal date for addressees to provide written responses to Requested 
Information item 1 (Hazard Reevaluation Report). 

In accordance with Sections 161.c, 103. b, and 182.a of the Atomic Energy Act of 1954, as 
amended, and 10 CFR 50.54(f), an addressee must respond as described below. 

1. 	 Within 60 days of the date of the NRC's issuance of guidance on implementation details 
of the Integrated Assessment Report, including criteria for identifying vulnerabilities, 
submit an approach for developing an Integrated Assessment Report including criteria 
for identifying vulnerabilities2

. 

2. 	 In accordance with the NRC's prioritization plan, within 1- to 3-years from the date of this 
information request, submit the Hazard Reevaluation Report. Include the interim action 
plan requested in item 1.d, if appropriate. 

3. 	 Within 2 years following submittal of the Hazard Reevaluation Report to the NRC, any 
addressee who is requested to complete an Integrated Assessment should submit 
written responses to Requested Information item 2. 

If an addressee cannot meet the requested response date, the addressee must provide a 
response within 90 days of the date of this information request and describe the alternative 
course of action that it proposes to take, including the basis of the acceptability of the proposed 
alternative course of action and estimated completion dates. 

The prioritization described above will be based on information from COL and ESP applications, 
updated hazard levels if new information exists, and site-specific circumstances. This 
prioritization scheme is intended to use both the NRC and industry resources most effectively. 

The required written response should be addressed to the U.S. Nuclear Regulatory 
Commission, ATTN: Document Control Desk, 11555 Rockville Pike, Rockville, MD 20852, 
under oath or affirmation under the provisions of Sections 161.c, 103.b, and 182.a of the Atomic 

2 The NRC staff will develop the implementation details ot the Integrated Assessment Report. including criteria for identifying 
vulnerabilities This information is scheduled to be developed by November 30.2012 and tile NRC staff will interact with 
stakeholders. as appropriate during this process. 
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Energy Act of 1954, as amended, and 10 CFR 50.54(f). In addition, addressees should submit 
a copy of the response to the appropriate regional administrator. 



Attachment 1 to Recommendation 2.1: Flooding Enclosure 2 

PROCEDURE 


The steps shown in Figure 1 of this attachment represent an acceptable approach to perform 

the reevaluation of the flood hazard and integrated assessment. The flood hazard reevaluation 

should address all flood causing mechanisms that are pertinent to the site based on the 

geographic location and interface of the plant with the hydrosphere. The reason for omitting any 

of these flood causing mechanisms should be clearly discussed in the final report. A discussion 

of typical flood causing mechanisms is included below. Many types of flood causing 

mechanisms are included in that discussion, but it is important to note that each site should 

address unique characteristics and any additional flood causing mechanisms identified. 


Step 1: 

All licensees should review information concerning the current flooding hazard against that for 

which the plant is designed. This information will be used in the following steps for reevaluation 

of the flood hazard. Pertinent information includes, but is not limited to, the following: 


• 	 Current design basis flood hazard 
• 	 Fiood elevations and other effects considered in the flood protection3 for all flood causing 

mechanisms. 
• 	 Changes in licensing basis since initial licensing including site drainage characteristic 

and modification, watershed changes, new dam construction, revision of dam operations 

• 	 New information pertinent to the hydrologic characteristics including changes to dam 
operation, new flood studies and changes to meteorological basis (e.g., maximum 
precipitation studies) 

• 	 Pertinent information from site-related or watershed-related studies 
• 	 Site changes since issuance of the operating license (new barriers, openings, revised 

drainage systems, new structures, etc.) 

• 	 Flood protection mechanisms and identifying characteristics (e.g., structures and 

procedures) 


• 	 Pertinent features identified in site walkdowns 

Step 2: 
Reevaluate the flood hazard based on present day regulatory guidance and methodologies for 
each flood causing mechanism. Using any new site-related information and site details 
identified in Step 1, evaluate all possible flood causing mechanisms. Documentation of all 
methodologies should be discussed. This step of the process reiterates the current hierarchical 
hazard assessment (HHA) used by U.S. Nuclear Regulatory Commission (NRC) staff. The 
HHA is described as a progressively refined, stepwise estimation of the site-specific hazards 
that evaluates the safety of the site with the most conservative plausible assumptions consistent 
with available data. 

3 Examp'es of other effects include dynamic wave effects. scouring, and debris transportation 
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(a) 	 Select one flood causing mechanism to be reanalyzed 
(b) 	 Develop a conservative estimate of the site related parameters using simplifying 

assumptions for a flood causing mechanism and perform the reevaluation. 
(c) 	 Determine if the reevaluated flood hazard elevation (from Step 2b) is higher than 

the original design flood elevation for the selected flood causing mechanism. If 
not, use this flood elevation for this causal mechanism in Step 3. 

(d) 	 Determine if the site-related parameters can be further refined. If yes, perform 
reevaluation (repeat step 2c). If no, use this flood elevation for this causal 
mechanism in Step 3. 

(e) 	 Determine if all flood causing mechanisms have been addressed. If yes, 
continue to Step 3. If no, select another flood causing mechanism (Step 2a). 

Step 3: 
For each flood causing mechanism, compare the final flood elevations from the hazard 

reevaluation against the current design basis flood elevations. Using this comparison, 

determine whether the design basis flood bounds each reevaluated hazard from Step 2. If it is 

determined that the current design basis flood bounds all of the reevaluated hazards, proceed to 

Step 4. If not all of the reevaluated hazards are bounded by the current design basis flood, 

proceed to Step 6 for additional analysis. 


Step 4: 

Submit a report in accordance with Requested Information item 1, Hazard Reevaluation Report. 

It is anticipated that activities associated with the NTIF Recommendation 2.3 are completed 

and form a partial basis for the information requested. 


Step 5: 
No further action is required. This step demonstrates termination of the process for resolution of 
NTIF Recommendation 2.1. 

Step 6: Submit a report in accordance with the Requested Information item 1, Hazard 
Reevaluation Report, including any relevant information from the results of plant walkdown 
activities related to NTIF Recommendation 2.3. Also, provide plans for conducting further 
analysis (steps 7 through 9) and submitting the final report identified in Requested Information 
item 2. 

Step 7: 
For the flood causing mechanisms that were not bounded, or for a controlling flood causing 
mechanism, perform an integrated assessment using the procedures developed in interactions 
with the NRC staff. The purpose of the integrated assessment is to determine the effectiveness 
of the existing design basis and any other planned or installed features for the protection and 
mitigation of flood conditions for the entire duration of the flood. 

Step 8: 
Identify vulnerabilities, if any, as a result of the assessment conducted in Step 7. Also, identify 
any planned actions or actions that were already taken to address these vulnerabilities. 
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Step 9: 
Submit a report in accordance with the Requested Information item 2. Include a brief summary 
of the flood causing mechanisms and the associated parameters that were used in the 
assessment. 

Step 10: 
The information provided in Step 9 will be evaluated by the NRC in Phase 2 to consider any 
additional regulatory actions. 

FLOOD CAUSING MECHANISMS 

The NRC regulations require that structure, systems and components (SSCs) important to 
safety of a nuclear power plant are adequately protected from the adverse effects of flooding. 
The NRC staff discusses the approach for determining the flood hazard for new reactors in its 
current guidance documents, NUREG-0800 and NUREG/CR-7046. 

As part of analyzing the flood hazard, it is important to list all plausible flood causing 
mechanisms that are capable of generating a severe flood at the site and to recognize that 
several scenarios of a particular flood causing mechanism can affect the site. For example, 
extreme precipitation can cause flooding in adjacent rivers, near-by tributaries, and on-site 
drainage facilities. Similarly, flood causing mechanisms that are not plausible at a particular site 
may also be ruled out. Present day NRC staff guidance applies the HHA (see 
NUREG/CR-7046) to each pertinent flood causing mechanism at a site. 

The following is a list of flood causing mechanisms that should be addressed in a flood hazard 
analysis. Site specific characteristics may warrant review of other mechanisms in addition to 
those listed here. 

1. Local Intense Precipitation 

Local intense precipitation is a measure of the extreme precipitation at a given location. 
Generally, local intense precipitation values are developed using methods called Probable 
Maximum Precipitation (PMP) based on the methods developed by the federal government and 
published in hydrometeorological reports (HMR) by the National Weather Service. For extreme 
precipitation, localized precipitation values are developed using methods in HMR 52 (eastern 
areas ofthe United States (U.S.)) as well as regionalized reports within the HMR publication 
series. 

The elevation of the site is not relevant for mitigation of flooding from local intense precipitation. 
The runoff carrying capacity of the site grading design and the performance of any active or 
passive drainage systems would determine the depth and velocity of surface runoff at the site. 
Typically, any active drainage system should be considered non-functional at the time of local 
intense precipitation event. Generally, runoff losses should be ignored during the local intense 
precipitation event to maximize the runoff. Hydraulic parameters that affect the depth and 
velocity of flow should be chosen carefully and should be consistent with values used in 
standard engineering practice. 
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2. Flooding in Streams and Rivers 

The probable maximum flood (PMF) in rivers and streams adjoining the site should be 
determined by applying the PMP to the drainage basin in which the site is located. The PMF is 
based on a translation of PMP rainfall on a watershed to flood flow. The estimation of PMP for 
regional areas within the U.S. is based on HMRs and the appropriate regional report should be 
used to develop the PMP for a given site and watershed. The PMP is a deterministic estimate 
of the theoretical maximum depth of precipitation that can occur at a time of year of a specified 
area. A rainfall-to-runoff transformation function, as well as runoff characteristics, based on the 
topographic and drainage system network characteristics and watershed properties are needed 
to appropriately develop the PMF hydrograph. The PMF hydrograph is a time history of the 
discharge and serves as the input parameter for other hydraulic models which develop the flow 
characteristics including flood flow and elevation. The U.S. Army Corps of Engineers hydrologic 
and hydraulic methods are widely accepted in engineering practice. However, unique 
characteristics or preference of the analysis may dictate use of other models. Appropriate 
justification for selection of methods, data and models would depend on site-specific 
circumstances. 

3. Dam Breaches and Failures 

Flood waves resulting from the breach of upstream dams, including domino-type or cascading 
dam failures should be evaluated for the site. Water storage and water control structures (such 
as onsite cooling or auxiliary water reservoirs and onsite levees) that may be located at or 
above SSCs important to safety should also be evaluated. Additional effects for earthen 
embankments, such as sediment, should also be considered. Models and methods used to 
evaluate the dam failure and the resulting effects should be applicable to the type of failure 
mechanism and should be appropriately justified. Recent analyses completed by State and 
Federal agencies with appropriate jurisdiction for dams within the watershed may be used. 

4. Storm Surge 

Storm surge is the rise of offshore water elevation caused principally by the shear force of the 
hurricane or tropical depression winds acting on the water surface. Technical reports, from the 
National Oceanic and Atmospheric Administration (NOAA), provide guidance on developing 
wind fields for a probable maximum hurricane. The wind field parameter is input to coastal 
hydrodynamics simulation model that predict water surface rise based on the shear forces 
imparted by the wind. However, appropriate justification for selection of methods, data, and 
models depends on site-specific circumstances. 

5. Seiche 

A seiche is an oscillation of the water surface in an enclosed or semi-enclosed water body 
initiated by an external cause. If a seiche is determined to be possible at the site, then 
appropriate numerical modeling may be needed. For bays and lakes with irregular geometries 
and variable bathymetries, numerical longwave hydrodynamics modeling may be the only viable 
technique to determine hazard. 
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6. Tsunami 

A tsunami is a series of water waves generated by a rapid, large scale disturbance of a water 
body due to seismic, landslide or volcanic tsunamingenic sources. An assessment with respect 
to tsunami can include a stepwise approach addressing: the susceptibility of the site's region 
subject to tsunami, the susceptibility of the plant site affected by tsunami, and specific hazards 
of the site posed to safety of the plant by tsunami. 

7. Ice Induced Flooding 

Ice jams and ice dams can cause flooding by impounding water upstream of a site and 
subsequently collapsing or downstream of a site impounding and backing up water. There is no 
method to assess a probable maximum ice jam or ice dam, therefore, historical records are 
generally accessed to determine the most severe historical event in the vicinity of the site. This 
method is based on an observed historical observation and reasonable margin should be 
considered. 

8. Channel Migration or Diversion 

Flood hazard associated with channel diversion is due to the possible migration either toward 
the site or away from it. For natural channels adjacent to the site, historical and geomorphic 
processes should be reviewed for possible tendency to meander. For man-made channels, 
canals or diversions used for the conveyance of water located at a site, possible failure of these 
structures should be considered. 

9. Combined Effect Flood 

For flood hazard associated with combined events, American Nuclear Society (ANS) 2.8-1992 
provides guidance for combination of flood causing mechanisms for flood hazard at nuclear 
power reactor sites. In addition to those listed in the ANS guidance, additional plausible 
combined events should be considered on a site specific basis and should be based on the 
impacts of other flood causing mechanisms and the location of the site. 
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RECOMMENDATION 2.3: SEISMIC 


PURPOSE 

The U.S. Nuclear Regulatory Commission (NRC or Commission) is issuing this information 
request for the following purposes: 

• 	 To gather information with respect to Near-Term Task Force (NTTF) Recommendation 
2.3, as amended by staff requirements memorandum (SRM) associated with 
SECY-11-0124 and SECY-11-0137, 

• 	 To request licensees to develop a methodology and acceptance criteria for seismic 
walkdowns to be endorsed by the NRC staff, 

• 	 To request licensees to perform seismic walkdowns using the NRC-endorsed walkdown 
methodology, as defined herein, 

• 	 To identify and address degraded, nonconforming, or unanalyzed conditions through the 
corrective action program, and 

• 	 To verify the adequacy of licensee monitoring and maintenance procedures. 

Pursuant to Title 10 of the Code ofFederal Regulations (10 CFR), Section SO.S4(f}, addressees 
are required to submit a written response to this information request. 

BACKGROUND 

Structures, systems, and components (SSCs) important to safety in operating nuclear power 
plants are designed either in accordance with, or meet the intent of, Appendix A to 
10 CFR Part 100 and Appendix A to 10 CFR Part SO, General Design Criteria (GOG) 2. GDC 2 
states that SSCs important to safety at nuclear power plants must be designed to withstand the 
effects of natural phenomena such as earthquakes, tornados, hurricanes, floods, tsunami, and 
seiches without loss of capability to perform their intended safety functions. The design bases 
for these SSCs are to reflect appropriate consideration of the most severe of the natural 
phenomena that have been historically reported for the site and surrounding area. The design 
bases are also to reflect sufficient margin to account for the limited accuracy, quantity, and 
period of time in which the historical data have been accumulated. 

In response to the accident at the Fukushima Dai-ichi nuclear power plant caused by the 
March 11,2011, Tohoku earthquake and subsequent tsunami, the Commission established the 
NTTF to conduct a systematic review of NRC processes and regulations and to make 
recommendations to the Commission for its policy direction. The NTTF developed a set of 
recommendations that are intended to clarify and strengthen the regulatory framework for 
protection against natural phenomena. The purpose of this letter is to gather information with 
respect to NTTF Recommendation 2.3 for seismic hazards. Recommendation 2.3, and the 
SRMs associated with SECY-11-0124 and SECY-11-0137, instructs the NRC staff to issue 
requests for information to licensees pursuant to 10 CFR SO.S4(f}. This information request is 
for licensees to develop a methodology and acceptance criteria for seismic walkdowns to be 
endorsed by the staff following interaction with external stakeholders. It is requested that 
licensees perform the seismic walkdowns to identify and address plant-specific vulnerabilities 
(through its corrective action program) and verify the adequacies of monitoring and 
maintenance procedures. 

Enclosure 3 
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In developing Recommendation 2.3, the NTTF recognized the need to verify the adequacy of 
features that play an integral role in the defense-in-depth approach for protection from natural 
phenomena. NTTF Recommendation 2.3 and SECY-11-0124 and SECY-11-0137 states that 
recent plant inspections have been conducted by NRC staff and industry in response to the 
Fukushima Dai-ichi accident and that these activities should be used to inform the 
implementation of this recommendation. Ongoing inspections of the Fukushima Dai-ichi and 
Dai-ni nuclear power stations may also provide inSights useful for this recommendation. 
Furthermore, recent lessons learned from the earthquake, near the North Anna Power Station 
should also be used to inform the development of the walkdown procedure(s). 

APPLICABLE REGULATORY REQUIREMENTS 

• 	 Appendix A, "General Design Criteria for Nuclear Power Plants," to 10 CFR Part 50, 
GDC 2, "Design Bases for Protection against Natural Phenomena" 

• 	 10 CFR 50.54, "Conditions of Licenses" 

• 	 10 CFR 50.34(a)(1), (a)(3), (a)(4), (b)(1), (b)(2), and (b)(4) 

• 	 Appendix A, "Seismic and Geologic Siting Criteria for Nuclear Power Plants," to 
10 CFR Part 100, "Reactor Site Criteria" 

The seismic design bases for currently operating nuclear power plants were either developed in 
accordance with, or meet the intent of, GDC 2 and 10 CFR Part 100, Appendix A. Appendix A 
requires that safety-related SSCs remain functional if the safe shutdown earthquake (SSE) 
occurs. 

DISCUSSION 

The NTTF recommended that the Commission direct several actions to ensure adequate 
protection from natural phenomena. The actions should be taken to prevent fuel damage, 
ensure containment integrity and the functionality of SSCs that support the spent fuel pool 
(SFP). In particular, NTTF Recommendation 2.3 states that the Commission should "Order 
licensees to perform seismic and flood protection walkdowns to identify and address plant
specific vulnerabilities and verify the adequacy of monitoring and maintenance for protection 
features such as water tight barriers and seals in the interim period until longer term actions are 
completed to update the design basis for external events." However, in the context of this letter, 
the NRC staff is focusing on degraded, nonconforming, or unanalyzed conditions. 

The NRC staff's assessment of NTTF Recommendation 2.3 is discussed in SECY-11-0124. 
The NRC staff agreed with the NTrF Recommendation 2.3 findings and noted that various 
walkdown guidance exists and that recent plant inspections by staff in accordance with 
Temporary Instruction (TI) 2515/183, "Follow-up to the Fukushima Dai-ichi Nuclear Station Fuel 
Damage Event," and licensees' plant inspections in response to the Fukushima Dai-ichi 
accidents should help inform the implementation of this recommendation. Results of the NRC 
staff's evaluation of the recent earthquake near North Anna Power Station may also provide 
insights. 
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In its SRM to SECY-0124, the Commission approved the staff's proposed actions to implement 
without delay the NTTF recommendations as described in the SECY paper. With regard to 
Recommendation 2.3, the NRC staff-approved actions are to develop and issue a request for 
information to licensees pursuant to 10 CFR 50.54(f) to develop a methodology and acceptance 
criteria for seismic walkdowns to be endorsed by the NRC staff following interactions with 
external stakeholders, perform seismic walkdowns to identify and address plant-specific 
degraded, nonconforming, or unanalyzed conditions (through the corrective action program) and 
verify the adequacy of monitoring and maintenance for protective features, and inform the NRC 
staff of the results of the walkdowns and corrective actions taken or planned. 

The TI2515/183 was issued by the NRC on March 23, 2011. Inspection activities were 
completed by April 29, 2011, and NRC inspection reports were issued by May 13, 2011. The 
NRC developed a Summary of Observations report to encapsulate the performance of TI 
2515/183 (see http://www.nrc.gov/NRRlOVERSIGHT/ASSESS/foliow-up-rpts.html). The 
summary report states that while individually, none of the observations posed a significant 
safety issue, they indicate a potential industry trend of failure to maintain equipment and 
strategies required to mitigate some design basis events. Regarding the licensees' capability to 
mitigate large fires or flooding coincident with seismic activity, the report notes that some 
equipment used to mitigate fires or station blackout was stored in areas that were not 
seismically qualified or that could be flooded. 

As outlined in the SECY-11-0124, the NRC staff intends to work with the industry and other 
stakeholders to endorse a procedure(s) to develop acceptance criteria, conduct walkdowns, and 
identify degraded, nonconforming, or unanalyzed conditions. It is antiCipated that the walkdown 
procedure will be developed by modifying various existing NRC and industry processes, 
including the recent inspections described above in accordance with TI 2515/183. Other 
guidance for seismic protection walkdowns include Electric Power Research Institute (EPRI) 
report NP-6041-SL, Revision 1, "A Methodology for Assessment of Nuclear Power Plant 
Seismic Margin," Seismic Qualification Utility Group procedure, "Generic Implementation 
Procedure (GIP) for Seismic Verification of Nuclear Power Plant Equipment," and International 
Atomic Energy Agency NS-G-2.13, "Evaluation of Seismic Safety for EXisting Nuclear 
Installations." Additional details of attributes of a walkdown procedure are described in the 
Requested Action below. 

The technical approach and methods used to develop the requested information should be 
integrated such that it accounts for design, physical barriers, procedures, temporary measures, 
and planned or installed mitigation measures to deal with external hazards. This type of an 
integrated approach will allow the NRC and industry to assess the significance of any new 
information related to the hazard in a systematic manner. 

REQUESTED ACTIONS 

In response to NTTF Recommendation 2.3, the Commission requests all licensees to perform 
seismic walkdowns in order to identify and address plant specific degraded, nonconforming, or 
unanalyzed conditions and verify the adequacy of strategies, monitoring, and maintenance 
programs such that the nuclear power plant can respond to external events. The walkdown will 
verify current plant configuration with the current licenSing basis, verify the adequacy of current 
strategies, maintenance plans, and identify degraded, nonconforming, or unanalyzed conditions. 

http:NS-G-2.13
http://www.nrc.gov/NRRlOVERSIGHT/ASSESS/foliow-up-rpts.html
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The walkdown procedure should be developed and submitted to the NRC. The procedure may 
incorporate current plant procedures, if appropriate. Prior to the walkdown, licensees should 
develop acceptance criteria, collect appropriate data, and assemble a team with relevant 
technical skills. Improvements made as part of the licensees' response to the individual plant 
examination of external events (lPEEE) program for seismic issues should be reported. 

If any condition identified during the walkdown activities represents a degraded, nonconforming, 
or unanalyzed condition (i.e., noncompliance with the current licensing basis) for an SSC, 
describe actions that were taken or are planned to address the condition using the guidance in 
Regulatory Issues Summary 2005-20, Revision 1, Revision to NRC Inspection Manual Part 
9900 Technical Guidance, "Operability Conditions Adverse to Quality or Safety," including 
entering the condition in the corrective action program. Reporting requirements pursuant to 
10 CFR 50.72 should also be considered. Additionally, these findings should be considered in 
the Recommendation 2.1 hazard evaluations, as appropriate. 

REQUESTED INFORMATION 

1. 	 The NRC requests that each addressee confirm that they will use the industry
developed, NRC-endorsed, seismic walkdown procedures1 or provide a description of 
plant-specific walkdown procedures that include the following characteristics: 

a. Determination of the seismic walkdown scope and any combined effects 
b. Consideration of NUREG-1742, EPRI Report NP-6041, GIP, and common issues 

and findings discussed in the responses to TI 2515/183 
c. Pre-walkdown actions (e.g., data collection, review of drawings and procedures, 

identification of the plant licensing basis, identification of current seismic 
protection levels) 

d. Identification of SSCs requiring seismic protection and used in the protection of 
the reactor and spent fuel pool, including the ultimate heat sink (UHS) 

e. Description of the walkdown team composition and qualifications 
f. Details of the information to be collected during the walkdown including 

equipment access considerations 
g. Documentation and peer review requirements 

2. 	 Following the NRC's endorsement of the walkdown procedure, addresses are requested 
to conduct the walkdown and submit the final report which includes the following: 

a. 	 Information on the plant-specific hazard licensing bases and a description of the 
protection and mitigation features considered in the licensing basis evaluation 

b. 	 Information related to the implementation of the walkdown process 
c. 	 A list of plant-specific vulnerabilities (including any seismic anomalies, outliers, or 

other findings) identified by the IPEEE and a description of the actions taken to 
eliminate or reduce them (including their completion dates) 

d. 	 Results of the walkdown including key findings and identified degraded, 
nonconforming, or unanalyzed conditions. Include a detailed description of the 

1 NRC staff are currently engaged with industry and other external stakeholders to develop NRC-endorsed procedures. The NRC 
staff anticipates completing this activity by May, 2012. 
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actions taken or planned to address these conditions using the guidance in 
Regulatory Issues Summary 2005-20, Revision, 1, Revision to NRC Inspection 
Manual Part 9900 Technical Guidance, "Operability Conditions Adverse to 
Quality or Safety," including entering the condition in the corrective action 
program 

e. 	 Any planned or newly installed protection and mitigation features 
f. 	 Results and any subsequent actions taken in response to the peer review 

REQUIRED RESPONSE 

In accordance with 10 CFR 50.54(1), an addressee must respond as described below. The 
submission of the requested information is in stages to allow adequate time for further 
interactions with the stakeholders to provide clarifications, to develop implementation 
procedures and processes, and to develop the associated guidance as needed. 

1. 	 Within 120 days of the date of this information request, the addressee will confirm that 
they intend to use the NRC-endorsed seismic walkdown procedures, or provide to the 
NRC a description of the process that will be used to conduct the walkdowns and to 

. develop the needed information. 

2. 	 Within 180 days of the NRC's endorsement of the walkdown process, each addressee 
will submit its final response. This response should include a list of any areas that are 
unable to be inspected due to inaccessibility and a schedule for when the walkdown will 
be completed. 

If an addressee cannot meet the requested response date, the addressee must provide a 
response within 90 days of the date of this information request and describe the alternative 
course of action that it proposes to take, including the basis of the acceptability of the proposed 
alternative course of action and estimated completion dates. 

The required written response should be addressed to the U.S. Nuclear Regulatory 
Commission, ATTN: Document Control Desk, 11555 Rockville Pike, Rockville, MD 20852, 
under oath or affirmation under the provisions of Sections 161.c, 103.b, and 182.a of the Atomic 
Energy Act of 1954, as amended, and 10 CFR 50.54(1). In addition, addressees should submit 
a copy of the response to the appropriate regional administrator. 
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RECOMMENDATION 2.3: FLOODING 


PURPOSE 

The U.S. Nuclear Regulatory Commission (NRC or Commission) is issuing this information 
request for the following purposes: 

• 	 To gather information with respect to Near-Term Task Force (NTTF) Recommendation 
2.3, as amended by staff requirements memorandum (SRM) associated with 
SECY-11-0124 and SECY-11-0137, 

• 	 To request licensees to develop a methodology and acceptance criteria for flooding 
walkdowns to be endorsed by the NRC staff, 

• 	 To request licensees to perform flooding walkdowns using an NRC-endorsed walkdown 
methodology, as defined herein 

• 	 To identify and address degraded, nonconforming, or unanalyzed conditions through the 
corrective action program 

• 	 To identify and address cliff-edge effects through the corrective action program 
• 	 To verify the adequacy of licensee monitoring and maintenance procedures. 

Pursuant to Title 10 of the Code of Federal Regulations (10 CFR), Section SO.S4(f), addressees 
are requi"red to submit a written response to this inforrnation request. 

BACKGROUND 

Structures, systems, and components (SSCs) important to safety in operating nuclear power 
plants are designed either in accordance with, or meet the intent of, Appendix A to 10 CFR Part 
SO, General Design Criteria (GDC) 2. GDC 2 states that SSCs important to safety at nuclear 
power plants must be designed to withstand the effects of natural phenomena such as 
earthquakes, tornados, hurricanes, floods, tsunami, and seiches without loss of capability to 
perform their intended safety functions. The design bases for these SSCs are to reflect 
appropriate consideration of the most severe of the natural phenomena that have been 
historically reported for the site and surrounding area. The design bases are also to reflect 
sufficient margin to account for the limited accuracy, quantity, and period of time in which the 
historical data have been accumulated. 

In response to the accident at the Fukushima DaHchi nuclear power plant caused by the 
March 11,2011, Tohoku earthquake and subsequent tsunami, the Commission established the 
NTTF to conduct a systematic review of NRC processes and regulations, and to make 
recommendations to the Commission for its policy direction. The NTTF developed a set of 
recommendations that are intended to clarify and strengthen the regulatory framework for 
protection against natural phenomena. The purpose of this letter is to gather information related 
to NTTF Recommendation 2.3 for flooding hazards. Recommendations 2.3, and the SRMs 
associated with SECY-11-0124 and SECY-11-0137, instructs the NRC staff to issue requests 
for information to licensees pursuant to 10 CFR SO.S4(f). This information request is for 
licensees to develop a methodology and acceptance criteria for flooding walkdowns to be 
endorsed by the NRC staff following interaction with external stakeholders. Licensees are 
requested to perform flood protection walkdowns to identify and address plant-specific 
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degraded, nonconforming, or unanalyzed conditions and cliff-edge effects (through the 
corrective action program) and verify the adequacy of monitoring and maintenance procedures. 

In developing Recommendation 2.3, the NTTF observed that, "some plants have an 
overreliance on operator actions and temporary flood mitigation measures such as 
sandbagging, temporary flood walls and barriers, and portable equipment to perform safety 
functions." The NTTF report also states that, "the Task Force has concluded that flooding risks 
are of concern due to a 'cliff-edge' effect, in that the safely consequences of a flooding event 
may increase sharply with a small increase in the flooding level. Therefore, it would be very 
beneficial to safety for all licensees to confirm that SSCs important to safely are adequately 
protected from floods." 

The NRC, in the past, has developed regulatory programs aimed at identifying plant-specific 
vulnerabilities to external flooding hazards. In June of 1991, the NRC issued Supplement 4 to 
Generic Letter (GL) 88-20, "Individual Plant Examination of External Events (lPEEE) for Severe 
Accident Vulnerabilities, 10 CFR SO.S4(f)." This GL requested that "each licensee perform an 
individual plant examination of external events to identify vulnerabilities, if any, to severe 
accidents and report the results together with any licensee determined improvements and 
corrective actions to the Commission." Flood.,related hazards were considered in the IPEEE 
program as one of the high winds, floods, and other (HFO) external initiating-event hazards. Of 
the 70 IPEEE submittals, most indicated some type of walkdown was performed for the HFO 
events. However, NUREG-1742 states, "the [HFO walkdown] submittals usually did not provide 
detailed descriptions of the walkdown procedures and results." NUREG-1742 also states that, 
"A few licensees proposed flood-related countermeasures that may be optimistic. For example, 
one licensee took credit for sandbagging up to a level of 9 feet. In several other submittals, 
flood barriers made of various construction materials, such as logs or concrete berms, were 
credited with being effective for preventing flooding, but the submittals did not discuss whether 
the licensees performed confirmatory testing to verify the effectiveness of certain of these 
mitigating actions." 

In late December 1999, a severe storm induced flooding at Le Blayais nuclear power plant site 
in France. Lessons learned from this flooding event are documented in World Association of 
Nuclear Operators Significant Event Report (SER) 2000-3, "Severe Storm Results in Scram of 
Three Units and Loss of Safety System Functions due to Partial Plant Flooding," and in Institute 
of Nuclear Power Operations (INPO) SER 1-01, with the same title. Both reports list significant 
aspects and important lessons learned from the flooding event. On March 11, 2010, Electricite 
de France presented lessons learned from the 1999 Blayais flood at the NRC's Regulatory 
Information Conference 
(http://www.nrc.gov/public-involve/conference-symposia/ric/pastl2010/slides/th3Sdefraguierepv. 
pdf). Lessons learned discussed in this presentation were: (1) cable openings and trenches 
were an unrecognized common-mode vulnerability requiring review of existing protective 
measures, (2) difficulty in detecting water in affected rooms and an inadequate warning system, 
and (3) the flood's effects on support functions and surrounding areas were not adequately 
accounted or were inappropriate for the weather conditions. 

http://www.nrc.gov/public-involve/conference-symposia/ric/pastl2010/slides/th3Sdefraguierepv
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APPLICABLE REGULATORY REQUIREMENTS 

• 	 10 CFR 50.34(a)(1), (a)(3), (a)(4), (b)(1), (b)(2), and (b)(4) 

• 	 10 CFR 50.54, "Conditions of Licenses" 

• 	 Appendix A, "General Design Criteria for Nuclear Power Plants," to 10 CFR Part 50, 
GDC 2, "Design Bases for Protection against Natural Phenomena" 

• 	 Appendix A, "Seismic and Geologic Siting Criteria for Nuclear Power Plants," to 10 CFR 
Part 100 

The flooding design bases for currently operating nuclear power plants were either developed in 
accordance with, or meet the intent of, GDC 2 and 10 CFR Part 100, Appendix A (seismically 
induced floods and water waves). GDC 2 states that SSCs important to safety at nuclear power 
plants must be designed to withstand the effects of natural phenomena such as earthquakes, 
tornados, hurricanes, floods, tsunami, and seiches without loss of capability to perform their 
intended safety functions. The design bases for these SSCs are to reflect appropriate 
consideration of the most severe of the natural phenomena that have been historically reported 
for the site and surrounding area. The design bases are also to reflect sufficient margin to 
account for the limited accuracy, quantity, and period of time in which the historical data have 
been accumulated. 

DISCUSSION 

The NTrF recommended that the Commission direct several actions to ensure adequate 
protection from natural phenomena. These actions should be taken to prevent fuel damage and 
to ensure containment and spent fuel pool integrity. In particular, Recommendation 2.3 states 
that the Commission should "Order licensees to perform seismic and flood protection 
walkdowns to identify and address plant-specific vulnerabilities and verify the adequacy of 
monitoring and maintenance for protection features such as water tight barriers and seals in the 
interim period until longer term actions are completed to update the design basis for external 
events." However, in the context of this letter, the NRC staff is focusing on degraded, 
nonconforming, or unanalyzed conditions and cliff-edge effects. 

The NRC staff's assessment of NTIF Recommendation 2.3 is discussed in SECY-11-0124. 
The NRC staff agreed with the NTIF Recommendation 2.3 findings and noted that some plants 
rely on operator actions and temporary flood mitigation measures such as sandbagging, 
temporary flood walls and barriers, and portable equipment to perform safety functions. Results 
of staff's inspections at nuclear power sites in accordance with Temporary Instruction (TI) 
2515/183 identified potential issues and observations regarding mitigation measures. Recent 
flooding at the Fort Calhoun site showed the importance of temporary flood mitigation 
measures. The NRC staff also noted that guidance should be developed for flooding 
walkdowns with external stakeholder involvement to ensure consistency. 
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In its SRM to SECY-11-0124, the Commission approved the NRC staff's proposed actions to 
implement without delay the NTIF recommendations as described in the SECY. With regards 
to Recommendation 2.3, NRC staff's approved actions are to develop and issue a request for 
information to licensees pursuant to 10 CFR 50.54(f) to develop a methodology and acceptance 
criteria for flooding walkdowns to be endorsed by the NRC staff following interaction with 
external stakeholders, perform flood protection walkdowns to identify and address plant-specific 
degraded, nonconforming, or unanalyzed conditions and cliff-edge effects (through the 
corrective action program) and verify the adequacy of monitoring and maintenance for 
protection features, and inform the NRC of the results of the walkdowns and corrective actions 
taken or planned. 

The TI2515/183 was issued by the NRC on March 23, 2011. Inspection activities were 
completed by April 29, 2011, and NRC inspection reports were issued by May 13, 2011. The 
NRC developed a Summary of Observations report to document the performance of TI 
2515/183 (see http://www.nrc.gov/NRR/OVERSIGHT/ASSESS/follow-up-rpts.html). The 
summary report states that while individually, none of the observations posed a significant 
safety issue, they indicate a potential industry trend of failure to maintain equipment and 
strategies required to mitigate some design basis events. Regarding the licensee's capability to 
mitigate. design bases flooding events, the report notes that some equipment (mainly pumps) 
would not operate when tested, or lacked test acceptance criteria, and that some discrepancies 
were identified with barrier and penetration seals. 

Additional review of Section 03.03 of the responses to TI2515/183 indicates that several sites 
were susceptible to water accumulation that submerged safety-related cables. Issues were 
noted with cracks in penetrations, evidence of water infiltration, and groundwater intrusion. 
Individual TI inspection reports noted that a few licensee-proposed flood-related 
countermeasures may not achieve the intended mitigative effect. Flood barriers made of 
various construction materials were credited with being effective for preventing flooding, but the 
confirmatory testing to verify the effectiveness of certain of these mitigating actions was not 
conclusive. It should be noted that these findings are consistent with findings documented in 
the "Perspectives Gained" section of the IPEEE program report (NUREG-1742). 

The Advisory Committee on Reactor Safeguards (ACRS) in its letter dated October 13, 2011, 
requested that the Commission consider that "site-specific external hazards, vulnerabilities, and 
consequences need to be evaluated in an integrated context. For example. tornadoes and 
hurricanes may cause extended loss of offsite power with coincident physical damage to 
nonsafety structures or equipment at multiple units that has not been fully evaluated. Damage 
from severe storms or other site-specific hazards may also disable external essential cooling 
water supplies. Vulnerabilities to those hazards and subsequent damage may not be identified 
from assessments that focus only on design-basis seismic and flooding events." The ACRS 
further requested that "Near-term actions related to NTIF Recommendation 2.3 should be 
expanded to assure that the walkdowns address the integrated effects of severe storms as well 
as seismic and flooding events. The walkdowns and associated assessments should confirm 
that the identified hazards and vulnerabilities remain bounded by the current plant licensing 
basis." 

http://www.nrc.gov/NRR/OVERSIGHT/ASSESS/follow-up-rpts.html
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The NRC staff will interact with industry and stakeholders to develop a methodology and 
acceptance criteria for flooding walkdowns. These walkdowns should integrate the External 
Flood results in NUREG-1742, common issues and findings discussed in Section 03.03 of the 
responses to TI 2515/183, and the Significant Aspect findings discussed INPO SER 1-01. It is 
anticipated that the walkdown procedure will be developed or modified using various existing 
NRC- and industry-developed procedures. As mentioned in SECY-11-0124, recent flood events 
such as those at Fort Calhoun should also provide valuable insights. Additional attributes of the 
walkdown procedure are described in the Requested Action section below. The technical 
approach used to develop the needed information should be holistic and integrated to account 
for the site-specific design, physical barriers, procedures, temporary measures, and planned or 
installed mitigation measures to deal with the potential flooding scenarios. 

As stated earlier, the NRC staff will interact with industry and other stakeholders to develop an 
approach, which can be applied in a uniform and consistent manner across the different sites 
and plant conditions. An integrated approach will allow the NRC and industry to assess the 
significance of any new information related to flooding hazards in a systematic manner. During 
these interactions, the NRC staff will also work with industry and stakeholders to identify 
efficiencies and strategies to ensure that responses and reviews are timely and support the 
Commission guidance on the overall schedule. 

As mentioned in the cover letter, other external events (e.g., extreme winds and its effects) will 
be covered as a separate action from this letter. It would be prudent for addressees to consider 
the inclusion of other external events in these walkdown procedures due to the potential efficient 
use of similar resources to perform these walkdowns. 

REQUESTED ACTIONS 

The NRC requests that each addressee confirm that they will use the industry-developed, NRC
endorsed, flood walkdown procedures 1 or provide a description of plant-specific walkdown 
procedures. The requested actions include the following: 

(1) Perform flood protection walkdowns using an NRC-endorsed walkdown methodology, 
(2) Identify and address plant-specific degraded, nonconforming, or unanalyzed conditions, 

as well as, cliff-edge effects through the corrective action program, and consider these 
findings in the Recommendation 2.1 hazard evaluations, as appropriate, 

(3) Identify any other actions taken or planned to further enhance the site flood protection, 
(4) Verify the adequacy of programs, monitoring and maintenance for protection features, 

and, 
(5) Report to the NRC the results of the walkdowns and corrective actions taken or planned. 

A final report should be submitted to the NRC addressing items identified in the Requested 
Information section. 

1 NRC staff are currently engaged with industry and other external stakeholders to develop NRC·endorsed procedures, Tre NRC 
staff anticipates completing this activity by May, 2012. 
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It is requested that the walkdown procedure verify that flood protection systems for the plant are 
available, functional, and implementable under a variety of site conditions. In particular, the 
walkdowns should confirm that: (1) cable and piping trenches and other penetrations to SSCs 
important to safety, including underground rooms, are not pathways for external ingress of 
water, (2) adequate water detection and warning systems are available, if credited in the current 
licensing basis, (3) the effects of elevated water levels and severe weather conditions would not 
impair support functions or would not impede performing necessary actions given the weather 
conditions, and (4) other factors at multi-unit sites (e.g., equipment availability and staffing) 
would not prevent implementation of flood protection measures. 

If any condition identified during the walkdown activities represents a degraded, nonconforming, 
or unanalyzed condition (i.e., noncompliance with the current licensing basis) for an SSC, 
describe actions that were taken or are planned to address the condition using the guidance in 
Regulatory Issues Summary 2005-20, Revisions 1, Revision to NRC Inspection Manual Part 
9900 Technical Guidance, "Operability Conditions Adverse to Quality or Safety," including 
entering the condition in the corrective action program. Reporting requirements pursuant to 
10 CFR 50.72 should also be considered. In addition, if any condition noted during the 
walkdown represents a cliff-edge effect, describe any measures taken or planned to address the 
condition(s) while the corrective action is being implemented. 

Along with an assessment of reactor integrity, the NTTF recommended an evaluation of spent 
fuel pools to assess the effectiveness of the flood protection. The approach should account for 
the site-specific design, physical barriers, procedures, temporary measures, and planned or 
existing mitigation measures. 

REQUESTED INFORMATION 

1. 	 The NRC requests that each addressee confirm that it will use the industry-developed, 
NRC-endorsed,flooding walkdown procedures or provide a descrrption of plant-specific 
walkdown procedures that include the following characteristics: 

a. 	 Address the NTTF Report's observations regarding "overreliance on operator actions 
and temporary flood mitigation measures" and the 'cliff-edge' effect regarding a sharp 
increase in flooding risks with a small increase in flooding level. 

b. 	 Integrate issues discussed in the External Flood Qualitative Results (Section 4.3.3) in 
NUREG-1742, common issues and findings discussed in Section 03.03 of the 
responses to TI 2515/183, and the Significant Aspect findings discussed in 
INPO SER 1-01. 

c. 	 Integrate insights from any new and relevant flood hazard information, as well as 
recent flood-related walkdowns such as the events at the Fort Calhoun site, as 
mentioned in SECY-11-0124. Additionally, relevant NRC inspection findings could 
provide additional insights. 

d. 	 Integrate the combined effects of flooding along with other adverse conditions, such 
as high winds, hail, lightning, etc., that could reasonably be expected to 
simultaneously occur. For example, steps in a flooding procedure that require 
manipulation of systems and components in outside areas of the plant site that could 
not be safely assessed because of storm conditions. 
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e. 	 Identify pre-walkdown actions, such as the collection of current site topography 
including any changes since the original licensing (e.g., security improvements and 
temporary structures), sets of as-built drawings, review of the existing design basis 
flood level(s), review of any flood protection and pertinent flood mitigation features, 
such as exterior barriers, incorporated barriers, and temporary flood barriers. 

f. 	 Identify a list of pertinent elevations of Regulatory Guide 1.292 structures, systems, 
and components that should be designed to withstand the design basis hazard 
(similar to Table 1, i.e., 3.1.3 of American National Standards Institute/American 
Nuclear Society (ANSIIANS)-2.B-1992) 

g. 	 Identify the team composition and qualifications. 
h. 	 Verify that flood protection systems are available, functional, and implementable 

under a variety of site conditions by reviewing the following: 
i. 	 Operator availability, operator training, timeliness of response, equipment 

maintenance and operability, back-up availability, operator access under 
adverse site conditions3 

ii. 	 Methods and acceptance criteria to evaluate exterior barriers4 

iii. 	 Methods and acceptance criteria to evaluate incorporated barriers 
iv. 	 Methods and acceptance criteria to evaluate temporary flood barriers 
v. 	 Preparations in advance of adverse weather conditions 

i. 	 Identify programs in place that periodically verify the status and adequacy of flood 
mitigation strategies and equipment. 

j. 	 Develop a documentation template, including peer-review requirements, so that 
walkdown results can be efficiently and uniformly reviewed and evaluated. The 
template should also consider the reporting requirement discussed below. 

2. 	 Following NRC's endorsement of the walkdown procedure, conduct the walkdown and 
submit a final report which includes the following: 

a. 	 Describe the design basis flood hazard level(s) for all flood-causing mechanisms, 
including groundwater ingress. 

b. 	 Describe protection and mitigation features that are considered in the licensing basis 
evaluation to protect against external ingress of water into SSCs important to safety. 

c. 	 Describe any warning systems to detect the presence of water in rooms important to 
safety. 

d. 	 Discuss the effectiveness of flood protection systems and exterior, incorporated, and 
temporary flood barriers. Discuss how these systems and barriers were evaluated using 
the acceptance criteria developed as part of Requested Information item 1.h. 

2 Regulatory Guide 1.59, ·Design Basis Floods for Nuclear Power Plants·, and Regulatory Guide 1.102, Flood Protection for Nuclear 
Power Plants," both recommend the use of Regulatory Guide 1.29, "Seismic Design Classification" for identifying structures, 
systems, and components, that should be designed to withstand the conditions resulting from the design basis flood and remain 
functional. 
3 This may not be an all-inclusive list. 
4 See Regulatory Position 1 of Regulatory Guide 1.102, "Flood Protection for Nuclear Power Plants,» for definitions a(".ceptable to the 
NRC staff for exterior barriers, incorporated barriers, and temporary barriers 
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e. Present information related to the implementation of the walkdown process (e.g., details 
of selection of the walkdown team and procedures,) using the documentation template 
discussed in Requested Information item 1.j, including actions taken in response to the 
peer review. 

f. Results of the walkdown including key findings and identified degraded, nonconforming, 
or unanalyzed conditions. Include a detailed description of the actions taken or planned 
to address these conditions using the guidance in Regulatory Issues Summary 2005-20, 
Revision 1, Revision to NRC Inspection Manual Part 9900 Technical Guidance, 
"Operability Conditions Adverse to Quality or Safety," including entering the condition in 
the corrective action program. 

g. Document any cliff-edge effects identified and the associated basis. Indicate those that 
were entered into the corrective action program. Also include a detailed description of 
the actions taken or planned to address these effects. 

h. Describe any other planned or newly installed flood protection systems or flood 
mitigation measures including flood barriers that further enhance the flood protection. 
Identify results and any subsequent actions taken in response to the peer review. 

REQUIRED RESPONSE 

In accordance with 10 CFR 50.54(f), an addressee must respond as described below. The 
submission of the requested information is in stages to allow adequate time for further 
interactions with the stakeholders to provide clarifications, to develop implementation 
procedures and processes, and to develop the associated guidance as needed. 

1. 	 Within 90 days of the date of this information request, the addressee will confirm that it 
intends to use the NRC-endorsed flooding walkdown procedures or provide the NRC a 
description of the process that will be used to conduct the walkdowns and to develop the 
needed information. 

2. 	 Within 180 days of NRC's endorsement of the walkdown procedure, each addressee will 
submit its final response for the requested information. This response should include a 
list of any areas that are unable to be inspected due to inaccessibility and a schedule for 
when the walkdown will be completed. 

If an addressee cannot meet the requested response date, the addressee must provide a 
response within 90 days of the date of this information request and describe the alternative 
course of action that it proposes to take, including the basis of the acceptability of the proposed 
alternative course of action and estimated completion dates. 

The required written response should be addressed to the U.S. Nuclear Regulatory 
Commission, A TIN: Document Control Desk, 11555 Rockville Pike, Rockville, MD 20852, 
under oath or affirmation under the provisions of Sections 161.c, 103.b, and 182.a of the Atomic 
Energy Act of 1954, as amended, and 10 CFR 50.54(f). In addition, addressees should submit 
a copy of the response to the appropriate regional administrator. 
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RECOMMENDATION 9.3: EMERGENCY PREPAREDNESS 


Communications 


PURPOSE 

The U.S. Nuclear Regulatory Commission (NRC or Commission) is issuing this information 
request regarding the power supplies for communications systems to determine if additional 
regulatory action is warranted. This request is based upon Near-Term Task Force (NTTF) 
Recommendation 9.3 which proposed that facility emergency plans provide for a means to 
power communications equipment needed to communicate onsite (e.g., radios for response 
teams and between facilities) and offsite (e.g., cellular telephones and satellite telephones) 
during a prolonged station blackout. 

APPLICABLE REGULATORY REQUIREMENTS AND GUIDANCE 

Emergency plan communications requirements and detailed guidance on how to meet those 
requirements are contained in the following: 

1. 	 Title 10 of the Code of Federal Regulations (10 CFR) 50.47 (b)(6) states that provisions 
should be made for prompt communications among principal response organizations to 
emergency personnel and to the public. 

2. 	 Appendix E, "Emergency Planning and Preparedness for Production and Utilization 
Facilities," to 10 CFR Part 50, "Domestic Licensing for Production and Utilization 
Facilities," Section IV. E. 9, states that adequate provisions shall be made and described 
for emergency facilities and equipment, including "at least one onsite and one offsite 
communications system; each system shall have a backup power source." 

3. 	 NUREG-0696, "Functional Criteria for Emergency Response Facilities," issued 
February 1981, offers guidance on how to meet the requirements of Appendix E to 
10 CFR Part 50, and discusses the onsite and offsite communications requirements for 
the licensee's emergency operating facilities. 

DISCUSSION 

During the March 11, 2011, T5hoku earthquake and subsequent tsunami, the widespread 
destruction and loss of electrical power degraded communications capabilities onsite at 
Fukushima Dai-ichi and between the site and external stakeholders, such as local emergency 
response centers, the Japanese government, and corporate offices. Normal and emergency 
offsite communications systems lost power or were degraded by the earthquake and tsunami. 
Normal and emergency onsite communications were severely impacted by the loss of power to 
signal repeaters and depleted radio batteries. Accounts of the accident response refer to delays 
in repair activities caused by issues with the ability to effectively communicate between repair 
teams and the control rooms and the onsite emergency response center. 

Enclosure 5 
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The NRC requests that the following assumptions be made in preparing responses to this 
request for information: the potential onsite and offsite damage is a result of a large scale 
natural event resulting in a loss of all alternating current (ac) power. 

In addition, assume that the large scale natural event causes extensive damage to normal and 
emergency communications systems both onsite and in the area surrounding the site. It has 
been recognized that following a large scale natural event that ac power may not be available to 
cell and other communications infrastructures. 

REQUESTED ACTIONS 

It is requested that addressees assess their current communications systems and equipment 
used during an emergency event given the aforementioned assumptions. It is also requested 
that consideration be given to any enhancements that may be appropriate for the emergency 
plan with respect to communications requirements of 10 CFR 50.47, Appendix E to 
10 CFR Part 50, and the guidance in NUREG-0696 in light of the assumptions stated above. 
Also addressees are requested to consider the means necessary to power the new and existing 
communications equipment during a prolonged S80. 

REQUESTED INFORMATION 

1. 	 Addressees are requested to provide an assessment of the current communications 
systems and equipment used during an emergency event to identify any enhancements that 
may be needed to ensure communications are maintained during a large scale natural event 
meeting the conditions described above. The assessment should: 

• 	 Identify any planned or potential improvements to existing onsite communications 
systems and their required normal and/or backup power supplies, 

• 	 Identify any planned or potential improvements to existing offsite communications 
systems and their required normal and/or backup power supplies, 

• 	 Provide a description of any new communications system(s) or technologies that will be 
deployed based upon the assumed conditions described above, and 

• 	 Provide a description of how the new and/or improved systems and power supplies will 
be able to provide for communications during a loss of all ac power, 

2. 	 Addressees are requested to describe any interim actions that have been taken or are 
planned to be taken to enhance existing communications systems power supplies until the 
communications assessment and the resulting actions are complete, 

3. 	 Provide an implementation schedule of the time needed to conduct and implement the 
results of the communications assessment. 
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REQUIRED RESPONSE 


The addressee should respond to this request for information no later than 90 days from the 
date of issuance. 

If an addressee cannot meet the requested response date, the addressee must provide a 
response within 60 days of the date of this letter and describe the alternative course of action 
that it proposes to take, including the basis of the acceptability of the proposed alternative 
course of action and estimated completion date. 

The required written response should be addressed to the U.S. Nuclear Regulatory 
Commission, ATTN: Document Control Desk, 11555 Rockville Pike, Rockville, MD 20852, under 
oath or affirmation under the provisions of Sections 161.c, 103.b, and 182.a of the Atomic 
Energy Act of 1954, as amended, and 10 CFR 50.54(f). In addition, addressees should submit a 
copy of the response to the appropriate regional administrator. 



Staffing 

PURPOSE 

The U.S. Nuclear Regulatory Commission (NRC or Commission) is issuing this information 
request to determine if additional regulatory action is warranted regarding the staff required to fill 
all necessary positions to respond to a multi-unit event. 

Single unit sites should provide the requested information as it pertains to an extended loss of 
all ac power, and impeded access to the site. 

APPLICABLE REGULATORY REQUIREMENTS AND GUIDANCE 

• 	 Title 10 of the Code of Federal Regulations (10 CFR) 50.47(b)(1) states, in part: ..... and 
each principal response organization has staff to respond and to augment its initial 
response on a continuous basis." 

(\ 	 10 CFR 50.47(b)(2) states, in part: ..... adequate staffing to provide initial facility accident 
response in key functional areas is maintained at all times, timely augmentation of 
response capabilities is available, and ... " 

• 	 NUREG-0654/FEMA-REP-1, Revision 1, "Criteria for Preparation and Evaluation of 
Radiological Emergency Response Plans and Preparedness in Support of Nuclear 
Power Plants," Section B, Onsite Emergency Organization, states in part: 

Each licensee shall specify... functional areas of emergency activity ... 
These assignments shall cover the emergency functions in Table B-1 
entitled, 'Minimum Staffing Requirements for Nuclear Power Plant 
Emergencies.' The minimum on-shift staffing shall be as indicated in 
Table B-1. The licensee must be able to augment on-shift capabilities 
within a short period after declaration of an emergency. This capability 
shall be as indicated in Table B-1 ... 

DISCUSSION 

The events in Japan have highlighted the importance of responders during all phases of 
emergency event response. The regulations require emergency response capabilities during a 
broad spectrum of postulated reactor accidents. A natural event on the scale of the 2011 Great 
East Japan Earthquake and resulting tsunami could present new challenges to personnel and 
their safety. Specifically, the event stressed the existing regulatory framework and impacted the 
operator's capability to implement adequate protective measures to protect the public and plant 
staff. In light of the experience from the event, the unavailability of sufficient onsite staff during 
the initial phase of the emergency condition, the unavailability of staff designated to augment 
the onsite staff, the inability for offsite support to reach the site, and the unavailability and 
inability of relief staff to reach the site, the NRC recognizes that these in total could pose 
challenges to licensee response efforts. 
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A large scale natural event may alter the planned emergency framework by changing access 
routes (e.g., bridges washed out, debris blocking roadways, etc.). While several utilities have 
implemented a combined emergency operations facility that is capable of handling multi-unit 
events, the onsite technical support center and operational support center at sites with multiple 
reactors have been designed to handle any emergency at only one of the units. 

In conjunction with the Emergency Preparedness regulations Agencywide Documents Access 
and Management System (ADAMS) Accession No. ML 112070125 published on November 10, 
2011, the NRC published on December 5, 2011, in the Federal Register (76 FR 75771) interim 
staff guidance (lSG) in NSIRIDPR-ISG-01 ADAMS Accession No. ML 1113010523. Section 
IV.C of the ISG provides guidance on performing an on-shift staffing analysis, and identified 
Nuclear Energy Institute (NEI)-10-05, "Assessment of On-shift Emergency Response 
Organizations Staffing and Capabilities" ADAMS Accession No. ML 111751698, as an 
acceptable methodology for such an analysis. However, this methodology and guidance does 
not consider multiple unit events involving a large scale natural event with a loss of all 
alternating current (ac) power. 

This letter requests that addresses assess and provide the NRC with information regarding the 
ability to implement their emergency plan during a large scale natural event that results in the 
following: 

• 	 all units affected. 
• 	 extended loss of all ac power, and 
• 	 im peded access to the sites 

Addressees may find the capability for assessment activities, including repair team planning and 
preparation are particularly impacted. Therefore, it is requested that this assessment ensure 
that there is sufficient onsite staff and other resources to perform critical tasks until 
augmentation staff arrives to provide assistance and until other offsite resources become 
available. 

REQUESTED ACTIONS 

It is requested that addressees assess their current staffing levels and determine the 
appropriate staff to fill all necessary positions for responding to a multi-unit event during a 
beyond design basis natural event and determine if any enhancements are appropriate given 
the considerations of Near-Term Task Force (NITF) Recommendation 9.3. 

Single unit sites should provide the requested information as it pertains to an extended loss of 
all ac power, and impeded access to the site. 

REQUESTED INFORMATION 

1. 	 It is requested that addressees provide an assessment of the onsite and augmented staff 
needed to respond to a large scale natural event meeting the conditions described above. 
This assessment should include a discussion of the onsite and augmented staff available to 
implement the strategies as discussed in the emergency plan and/or described in plant 
operating procedures. The following functions are requested to be assessed: 
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• 	 How onsite staff will move back-up equipment (e.g., pumps, generators) from alternate 
onsite storage facilities to repair locations at each reactor as described in the Order 
regarding the NTIF Recommendation 4.2. It is requested that consideration be given to 
the major functional areas of NUREG-0654, Table 8-1, such as plant operations and 
assessment of operational aspects, emergency direction and control, 
notification/communication, radiological accident assessment, and support of operational 
accident assessment, as appropriate. 

• 	 New staff or functions identified as a result of the assessment. 

• 	 Collateral duties (personnel not being prevented from timely performance of their 

assigned functions). 


2. 	 Provide an implementation schedule of the time needed to conduct the onsite and 
augmented staffing assessment. If any modifications are determined to be appropriate, 
please include in the schedule the time to implement the changes. 

3. 	 Identify how the augmented staff would be notified given degraded communications 
capabilities. 

4. 	 Identify the methods of access (e.g., roadways, navigable bodies of water and dockage, 
airlift, etc.) to the site that are expected to be available after a widespread large scale 
natural event. 

5. 	 Identify any interim actions that have been taken or are planned prior to the completion of 
the staffing assessment. 

6. 	 Identify changes that have been made or will be made to your emergency plan regarding the 
on-shift or augmented staffing changes necessary to respond to a loss of all ac power, multi
unit event, including any new or revised agreements with offsite resource providers (e.g., 
staffing, equipment, transportation, etc.). 

REQUIRED RESPONSE 

In accordance with Section 182.a of the Atomic Energy Act of 1954, as amended, and 10 CFR 
50.54(f), each addressee is requested to submit a written response consistent with the 
requested information. The response to requested information items 1 and 2 should be 
provided within 60 days of issuance of the ISG to be referenced in the NRC Order associated 
with NTIF Recommendation 4.2. The response to requested information items 3-6 should be 
provided within 90 days of the date of this letter. 

If an addressee cannot meet the requested response date, the addressee must provide a 
response within 60 days of the date of this letter and describe the alternative course of action 
that it proposes to take, Including the basis of the acceptability of the proposed alternative 
course of action and estimated completion date. 

The required written response should be addressed to the U.S. Nuclear Regulatory 
Commission, ATIN: Document Control Desk, 11555 Rockville Pike, Rockville, MD 20852, under 
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oath or affirmation under the provisions of Sections 161.c, 103.b. and 182.a of the Atomic 
Energy Act of 1954, as amended and 10 CFR 50.54(f). In addition. addressees should submit a 
copy of the response to the appropriate regional administrator. 



POWER REACTOR LICENSEES AND HOLDERS OF 

CONSTRUCTION PERMITS IN ACTIVE OR DEFERRED STATUS 


Arkansas Nuclear One 
Entergy Operations, Inc. 
Docket Nos. 50-313 and 50-368 
License Nos. DPR-51 and NPF-6 

Mr. Christopher J. Schwarz 
Vice President, Operations 
Entergy Operations, Inc. 
Arkansas Nuclear One 
1448 S.R. 333 
Russellville, AR 72802 

Beaver Valley Power Station 
First Energy Nuclear Operating Co. 
Docket Nos. 50-334 and 50-412 
License Nos. DPR-66 and NPF-73 

Mr. Paul A. Harden 
Site Vice President 
FirstEnergy Nuclear Operating Company 
Mail Stop A-BV-SEB1 
P.O. Box 4, Route 168 
Shippingport, PA 15077 

Bellefonte Nuclear Power Station 
Tennessee Valley Authority 
Docket Nos. 50-438 and 50-439 
Construction Permit Nos. CPPR No. 122 and CPPR No. 123 

Mr. Michael D. Skaggs 
Senior Vice President, Nuclear Generation Development and Construction 
Tennessee Valley Authority 
6A Lookout Place 
1101 Market Street 
Chattanooga, TN 37402-2801 

Braidwood Station 
Exelon Generation Co., LLC 
Docket Nos. STN 50-456 and STN 50-457 
License Nos. NPF-72 and NPF-77 

Mr. Michael J. Pacilio 
President and Chief Nuclear Officer 
Exelon Nuclear 
4300 Winfield Road 
Warrenville,IL 60555 

Enclosure 6 
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Browns Ferry Nuclear Plant 
Tennessee Valley Authority 
Docket Nos. 50-259, 50-260 and 50-296 
License Nos. DPR-33, DPR-52 and DPR-68 

Mr. Preston D. Swafford 
Chief Nuclear Officer and Executive Vice President 
Tennessee Valley Authority 
3R Lookout Place 
1101 Market Street 
Chattanooga, TN 37402-2801 

Brunswick Steam Electric Plant 
Carolina Power & Light Co. 
Docket Nos. 50-325 and 50-324 
License Nos. DPR-71 and DPR-62 

Mr. Michael J. Annacone 
Vice President 
Carolina Power &Light Company 
Brunswick Steam Electric Plant 
P. O. Box 10429 
Southport, NC 28461 

Byron Station 
Exelon Generation Co., LLC 
Docket Nos. STN 50-454 and STN 50-455 
License Nos. NPF-37 and NPF-66 

Mr. Michael J. Pacilio 
President and Chief Nuclear Officer 
Exelon Nuclear 
4300 Winfield Road 
Warrenville, IL 60555 

Callaway Plant 
Union Electric Co. 
Docket No. 50-483 
License No. NPF-30 

Mr. Adam C. Heflin 
Senior Vice President and Chief Nuclear Officer 
Union Electric Company 
P. O. Box 620 
Fulton, MO 65251 
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Calvert Cliffs Nuclear Power Plant 
Calvert Cliffs Nuclear Power Plant, LLC 
Docket Nos. 50-317 and 50-318 
License Nos. DPR-53 and DPR-69 

Mr. George H. Gellrich 
Vice President 
Calvert Cliffs Nuclear Power Plant, LLC 
Calvert Cliffs Nuclear Power Plant 
1650 Calvert Cliffs Parkway 
Lusby, MD 20657-4702 

Catawba Nuclear Station 
Duke Energy Carolinas, LLC 
Docket Nos. 50-413 and 50-414 
License Nos. NPF-35 and NPF-52 

Mr. James R. Morris 
Site Vice President 
Duke Energy Carolinas, LLC 
Catawba Nuclear Station 
4800 Concord Road 
York, SC 29745 

Clinton Power Station 
Exelon Generation Co., LLC 
Docket No. 50-461 
License No. NPF-62 

Mr. Michael J. Pacilio 
President and Chief Nuclear Officer 
Exelon Nuclear 
4300 Winfield Road 
Warrenville, IL 60555 

Columbia Generating Station 
Energy Northwest 
Docket No. 50-397 
License No. NPF-21 

Mr. Mark E. Reddemann 
Chief Executive Officer 
Energy Northwest 
MD 1023 
P.O. Box 968 
Richland, WA 99352 
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Comanche Peak Nuclear Power Plant 
Luminant Generation Co., LLC 
Docket Nos. 50-445 and 50-446 
License Nos. NPF-87 and NPF-89 

Mr. Rafael Flores 
Senior Vice President and Chief Nuclear Officer 
Luminant Generation Company, LLC 
Attn: Regulatory Affairs 
P. O. Box 1002 
Glen Rose, TX 76043 

Cooper Nuclear Station 
Nebraska Public Power District 
Docket No. 50-298 
License No. DPR-46 

Mr. Brian J. O'Grady 
Vice President - Nuclear and Chief Nuclear Officer 
Nebraska Public Power District 
72676 648A Avenue 
P.O. Box 98 
Brownville, f\lE 68321 

Crystal River Nuclear Generating Plant 
Florida Power Corp. 
Docket No. 50-302 
License No. DPR-72 

Mr. Jon A. Franke 
Vice President 
Attn: Supervisor, Licensing & Regulatory Affairs 
Progress Energy, Inc. 
Crystal River Nuclear Plant (NA2C) 
15760 West Power Line Street 
Crystal River, FL 34428-6708 

Davis-Besse Nuclear Power Station 
First Energy Nuclear Operating Co. 
Docket No. 50-346 
License No. NPF-3 

Mr. Barry S. Allen 
Site Vice President 
FirstEnergy Nuclear Operating Company 
c/o Davis-Besse NPS 
5501 N. State Route 2 
Oak Harbor, OH 43449-9760 
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Diablo Canyon Power Plant 
Pacific Gas & Electric Co. 
Docket Nos. 50-275 and 50-323 
License Nos. DPR-80 and DPR-82 

Mr. John T. Conway 
Senior Vice President - Energy Supply and Chief Nuclear Officer 
Pacific Gas and Electric Company 
Diablo Canyon Power Plant 
77 Beale Street, Mail Code B32 
San Francisco, CA 94105 

Donald C. Cook Nuclear Plant 
Indiana Michigan Power Co. 
Docket Nos. 50-315 and 50-316 
License Nos. DPR-58 and DPR-74 

Mr. Lawrence J. Weber 
Senior Vice President and Chief Nuclear Officer 
Indiana Michigan Power Company 
Nuclear Generation Group 
One Cook Place 
Bridgman, MI 49106 

Dresden Nuclear Power Station 
Exelon Generation Co., LLC 
Docket Nos. 50-237 and 50-249 
License Nos. DPR-19 and DPR-25 

Mr. Michael J. Pacilio 
President and Chief Nuclear Officer 
Exelon Nuclear 
4300 Winfield Road 
Warrenville, IL 60555 

Duane Arnold Energy Center 
NextEra Energy Duane Arnold, LLC 
Docket No. 50-331 
License No. DPR-49 

Mr. Peter Wells 
Site Vice President 
NextEra Energy 
Duane Arnold Energy Center 
3277 DAEC Road 
Palo, IA 52324-9785 
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Edwin I. Hatch Nuclear Plant 
Southern Nuclear Operating Co. 
Docket Nos. 50-321 and 50-366 
License Nos. DPR-57 and NPF-5 

Mr. Dennis R. Madison 
Vice President 
Southern Nuclear Operating Company, Inc. 
Edwin I. Hatch Nuclear Plant 
11028 Hatch Parkway North 
Baxley, GA 31513 

Fermi 
Detroit Edison Co. 
Docket No. 50-341 
License No. NPF-43 

Mr. Jack M. Davis 
Senior Vice President and Chief Nuclear Officer 
Detroit Edison Company 
Fermi 2 - 210 NOC 
6400 North Dixie Highway 
Newport, MI 48166 

Fort Calhoun Station 
Omaha Public Power District 
Docket No. 50-285 
License No. DPR-40 

Mr. David J. Bannister 
Vice President and Chief Nuclear Officer 
Omaha Public Power District 
444 South 16th St. Mall 
Omaha, NE 68102-2247 

Grand Gulf Nuclear Station 
Entergy Operations, Inc. 
Docket No. 50-416 
License No. NPF-29 

Mr. Michael Perito 
Vice President, Operations 
Entergy Operations, Inc. 
Grand Gulf Nuclear Station, Unit 1 
7003 Bald Hill Road 
Port Gibson, MS 39150 
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H. B. Robinson Steam Electric Plant 
Carolina Power & Light Co. 
Docket No. 50-261 
License No. DPR-23 

Mr. Robert J. Duncan II 
Vice President 
Carolina Power & Light Company 
3581 West Entrance Road 
Hartsville, SC 29550 

Hope Creek Generating Station 
PSEG Nuclear, LLC 
Docket No. 50-354 
License No. NPF-57 

Mr. Thomas Joyce 
President and Chief Nuclear Officer 
PSEG Nuclear LLC - N09 
P. O. Box 236 
Hancocks Bridge, NJ 08038 

Indian Point Energy Center 
Entergy Nuclear Operations, Inc. 
Docket Nos. 50-247 and 50-286 
License Nos. DPR-26 and DPR-64 

Mr. John Ventosa 
Vice President, Operations 
Entergy Nuclear Operations, Inc. 
Indian Point Energy Center 
450 Broadway, GSB 
P.O. Box 249 
Buchanan, NY 10511-0249 

James A. FitzPatrick Nuclear Power Plant 
Entergy Nuclear Operations, Inc. 
Docket 1'110. 50-333 
License No. DPR-59 

Mike Colomb 
Vice President, Operations 
Entergy Nuclear Operations, Inc. 
James A. FitzPatrick Nuclear Power Plant 
P.O. Box110 
Lycoming, NY 13093 
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Joseph M. Farley Nuclear Plant 
Southern Nuclear Operating Co. 
Docket Nos. 50-348 and 50-364 
License Nos. NPF-2 and NPF-8 

Mr. Tom Lynch 
Vice President - Farley 
Southern Nuclear Operating Company, Inc. 
Joseph M. Farley Nuclear Plant 
7388 North State Highway 95 
Columbia, AL 36319 

Kewaunee Power Station 
Dominion Energy Kewaunee, Inc. 
Docket No. 50-305 
License No. DPR-43 

Mr. David A. Heacock 
President and Chief Nuclear Officer 
Dominion Energy Kewaunee, Inc. 
Innsbrook Technical Center 
5000 Dominion Boulevard 
Glen Allen, VA 23060-6711 

LaSalle County Station 
Exelon Generation Co., LLC 
Docket Nos. 50-373 and 50-374 
License Nos. NPF-11 and NPF-18 

Mr. Michael J. Pacilio 
President and Chief Nuclear Officer 
Exelon Nuclear 
4300 Winfield Road 
Warrenville, IL 60555 

Limerick Generating Station 
Exelon Generation Co., LLC 
Docket Nos. 50-352 and 50-353 
License Nos. NPF-39 and NPF-85 

Mr. Michael J. Pacilio 
President and Chief Nuclear Officer 
Exelon Nuclear 
4300 Winfield Road 
Warrenville, IL 60555 
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Millstone Nuclear Power Station 
Dominion Nuclear Connecticut, Inc. 
Docket Nos. 50-336 and 50-423 
License Nos. DPR-65 and NPF-49 

Mr. David A. Heacock 
President and Chief Nuclear Officer 
Dominion Nuclear Connecticut, Inc. 
Innsbrook Technical Center 
5000 Dominion Boulevard 
Glen Allen, VA 23060-6711 

Monticello Nuclear Generating Plant 
Northern States Power Company 
Docket No. 50-263 
License No. DPR-22 

Mr. Timothy J. O'Connor 
Site Vice President 
Northern States Power Company - Minnesota 
Monticello Nuclear Generating Plant 
2807 West County Road 75 
Monticello, MN 55362-9637 

Nine Mile Point Nuclear Station 
Nine Mile Point Nuclear Station, LLC 
Docket Nos. 50-220 and 50-410 
License Nos. DPR-63 and NPF-69 

Mr. Ken Langdon 
Vice President Nine Mile Point 
Nine Mile Point Nuclear Station, LLC 
P. O. Box 63 
Lycoming, NY 13093 

North Anna Power Station 
Virginia Electric & Power Co. 
Docket Nos. 50-338 and 50-339 
License Nos. NPF-4 and NPF-7 

Mr. David A. Heacock 
President and Chief Nuclear Officer 
Dominion Nuclear 
Innsbrook Technical Center 
5000 Dominion Boulevard 
Glen Allen, VA 23060-6711 
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Oconee Nuclear Station 
Duke Energy Carolinas, LLC 
Docket Nos. 50-269, 50-270 and 50-287 
License Nos. DPR-38, DPR-47 and DPR-55 

Mr. Preston Gillespie 
Site Vice President, Oconee Nuclear Station 
Duke Energy Carolinas, LLC 
7800 Rochester Highway 
Seneca, SC 29672 

Oyster Creek Nuclear Generating Station 
Exelon Generation Co., LLC 
Docket No. 50-219 
License No. DPR-16 

Mr. Michael J. Pacilio 
President and Chief Nuclear Officer 
Exelon Nuclear 
4300 Winfield Road 
Warrenville,IL 60555 

Palisades Nuclear Plant 
Entergy Nuclear Operations, Inc. 
Docket No. 50-255 
License No. DPR-20 

Mr. Anthony J. Vitale 
Site Vice President - Palisades 
Entergy Nuclear Operations, Inc. 
Palisades Nuclear Plant 
27780 Blue Star Memorial Highway 
Covert, Ml 49043 

Palo Verde Nuclear Generating Station 
Arizona Public Service Company 
Docket Nos. STN 50-528, STN 50-529 and STN 50-530 
License Nos. NPF-41, NPF-51 and NPF-74 

Mr. Randall K. Edington 
Executive Vice President Nuclear and Chief Nuclear Officer 
Arizona Public Service Co. 
P. O. Box 52034, MS 7602 
Phoenix, AZ 85072-2034 
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Peach Bottom Atomic Power Station 
Exelon Generation Co., LLC 
Docket Nos. 50-277 and 50-278 
License Nos. DPR-44 and DPR-56 

Mr. Michael J. Pacilio 
President and Chief Nuclear Officer 
Exelon Nuclear 
4300 Winfield Road 
Warrenville, IL 60555 

Perry Nuclear Power Plant 
First Energy Nuclear Operating Co. 
Docket No. 50-440 
License No. NPF-58 

Mr. Vito A Kaminskas 
Site Vice President - Nuclear - Perry 
FirstEnergy Nuclear Operating Company 
Perry Nuclear Power Plant 
10 Center Road, A290 
Perry, OH 44081 

Pilgrim Nuclear Power Station Unit No.1 
Entergy Nuclear Operations, Inc. 
Docket No. 50-293 
License No. DPR-35 

Mr. Robert Smith 
Vice President and Site Vice President 
Entergy Nuclear Operations, Inc. 
Pilgrim Nuclear Power Station 
600 Rocky Hill Road 
Plymouth, MA 02360-5508 

Point Beach Nuclear Plant 
NextEra Energy Point Beach, LLC 
Docket Nos. 50-266 and 50-301 
License Nos. DPR-24 and DPR-27 

Mr. Larry Meyer 
Site Vice President 
NextEra Energy Point Beach, LLC 
Point Beach Nuclear Plant, Units 1 &2 
6610 Nuclear Road 
Two Rivers, WI 54241-9516 
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Prairie Island Nuclear Generating Plant 
Northern States Power Co. Minnesota 
Docket Nos. 50-282 and 50-306 
License Nos. DPR-42 and DPR-60 

Mr. Mark A. Schimmel 
Site Vice President 
Northern States Power Company - Minnesota 
Prairie Island Nuclear Generating Plant 
1717 Wakonade Drive East 
Welch, MN 55089-9642 

Quad Cities Nuclear Power Station 
Exelon Generation Co., LLC 
Docket Nos. 50-254 and 50-265 
License Nos. DPR-29 and DPR-30 

Mr. Michael J. Pacilio 
President and Chief Nuclear Officer 
Exelon Nuclear 
4300 Winfield Road 
Warrenville, IL 60555 

R E. Ginna Nuclear Power Plant 
RE. Ginna Nuclear Power Plant, LLC 
Docket No. 50-244 
License No. DPR-18 

Mr. Joseph E. Pacher 
Vice President 
RE. Ginna Nuclear Power Plant, LLC 
RE. Ginna Nuclear Power Plant 
1503 Lake Road 
Ontario, NY 14519 

River Bend Station 
Entergy Operations, Inc. 
Docket No. 50-458 
License No. NPF-47 

Mr. Eric W. Olson 
Vice President, Operations 
Entergy Operations, Inc. 
River Bend Station 
5485 U.S. Highway 61 N 
St. Francisville, LA 70775 



- 13 

Salem Nuclear Generating Station 
PSEG Nuclear, LLC 
Docket Nos. 50-272 and 50-311 
License Nos. DPR-70 and DPR-75 

Mr. Thomas Joyce 
President and Chief Nuclear Officer 
PSEG Nuclear LLC - N09 
P. O. Box 236 
Hancocks Bridge, NJ 08038 

San Onofre Nuclear Generating Station 
Southern California Edison Co. 
Docket Nos. 50-361 and 50-362 
License Nos. NPF-10 and NPF-15 

Mr. Peter T. Dietrich 
Senior Vice President and Chief Nuclear Officer 
Southern California Edison Company 
San Onofre Nuclear Generating Station 
P.O. Box 128 
San Clemente, CA 92674-0128 

Seabrook 
NextEra Energy Seabrook, LLC 
Docket No. 50-443 
License No. NPF-86 

Mr. Paul Freeman 
Site Vice President 
NextEra Energy Seabrook, LLC 
clo Mr. Michael O'Keefe 
NextEra Energy Seabrook, LLC 
P.O. Box 300 
Seabrook, NH 03874 

Seguoyah Nuclear Plant 
Tennessee Valley Authority 
Docket Nos. 50-327 and 50-328 
License Nos. DPR-77 and DPR-79 

Mr. Preston D. Swafford 
Chief Nuclear Officer and Executive Vice President 
Tennessee Valley Authority 
3R Lookout Place 
1101 Market Street 
Chattanooga, TN 37402-2801 
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Shearon Harris Nuclear Power Plant 
Carolina Power & Light Co. 
Docket No. 50-400 
License No. NPF-63 

Mr. Christopher L Burton 
Vice President 
Progress Energy Carolinas, Inc. 
Shearon Harris Nuclear Power Plant 
P. O. Box 165, Mail Zone 1 
New Hill, NC 27562-0165 

South Texas Project 
STP Nuclear Operating Co. 
Docket Nos. 50-498 and 50-499 
License Nos. NPF-76 and NPF-80 

Mr. Edward D. Halpin 
President, Chief Executive Officer and Chief Nuclear Officer 
STP Nuclear Operating Company 
South Texas Project 
P. O. Box 289 
Wadsworth, TX 77483 

St. Lucie Plant 
Florida Power & Light Co. 
Docket Nos. 50-335 and 50-389 
License Nos. DPR-67 and NPF-16 

Mr. Mano Nazar 
Executive Vice President and Chief Nuclear Officer 
NextEra Energy 
700 Universe Boulevard 
P. O. Box 14000 
Juno Beach, FL 33408-0420 

Surry Power Station 
Virginia Electric & Power Co. 
Docket Nos. 50-280 and 50-281 
License Nos. DPR-32 and DPR-37 

Mr. David A. Heacock 
President and Chief Nuclear Officer 
Dominion Nuclear 
Innsbrook Technical Center 
5000 Dominion Boulevard 
Glen Allen, VA 23060-6711 
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Susquehanna Steam Electric Station 
PPL Susquehanna, LLC 
Docket Nos. 50-387 and 50-388 
license Nos. NPF-14 and NPF-22 

Mr. Timothy S. Rausch 
Senior Vice President and Chief Nuclear Officer 
PPL Susquehanna, LLC 
769 Salem Boulevard 
NUCSB3 
Berwick, PA 18603-0467 

Turkey Point 
Florida Power & Light Co. 
Docket Nos. 50-250 and 50-251 
License Nos. DPR-31 and DPR-41 

Mr. Mano Nazar 
Executive Vice President and Chief Nuclear Officer 
NextEra Energy 
700 Universe Boulevard 
P. O. Box 14000 
Juno Beach, FL 33408-0420 

Vermont Yankee Nuclear Power Station 
Entergy Nuclear Operations, Inc. 
Docket No. 50-271 
License No. DPR-28 

Mr. Christopher J. Wamser 
Site Vice President 
Entergy Nuclear Operations, Inc. 
Vermont Yankee Nuclear Power Station 
320 Governor Hunt Road 
Vernon, VT 05354 

Virgil C. Summer Nuclear Station 
South Carolina Electric & Gas Co. 
Docket No. 50-395 
License No. NPF-12 

Mr. Thomas D. Gatlin 
Vice President Nuclear Operations 
South Carolina Electric & Gas Company 
Virgil C. Summer Nuclear Station 
Post Office Box 88, Mail Code 300 
Jenkinsville, SC 29065 
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Vogtle Electric Generating Plant 
Southern Nuclear Operating Co. 
Docket Nos. 50-424 and 50-425 
License Nos. NPF-68 and NPF-81 

Mr. Tom E. Tynan 
Vice President 
Southern Nuclear Operating Company, Inc. 
Vogtle Electric Generating Plant 
7821 River Road 
Waynesboro, GA 30830 

Vogtle Electric Generating Plant, Units 3 & 4 
Southern Nuclear Operating Co. 
Docket Nos. 52-025 and 52-026 
License Nos. NPF-91 and NPF-92 

Mr. B. L. Ivey 
Vice President, Regulatory Affairs 
Southern Nuclear Operating Company, Inc. 
40 Inverness Center Parkway 
Bin B022 
Birmingham, AL 35242 

Waterford Steam Electric Station 
Entergy Operations, Inc. 
Docket No. 50-382 
License No. NPF-38 

Ms. Donna Jacobs 
Vice President, Operations 
Entergy Operations, Inc. 
Waterford Steam Electric Station, Unit 3 
17265 River Road 
Killona, LA 70057-0751 

Watts Bar Nuclear Plant, Unit 1 
Tennessee Valley Authority 
Docket No. 50-390 
License No. NPF-90 

Mr. Preston D. Swafford 
Chief Nuclear Officer and Executive Vice President 
Tennessee Valley Authority 
3R Lookout Place 
1101 Market Street 
Chattanooga, TN 37402-2801 



-17 

Watts Bar Nuclear Plant. Unit 2 
Tennessee Valley Authority 
Docket No. 50-391 
Construction Permit No. CPPR No. 092 

Mr. Michael D. Skaggs 
Senior Vice President, Nuclear Generation Development and Construction 
Tennessee Valley Authority 
6A Lookout Place 
11 01 Market Street 
Chattanooga, TN 37402-2801 

William B. McGuire Nuclear Station 
Duke Energy Carolinas, LLC 
Docket Nos. 50-369 and 50-370 
License Nos. NPF-9 and NPF-17 

Mr. Regis T. Repko 
Vice President 
Duke Energy Carolinas, LLC 
McGuire Nuclear Site 
12700 Hagers Ferry Road 
Huntersville, NC 28078 

Wolf Creek Generating Station 
Wolf Creek Nuclear Operating Corp. 
Docket No. 50-482 
License No. NPF-42 

Mr. Matthew W. Sunseri 
President and Chief Executive Officer 
Wolf Creek Nuclear Operating Corporation 
P. O. Box 411 
Burlington, KS 66839 
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If you have any questions on this matter, please contact your NRC licensing Project Manager. 

Sincerely, 

Ira! 

Eric J. Leeds, Director 
Office of Nuclear Reactor Regulation 

Michael R. Johnson, Director 
Office of New Reactors 

Enclosures: 
1. Recommendation 2.1: Seismic 
2. Recommendation 2.1: Flooding 
3. Recommendation 2.3: Seismic 
4. Recommendation 2.3: Flooding 
5. Recommendation 9.3: EP 
6. Licensees and Holders of Construction Permits 

cc: Listserv 

Distribution: See next page 
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Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Belen Rosas-Perdon 

Title: Strategic Manager 2  
 Dated: 04/17/2013

Question Section II. B.1:

II. Progress in Completing 2011 IEPR Recommendations

B. Spent Fuel Pool and Independent Spent Fuel Storage Installation

1. Please provide an update on progress in adding safety-related instrumentation (capable of 
withstanding design basis natural phenomena) to monitor in the control room key spent fuel pool 
parameters, for example, water level, temperature, and radiation levels, during a severe accident 
in which radiation levels within the spent fuel pool building are unsafe. (Diablo Canyon, 
SONGS)

Response to Question Section II. B.1:

 On March 12, 2012, the NRC issued an order, EA-12-051, to all power reactor licensees 
regarding the need to add Reliable Spent Fuel Pool level instrumentation. SCE submitted an 
Overall Integration Plan on February 27, 2013 that provides a general description of SCE's plans 
for pool level indication. (Ref: http://pbadupws.nrc.gov/docs/ML1306/ML13064A353.pdf)  As 
noted in the document, SCE plans to add fixed level sensing components to each of the spent 
fuel pools (both primary and backup channels) in areas that are accessible  following a large 
scale natural external event. Based on the insights of the NRC, the reliable means of remotely 
monitoring wide-range spent fuel pool levels is the only instrumentation needed at this time.



Southern California Edison
SONGS OII  I.12-10-013
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To: CEC
Prepared by: Belen Rosas-Perdon 

Title: Strategic Manager  
 Dated: 04/17/2013

Question Section II. B.2:

II. Progress in Completing 2011 IEPR Recommendations

B. Spent Fuel Pool and Independent Spent Fuel Storage Installation

2. Please provide a progress report on the transfer of spent fuel from pools into dry casks (in 
compliance with NRC spent fuel cask and pool storage requirements). (Diablo Canyon, SONGS)

Response to Question Section II. B.2:

SCE transfers used fuel from the SONGS 2 & 3 used fuel pools to dry cask storage (otherwise 
known as the Independent Spent Storage Installation or ISFSI) as necessary to maintain full core 
off-load capability in the used fuel pools. SCE complies with all NRC requirements for used fuel 
storage.  SCE's used fuel management plan provides  for the safe and secure storage of used fuel 
until the U.S. Department of Energy  (DOE) meets its acknowledged contractual obligations to 
remove the used fuel from the site.  SCE will continue to adhere to its used fuel management 
plan in which used fuel for SONGS 2 & 3 is stored in used fuel pools or dry cask storage 
containers. 
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To: CEC
Prepared by: Tony Llorens 

Title: Project Manager  
 Dated: 04/17/2013

Question Section II. B.3:

II. Progress in Completing 2011 IEPR Recommendations

B. Spent Fuel Pool and Independent Spent Fuel Storage Installation

3. Please provide an updated evaluation of the potential long-term impacts and projected costs of 
spent fuel storage in pools versus dry cask storage of higher burn-up fuels in densely packed 
pools, and the potential degradation of fuels and package integrity during long-term wet and dry 
storage and transportation offsite. (Diablo Canyon, SONGS)

Response to Question Section II. B.3:

All used fuel generated at SONGS is stored in accordance with the regulations and requirements 
of the NRC.  Currently, there are no higher burn-up used fuel assemblies (i.e. greater than 60 
GWd/MTU) in the SONGS used fuel pools or dry cask storage facility.  Typically, higher 
burn-up used fuel would require a longer period of storage in a used fuel pool prior to being 
transferred to dry cask storage.  The dry cask storage canisters would be licensed to store higher 
burn-up used fuel.  The storage and transportation of higher burn-up used fuel is currently being 
studied and tested by the NRC, DOE, and EPRI.
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To: CEC
Prepared by: Caroline McAndrews 

Title: Director, Nuclear Special Projects  
 Dated: 04/17/2013

Question Section II. C.1.a:

II. Progress in Completing 2011 IEPR Recommendations

C. Station Blackout

1. Please provide a progress report in addressing the lessons learned from the station blackout at 
the Fukushima Daiichi Nuclear Power Plant and how well-equipped the plants are to safely 
withstand a station blackout lasting longer than seven days. Include in the progress report:

a. any significant changes, including estimated costs, associated with NRC requirements 
to address station blackout; and

Response to Question Section II. C.1.a:

SCE has taken several actions to confirm the ability to respond and mitigate an extreme natural 
events resulting in the loss of power at SONGS. These actions are responsive to the NRC 10CFR 
50.54(f) Request for Information and Orders associated with mitigating strategies for beyond 
design basis external events and reliable spent fuel pool instrumentation. These actions have and 
will continue to identify enhancements to the infrastructure, procedures, and training based on 
the lessons learned from the events at the Fukushima Daiichi Nuclear Power Plant. A summary 
of activities include:

· Validated capability to implement extreme damage and severe accident guidelines, 
which includes taking actions to extend capability to respond to station blackout 
conditions

· Evaluated emergency planning communications capabilities (See 
http://pbadupws.nrc.gov/docs/ML1230/ML12305A428.pdf) and identified 
enhancements given failure of communication infrastructure within 25 miles of the 
SONGS

· Validated emergency staffing levels (See “Licensee Phase 1 Staffing Assessment” which 
was submitted 4/30/13 and will be uploaded shortly under the RFI link 
http://www.nrc.gov/reactors/operating/ops-experience/japan/plants/sano2.html) are 
sufficient to respond to a dual-unit, beyond design basis external event (BDBEE), which 
results in an extended loss of alternating current (AC) power and impeded access to the 
site

· Confirmed seismic (See http://pbadupws.nrc.gov/docs/ML1302/ML13024A103.pdf) and 



flood protection (See http://pbadupws.nrc.gov/docs/ML1233/ML12332A072.pdf) 
features are consistent with design requirements and able to perform their required 
functions

· Developed an overall integrated plan for mitigation strategies (See 
http://pbadupws.nrc.gov/docs/ML1306/ML13066A036.pdf) that will develop, 
implement, and maintain guidance and strategies to maintain or restore core cooling, 
containment, and spent fuel pool cooling capabilities in the event of a 
beyond-design-basis external event. 

· Developed an overall integrated plan for reliable spent fuel instrumentation (See 
http://pbadupws.nrc.gov/docs/ML1306/ML13064A353.pdf)

Additional evaluations and changes are expected since both the NRC and industry continue 
to identify improvements that will mitigate the impact of an extreme natural events resulting 
in the loss of power at plants.

a. Significant changes are pending and the associated cost estimates associated with these 
changes are under development.



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Caroline McAndrews 

Title: Director, Nuclear Special Projects  
 Dated: 04/17/2013

Question Section II. C.1.b:

II. Progress in Completing 2011 IEPR Recommendations

C. Station Blackout

1. Please provide a progress report in addressing the lessons learned from the station blackout at 
the Fukushima Daiichi Nuclear Power Plant and how well-equipped the plants are to safely 
withstand a station blackout lasting longer than seven days. Include in the progress report:

b. arrangements for accessing emergency backup generation and fuel, responding to 
multiple unit events, seismically and flooding protected equipment and addressing the lessons 
learned from Fukushima. (Diablo Canyon, SONGS)

Response to Question Section II. C.1.b:

The evaluations conducted to date (please see response to data request II.C.1.a) demonstrate that 
controls are in place to respond to an extreme natural event resulting in the loss of power at 
SONGS  with on-site resources and with some off-site agency support. Additional evaluations 
and changes are expected since both the NRC and industry continue to identify improvements 
that will mitigate the impact of aforementioned extreme natural events.
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To: CEC
Prepared by: Caroline McAndrews 

Title: Director, Nuclear Special Projects  
 Dated: 04/17/2013

Question Section II. C.2:

II. Progress in Completing 2011 IEPR Recommendations

C. Station Blackout

2. Please provide a progress report on the adequacy of trained people, equipment, and external 
support, including written agreements, for providing emergency power equipment and fuel for 
handling an extended station blackout. (Diablo Canyon, SONGS)

Response to Question Section II. C.2:

SCE maintains training, equipment and external support agreements for existing processes that 
are used to respond to an extended station blackout. Changes resulting from the implementation 
of the NRC orders are just beginning. The milestone schedules are included in the submittal 
made to the NRC and 6 month status updates will be provided to the NRC. SONGS data related 
to the implementation of the NRC order may be found at: 

http://pbadupws.nrc.gov/docs/ML1306/ML13066A036.pdf



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Jose Luis Perez 

Title: Principal Manager, Generation Regulatory  
 Dated: 04/17/2013

Question Section II. D.1:

II. Progress in Completing 2011 IEPR Recommendations

D. Nuclear Plant Liability Coverage 

Based on the Fukushima experiences, PG&E and SCE were to provide a comprehensive study to the 
Energy Commission on the adequacy of Price-Anderson Act liability coverage for a severe event at 
Diablo Canyon or SONGS resulting in large
offsite releases of radioactive materials.

1. Please provide the comprehensive study on the adequacy of Price-Anderson Act liability coverage for a 
severe event. (Diablo Canyon, SONGS)

Response to Question Section II. D.1:

A comprehensive study on the adequacy of Price-Anderson Act liability coverage for a severe 
event has not been performed.  As previously provided to the CEC, following is a discussion of 
the Price-Anderson coverage.

Federal law limits public liability claims from a nuclear incident to approximately $12.6 billion. 
SCE and other owners of San Onofre Nuclear Generating Station (SONGS) have purchased the 
maximum private primary insurance available ($375 million), provided by American Nuclear 
Insurers (ANI) in the "Facility Form." The balance is covered  by the industry's retrospective 
rating plan that uses deferred premium charges to every reactor licensee if a nuclear incident at 
any licensed reactor in the United States results in claims and/or costs which exceed the primary 
insurance at that plant site. Federal regulations require this secondary level of financial 
protection. The NRC exempted SONGS Unit 1 from this secondary level, effective June 1994. 
The current maximum deferred premium for each nuclear incident is  $117.5 million per reactor, 
but not more than  $17.5 million per reactor may be charged in any one year for each incident. 
The maximum deferred premium per reactor and the yearly assessment per reactor for each 
nuclear incident is adjusted for inflation at least once every five years. The most recent inflation 
adjustment took effect on October 29, 2008. The owners of SONGS 2 & 3 could collectively be 
required to pay up to $235 million.  However, the owners would have to pay no more than $35 
million per incident in any one year.   Such amounts include a 5% surcharge if additional funds 
are needed to satisfy public liability claims. The amounts also are subject to adjustment for 
inflation, and the next adjustment is due to be made by NRC rulemaking in 2013. If the public 



liability limit above is insufficient, federal regulations may impose further revenue-raising 
measurers to pay claims, including a possible additional assessment on all licensed reactor 
operators. 
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DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Caroline McAndrews 

Title: Director, Nuclear Special Projects  
 Dated: 04/17/2013

Question Section II. E.1:

II. Progress in Completing 2011 IEPR Recommendations

E. Fukushima Lessons Learned

1. Please provide a progress report and cost estimate for carrying out the recommendations of the 
NRC Near-Term Fukushima Task Force Report, including orders for Mitigation Strategies to 
Respond to Extreme Natural Events Resulting in the
Loss of Power at Plants and for Enhancing Spent Fuel Pool Instrumentation. (Diablo Canyon, 
SONGS)

Response to Question Section II. E.1:

In response to the Fukushima Event, the NRC issued one 10CFR 50.54(f) letter requesting 
information and two orders. SCE submitted to the NRC overall integrated plans for mitigation 
strategies and reliable spent fuel pool instrumentation. Cost estimates are under development. 
SONGS data related to the NRC requested actions may be found at: 

http://www.nrc.gov/reactors/operating/ops-experience/japan/plants/sano2.html

http://pbadupws.nrc.gov/docs/ML1306/ML13066A036.pdf

http://pbadupws.nrc.gov/docs/ML1306/ML13064A353.pdf
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DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Caroline McAndrews 

Title: Director, Nuclear Special Projects  
 Dated: 04/17/2013

Question Section II. E.2.a:

II. Progress in Completing 2011 IEPR Recommendations

E. Fukushima Lessons Learned

2. Please provide a progress report on the adequacy of resources, training, and equipment to cope 
with severe plant events including a station blackout combined with natural or man-made events 
(earthquake, flooding, fires, or terrorist attack). Include a discussion of the availability of:

a. seismically robust and flood protected essential safety systems and equipment;

Response to Question Section II. E.2.a:

For the broader aspects of question 2, please see responses to data requests II.C.1.a and II.C.2. 

a. SCE completed an assessment of seismic and external flood‐protection and mitigation 

capabilities in accordance with NRC 10 CFR 50.54(f) Request for Additional Information. The 
seismic and flood protection walkdowns confirmed that the structures, systems, components 
(SSCs) are acceptable and capable of performing their design function as credited in the current 
licensing basis.  These evaluations may be found at:

http://pbadupws.nrc.gov/docs/ML1302/ML13024A103.pdf

http://pbadupws.nrc.gov/docs/ML1233/ML12332A072.pdf

Additional seismic and flooding evaluations are in progress per enclosures 1 and 2 of the 10CFR 
50.54(f) request for additional information.
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To: CEC
Prepared by: Carolin McAndrews 

Title: Director, Nuclear Special Projects  
 Dated: 04/17/2013

Question Section II. E.2.b:

II. Progress in Completing 2011 IEPR Recommendations

E. Fukushima Lessons Learned

2. Please provide a progress report on the adequacy of resources, training, and equipment to cope 
with severe plant events including a station blackout combined with natural or man-made events 
(earthquake, flooding, fires, or terrorist attack). Include a discussion of the availability of:

b. suitably shielded, ventilated, and well-equipped facilities needed for the workers to 
manage the accident;

Response to Question Section II. E.2.b:

For the broader aspects of question 2, please see the responses to data requests II.C.1.a and 
II.C.2. SCE evaluated the emergency response facilities (see “Licensee Phase 1 Staffing 
Assessment,” which was submitted 4/30/13 and will be uploaded shortly under the RFI link 
http://www.nrc.gov/reactors/operating/ops-experience/japan/plants/sano2.html). SCE determined 
that additional work areas may be needed to support an expanded emergency response 
organization for a multi-unit event. The actions from this emergency response assessment will be 
coordinated with facility upgrades associated with the NRC Mitigation Strategies to Respond to 
Extreme Natural Events Resulting in the Loss of Power at Plants Order.
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To: CEC
Prepared by: Carolilne McAndrews 

Title: Director, Nuclear Strategic Projects  
 Dated: 04/17/2013

Question Section II. E.2.c:

II. Progress in Completing 2011 IEPR Recommendations

E. Fukushima Lessons Learned

2. Please provide a progress report on the adequacy of resources, training, and equipment to cope 
with severe plant events including a station blackout combined with natural or man-made events 
(earthquake, flooding, fires, or terrorist attack). Include a discussion of the availability of:

c. ability to respond to multiple events and multiple-unit events; and

Response to Question Section II. E.2.c:

SCE completed evaluations related to the response and mitigation of extreme natural events 
resulting in the loss of power at SONGS. These actions are responsive to the NRC 10CFR 
50.54(f) Request for Information and Orders associated with mitigating strategies for beyond 
design basis external events and reliable spent fuel pool instrumentation. These actions have and 
will continue to identify enhancements to the infrastructure, procedures, and training based on 
the lessons learned from the events at the Fukushima Daiichi Nuclear Power Plant. The 
evaluations may be found at:

· http://pbadupws.nrc.gov/docs/ML1230/ML12305A428.pdf for emergency planning 
communications capabilities.

 
· http://www.nrc.gov/reactors/operating/ops-experience/japan/plants/sano2.html (see 

“Licensee Phase 1 Staffing Assessment” which was submitted 4/30/13 and will be 
uploaded shortly under the RFI link) for the adequacy of emergency staffing levels to 
respond to a dual-unit, beyond design basis external event (BDBEE), which results in an 
extended loss of alternating current (AC) power and impeded access to the site.

· http://pbadupws.nrc.gov/docs/ML1306/ML13066A036.pdf for the development, 
implementation, and planned guidance and strategies to maintain or restore core cooling, 
containment, and spent fuel pool cooling capabilities in the event of a 
beyond-design-basis external event.
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To: CEC
Prepared by: Caroline McAndrews 

Title: Director, Nuclear Strategic Projects  
 Dated: 04/17/2013

Question Section II. E.2.d:

II. Progress in Completing 2011 IEPR Recommendations

E. Fukushima Lessons Learned

2. Please provide a progress report on the adequacy of resources, training, and equipment to cope 
with severe plant events including a station blackout combined with natural or man-made events 
(earthquake, flooding, fires, or terrorist attack). Include a discussion of the availability of:

d. trained onsite and offsite responders for a long-term station blackout or loss of all heat 
sinks. (Diablo Canyon, SONGS)

Response to Question Section II. E.2.d:

The availability of emergency response personnel was evaluated consistent with the 10 CFR 
50.54(f) Request for Information regarding the adequacy of emergency staffing levels to respond 
to a dual-unit, beyond design basis external event (BDBEE), which results in an extended loss of 
alternating current (AC) power and impeded access to the site. SCE’s response may be found at:

http://www.nrc.gov/reactors/operating/ops-experience/japan/plants/sano2.html (see “Licensee 
Phase 1 Staffing Assessment” which was submitted 4/30/13 and will be uploaded shortly under 
the RFI link)
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To: CEC
Prepared by: Belen Rosas-Perdon 

Title: Strategic Manager  
 Dated: 04/17/2013

Question Section II. F.1:

II. Progress in Completing 2011 IEPR Recommendations

F. Plant Safety

1. Please provide a status report on efforts to improve the safety culture at Diablo Canyon and 
SONGS and on the NRC’s evaluation of these efforts and overall plant performance. (Diablo 
Canyon) (SONGS - see also AB1632 Report/2008 IEPR H.1)

Response to Question Section II. F.1:

See response to I.H.1
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To: CEC
Prepared by: Kathy Yhip 

Title: Technical Assistant to the Site Vice President  
 Dated: 04/17/2013

Question Section III. B.1.a:

III. Other Issues

B. Environmental Impacts – SONGS

1. Please provide the following information:

a. the status of remediation, if any, for tritium contamination below the SONGS facility;

Response to Question Section III. B.1.a:

SCE is performing low flow-rate extraction of the shallow ground water in the North Industrial 
Area, the area formerly occupied by Unit 1.  Concentrations of tritium are well below all 
regulatory limits and the ground water beneath SONGS is not a source of drinking water.  The 
water that is extracted is managed and disposed of under the site's radioactive effluent control 
program.  Any releases of tritium in the extracted ground water are quantified and reported in the 
Annual Radioactive Effluent Release Report.
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To: CEC
Prepared by: Kathy Yhip 

Title: Technical Assistant to the Site Vice President  
 Dated: 04/17/2013

Question Section III. B.1.b:

III. Other Issues

B. Environmental Impacts – SONGS

1. Please provide the following information:

b. the suspected source of the tritium beneath SONGS Unit 1;

Response to Question Section III. B.1.b:

The tritium that has been identified in the shallow ground water beneath SONGS Unit 1 is 
attributed to historical activities during operation of Unit 1.  San Onofre Unit 1 ceased 
commercial operation in November 1992 and all systems have been drained and dismantled.  As 
such, there is no current source of radioactive liquids in the area formerly occupied by Unit 1.

The ground water beneath SONGS Unit 1 is not a source of drinking water and SCE is 
performing low flowrate extraction to remove the shallow ground water and to manage and 
dispose of it under the site's radioactive effluent control program.
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To: CEC
Prepared by: Kathy Yhip 

Title: Technical Assistant to the Site Vice President  
 Dated: 04/17/2013

Question Section III. B.1.c:

III. Other Issues

B. Environmental Impacts – SONGS

1. Please provide the following information:

c. a copy of the hydrogeologic and groundwater quality assessment conducted by SCE of 
the entire SONGS facility (Units 1, 2 and 3);

Response to Question Section III. B.1.c:

Attached is the "Groundwater Model Report for the San Onofre Nuclear Generating Station" 
dated July 2010 that is the hydrogeologic site conceptual model for Unit 1, Unit 2, and Unit 3 
which reflects the hydrogeologic assessment.

SCE has not performed a groundwater quality assessment for the ground water beneath SONGS 
since the ground water beneath SONGS is not used.
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SECTION 1 
INTRODUCTION AND BACKGROUND 

1.1 PURPOSE AND SCOPE 

In June, 2008 Parsons constructed a multi-layered numerical groundwater flow model for 

the San Onofre Nuclear Generating Station (SONGS) located near San Clemente, California 

(Parsons 2008).  The objective of the model was to delineate groundwater flow paths originating 

at various locations within the station, and to estimate respective travel times.   Data from other 

models, various investigations, and conversations with site personnel were used to support the 

evaluation.  Since that Groundwater Modeling Report was submitted, SONGS has installed 

additional monitoring wells, conducted tidal studies and collected additional water-level data and 

requested a re-calibration of the model using the new data. This report presents the re-calibration 

and the predictive simulations based on the recalibration.  Portions of the 2008 text, tables and 

figures are repeated in this report so that it can be a stand-alone document. 

1.2 PROJECT BACKGROUND 

SONGS is located on the southern California coast of the Pacific Ocean near the City of 

San Clemente, California. The main administrative offices and the power generating portion of 

SONGS are located to the east and west of Interstate 5, respectively. The station is bordered to 

the north and south by San Onofre State Beach and to the north and east by the U.S. Marine 

Corps Base, Camp Pendleton. 

In May 2006, the Nuclear Energy Institute (NEI) launched the Ground Water Protection 

Initiative, a voluntary initiative that requires each nuclear power plant to develop a site-specific 

action plan designed to improve management of inadvertent radiological releases to soil and/or 

groundwater, prevent migration of these materials offsite, more accurately quantify any impacts 

on decommissioning, and enhance public trust.  The final guidance was published in August 

2007 as NEI 07-07. As part of this program, groundwater monitoring was initiated to gather data 

on the geology and hydrogeology at SONGS in order to refine and enhance the subsurface 

conceptual site model and support development of a groundwater flow model.   The flow model 

has now been constructed, as presented herein, and may be used, as needed, to predict 

radionuclide transport after a release event.  



 

PARSONS 

 

 

2 

1.3 GEOLOGY AND HYDROGEOLOGY 

Marine and non-marine terrace deposits are exposed extensively in the sea cliffs surrounding 

the Station.  During construction these terrace deposits were removed and the plant founded on 

the underlying sandstone of the San Mateo Formation. Beneath SONGS, this formation consists 

of light brown to yellow, medium- to coarse-grained arkosic sandstone with scattered interbeds 

of rounder gravel and layers of fine silty sandstone and siltstone.  The formation is massive to 

thickly bedded, poorly cemented but dense and is estimated to extend to a depth of 1,000 feet (ft) 

near the coast (Woodward-Clyde, 1980). 

The water levels in the vicinity of the railroad spur are approximately 100 to 110 ft below 

ground surface (BGS) while those measured at the seawall are approximately 25.5 to 26.5 ft 

BGS and those measured in the NIA were approximately 8 to 10 feet BGS. The average 

hydraulic gradient across the Station is approximately 0.0008, with groundwater flow to the 

west.   Water levels adjacent to the ocean are subject to tidal variations.  The greatest tidal 

variations are at the ends of the seawalls: GW-PA-4 (3.4 feet) and GW-NIA-2 (1.0 feet). The 

tidal variations away from the ends of the wall range from 0.2 at GW-NIA-1 to 0.02 at GW-PA-

2).    
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SECTION 2 
 

GROUNDWATER MODEL DEVELOPMENT 

2.1 MODEL DESIGN 

2.1.1 Conceptual Site Model 

Groundwater is believed to flow from higher topographic areas to the east of the site towards 

the Pacific Ocean that borders the west side of the site.  Groundwater flow is controlled both by 

topography and by building foundations, seawalls and other site structures located below the 

water table.  All of the structures are considered to be impermeable, including the seawall.  The 

tidal and temperature data suggest that tidal influence only occurs at the ends of the seawall.  

Therefore the wall is simulated as a partially penetrating low permeability structure.  Tidal 

influence at the ends of the walls are minor, and do not significantly impact the model results.  

The underlying San Mateo formation has a high hydraulic conductivity and is assumed at 

the scale of the model to be heterogeneous.   A salt-water interface underlies the site at an 

unknown depth and is considered to be a no-flow boundary for fresh-water flow.   

2.1.2 Model Code 

The groundwater modeling was conducted using MODFLOW (McDonald and Harbough, 

1988).  Groundwater flow paths were delineated using MODPATH (Pollock, 1994).  These 

models are well-known, well-documented, public domain models.  Model data were managed 

using Microsoft Excel, esri’s ARCVIEW 3.1 and esi’s Groundwater Vistas (Version 4.25, build 

28) software programs. 

2.1.3 Model Domain and Boundary Conditions 

The SONGS model area is approximately 3,300 feet north to south and 1,700 feet east to 

west.   The area of interest is approximately 1,700 feet north to south and 600 feet east to west 

and placed in the center of the model.  This places the model boundaries several hundred feet 

from area of interest and minimizes potential inaccuracy from boundary interference (see 

Figure 1). 
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Constant head cells on the east and west sides of the model (see Figure 1) were used to 

create a hydraulic gradient across the site.  No-flow boundaries are assigned to the foundations of 

various structures, tunnels and buildings.  Foundation locations and elevations were provided by 

SONGS.  Figure 2 show some example model cross-sections that show the variable depth of the 

site structures.  Figure 2 presents cross sections oriented both west to east (at top of figure) and 

oriented north to south (at bottom of figure) through the site showing the variable depth of the 

foundations and other no-flow subsurface structures.   

The depth of the salt-water interface is not known, but based on a minimum fresh-water 

column in the monitoring wells of six feet and the Badon Ghyben Herzberg principle (Freeze and 

Cherry, 1976) that one foot of fresh water depresses the salt water interface by about 40 feet, the 

elevation of the salt-water interface was set at -250 feet.  Sensitivity analyses indicate that 

groundwater flow paths are insensitive to the depth of the interface, so an exact interface depth 

was not required for the evaluations. 

2.1.4 Discretization 

The SONGS model is discretized into 30 layers.  Each layer thickness is determined from 

the foundation elevations of the various structures, tunnels and buildings of interest at the Station 

(See Table 1).  Ground surface elevations across the site (i.e., plant grade) vary from 

approximately 18 to 30 feet above sea level, moving from the plant west near the seawall inland.  

Layers 1 through 6 are above the mean low low water level (MLLW).  Ground surface elevations 

correspond to the top of Layer 1 in the model.   
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TABLE 1 
 

MODEL LAYER TOP AND BOTTOM ELEVATIONS(1) 
 

Layer 
Number 

Top 
Elevation 

Bottom 
Elevation 

Thickness Layer 
Number 

Top 
Elevation 

Bottom 
Elevation 

Thickness 

1 variable 8.50 variable  16 -9.25 -10.00 0.75 
2 8.50 5.00 3.50  17 -10.00 -12.00 2.00 
3 5.00 3.42 1.58  18 -12.00 -13.50 1.50 
4 3.42 1.00 2.42  19 -13.50 -15.30 1.80 
5 1.00 0.50 0.50  20 -15.30 -17.00 1.70 
6 0.50 0.00 0.50  21 -17.00 -17.50 0.50 
7 0.00 -0.50 0.50  22 -17.50 -19.50 2.00 
8 -0.50 -0.67 0.17  23 -19.50 -21.00 1.50 
9 -0.67 -4.00 3.33  24 -21.00 -21.50 0.50 

10 -4.00 -5.50 1.50  25 -21.50 -23.50 2.00 
11 -5.50 -6.00 0.50  26 -23.50 -24.50 1.00 
12 -6.00 -7.50 1.50  27 -24.50 -27.50 3.00 
13 -7.50 -8.00 0.50  28 -27.50 -29.40 1.90 
14 -8.00 -8.50 0.50  29 -29.40 -30.00 0.60 
15 -8.50 -9.25 0.75  30 -30.00 -35.00 5.00 
(1) Elevations are in feet, referenced to mean low low water (MLLW)   

The model is a grid of 75 rows of rectangular cells and 167 columns of rectangular cells and 

is oriented parallel to the ocean shoreline.   The row and column gridlines that define the edges 

of the cells were set at building and structure edges.  Additional rows and columns were added to 

minimize large changes in grid spacing.  In some cases, the change in grid spacing exceeded a 

rule-of-thumb maximum expansion rate of 1.5.  However, the model water balance shows an 

error of less than one percent, which indicates that the grid spacing does not adversely affect the 

water balance. 

The model is referenced to the SONGS coordinate system, but the model coordinates are the 

negative value of the actual plant coordinates.  The SONGS coordinate system is based on 

southings and westings from a plant datum.  The model software assumes that coordinates are 

northings and eastings, therefore, the negative value of the plant coordinates was used for the 

model so that the model would orient properly. 

2.1.5 Hydraulic Parameters 

Uniform horizontal and vertical hydraulic conductivity values were assigned to the layers 

based on values estimated from a variety of methods including grain-size analysis, laboratory 

constant head, permeameter tests, and pumping tests.  These measured values range from 19 



 

ft/day to 115 ft/day (Geopentech, 2005).  The higher hydraulic conductivity values appeared to 

be more representative, which was confirmed by the slightly better calibration statistics at higher 

hydraulic conductivity values.  Based on the sensitivity analyses, the entire model was assigned a 

value of 80 ft/day and was not changed during calibration.  Sensitivity analyses indicated that 

groundwater flow paths were insensitive to hydraulic conductivity.   

2.2 MODEL CALIBRATION 

2.2.1 Flow Model Calibration 

Table 2 lists the monitoring wells used for model calibration.  Water level data collected in 

2010 were used to calculate calibration targets.  The 2010 data included manual water level 

measurements collected between February 4th and February 16th and water-level logger 

measurements collected during the same time period in wells GW-NIA-2 and GW-PA-4. The 

target heads were calculated by averaging the water levels measured in each well on the 

assumption that these average values best represent long-term, steady-state conditions (see 

Table 3).   

TABLE 2 
 

MONITORING WELLS USED FOR CALIBRATION TARGETS 
  

LOC_ID 
 

TOC(1) 
(feet MLLW)(2) 

X 
Coordinate(3) 

 
Y 

Coordinate(3) 

 
Well Depth 

(feet) 

 
Center of 

Screen Elev. 
(feet MLLW) 

 
Model 
Layer 

GW-PA-1 28.81 -707.40 -1691.93 32.0 1.81 4 
GW-PA-2 29.51 -790.49 -2025.79 32.0 2.51 4 
GW-PA-3 29.32 -786.80 -2310.00 32.0 2.32 4 
GW-PA-4 28.94 -717.63 -2617.10 32.0 1.94 4 
GW-OCA-1 47.69 -80.82 -860.04 52.0 0.69 5 
GW-OCA-2 116.39 110.16 -2710.31 122.0 -0.61 8 
GW-OCA-3 105.70 -717.01 -1299.81 113.4 -2.7 N/A(4) 
GW-NIA-1 13.23 -718.42 -1024.57 15.0 3.23 4 
GW-NIA-2 14.88 -707.40 -1691.93 15.0 4.88 4 
(1)  TOC = top of casing.  Some water level measurements were taken from the top of curb box and were 

adjusted to TOC measurements. 
(2)  MLLW = mean low low water 
(3)  The model coordinates are the negative value of the actual plant coordinates 

(4)  located outside of model boundaries 
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 The calibration process was as follows:  The constant heads representing the ocean were 

initially set to elevation zero (MLLW).  The constant heads on the upgradient side of the model 

were adjusted until a reasonable match to the water levels in GW-OCA-1 and GW-OCA-2 was 

made.  The constant heads representing the ocean were then adjusted to match model water 

levels with GW-NIA-2 through GW-PA-4. This calibration cycle was continued until the best fit 

to observed water levels could be made.  The calibrated, steady-state water levels, at the 

elevation of the PA and NIA-series wells are plotted on Figure 3.  The calibration targets 

(observed heads), computed heads and residuals for the transient head matching with 

groundwater pumping at the source control wells are presented on Table 3.  

TABLE 3 
 

FLOW MODEL CALIBRATION TARGETS, COMPUTED HEADS AND 
RESIDUALS 

 
Target ID 

Model 
Layer 

Observed 
Head 
(feet) 

Computed 
Head 
(feet) 

Residual(1) 

(feet) 

GW-PA-1 4 4.74 4.00 0.74 
GW-PA-2 4 4.26 3.90 0.36 
GW-PA-3 4 5.38 3.94 1.44 
GW-PA-4 4 4.04 4.11 -0.07 
GW-OCA-
1 

5 
4.55 4.33 0.22 

GW-OCA-
2 

8 
5.95 5.81 0.14 

GW-NIA-1 5 4.96 3.92 1.04 
GW-NIA-2 4 4.98 3.87 1.11 

(1) Observed head minus computed head 

The calibration statistics for the steady-state calibration are shown on Table 4. An absolute 

residual mean (ARM) divided by observed range in head values (ARM/head range) of less than 

0.10 is desirable. The model ARM/head range was 0.06, which was much improved over the 

0.16 value for the 2008 model.  The better calibration statistic for the 2010 model is most likely 

due to more precise accounting for tidal fluctuations. 
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TABLE 4 
FLOW MODEL CALIBRATION STATISTICS 

Number of water level targets 
(observed water levels) 

7 

Minimum Residual in feet  
(residuals are the water level calculated 
by the model subtracted from the target 
water) -0.21 
Maximum Residual (feet) 

0.18 
Average Residual in feet 0.01 

Average of the absolute value of 
residuals in feet (ARM)  0.11 
Maximum observed water level minus 
the minimum observed water level in 
feet (Head Range) 1.91 
ARM/Head Range (Absolute Residual 
Mean divided by the range of observed 
heads is a measure of model error) 

0.06 

 

2.3 SENSITIVITY ANALYSES 

Because the model is designed using constant-head boundaries to induce a hydraulic 

gradient across the model, the groundwater flow paths are insensitive to hydraulic conductivity.   

The greatest influence on groundwater flow paths is the location of impermeable structures and, 

within the facility, groundwater flow paths are much more dependent upon the configuration of 

the building and tunnel configurations than the regional gradient. However, groundwater travel 

times are sensitive and directly proportional to hydraulic conductivity.  Because there are 

hydraulic conductivity data from both slug tests and pumping tests, it is believed that the model 

results can be used for decision-making with confidence.   
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SECTION 3 
 

PARTICLE TRACKING SIMULATIONS 

3.1 REGIONAL GROUNDWATER FLOW 

An example of the use for forward particle tracking to delineate regional groundwater flow 

paths is shown on Figure 4.  The figure shows a line of particles placed in Layer 4 (the layer of 

the PA and NIA-series wells) and tracked forward.   Based on this simulation, regional 

groundwater flows primarily under the site structures rather than around them.  As seen in later 

simulations, local groundwater flows both under and around the site structures. 

3.2 MONITORING AREA DELINEATION  

Figure 5 presents a particle reverse-tracking simulation.  Particles were placed around each 

of the downgradient monitoring well locations in all layers screened by the monitoring wells.  

The particle circles were 25 feet in diameter to account for some of the uncertainty in particle 

tracking.   

3.2 LOCAL GROUNDWATER FLOW 

Figure 6 shows the results from forward particle tracking from a specific location, in this 

example, a location near the Auxiliary Building.  A line of particles was placed at the water table 

outside of the building and forward tracked.  The simulation shows localized flow both under 

and around various structures.  Figure 7 is an example of a cross-section showing the vertical 

groundwater flow paths.  The figure shows that vertical flow paths tend to “hug” the bottom of 

the site structures. 

3.3 MODEL LIMITATIONS 

The model was designed with sufficient complexity to broadly identify groundwater flow 

paths. Because the salt-water interface is treated as a no-flow boundary, the model cannot be 

used to accurately calculate groundwater extraction rates without an analysis of whether the 

pumping rates are affected by the salt-water boundary.  If the model is to be used to evaluate 
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groundwater extraction or injection, then the model should be modified as necessary and 

sensitivity analyses should be conducted on the results. 

The water-level contours calculated by the model in areas outside of the monitoring well 

network should be considered less accurate than the water-level contours in the area bounded by 

the monitoring well network.  

A basic assumption of the model was that aquifer underlying the Station could be considered 

homogeneous and isotropic.  It is known that the groundwater system is heterogeneous; however, 

at the scale of the model, most of the aquifer variability is believed to "average out" so that the 

assumption is valid for the scale of the model. 

The 2008 model was calibrated to water levels taken during a time of intensive dewatering 

at Unit 1.  The 2010 model was calibrated to water levels after dewatering was completed.  If the 

model is to be used for additional purposes in the future, then periodic water level measurements 

in wells GW-PA-1 through GW-PA-4, GW-NIA-1 and GW-NIA-2, and GW-OCA-1 and 

GW-OCA-2 would be useful to identify whether water levels are still rebounding from the Unit 1 

dewatering and for seasonal characterization of the groundwater flow in the vicinity of the 

Station.
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SECTION 4 
 

CONCLUSIONS 

 

4.1  CONCLUSIONS 

Parsons constructed a multi-layered numerical groundwater flow model for the SONGS 

located near San Clemente, California.  The objectives of the model were to identify 

groundwater flow paths and travel times across the facility.  Example particle tracking was 

conducted to simulate regional groundwater flow, reverse particle tracking and forward particle 

tracking from specific locations.   Based on these simulations, the following conclusions were 

reached: 

• The model is a useful tool for identifying flow paths from specific locations at the 
facility.  

• Refinements to the 2008 model included the addition of field data (water level 
data from new monitoring wells), which improved the model calibration statistics, 
thus increasing confidence in the results of the modeled area.  

• The SONGS structures have an influence on groundwater flow direction.  
Because of the massive, connected structures, regional groundwater tends to flow 
under the facility. Localized flow paths pass both around and under individual 
structures. 

• Backwards particle tracking can be used to evaluate those portions of the facility 
that are covered by particular monitoring wells, but particles should be placed in 
all model layers penetrated by the wells to achieve a more complete picture. 
Furthermore, particles should be placed in a large (25 feet or more) diameter 
circle to account in model uncertainty.  

• For future modeling efforts, it is recommended that biannual water level 
measurements be collected in wells GW-PA-1 through GW-PA-4, GW-NIA-1, 
GW-NIA-2, GW-OCA-1 and GW-OCA-2.  These additional measurements 
would be useful for characterizing seasonal variations in groundwater flow, 
gaining a better understanding of tidal fluctuations, particularly at the ends of the 
walls, and document rebound from dewatering operations. 
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Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Kathy Yhip 

Title: Technical Assistant to the Site Vice President  
 Dated: 04/17/2013

Question Section III. B.1.d:

III. Other Issues

B. Environmental Impacts – SONGS

1. Please provide the following information:

d. the diluted tritium concentration level in the extracted groundwater before discharge 
into the ocean outfall in 2006;

Response to Question Section III. B.1.d:

The concentrations of tritium in the water extracted from beneath the Unit 1 containment sphere 
and in the dewatering wells installed to facilitate Unit 1's dismantlement are provided in section 
K of the 2006 Annual Radioactive Effluent Release Report.  The values provided are the 
concentrations in the samples, before they have been released to the environment and prior to 
dilution.  The report is available through the NRC's documents database, ADAMS (ADAMS 
accession number ML071230130).



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Kathy Yhip 

Title: Technical Assistant to the Site Vice President  
 Dated: 04/17/2013

Question Section III. B.1.e:

III. Other Issues

B. Environmental Impacts – SONGS

1. Please provide the following information:

e. the accepted level of tritium concentration in water for discharge into the ocean to be 
in compliance with the NRC operating license and with the state NPDES permit; and

Response to Question Section III. B.1.e:

The NRC regulatory concentration limit for tritium in water is 0.001 microcuries per liter.  The 
state NPDES permit does not contain a numeric concentration limit for radionuclides.



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Kathy Yhip 

Title: Technical Assistant to the Site Vice President  
 Dated: 04/17/2013

Question Section III. B.1.f:

III. Other Issues

B. Environmental Impacts – SONGS

1. Please provide the following information:

f. documentation demonstrating how SONGS site releases of tritiated groundwater are in 
compliance with the NPDES permit and the Clean Water Act, the NRC operating 
license and EPA standards (e.g., meeting concentration limits for release into the 
general environment).

Response to Question Section III. B.1.f:

SCE is performing low flow rate extraction of shallow on-site ground water beneath the North 
Industrial Area and manages and disposes of that water under the site's radioactive effluent 
control program.  Concentrations of tritium in the ground water are well below all regulatory 
limits.

As described in the response to item e, the NPDES permit that implements the Clean Water Act 
states, "Discharge of radioactive waste, which meets the definition of “pollutant” at 40 CFR 
122.2, shall not degrade marine life." SCE's operation of San Onofre Nuclear Generating Station 
has not resulted in the degradation of marine life due to the release of liquid waste in accordance 
with the NRC's regulations. 

SCE submits the Annual Radioactive Effluent Release Report detailing the liquid and airborne 
radioactive releases  from SONGS and compliance with NRC limits.  The report also includes in 
section K, information on how the site satisfies the EPA's standards in Title 40 of the Code of 
Federal regulations, part 190.  The report is available on the NRC's website - see 
http://www.nrc.gov/reactors/operating/ops-experience/tritium/plant-specific-reports/sano2-3.htm
l. 



Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Belen Rosas-Perdon 

Title: Strategic Manager  
 Dated: 04/17/2013

Question Section III. C.2:

III. Other Issues

C. Evacuation Planning

2. SCE’s response to the 2009 Nuclear Power Plant Data Request M.6 indicated that as a matter 
of good emergency planning practice, an Evacuation Time Estimate (ETE) is conducted at 
SONGS approximately every six years. An ETE was performed in June 2007 by Wilbur Smith 
Associates. Please provide an updated Evacuation Time Estimate (ETE) for 2013 including 
earthquake assumptions, road closures and updated population data, transportation facilities, 
schools and special institutions, and the emergency response of the various jurisdictions in the 
SONGS EPZ. (SONGS)

Response to Question Section III. C.2:

SCE submitted a SONGS Emergency Planning Zone Evacuation Time Estimate (EPZ ETE) 
study to the NRC on December 19, 2012.  The updated Evacuation Time Estimate (ETE) report 
was prepared by KLD Engineering for SCE and can be found at  
http://pbadupws.nrc.gov/docs/ML1236/ML123630620.pdf.  This report describes the analyses 
undertaken and the results obtained by the study to develop Evacuation Time Estimates (ETE) 
for the San Onofre Nuclear Generating Station (SONGS), located in San Diego County, 
California. This study was developed using the area, infrastructure, and population described by 
the SONGS Emergency Plan and off site response organization emergency response plans as the 
EPZ. As indicated in a letter dated April 16, 2013 from the NRC to the Federal Emergency 
Management Agency (FEMA), SCE's ETE report was reviewed by the NRC and found generally 
consistent with the guidance in NUREG/CR-7002 and found to be complete in accordance with 
10 CFR Part 50, Appendix E.IV.3.
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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  San  Onofre  Nuclear  Generating  Station  (SONGS) 
located in San Diego County, California.  ETE are part of the required planning basis and provide 
Southern California Edison (SCE) and State and local governments with site‐specific information 
needed for Protective Action decision‐making. 

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

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

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

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

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

 

Overview of Project Activities 

This  project  began  in  January,  2012  and  extended  over  a  period  of  11 months.    The major 
activities performed are briefly described in chronological sequence: 

 Attended “kick‐off” meeting with SCE personnel and emergency management personnel 
representing state, county, and municipal governments. 

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

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

 Designed  and  sponsored  a  telephone  survey  of  residents  within  the  EPZ  to  gather 
focused  data  needed  for  this  ETE  study  that were  not  contained within  the  census 
database. The survey instrument was reviewed and modified by the licensee and offsite 
response organization (ORO) personnel prior to the survey. 
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 Data collection forms (provided to the OROs at the kickoff meeting) were returned with 
data pertaining to employment, transients, and special  facilities  in Orange County and 
Marine  Corps  Base  Camp  Pendleton  (MCB).  Telephone  calls  to  specific  facilities 
supplemented the data provided. 

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

 Following  federal  guidelines,  the  EPZ  is  subdivided  into  5  PAZ.    These  PAZ  are  then 
grouped within  circular  areas  or  “keyhole”  configurations  (circles  plus  radial  sectors) 
that define a total of 21 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).  One special event scenario involving Fourth of July weekend was considered. One 
roadway impact scenario was considered wherein a single lane was closed on Interstate 
5  northbound  for  the  duration  of  the  evacuation.    One  earthquake  scenario  was 
considered  wherein  all  bridges  not  retrofitted  to  withstand  an  earthquake  were 
considered inaccessible during the course of the evacuation. 

 Staged  evacuation was  considered  for  those  regions wherein  the  2 mile  radius  and 
sectors downwind to 5 miles were evacuated.  Two additional staged evacuations were 
considered wherein  (1)  the 2 mile  radius and  sectors downwind  to  the EPZ boundary 
were evacuated and  (2)  the 5 mile radius and sectors downwind  to  the EPZ boundary 
were evacuated.  

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

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

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

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

 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 
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county  evacuation  plans.    Those  in  special  facilities  will  likewise  be  evacuated with 
public  transit,  as  needed:  bus,  van,  or  ambulance,  as  required.    Separate  ETE  are 
calculated  for  the  transit‐dependent  evacuees,  for  registered  people with  disabilities 
and  others with  access  and  functional  needs,  and  for  those  evacuated  from  special 
facilities. 

Computation of ETE 

A total of 273 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 21 Evacuation 
Regions  to  evacuate  from  that  Region,  under  the  circumstances  defined  for  one  of  the  13 
Evacuation  Scenarios  (21  x  13  =  273).    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 people 
within the EPZ would be advised to evacuate. That is, the Advisory to Evacuate applies only to 
those people occupying the specified  impacted region.    It  is assumed that 100 percent of the 
people within  the  impacted  region will  evacuate  in  response  to  this  Advisory.    The  people 
occupying  the  remainder  of  the  EPZ  outside  the  impacted  region may  be  advised  to  take 
shelter. 

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

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

The computational procedure is outlined as follows: 

 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. 

 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. 

 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 
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simulate  the  traffic  flow  movements  over  space  and  time.  This  simulation  process 
estimates the rate that traffic flow exits the impacted region.  

The ETE statistics provide the elapsed times for 90 percent and 100 percent, respectively, of the 
population within  the  impacted  region,  to evacuate  from within  the  impacted  region.   These 
statistics  are presented  in  tabular  and  graphical  formats.  The  90th percentile  ETE have been 
identified  as  the  values  that  should  be  considered when making  protective  action  decisions 
because the 100th 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.  

Traffic Management 

This  study modeled  the existing  comprehensive  traffic management plans provided by Dana 
Point,  San  Clemente,  San  Juan  Capistrano, MCB,  and  California  Highway  Patrol.  Suggested 
modifications  to  these  plans  were  discussed  with  the  various  agencies.  See  Section  9  and 
Appendix G for more 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. 

 Figure  6‐1  displays  a map  of  the  SONGS  EPZ  showing  the  layout  of  the  5  PAZ  that 
comprise, in aggregate, the EPZ. 

 Table 3‐1 presents the estimates of permanent resident population  in each PAZ based 
on the 2010 Census data and information received from MCB. 

 Table 6‐1 defines each of the 21 Evacuation Regions in terms of their respective groups 
of PAZ. 

 Table 6‐2 lists the Evacuation Scenarios. 

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

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

 Table  7‐5  and  Table  7‐6  present  ETE  for  the  5‐mile  region  for  un‐staged  and  staged 
evacuations for the 90th and 100th percentiles, respectively. 

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

 Table 8‐10 presents ETE for the transit‐dependent population in good weather. 



 

San Onofre Nuclear Generating Station  ES‐5  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

 Figure H‐10 presents an example of an Evacuation Region (Region R10) to be evacuated 
under  the  circumstances  defined  in  Table  6‐1.   Maps  of  all  regions  are  provided  in 
Appendix H. 

Conclusions 

 General  population  ETE were  computed  for  273  unique  cases  –  a  combination  of  21 
unique Evacuation Regions and 13 unique Evacuation Scenarios. Table 7‐1 and Table 7‐2 
document  these  ETE  for  the  90th  and  100th  percentiles.  These  ETE  range  from  1:30 
(hr:min)  to  6:15  at  the  90th  percentile  (slightly  higher  for  the  Special  Event,  and 
significantly higher for the earthquake scenario). 

 Inspection of Table 7‐1 and Table 7‐2 indicates that the ETE for the 100th percentile are 
significantly longer than those for the 90th percentile. This is the result of the 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 evacuation routes service the remaining 
demand. See Figure 7‐10 through Figure 7‐22. 

 Inspection of Table 7‐1 through Table 7‐4 indicates that staged evacuation would not be 
beneficial  for evacuating the population within the 2‐mile region of SONGS due to the 
lack  of  impedance  to  traffic  evacuating  from  PAZ  1.    See  Section  7.5  for  additional 
discussion. 

 Inspection of Table 7‐5 and Table 7‐6 indicates that a staged evacuation for Region R21 
provides no benefit to evacuees from within the 5‐mile region and unnecessarily delays 
the evacuation of  those beyond  the 5 mile  region  (comparing  region R21 with Region 
R03 in Table 7‐1 and Table 7‐2).  See Section 7.6 for additional discussion. 

 Comparison of Scenarios 3 (summer, weekend, midday, good weather) and 11 (summer, 
weekend, midday,  special  event)  in  Table  7‐1  indicates  that  the  special  event  has  a 
significant impact on the 90th percentile ETE with increases of up to 2 hours. See Section 
7.5 for additional discussion. 

 Comparison of Scenarios 1 and 12 in Table 7‐1 indicates that the roadway closure – one 
lane northbound on I‐5 from SONGS (approximately 2 miles south of Basilone Rd – Exit 
71) to the end of the analysis network at the interchange with Oso Parkway (Exit 88) – 
has  a  significant  impact on  90th percentile  ETE  for  keyhole  regions which  involve  the 
direct evacuation of PAZ 4 and 5, with up to 1 hour and 20 minute  increases  in ETE at 
the 90th percentile.  See Section 7.5 for additional discussion. 

 Comparison of Scenarios 1 and 13  in Table 7‐1  indicates  that  the earthquake scenario 
has a significant impact on the 90th and 100th percentile ETE with increases of up to 9:15 
and 13:00 respectively.  See Section 7.5 for additional discussion. 

 San Clemente  is  the most congested area during an evacuation. The  last  remnants of 
traffic congestion to clear in the EPZ were on‐ramps to I‐5 northbound in the city of San 
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Clemente.   All  congestion within  the  EPZ  clears by 6 hours  and 20 minutes  after  the 
Advisory to Evacuate (ATE). See Section 7.3 and Figures 7‐3 through 7‐9. 

 Separate ETE were computed for schools, medical facilities, transit‐dependent persons, 
and registered people with disabilities and others with access and functional needs. The 
average single‐wave ETE for these facilities are comparable to or  less than the general 
population ETE at the 90th percentile for an evacuation of the entire EPZ (Region R03). 
See Section 8. 

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

 The general population ETE at the 90th percentile is insensitive to reductions in the base 
trip generation time of 5 hours due to the traffic congestion within the EPZ. See Table 
M‐1. 

 The general population ETE  is  insensitive to the voluntary evacuation of vehicles  in the 
Shadow Region.  See Table M‐2. 

 Population increases of 8% or greater relative to the 2010 Census data will result in ETE 
changes which meet the NRC criteria for updating ETE between decennial Censuses. See 
Section M.3. 

 



  Sa
n
 O
n
o
fr
e 
N
u
cl
ea
r 
G
en

er
at
in
g 
St
at
io
n
 

ES
‐7
 

K
LD

 E
n
gi
n
ee
ri
n
g,
 P
.C
. 

Ev
ac
u
at
io
n
 T
im

e 
Es
ti
m
at
e 

R
ev
. 1
 

 

Fi
gu
re
 6
‐1
.  
SO

N
G
S 
EP

Z 
P
A
Zs



 

San Onofre Nuclear Generating Station  ES‐8  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

 

Table 3‐1.  EPZ Permanent Resident Population 

PAZ 
2000 

Population
2010 

Population

1  215  4,533 

2  0  0 

3  11,513  11,997 

4  50,089  68,879 

5  68,947  67,948 

TOTAL  130,764  153,357 

EPZ Population 
Growth: 

17.28% 
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Table 6‐1.  Description of Evacuation Regions 

Region 

Description  PAZ 

NRC  SONGS  1  2  3  4  5 

R01  2‐Mile Region  2‐Mile Region  x             

R02  5‐Mile Region  5‐Mile Region  x  x  x  x    

R03  Full EPZ  Full EPZ  x  x  x  x  x 

Evacuate 2‐Mile Region and Downwind to 5 Miles 

Region 

Wind Direction Towards  PAZ 

NRC  SONGS  1  2  3  4  5 

R04  NW, NNW, N  P,Q,R,A,B  x        x    

R05  NNE  ‐  x     x  x    

R06  NE, ENE, E, ESE  C,D,E,F,G  x     x       

R07  SE  ‐  x  x  x       

R08  SSE, S, SSW, SW, WSW, W  H,J,K,L,M,N  x  x          

R09  WNW  ‐  x  x     x    

Evacuate 5‐Mile Region and Downwind to EPZ Boundary 

Region 

Wind Direction Towards  PAZ 

NRC  SONGS  1  2  3  4  5 

N/A  WNW, NW, NNW, N  ‐  Refer to R03 

N/A 
NNE, NE, ENE, E, ESE, SE, SSE, S, 

SSW, SW, WSW, W 
‐  Refer to R02 

Evacuate 2‐Mile Region and Downwind to EPZ Boundary 

Region 

Wind Direction Towards  PAZ 

NRC  SONGS  1  2  3  4  5 

R10  NW, NNW, N  P,Q,R,A,B  x        x  x 

N/A  NNE  ‐  Refer to R05 

N/A  NE, ENE, E, ESE  C,D,E,F,G  Refer to R06 

N/A  SE, SSE  ‐  Refer to R07 

N/A  S, SSW, SW, WSW, W  H,J,K,L,M,N  Refer to R08 

R11  WNW  ‐  x  x     x  x 

Staged Evacuation ‐ 2‐Mile Region Evacuates, then Evacuate Downwind to 5 Miles 

Region 

Wind Direction Towards  PAZ 

NRC  SONGS  1  2  3  4  5 

R12  NW, NNW, N  P,Q,R,A,B  x        x    

R13  NNE  ‐  x     x  x    

R14  NE, ENE, E, ESE  C,D,E,F,G  x     x       

R15  SE  ‐  x  x  x       

R16  SSE, S, SSW, SW, WSW, W  H,J,K,L,M,N  x  x          

R17  WNW  ‐  x  x     x    

R18  5‐Mile Region  ‐  x  x  x  x    

SONGS Specific Evacuation Regions 

Region  Description 

PAZ 

1  2  3  4  5 

R19  Evacuate PAZ 5 Only              x 

R20  Evacuate 1,Shelter then Evacuate 2, 3, 4, 5  x  x  x  x  x 

R21  Evacuate 1, 2, 3, 4, Shelter then Evacuate 5  x  x  x  x  x 

PAZ(s) Shelter‐in‐Place until 90% ETE for  
Un‐staged Region, then Evacuate 

PAZ(s) Shelter‐in‐Place  PAZ(s) Evacuate 

 

   



 

San Onofre Nuclear Generating Station  ES‐10  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

Table 6‐2.  Evacuation Scenario Definitions 

Scenario  Season1 
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 

5  Summer 
Midweek, 
Weekend 

Evening  Good  None 

6  Winter  Midweek  Midday  Good  None 

7  Winter  Midweek  Midday  Rain  None 

8  Winter  Weekend  Midday  Good  None 

9  Winter  Weekend  Midday  Rain  None 

10  Winter 
Midweek, 
Weekend 

Evening  Good  None 

11  Summer   Weekend  Midday  Good  4th of July Weekend 

12  Summer   Midweek  Midday  Good 
Roadway Impact – Single 

Lane Closure on I‐5 
Northbound 

13  Summer  Midweek  Midday  Good  Earthquake  

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

This report describes the analyses undertaken and the results obtained by a study to develop 
Evacuation  Time  Estimates  (ETE)  for  the  San  Onofre  Nuclear  Generating  Station  (SONGS), 
located  in  San Diego County, California.   ETE provide  State and  local governments with  site‐
specific information needed for Protective Action decision‐making. 

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

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

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

• 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. 

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. 
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Table 1‐1.  Stakeholder Interaction 

Stakeholder  Nature of Stakeholder Interaction 

Southern  California  Edison  emergency  planning 
personnel 

Attended project kickoff meeting to discuss project 
methodology and define data needs. Provided site 
and  county  emergency  plans.  Reviewed  and 
approved  telephone  survey  instrument  prior  to 
conducting  survey.  Reviewed  and  approved  key 
project  assumptions prior  to  running  simulations. 
Provided data needed for study. Attended project 
final meeting where draft results of the study were 
discussed and comments on the draft report were 
provided. 

Orange County Emergency Management Bureau 

County of San Diego Office of Emergency Services 

California Emergency Management Agency  Obtain state emergency plans 

MCB 
Obtain  existing  traffic  management  plans, 
emergency plans, and define data requirements. 

Municipal  emergency  planning  personnel  (San 
Clemente, Dana Point, San Juan Capistrano) 

Obtain  existing  traffic  management  plans, 
emergency  plans,  and  meetings  to  define  data 
requirements  and  set  up  contacts  with  local 
government agencies 

Orange  County  Sheriffs  Department/California 
Highway Patrol 

Obtain existing traffic management plans 

CalTRANS 
Obtain  list  of  non‐retrofitted  bridges  to  quantify 
possible earthquake impacts 

California State Parks 
Meetings  to define data  requirements and  set up 
contacts with local government agencies 

 

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  Southern 
California Edison (SCE). 

b. Attended  meetings  with  emergency  planners  from  various  state  and  local 
agencies 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 2010 census and MCB. 

e. Conducted a random sample telephone survey of EPZ residents. 
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f. Conducted  a  data  collection  effort  to  identify  and  describe  schools,  special 
facilities,  major  employers,  transportation  providers,  and  other  important 
information. 

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

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

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

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

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

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

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

b. Applied the procedures specified  in the 2010 Highway Capacity Manual (HCM1) 
to  the  data  acquired  during  the  field  survey,  to  estimate  the  capacity  of  all 
highway segments comprising the evacuation routes. 

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

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 SONGS. 

                                                       
1 Highway Capacity Manual (HCM 2010), Transportation Research Board, National Research Council, 2010. 
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8. Executed the DYNEV II model to determine optimal evacuation routing and compute ETE 
for all residents, transients and employees (“general population”) with access to private 
vehicles. Generated a complete set of ETE for all specified Regions and Scenarios. 

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

10. Calculated the ETE for all transit activities  including those for special facilities (schools, 
medical facilities, etc.), for the transit‐dependent population and for registered people 
with disabilities and others with access and functional needs. 

1.2 The SONGS Plant Location 

SONGS is located along the coast of the Pacific Ocean in San Diego County, California near the 
border of Orange County. The site  is approximately 60 miles southeast of Los Angeles, CA and 
50 miles  northwest  of  San  Diego,  CA.  The  EPZ  consists  of  parts  of  Orange  and  San  Diego 
Counties in California.  Figure 1‐1 displays the area surrounding SONGS.  This map identifies the 
major  population  centers  and major  roads  in  the  area,  and  shows  the  location  of  the  plant 
relative to Los Angeles and San Diego. 
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1.3 Preliminary Activities 

These activities are described below. 

Field Surveys of the Highway Network 

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

 

Table 1‐2.  Highway Characteristics 

 Number of lanes   Posted speed 

 Lane width   Actual free speed 

 Shoulder type & width   Abutting land use 

 Interchange geometries   Control devices 

 Lane channelization & queuing 
capacity (including turn bays/lanes) 

 Intersection configuration (including 
roundabouts where applicable) 

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

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

 

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

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

As documented on page 15‐5 of  the HCM 2010,  the  capacity of a  two‐lane highway  is 1700 
passenger cars per hour  in one direction.   For  freeway sections, a value of 2250 vehicles per 
hour per lane is assigned, as per Exhibit 11‐17 of the HCM 2010.  The road survey has identified 
several segments which are characterized by adverse geometrics on two‐lane highways which 
are  reflected  in  reduced  values  for both  capacity  and  speed. These estimates  are  consistent 
with  the  service  volumes  for  LOS  E  presented  in  HCM  Exhibit  15‐30.    These  links may  be 
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identified by reviewing Appendix K.   Link capacity  is an  input to DYNEV II which computes the 
ETE.  Further discussion of roadway capacity is provided in Section 4 of this report. 

Traffic signals are either pre‐timed (signal timings are fixed over time and do not change with 
the  traffic volume on  competing approaches), or are actuated  (signal  timings vary over  time 
based  on  the  changing  traffic  volumes  on  competing  approaches).  Actuated  signals  require 
detectors to provide the traffic data used by the signal controller to adjust the signal timings.  
These detectors are typically magnetic loops in the roadway, or video cameras mounted on the 
signal masts and pointed  toward  the  intersection approaches.  If detectors were observed on 
the approaches to a signalized intersection during the road survey, detailed signal timings were 
not  collected  as  the  timings  vary with  traffic  volume.  TCPs  at  locations which  have  control 
devices are represented as actuated signals in the DYNEV II 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 II system used to compute ETE, as per NUREG/CR‐7002 guidance. 

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

Telephone Survey 

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

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

Computing the Evacuation Time Estimates 

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

Analytical Tools 

The  DYNEV  II  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). 
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DYNEV II consists of four sub‐models: 

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

 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. 

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

 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  II 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  II  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: 

 NUREG/CR‐4873  –  Benchmark  Study  of  the  I‐DYNEV  Evacuation  Time  Estimate 
Computer Code 

 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: 

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

 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. 

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

DYNEV  II provides a detailed description of traffic operations on the evacuation network. This 
description enables  the analyst  to  identify bottlenecks and  to develop  countermeasures  that 
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are  designed  to  represent  the  behavioral  responses  of  evacuees.    The  effects  of  these 
countermeasures may then be tested with the model. 

1.4 Comparison with Prior ETE Study 

Table  1‐3  presents  a  comparison  of  the  present  ETE  study with  the  2007  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:  

 Population  based  upon  2010  Census  data  resulted  in  a  17%  reduction  in  permanent 
resident population from the projected 2011 population used in the previous study.  The 
2011 projected population was based upon 2000 U.S. Census data. 

 Vehicle  occupancy  based  on  the  results  of  a  telephone  survey  of  EPZ  residents  and 
resulted in fewer evacuating vehicles for permanent residents (1.3 persons/vehicle used 
in the previous study compared with 1.85 persons/vehicle used in the current study). 

 Trip‐generation rates are based on  the results of a  telephone survey of EPZ residents.  
Different mobilization rates are used  for different population groups compared with a 
single mobilization  rate  for all population groups used  in  the previous  study.   Current 
study  assumed  transients would mobilize more  quickly  than  the  permanent  resident 
population, whereas the previous study assumed they would take the same amount of 
time to mobilize. 

 The previous study based transient estimates upon data from the 4th of July weekend, 
thus  inflating  average  transient  population within  the  EPZ.    The  current  study  used 
average  values  over  the  entire  season  and  considered  4th  of  July  weekend  as  an 
additional scenario.    

 Current  study  models  intersections  as  they  were  observed  to  operate  in  the  field, 
whereas  the previous study modeled major signalized  intersections set  to  flash mode, 
giving priority to the main direction. 

 

Table 1‐3.  ETE Study Comparisons 

Topic  Previous ETE Study  Current ETE Study 

Resident Population 
Basis 

2000 census, grown to year 2011 

2011 Population = 184,947 

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

Population = 153,357 

Resident Population 
Vehicle Occupancy 

Average household size and vehicle 
ownership statistics obtained from the 2000 
census were applied to each community to 
estimate the number of vehicles per 
households and persons in households 
without vehicles.  

Average vehicle occupancy = 1.3 
persons/vehicle 

2.63 persons/household, 1.42 
evacuating vehicles/household 
yielding:  1.85 persons/vehicle. 
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Topic  Previous ETE Study  Current ETE Study 

Employee 
Population 

2000 Census statistics and estimates based 
on CSUF projections 

Employees = 12,703 transient workers 

1.2 employees/vehicle 

Employee estimates based on 
information provided about 
major employers in EPZ, as well 
as census statistics.  1.10 
employees per vehicle based on 
telephone survey results. 

Employees = 21,274 

Transit‐Dependent 
Population 

Census data used to provide an estimate of 
the number of people without access to 
personal transportation.   

13,597 transit dependents 

70 persons/bus 

195 bus loads 

 

An additional 529 registered people with 
disabilities and others with access and 
functional needs (311 ambulatory, 164 
requiring wheelchair vans and 54 requiring 
ambulances) 

Estimates based upon U.S. 
Census data and the results of 
the telephone survey.  A total of 
4,514 people who do not have 
access to a vehicle (assuming 
50% of those without access to a 
vehicle rideshare with a friend or 
neighbor), requiring 151 buses to 
evacuate.  An additional 259 
registered people with 
disabilities and others with 
access and functional needs 
require special transportation to 
evacuate (129 ambulatory, 130 
require a wheelchair‐accessible 
vehicle). 

Transient 
Population 

Transient estimates based on attendance 
records at parks and beaches during peak 4th 
of July weekend. 

42,062 recreation visitors 

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

Transients = 29,760 

Medical Facility  
Population 

Special facility population based on 
information provided by institutional staffs. 

Special Facility Population = 1,199 

Ambulances required: 13 

Wheelchair Vans required: 59 

Buses required: 23 

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

Current census = 913 

Buses Required = 89 

Ambulances Required = 55 
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Topic  Previous ETE Study  Current ETE Study 

School Population 

Public school enrollment: 19,944 

Private school enrollment: 5,648 

Total school enrollment:  25,592 

Assumed some students will not require 
transportation and further assumed 60 
persons/bus would require 352 public transit 
buses needed 

School population based on 
information provided by local 
municipalities within the EPZ.   

School enrollment = 27,281 

Buses required = 506 

Assumes all students will 
evacuate by bus. 

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

Not considered 

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

Shadow Evacuation 
0% Shadow evacuation assumed in the base 
analysis. Sensitivity study considers 20% 
shadow demand 

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

(see Figure 7‐2) 

Network Size  N/A  2,173 links; 1,629 nodes 

Roadway Geometric 
Data 

Field  review,  aerial photography,  and  traffic 
engineering analyses 

Capacities based on 2000 HCM. 

 

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

Road capacities based on 2010 
HCM. 

 

Modeling of Traffic 
Signals 

Assumed traffic signals on the approaches to 
I‐5, as well as at significant intersections 
within the EPZ and the shadow ring, will at a 
minimum be set to flash mode, with the 
flashing yellow supporting a primary 
evacuation path. 
 
Capacities between 1,000‐1,400 
vehicles/ln/hr used 

Traffic signals are modeled 
based on field observations. 
TCPs incorporated into the 
model as actuated signals. 

 

Capacities up to 1900 
vehicles/ln/hr used 

School Evacuation 
Direct evacuation to a destination outside of 
the EPZ. 

Direct evacuation to designated 
reception center. 

Ridesharing  Not considered  
50 percent of transit‐dependent 
persons will evacuate with a 
neighbor or friend. 
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Topic  Previous ETE Study  Current ETE Study 

Trip Generation for 
Evacuation 

Trip Generation curves adapted from 
NUREG‐0654 Samples of Time to Complete 
Evacuation Phases.  Single mobilization curve 
for all population groups starts at 15 minutes 
and ends at 255 minutes. 

 

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 120 minutes. 

All times measured from the 
Advisory to Evacuate. 

Weather 

Normal and Adverse (rain or fog).   

Freeway s: 16% speed reduction, 15% 
capacity reduction 

Arterials: 10% reduction in speed, 6% 
reduction in capacity 

Normal and Rain.  The capacity 
and free flow speed of all links in 
the network are reduced by 10% 
in the event of rain 

Modeling  DYNASMART-P 
DYNEV II System – Version 
4.0.11.0 

Special Events  None considered 

4th of July weekend 

167,630 additional transients 
and 64,239 additional vehicles 

Evacuation Cases 
5 Regions and 5 Scenarios producing 25 
unique base cases. 

21 Regions (central sector wind 
direction and each adjacent 
sector technique used) and 13 
Scenarios producing 273 unique 
cases. 

Evacuation Time 
Estimates Reporting 

ETE reported the 100th percentile population 
for 5 regions excluding the full EPZ. Results 
presented by Region and Scenario. 

ETE reported for 90th and 100th 
percentile population. Results 
presented by Region and 
Scenario. 

Evacuation Time 
Estimates for the 
region consisting of 
PAZ 1,4, and 5, 100th 
percentile 

Weekday, Good Weather: 9:30 

 

Weekend, Good Weather, 9:12 

Region 10 

Summer, Midweek, Midday, 
Good weather:  7:00 

 

Summer, Weekend, Midday, 

Good Weather: 6:15 
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2 STUDY ESTIMATES AND ASSUMPTIONS 

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

2.1 Data Estimates 

1. Population estimates are based upon Census 2010 data and data received from MCB.  
2. Estimates of employees who  reside outside  the EPZ and commute  to work within  the 

EPZ are based upon data obtained  from  the U.S. Census Bureau, Center  for Economic 
Studies 

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

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

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

6. The  relationship  between  resident  population  and  evacuating  vehicles  is  developed 
from  the  telephone  survey.  Average  values  of  2.63  persons  per  household  and  1.42 
evacuating  vehicles  per  household  are  used.    The  relationship  between  persons  and 
vehicles for transients and employees is as follows: 

a. Employees: 1.10 employees per vehicle  (telephone survey results)  for all major 
employers. 

b. Parks: Vehicle occupancy varies based upon data gathered  from  local  transient 
facilities. See Appendix E. 

c. Special  Events:  Transients  in  the  area  for  the  4th  of  July  weekend  travel  as 
families/households  in a single vehicle, and used the average household size of 
2.63 persons as the vehicle occupancy factor. 
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2.2 Study Methodological Assumptions 

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

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

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

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

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

6. A  total  of  13  “Scenarios”  representing  different  temporal  variations  (season,  time  of 
day, day of week) and weather conditions are considered.  These Scenarios are outlined 
in Table 2‐1. 

7. Scenario  12  considers  the  closure  of  a  single  lane  northbound  on  Interstate‐5  from 
SONGS (approximately 2 miles south of Basilone Rd (Exit 71) to the end of the analysis‐
network at the interchange with Oso Parkway (Exit 88).  

8. 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; Urbanik1). The models have continuously 
been refined and extended since those hearings and were independently validated by a 
consultant  retained  by  the  NRC.    The  new  DYNEV  II model  incorporates  the  latest 
technology in traffic simulation and in dynamic traffic assignment. 

   

                                                       
1 Urbanik, T., et. al. Benchmark Study of the I‐DYNEV Evacuation Time Estimate Computer Code, NUREG/CR‐4873, 
Nuclear Regulatory Commission, June, 1988. 
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Table 2‐1.  Evacuation Scenario Definitions 

Scenario  Season2 
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 

5  Summer 
Midweek, 
Weekend 

Evening  Good  None 

6  Winter  Midweek  Midday  Good  None 

7  Winter  Midweek  Midday  Rain  None 

8  Winter  Weekend  Midday  Good  None 

9  Winter  Weekend  Midday  Rain  None 

10  Winter 
Midweek, 
Weekend 

Evening  Good  None 

11  Summer   Weekend  Midday  Good  4th of July Weekend 

12  Summer   Midweek  Midday  Good 
Roadway Impact – Single 

Lane Closure on I‐5 
Northbound 

13  Summer  Midweek  Midday  Good  Earthquake  

 

 

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

1. The Planning Basis Assumption for the calculation of ETE is a rapidly escalating accident 
that requires evacuation, and includes the following: 

a. Advisory to Evacuate is announced coincident with the siren notification. 
b. Mobilization of  the general population will commence within 15 minutes after 

siren notification. 
c. ETE are measured relative to the Advisory to Evacuate. 

2. It is assumed that everyone within the group of PAZ forming a Region that is issued an 
Advisory  to  Evacuate will,  in  fact,  respond  and  evacuate  in  general  accord with  the 
planned routes. 

3. 57 percent of the households in the EPZ have at least 1 commuter; 36 percent of those 
households with commuters will await the return of a commuter before beginning their 
evacuation  trip, based on  the  telephone  survey  results.  Therefore  21 percent  (57%  x 
36% = 21%) of EPZ households will await the return of a commuter, prior to beginning 
their evacuation trip. 

4. The ETE will also include consideration of “through” (External‐External) trips during the 
time that such traffic is permitted to enter the evacuated Region. “Normal” traffic flow 
is assumed to be present within the EPZ at the start of the emergency.    

5. Access Control Points  (ACP) will be staffed within approximately 30 minutes  following 
the siren notifications, to divert traffic attempting to enter the EPZ. It is assumed that no 
through traffic will enter the EPZ after this 30 minute time period. 

6. Traffic Control Points  (TCP) within  the EPZ will be  staffed over  time, beginning at  the 
Advisory  to  Evacuate.    Their  number  and  location will  depend  on  the  Region  to  be 
evacuated and resources available. The objectives of these TCP are: 

a. Facilitate the movements of all (mostly evacuating) vehicles at the location. 
b. Discourage inadvertent vehicle movements towards the plant. 
c. Provide assurance and guidance to any traveler who is unsure of the appropriate 

actions or routing. 
d. Act as local surveillance and communications center. 
e. Provide information to the emergency operations center (EOC) as needed, based 

on direct observation or on information provided by travelers. 
 
In  calculating  ETE,  it  is  assumed  that  evacuees will  drive  safely,  travel  in  directions 
identified in the plan, and obey all control devices and traffic guides.   
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7. Buses will be used to transport those without access to private vehicles: 
a. If schools are  in session, transport (buses) will evacuate students directly to the 

designated reception centers.  
b. Transport  (buses)  will  evacuate  children  enrolled  at  preschools  and  daycares 

directly to the designated reception centers.  
c. Buses,  wheelchair  vans  and  ambulances  will  evacuate  patients  at  medical 

facilities and at any senior facilities within the EPZ, as needed. 
d. Transit‐dependent general population will be evacuated to reception centers. 
e. Schoolchildren,  if  school  is  in  session,  are  given  priority  in  assigning  transit 

vehicles.  
f. Bus mobilization time is considered in ETE calculations. 
g. Analysis of  the number of  required  round‐trips  (“waves”) of evacuating  transit 

vehicles is presented. 
h. Transport of  transit‐dependent evacuees  from  reception centers  to congregate 

care centers is not considered in this study. 
8. Provisions  are  made  for  evacuating  the  transit‐dependent  portion  of  the  general 

population  to  reception  centers by bus, based on  the assumption  that  some of  these 
people will ride‐share with family, neighbors, and friends, thus reducing the demand for 
buses. We  assume  that  the  percentage  of  people who  rideshare  is  50  percent.  This 
assumption is based upon reported experience for other emergencies3, and on guidance 
in Section 2.2 of NUREG/CR‐7002.  

9. One type of adverse weather scenario is considered. Rain may occur for either winter or 
summer scenarios. It  is assumed that the rain begins earlier or at about the same time 
the  evacuation  advisory  is  issued.  No  weather‐related  reduction  in  the  number  of 
transients who may be present in the EPZ is assumed. 

Adverse weather scenarios affect roadway capacity and the free flow highway speeds. 
The  factors  applied  for  the ETE  study are based on  recent  research on  the effects of 
weather on roadway operations4; the factors are shown in Table 2‐2.  

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

4  Agarwal, M.  et.  Al.  Impacts  of Weather  on Urban  Freeway  Traffic  Flow  Characteristics  and  Facility  Capacity, 
Proceedings  of  the  2005 Mid‐Continent  Transportation Research  Symposium, August,  2005.  The  results  of  this 
paper are included as Exhibit 10‐15 in the HCM 2010. 
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10. School buses used to transport students are assumed to transport 70 students per bus 

for elementary schools and 50 students per bus for middle and high schools, based on 
discussions  with  county  offices  of  emergency  management.    Transit  buses  used  to 
transport the transit‐dependent general population are assumed to transport 30 people 
per bus. 

 

 

Table 2‐2.  Model Adjustment for Adverse Weather 

Scenario 
Highway 
Capacity* 

Free Flow 
Speed*  Mobilization Time for General Population 

Rain  90%  90%  No Effect 

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

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

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

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

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

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

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

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

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

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

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

Analysis of the population characteristics of the SONGS EPZ indicates the need to identify four 
distinct groups: 

 Permanent residents ‐ people who are year round residents of the EPZ. 

 Seasonal residents – people who are residents of the EPZ during the summer months. 

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

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

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

The primary  source  for estimating permanent population  is  the  latest U.S. Census data.  The 
average  household  size  (2.63  persons/household  –  See  Figure  F‐1)  and  the  number  of 
evacuating  vehicles  per  household  (1.42  vehicles/household  –  See  Figure  F‐8) were  adapted 
from the telephone survey results.   

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

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

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

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

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

 Assume half of these vacationers leave the area.  

On this basis, the permanent resident population would be reduced by 5 percent in the summer 
and by a lesser amount in the off‐season. Given the uncertainty in this estimate, we elected to 
apply no reductions in permanent resident population for the summer scenarios to account for 
residents who may be out of the area. 
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Table 3‐1.  EPZ Permanent Resident Population 

PAZ 
2000 

Population
2010 

Population

1  215  4,533 

2  0  0 

3  11,513  11,997 

4  50,089  68,879 

5  68,947  67,948 

TOTAL  130,764  153,357 

EPZ Population 
Growth: 

17.28% 

 

 

Table 3‐2.  Permanent Resident Population and Vehicles by PAZ 

PAZ 
2010 

Population 

2010 
Resident 
Vehicles 

1  4,533  2,447 

2  0  0 

3  11,997  6,477 

4  68,879  37,192 

5  67,948  36,682 

TOTAL  153,357  82,798 
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Figure 3‐2.  Permanent Resident Population by Sector 
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Figure 3‐3.  Permanent Resident Vehicles by Sector   
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3.2 Shadow Population 

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

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

Table 3‐3.  Shadow Population and Vehicles by Sector 

Sector  Population 
Evacuating 
Vehicles 

N  5,201  2,804 

NNE  129  70 

NE  55  29 

ENE  367  198 

E  1,380  744 

ESE  6,093  3,289 

SE  17,395  9,392 

SSE  0  0 

S  0  0 

SSW  0  0 

SW  0  0 

WSW  0  0 

W  0  0 

WNW  0  0 

NW  43,037  23,237 

NNW  37,388  20,185 

TOTAL  111,045  59,948 
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Figure 3‐4.  Shadow Population by Sector 
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Figure 3‐5.  Shadow Vehicles by Sector 
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3.3 Transient Population 

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

 Lodging Facilities 

 Marinas 

 Parks 

 Beaches 

 Campgrounds 

 Golf Courses 

 Seasonal Residences 

Surveys of lodging facilities within the EPZ were conducted to determine the number of rooms, 
percentage of occupied rooms at peak times, and the number of people and vehicles per room 
for each  facility.   These data were used to estimate the number of transients and evacuating 
vehicles at each of these facilities.  A total of 5,041 transients in 3,150 vehicles are assigned to 
lodging facilities in the EPZ. 

A survey was conducted to determine the number of slips, average daily attendance, and the 
percentage of  local visitors for the Dana Point Harbor.   These data were used to estimate the 
number  of  transients  and  evacuating  vehicles  at  each  of  these  facilities.    A  total  of  396 
transients and 153 vehicles are assigned to the harbor. 

A  survey  of  parks was  conducted  to  determine  the  number  of  transients  visiting  the  parks 
within in EPZ on a typical day.  A total of 2,150 transients and 817 vehicles have been assigned 
to these parks. 

Surveys of beaches within the EPZ were conducted to determine the number beachgoers and 
vehicles  present  at  each  beach  during  peak  times.    These  data were  used  to  estimate  the 
number  of  evacuating  vehicles  for  transients  at  each  of  these  facilities.    A  total  of  15,620 
transients and 3,792 vehicles are assigned to beaches in the EPZ. 

Surveys  of  campgrounds  within  the  EPZ  were  conducted  to  determine  the  number  of 
campsites, peak occupancy,  the number of  vehicles and people per  campsite, as well as  the 
percentage of campers that are  local  for each  facility.   These data were used to estimate the 
number  of  evacuating  vehicles  for  transients  at  each  of  these  facilities.    A  total  of  4,302 
transients and 1,230 vehicles are assigned to campgrounds in the EPZ. 

There are six golf courses within the EPZ.  Surveys of golf courses were conducted to determine 
the number of golfers and vehicles at each  facility on a  typical peak day, and  the number of 
golfers that travels from outside the area.  A total of 137 transients and 87 vehicles are assigned 
to golf courses within the EPZ. 
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Appendix E summarizes the transient data that was estimated for the EPZ. Table E‐4 presents 
the number of  transients visiting  recreational areas, while Table E‐5 presents  the number of 
transients at lodging facilities within the EPZ.  

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

3.4 Seasonal Transient Population 

The SONGS EPZ has a secondary category of transient population which  is seasonal residents. 
These people will enter the area during the summer months and may stay considerably longer 
(several weeks or  the entire  season)  than  the  average  transient using  a hotel or motel.  The 
seasonal  population  use  other  lodging  facilities  such  as  condos,  beach  houses  and  summer 
rentals that otherwise would not be captured in a typical lodging population.  

The methodology behind calculating the seasonal population involves using 2010 Census Block 
data.  Each Census Block  includes  information  regarding  the number of  vacant  and occupied 
households.    Using  this  Census  data,  an  average  vacant  household  percentage  (11%)  was 
calculated for the entire SONGS EPZ.  

It  is assumed  that seasonal  residents will be  renting homes  throughout  the EPZ.    It  is  further 
assumed that 11% of the vacant homes within these Census blocks are uninhabited at all times 
and do not serve as rental homes. The percentage of vacant housing reported by the census in 
excess  of  11%  was  assumed  to  be  seasonally  rented.    An  average  household  size  of  2.63 
persons  per  household  is  used  to  determine  the  seasonal  transient  population,  and  1.42 
evacuating  vehicles  per  seasonal  household  is  used  to  determine  the  number  of  seasonal 
transient  vehicles.    These  numbers  are  adapted  from  the  telephone  survey  results  (see 
Appendix F). 

It  is estimated  that  there  is  an  additional  seasonal population of 2,114  transients  and 1,097 
transient  vehicles  within  the  SONGS  EPZ.  These  numbers  are  included  with  the  transient 
population in Table 3‐4 as well as Figure 3‐6 and Figure 3‐7. 

 

Table 3‐4.  Summary of Transients and Transient Vehicles 

PAZ 

Transients  Transient Vehicles 

Seasonal 
Residents

Other 
Visitors 

Seasonal 
Residents

Other 
Visitors 

1  0  6,457  0  1,836 

2  0  0  0  0 

3  0  0  0  0 

4  1,043  4,864  541  1,878 

5  1,071  16,325  556  5,515 

Total  2,114  27,646  1,097  9,229 
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Figure 3‐6.  Transient Population by Sector   
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Figure 3‐7.  Transient Vehicles by Sector   
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3.5 Employees 

Employees who work within the EPZ fall into two categories: 

 Those who live and work in the EPZ 

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

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

Employment data regarding the maximum shift employment was obtained from SONGS as well 
as MCB. The number of employees and employee vehicles derived from each of these facilities 
are provided in Table 3‐5. 

Data  obtained  from  the  US  Census  Longitudinal  Employer‐Household  Dynamics  from  the 
OnTheMap Census analysis tool1 were used to estimate the number of employees commuting 
into  the  EPZ  that  are  attributable  to  all  other major  employers.    The  2010 Workplace Area 
Characteristic data was also obtained from this website and was used to determine the number 
of employees by Census Block within the SONGS EPZ. 

Since not all employees are working at  facilities within the EPZ at one time, a maximum shift 
reduction  was  applied.    The  Work  Area  Profile  Report,  also  output  by  the  OnTheMap 
Application,  breaks  down  jobs within  the  EPZ  by  industry  sector.    Assuming maximum  shift 
employment occurs Monday through Friday between 9 AM and 5 PM, the following  jobs take 
place outside the typical 9‐5 work day: 

 Manufacturing – 5.6% of jobs; takes place in shifts over 24 hours 

 Arts,  Entertainment,  and  Recreation  –  2.5%  of  jobs;  takes  place  in  evenings  and  on 
weekends 

 Accommodations and Food Services – 14.4% of jobs; peaks in the evenings 

The maximum shift in the EPZ is about 77.5% (100% ‐ 5.6% ‐ 2.5% ‐ 14.4% = 77.5%).  This value 
was applied to the total employment in 2010 to represent the maximum number of employees 
present  in the EPZ at any one time.   The  Inflow/Outflow Report  for the SONGS EPZ was then 
used  to  calculate  the percent of employees  that work within  the  EPZ but  live outside.    This 
value, 74.1%, was applied  to  the maximum shift employee values  to compute  the number of 
people commuting into the EPZ to work at peak times. 

In  Table  3‐5,  the  Employees  (Max  Shift)  are  multiplied  by  the  percent  non‐EPZ  factor  to 
determine the number of employees who are not residents of the EPZ.  A vehicle occupancy of 
1.10 employees per vehicle obtained  from the telephone survey  (See Figure F‐7) was used to 
determine the number of evacuating employee vehicles for all major employers. 

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

                                                       
1 http://onthemap.ces.census.gov/ 
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Table 3‐5.  Summary of Non‐EPZ Resident Employees and Employee Vehicles 

Max Shift Employment used for Individual Employers 

Major 
Employer 

2010 Employment 
(50+ Employees) 

Max Shift 
Non‐EPZ Employees 

(74.1%) 
Employee Vehicles 
(1.10 Emp/Veh) 

SONGS  3,150  2,498  1,851  1,683 

MCB  N/A  443  331  302 

All other Employers Derived from Census Statistics 

PAZ 
2010 Employment 
(50+ Employees) 

Max Shift (77.5%) 
Non‐EPZ Employees 

(74.1%) 
Employee Vehicles 
(1.10 Emp/Veh) 

3  390  302  223  202 

4  17,288  13,398  9,930  9,024 

5  15,566  12,064  8,939  8,122 

TOTAL:  28,705  21,274  19,333 
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Figure 3‐8.  Employee Population by Sector   
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Figure 3‐9.  Employee Vehicles by Sector   
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3.6 Medical Facilities 

Data were provided by Orange County and the individual municipalities within the EPZ for each 
of the medical facilities within the EPZ. Table E‐3 in Appendix E summarizes the data gathered. 
Section 8 details the evacuation of medical facilities and their patients. The number and type of 
evacuating  vehicles  that  need  to  be  provided  depend  on  the  patients'  state  of  health.   It  is 
estimated that buses can transport up to 30 ambulatory and 3 wheelchair bound people and 
ambulances, up to 2 people.   

3.7 Total Demand in Addition to Permanent Population 

Vehicles will be traveling through the EPZ  (external‐external trips) at the time of an accident.  
After the Advisory to Evacuate is announced, these through‐travelers will also evacuate. These 
through vehicles are assumed to travel on the major routes traversing the EPZ – I‐5, and the San 
Joaquin Hills Transportation Corridor.    It  is assumed that this traffic will continue to enter the 
EPZ during the first 30 minutes following the Advisory to Evacuate.  

Average Annual Daily Traffic (AADT) data was obtained from Federal Highway Administration to 
estimate  the  number  of  vehicles  per  hour  on  the  aforementioned  routes.    The  AADT  was 
multiplied by the K‐Factor, which  is the proportion of the AADT on a roadway segment or  link 
during the design hour, resulting  in the design hour volume (DHV).   The design hour  is usually 
the 30th highest hourly  traffic volume of  the year, measured  in vehicles per hour  (vph).   The 
DHV  is  then multiplied by  the D‐Factor, which  is  the proportion of  the DHV occurring  in  the 
peak  direction  of  travel  (also  known  as  the  directional  split).    The  resulting  values  are  the 
directional  design  hourly  volumes  (DDHV),  and  are  presented  in  Table  3‐6,  for  each  of  the 
routes considered.  The DDHV is then multiplied by 0.5 hours (access control points – ACP – are 
assumed  to be activated at 30 minutes after  the advisory  to evacuate)  to estimate  the  total 
number  of  external  vehicles  loaded  on  the  analysis  network.  As  indicated,  there  are  5,536 
vehicles entering the EPZ as external‐external trips prior to  the activation of the ACP and the 
diversion of this traffic. This number is reduced by 60% for evening scenarios (Scenarios 5 and 
10 as discussed in Section 6.  

3.8 Special Event 

One  special event  (Scenario 11)  is  considered  for  the ETE  study – 4th of  July Weekend. Data 
were  obtained  from  local  emergency  management  officials  in  the  municipalities  of  San 
Clemente,  Dana  Point,  and  San  Juan  Capistrano  regarding  the  number  of  transients  and 
locations  of major  festivities  within  their  respective  cities.    San  Clemente  has  an  influx  of 
approximately 25,000 transients, Dana Point has an  influx of 150,000 transients and San Juan 
Capistrano  has  an  influx  of  12,000  transients.    To  avoid  double  counting,  transients  already 
considered at other facilities within San Clemente and Dana Point were removed from the total 
special event transients.   Those transients  in San Juan Capistrano are specifically at the Sports 
Park  on  Camino  Del  Avion.    It  was  assumed  that  families  travel  in  personal  vehicles  as  a 
household unit; therefore, the average household size of 2.63 was used as a vehicle occupancy 
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factor.  A total of 167,630 transients and 64,239 transient vehicles were incorporated at various 
parking locations throughout the EPZ during the 4th of July weekend.  The special event vehicle 
trips  were  generated  utilizing  the  same  mobilization  distributions  for  transients.  Public 
transportation  is  not  provided  for  this  event  and  was  not  considered  in  the  special  event 
analysis. 
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3.9 Summary of Demand 

A  summary  of  population  and  vehicle  demand  is  provided  in  Table  3‐7  and  Table  3‐8, 
respectively.  This summary includes all population groups described in this section.  Additional 
population groups – transit‐dependent, special facility and school population – are described in 
greater detail  in Section 8.   A total of 259,308 people and 131,530 vehicles are considered  in 
this study. 
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4 ESTIMATION OF HIGHWAY CAPACITY 

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

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

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

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

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

 Lane width 

 Shoulder width 

 Pavement condition 

 Horizontal and vertical alignment (curvature and grade) 

 Percent truck traffic 

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

 Weather conditions (rain, fog, wind speed) 

These  factors are  considered during  the  road  survey and  in  the  capacity estimation process; 
some  factors have greater  influence on capacity  than others. For example,  lane and shoulder 
width have only a  limited  influence on Base Free Flow Speed (BFFS1) according to Exhibit 15‐7 
of  the HCM. Consequently,  lane and  shoulder widths at  the narrowest points were observed 
during the road survey and these observations were recorded, but no detailed measurements 
of lane or shoulder width were taken. Horizontal and vertical alignment can influence both FFS 
and capacity.   The estimated FFS were measured using the survey vehicle’s speedometer and 
observing local traffic, under free flow conditions.  Capacity is estimated from the procedures of 
                                                       
1 A very rough estimate of BFFS might be taken as the posted speed limit plus 10 mph (HCM 2010 Page 15‐15) 
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the 2010 HCM.  For example, HCM Exhibit 7‐1(b) shows the sensitivity of Service Volume at the 
upper bound of LOS D to grade (capacity is the Service Volume at the upper bound of LOS E). 

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

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

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

4.1 Capacity Estimations on Approaches to Intersections 

At‐grade intersections are apt to become the first bottleneck locations under local heavy traffic 
volume conditions. This characteristic reflects the need to allocate access time to the respective 
competing  traffic  streams  by  exerting  some  form  of  control.   During  evacuation,  control  at 
critical  intersections  will  often  be  provided  by  traffic  control  personnel  assigned  for  that 
purpose,  whose  directions  may  supersede  traffic  control  devices.  Additional  TCPs  are 
recommended; see Section 9 and Appendix G for additional details.  The per‐lane capacity of an 
approach to a signalized intersection can be expressed (simplistically) in the following form: 

 

,
3600 3600

 

 

where: 

 

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

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

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

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

C  =  Duration of each signal cycle; seconds 

Pm  =  Proportion of GREEN time allocated for vehicles executing movement, m, 
from this lane.  This value is specified as part of the control treatment. 

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

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

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

, , , …  

 

where: 

hsat  =  Saturation discharge headway for through vehicles; seconds per vehicle 

F1,F2  =  The various known factors influencing hm  

fm( )  =  Complex function relating hm to the known (or estimated) values of hsat, 

F1, F2, … 

The estimation of hm for specified values of hsat, F1, F2,  ...  is undertaken within the DYNEV  II 

simulation model  by  a mathematical model2. The  resulting  values  for  hm  always  satisfy  the 
condition:   

 

 

That  is,  the  turn‐movement‐specific discharge headways are always greater  than, or equal  to 
the  saturation  discharge  headway  for  through  vehicles.    These  headways  (or  its  inverse 
                                                       
2
Lieberman, E., "Determining Lateral Deployment of Traffic on an Approach to an  Intersection", McShane, W. & 

Lieberman,  E.,  "Service  Rates  of Mixed  Traffic  on  the  far  Left  Lane  of  an  Approach".   Both  papers  appear  in 
Transportation Research Record 772, 1980. Lieberman, E., Xin, W., “Macroscopic Traffic Modeling For Large‐Scale 
Evacuation Planning”, presented at the TRB 2012 Annual Meeting, January 22‐26, 2012 
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equivalent, “saturation flow rate”), may be determined by observation or using the procedures 
of the HCM 2010. 

The above discussion is necessarily brief given the scope of this ETE report and the complexity 
of the subject of intersection capacity. In fact, Chapters 18, 19 and 20 in the HCM 2010 address 
this topic. The factors, F1, F2,…, influencing saturation flow rate are identified in equation (18‐5) 
of the HCM 2010. 
 
The traffic signals within the EPZ and Shadow Region are modeled using representative phasing 
plans and phase durations obtained as part of the field data collection. Traffic responsive signal 
installations  allow  the  proportion  of  green  time  allocated  (Pm)  for  each  approach  to  each 
intersection  to  be  determined  by  the  expected  traffic  volumes  on  each  approach  during 
evacuation circumstances. The amount of green time (G) allocated is subject to maximum and 
minimum phase duration  constraints; 2  seconds of  yellow  time are  indicated  for each  signal 
phase and 1 second of all‐red time is assigned between signal phases, typically. If a signal is pre‐
timed, the yellow and all‐red times observed during the road survey are used. A lost time (L) of 
2.0 seconds is used for each signal phase in the analysis. 

4.2 Capacity Estimation along Sections of Highway 

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

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

The value of VF can be expressed as: 

 

where: 

R  =  Reduction factor which is less than unity 
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We have employed  a  value of R=0.90. The  advisability of  such  a  capacity  reduction  factor  is 
based upon empirical studies that identified a fall‐off in the service flow rate when congestion 
occurs at “bottlenecks” or “choke points” on a freeway system.  Zhang and Levinson3 describe a 
research  program  that  collected  data  from  a  computer‐based  surveillance  system  (loop 
detectors) installed on the Interstate Highway System, at 27 active bottlenecks in the twin cities 
metro  area  in Minnesota  over  a  7‐week  period.   When  flow  breakdown  occurs,  queues  are 
formed which  discharge  at  lower  flow  rates  than  the maximum  capacity  prior  to  observed 
breakdown.   These queue discharge  flow  (QDF)  rates vary  from one  location  to  the next and 
also vary by day of week and time of day based upon local circumstances.  The cited reference 
presents a mean QDF of 2,016 passenger cars per hour per lane (pcphpl).  This figure compares 
with  the  nominal  capacity  estimate  of  2,250  pcphpl  estimated  for  the  ETE  and  indicated  in 
Appendix K for freeway links.  The ratio of these two numbers is 0.896 which translates into a 
capacity reduction factor of 0.90.  

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

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

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

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

                                                       
3Lei  Zhang  and  David  Levinson,  “Some  Properties  of  Flows  at  Freeway  Bottlenecks,”  Transportation  Research 
Record 1883, 2004. 
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4.3 Application to the SONGS Study Area 

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

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

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

 Two‐Lane roads: Local, State 

 Multi‐Lane Highways (at‐grade) 

 Freeways 

Each of these classifications will be discussed. 

4.3.1 Two‐Lane Roads 

Ref: HCM Chapter 15 

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

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

 Most  sections of  two‐lane  roads within  the EPZ are  classified as  “Class  I”, with  "level 
terrain"; some are “rolling terrain”. 

 “Class II” highways are mostly those within urban and suburban centers. 

4.3.2 Multi‐Lane Highway 

Ref: HCM Chapter 14 

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

4.3.3 Freeways 

Ref: HCM Chapters 10, 11, 12, 13 

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

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

 

Free Speed (mph):  55  60  65  70+ 

Per‐Lane Capacity (pc/h):  2250  2300  2350  2400 

 

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

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

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

Ref: HCM Chapters 18, 19, 20, 21 

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

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

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

4.4 Simulation and Capacity Estimation 

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

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

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

All  simulation models must  be  calibrated  properly with  field  observations  that  quantify  the 
performance  parameters  applicable  to  the  analysis  network.  Two  of  the most  important  of 



 

San Onofre Nuclear Generating Station  4‐9  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

these  are:  (1)  Free  flow  speed  (FFS);  and  (2)  saturation  headway,  hsat.  The  first  of  these  is 
estimated  by  direct  observation  during  the  road  survey;  the  second  is  estimated  using  the 
concepts of the HCM 2010, as described earlier. These parameters are listed in Appendix K, for 
each network link.  
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Figure 4‐1. Fundamental Diagrams 
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5 ESTIMATION OF TRIP GENERATION TIME 

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

5.1 Background 

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

1. Unusual Event 
2. Alert 
3. Site Area Emergency 
4. General Emergency 

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

1. The Advisory to Evacuate will be announced coincident with the siren notification. 
2. Mobilization of the general population will commence within 15 minutes after the siren 

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

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

1. Establish a  temporal  framework  for estimating  the Trip Generation distribution  in  the 
format recommended in Section 2.13 of NUREG/CR‐6863. 

2. Identify temporal points of reference that uniquely define "Clear Time" and ETE. 

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

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

The notification process consists of two events: 

1. Transmitting  information using  the  alert notification  systems  available within  the EPZ 
(e.g. sirens, tone alerts, EAS broadcasts, loud speakers). 

2. Receiving and correctly interpreting the information that is transmitted. 

The population within the EPZ is dispersed over an area of approximately 180 square miles and 
is engaged  in  a wide  variety of  activities.   It must be  anticipated  that  some  time will elapse 
between the transmission and receipt of the information advising the public of an accident. 

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

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

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

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

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

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

 

Event Number  Event Description 
1  Notification 
2  Awareness of Situation 
3  Depart Work 
4  Arrive Home 
5  Depart on Evacuation Trip 

 

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

 

Table 5‐1.  Event Sequence for Evacuation Activities 

Event Sequence  Activity  Distribution 

1 → 2  Receive Notification 1 
2 → 3  Prepare to Leave Work 2 
2,3 → 4  Travel Home 3 
2,4 → 5  Prepare to Leave to Evacuate 4 

 

These relationships are shown graphically in Figure 5‐1. 

 An Event is a ‘state’ that exists at a point in time (e.g., depart work, arrive home) 

 An Activity  is a  ‘process’ that takes place over some elapsed time  (e.g., prepare to  leave 
work, travel home) 

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

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

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

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

In  some  cases,  assuming  certain  events  occur  strictly  sequential  (for  instance,  commuter 
returning home before beginning preparation to leave) can result in rather conservative (that is, 
longer) estimates of mobilization times.    It  is reasonable to expect that at  least some parts of 
these events will overlap for many households, but that assumption is not made in this study. 
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Figure 5‐1.  Events and Activities Preceding the Evacuation Trip 

   

 

Households wait 
for Commuters1 

Residents 

1  2  3 4 5

EVENTS   

 

1. Notification 
2. Aware of situation 
3. Depart work 
4. Arrive home 
5. Depart on evacuation trip 

 

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

Households without 
Commuters and 
households who do not 
wait for Commuters 

Residents 
1  2  5

Residents, 
Transients at 
Residence 

1  2  5

   (b) Accident occurs during weekend or during the evening2 

   (c) Employees who live outside the EPZ 

Residents, 
Transients 
away from 
Residence 

1  2  4 5

1  2  3, 5

Return to residence, 
then evacuate 

Residents at home; 
transients evacuate directly

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

#

ACTIVITIES 

 

    1         2 Receive Notification 

    2        3 Prepare to Leave Work 
2, 3         4 Travel Home 

2, 4         5 Prepare to Leave to Evacuate 

      

      

Activities Consume Time 



 

San Onofre Nuclear Generating Station  5‐6  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

5.3 Estimated Time Distributions of Activities Preceding Event 5 

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

Time Distribution No. 1, Notification Process: Activity 1      2 

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

 

Table 5‐2.  Time Distribution for Notifying the Public 

Elapsed Time 

(Minutes) 

Percent of 

Population Notified 

0 0%

5 7%

10 13%

15 27%

20 47%

25 66%

30 87%

35 92%

40 97%

45 100%

 

   



 

San Onofre Nuclear Generating Station  5‐7  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

Distribution No. 2, Prepare to Leave Work: Activity 2    3 

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

 

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

Elapsed Time 
(Minutes) 

Cumulative 
Percent 

Employees 
Leaving Work 

Elapsed Time 
(Minutes) 

Cumulative 
Percent 

Employees 
Leaving Work 

0  0%  45  94% 

5  43%  50  94% 

10  62%  55  94% 

15  70%  60  97% 

20  77%  75  98% 

25  78%  90  100% 

30  91% 

 35  92% 

40  92% 

 

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

These  data  are  provided  directly  by  those  households  which  responded  to  the  telephone 
survey.  This distribution is plotted in Figure 5‐2 and listed in Table 5‐4. 

 

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

Elapsed Time 
(Minutes) 

Cumulative 
Percent 

Returning Home 
Elapsed Time 
(Minutes) 

Cumulative 
Percent 

Returning Home 

0  0%  45  88% 

5  12%  50  89% 

10  27%  55  89% 

15  40%  60  95% 

20  56%  75  96% 

25  60%  90  98% 

30  77%  105  99% 

35  79%  120  100% 

40  83%   

 

NOTE: The survey data was normalized to distribute the "Don't know" response 
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Distribution No. 4, Prepare to Leave Home:   Activity 2, 4   5 

These  data  are  provided  directly  by  those  households  which  responded  to  the  telephone 
survey.  This distribution is plotted in Figure 5‐2 and listed in Table 5‐5. 

 

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

Elapsed Time 
(Minutes) 

Cumulative 
Percent Ready to 

Evacuate 
Elapsed Time 
(Minutes) 

Cumulative 
Percent Ready to 

Evacuate 

0  0%  120  94% 

15  20%  135  97% 

30  63%  150  97% 

45  70%  165  97% 

60  83%  180  98% 

75  89%  195  100% 

90  90% 

 105  90% 

 

NOTE: The survey data was normalized to distribute the "Don't know" response 
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5.4 Calculation of Trip Generation Time Distribution 

The  time  distributions  for  each  of  the  mobilization  activities  presented  herein  must  be 
combined to form the appropriate Trip Generation Distributions.  As discussed above, this study 
assumes that the stated events take place in sequence such that all preceding events must be 
completed before the current event can occur.   For example,  if a household awaits the return 

of a commuter, the work‐to‐home trip (Activity 3  4) must precede Activity 4  5. 

To calculate the time distribution of an event that is dependent on two sequential activities, it is 
necessary  to  “sum”  the  distributions  associated with  these  prior  activities.  The  distribution 
summing algorithm  is applied  repeatedly as  shown  to  form  the  required distribution.   As an 
outcome of this procedure, new time distributions are formed; we assign “letter” designations 
to these intermediate distributions to describe the procedure. 6 presents the summing procedure 
to arrive at each designated distribution. 

 

Table 5‐6.  Mapping Distributions to Events 

Apply  “Summing” Algorithm To:  Distribution Obtained  Event Defined 

Distributions 1 and 2  Distribution A  Event 3 

Distributions A and 3  Distribution B  Event 4 

Distributions B and 4  Distribution C  Event 5 

Distributions 1 and 4  Distribution D  Event 5 

 

Table 5‐7 presents a description of each of the final trip generation distributions achieved after the 
summing process is completed. 

 

Table 5‐7.  Description of the Distributions 

Distribution  Description 

A 
Time distribution of commuters departing place of work  (Event 3). Also applies 
to  employees  who  work  within  the  EPZ  who  live  outside,  and  to  Transients 
within the EPZ. 

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

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

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

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

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

In assessing outliers, there are three alternates to consider: 

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

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

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

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

There is considerable statistical literature on the identification and treatment of outliers singly or 
in groups, much of which assumes the data is normally distributed and some of which uses non‐
parametric methods  to avoid  that assumption.   The  literature  cites  that  limited work has been 
done directly on outliers in sample survey responses. 

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

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

2) The  individual mobilization activities (prepare to  leave work, travel home, prepare home) 
are  reviewed  for outliers,  and  then  the overall  trip generation distributions are  created 
(see Figure 5‐1, Table 5‐6, Table 5‐7); 
 

3) Outliers can be eliminated either because the response reflects a special population (e.g. 
special needs, transit dependent) or lack of realism, because the purpose is to estimate trip 
generation patterns for personal vehicles; 
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4) To eliminate outliers,  
a) the mean and standard deviation of the specific activity are estimated from the 

responses, 
b) the median of the same data is estimated, with its position relative to the mean 

noted,  
c) the histogram of the data is inspected, and  
d) all values greater than 3.5 standard deviations are flagged for attention, taking 

special  note  of whether  there  are  gaps  (categories with  zero  entries)  in  the 
histogram display. 

In general, only flagged values more than 4 standard deviations from the mean are allowed 
to be considered outliers, with gaps in the histogram expected. 

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

5) As a practical matter, even with outliers eliminated by the above, the resultant histogram, 
viewed as a cumulative distribution,  is not a normal distribution.   A typical situation that 
results is shown below in Figure 5‐3. 

 

 

 

6) In particular,  the cumulative distribution differs  from  the normal distribution  in  two key 
aspects, both very important in loading a network to estimate evacuation times: 
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 Most of  the  real data  is  to  the  left of  the “normal” curve above,  indicating  that  the 
network loads faster for the first 80‐85% of the vehicles, potentially causing more (and 
earlier) congestion than otherwise modeled; 

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

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

 
7) With the mobilization activities each modeled according to Steps 1‐6, including preserving 

the features cited in Step 6, the overall (or total) mobilization times are constructed. 

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

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

The DYNEV  II simulation model  is designed to accept varying rates of vehicle trip generation  for 
each  origin  centroid,  expressed  in  the  form  of  histograms.  These  histograms, which  represent 
Distributions A, C, and D, properly displaced with respect to one another, are tabulated  in Table 
5‐8 (Distribution B, Arrive Home, omitted for clarity).  

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

As defined in NUREG/CR‐7002, staged evacuation consists of the following: 

1. PAZ comprising the 2 mile region are advised to evacuate immediately 

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

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

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

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

Assumptions 

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

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

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

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

5. An additional staged evacuation in which PAZ 1 through 4 (5‐mile region) evacuates, and 
PAZ 5 is advised to shelter‐in‐place until the 90th percentile ETE for the 5‐mile region 
was considered based on discussions with SCE and the offsite agencies. 

Procedure 

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

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

a. Identify the 90th percentile evacuation time for the PAZ comprising the two mile 
region. This value, TScen

*, is obtained from simulation results. It will become the 
time at which the region being sheltered will be told to evacuate for each 
scenario. 
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b. The resultant trip generation curves for staging are then formed as follows: 
i. The non‐shelter trip generation curve is followed until a maximum of 20% 

of the total trips are generated (to account for shelter non‐compliance). 
ii. No additional trips are generated until time TScen

*    
iii. Following time TScen

*, the balance of trips are generated: 
1. by stepping up and then following the non‐shelter trip generation 

curve (if TScen
* is < max trip generation time) or  

2. by stepping up to 100% (if TScen
* is > max trip generation time) 

c. Note: This procedure implies that there may be different staged trip generation 
distributions for different scenarios. NUREG/CR‐7002 uses the statement 
“approximately 90th percentile” as the time to end staging and begin evacuating.  
The value of TScen

* is 1:30 for daytime scenarios, 2:00 for evening scenarios, and 
5:00 for the Region R21 staged evacuation.  

3. Staged trip generation distributions are created for the following population groups: 
a. Residents with returning commuters 
b. Residents without returning commuters 
c. Residents with returning commuters during evening scenarios 
d. Residents without returning commuters during evening scenarios 

Figure 5‐5 presents the staged trip generation distributions for both residents with and without 
returning  commuters;  the 90th percentile  two‐mile evacuation  time  is 90 minutes during  the 
daytime, 120 minutes during evening  scenarios,  and 300 minutes  for  the Region R21  staged 
evacuation. At the 90th percentile evacuation time, 20% of the population (who normally would 
have completed their mobilization activities for an un‐staged evacuation) advised to shelter has 
nevertheless departed  the area. These people do not  comply with  the  shelter advisory. Also 
included on  the plot are  the  trip generation distributions  for  these groups as applied  to  the 
regions advised to evacuate immediately.  

Since  the 90th percentile evacuation  time occurs before  the end of  the  trip generation  time, 
after the sheltered region is advised to evacuate, the shelter trip generation distribution rises to 
meet  the  balance  of  the  non‐staged  trip  generation  distribution.  Following  time  TScen

*,  the 
balance of staged evacuation trips that are ready to depart are released within 15 minutes. After 
TScen

*+15, the remainder of evacuation trips are generated  in accordance with the un‐staged trip 
generation distribution.  

Table 5‐9 and Table 5‐10 provide the trip generation histograms for the staged evacuations. 

5.4.3 Trip Generation for Waterways and Recreational Areas 

According  to  the  Standard  Operating  Procedure  for  the  State  Department  of  Parks  and 
Recreation  (part of  the County of Orange San Onofre Nuclear Generating Station Emergency 
Operations  Plan),  the  Department  of  Parks  and  Recreation  (State  Parks)  is  responsible  for 
notifying the public in parks, beaches and campgrounds in the vicinity of SONGS. The plans also 
state that the U.S. Coast Guard has  jurisdiction of the Pacific Ocean and that the Coast Guard 
will notify vessels at sea over marine radio and other means  in the event of an emergency at 
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SONGS.   Coordination with the Coast Guard  is the responsibility of San Diego County Office of 
Emergency Services. 

As  indicated  in  Table  5‐2,  this  study  assumes  100%  notification  in  45  minutes.  Table  5‐8 
indicates  that all  transients will have mobilized within 2 hours.  It  is assumed  that  this 2 hour 
timeframe  is  sufficient  time  for  boaters,  campers  and  other  transients  to  return  to  their 
vehicles and begin their evacuation trip. 
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6 DEMAND ESTIMATION FOR EVACUATION SCENARIOS 

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

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

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

A  total  of  21  Regions were  defined which  encompass  all  the  groupings  of  PAZ  considered.  
These Regions are defined  in Table 6‐1.   The PAZ  configurations are  identified  in  Figure 6‐1.  
Each keyhole  sector‐based area  consists of a  central  circle  centered at  the power plant, and 
three  adjoining  sectors,  each with  a  central  angle  of  22.5  degrees,  as  per  NUREG/CR‐7002 
guidance.  The central sector coincides with the wind direction. These sectors extend to 5 miles 
from  the  plant  (Regions  R04  through  R09)  or  to  the  EPZ  boundary  (Regions  R10  and  R11). 
Regions R01, R02 and R03 represent evacuations of circular areas with radii of 2, 5 and 10 miles, 
respectively.  Regions  R12  through  R18  are  identical  to  Regions  R04  through  R09  and  R02, 
respectively; however, those PAZ between 2 miles and 5 miles are staged until 90% of the 2‐
mile region (Region R01) has evacuated. 

A  total of 13 Scenarios were evaluated  for all Regions. Thus,  there are a  total of 21x13=273 
evacuation cases.  Table 6‐2 is a description of all Scenarios. 

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

The vehicle estimates presented in Section 3 are peak values. These peak values are adjusted to 
average  values  depending  on  the  scenario  and  region  being  considered,  using  scenario  and 
region  specific  percentages.  The  scenario  percentages  are  presented  in  Table  6‐3, while  the 
regional percentages are provided  in Table H‐1. The percentages presented  in Table 6‐3 were 
determined as follows: 

The number of  residents with commuters during  the week  (when workforce  is at  its peak)  is 
equal to the product of 57% (the number of households with at least one commuter) and 36% 
(the number of households with  a  commuter  that would  await  the  return of  the  commuter 
prior to evacuating). See assumption 3 in Section 2.3. It is estimated for weekend and evening 
scenarios  that  10%  of  households with  returning  commuters will  have  a  commuter  at work 
during those times. 

Employment is assumed to be at its peak (100%) during the winter, midweek, midday scenarios. 
Employment is reduced slightly (96%) for summer, midweek, midday scenarios. This is based on 
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the estimation  that 50% of  the employees commuting  into  the EPZ will be on vacation  for a 
week during  the approximate 12 weeks of  summer.  It  is  further estimated  that  those  taking 
vacation  will  be  uniformly  dispersed  throughout  the  summer  with  approximately  4%  of 
employees vacationing each week.  It  is further estimated that only 10% of the employees are 
working in the evenings and during the weekends. 

Transient activity is estimated to be at its peak (100%) during summer weekends and less (80%) 
during  the  week.  As  shown  in  Appendix  E,  there  is  a  significant  amount  of  lodging  and 
campgrounds  offering  overnight  accommodations  in  the  EPZ;  thus,  transient  activity  is 
estimated  to be high during evening hours – 50%  for  summer and 33%  for winter. Transient 
activity is less during the winter months – 50% during the week and 65% on weekends. 

Seasonal population  is estimated to be 100% during summer months, and 0% during all other 
times. 

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

20% 1
18,560

16,982 65,816
24% 

One special event – Fourth of July Weekend – was considered as Scenario 11. Thus, the special 
event traffic is 100% evacuated for Scenario 11, and 0% for all other scenarios.  

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

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

An additional earthquake scenario, Scenario 13, was also considered in which all bridges which 
are not retrofitted to withstand an earthquake in the EPZ are assumed to be inaccessible during 
the evacuation.   These bridges are  identified  in Table 6‐5 and mapped  in Figure 6‐2.   It  is also 
assumed that there would be no external traffic after a severe earthquake in Scenario 13. 
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Table 6‐1.  Description of Evacuation Regions 

Region 

Description  PAZ 

NRC  SONGS  1  2  3  4  5 

R01  2‐Mile Region  2‐Mile Region  x             

R02  5‐Mile Region  5‐Mile Region  x  x  x  x    

R03  Full EPZ  Full EPZ  x  x  x  x  x 

Evacuate 2‐Mile Region and Downwind to 5 Miles 

Region 

Wind Direction Towards  PAZ 

NRC  SONGS  1  2  3  4  5 

R04  NW, NNW, N  P,Q,R,A,B  x        x    

R05  NNE  ‐  x     x  x    

R06  NE, ENE, E, ESE  C,D,E,F,G  x     x       

R07  SE  ‐  x  x  x       

R08  SSE, S, SSW, SW, WSW, W  H,J,K,L,M,N  x  x          

R09  WNW  ‐  x  x     x    

Evacuate 5‐Mile Region and Downwind to EPZ Boundary 

Region 

Wind Direction Towards  PAZ 

NRC  SONGS  1  2  3  4  5 

N/A  WNW, NW, NNW, N  ‐  Refer to R03 

N/A 
NNE, NE, ENE, E, ESE, SE, SSE, S, 

SSW, SW, WSW, W 
‐  Refer to R02 

Evacuate 2‐Mile Region and Downwind to EPZ Boundary 

Region 

Wind Direction Towards  PAZ 

NRC  SONGS  1  2  3  4  5 

R10  NW, NNW, N  P,Q,R,A,B  x        x  x 

N/A  NNE  ‐  Refer to R05 

N/A  NE, ENE, E, ESE  C,D,E,F,G  Refer to R06 

N/A  SE, SSE  ‐  Refer to R07 

N/A  S, SSW, SW, WSW, W  H,J,K,L,M,N  Refer to R08 

R11  WNW  ‐  x  x     x  x 

Staged Evacuation ‐ 2‐Mile Region Evacuates, then Evacuate Downwind to 5 Miles 

Region 

Wind Direction Towards  PAZ 

NRC  SONGS  1  2  3  4  5 

R12  NW, NNW, N  P,Q,R,A,B  x        x    

R13  NNE  ‐  x     x  x    

R14  NE, ENE, E, ESE  C,D,E,F,G  x     x       

R15  SE  ‐  x  x  x       

R16  SSE, S, SSW, SW, WSW, W  H,J,K,L,M,N  x  x          

R17  WNW  ‐  x  x     x    

R18  5‐Mile Region  ‐  x  x  x  x    

SONGS Specific Evacuation Regions 

Region  Description 

PAZ 

1  2  3  4  5 

R19  Evacuate PAZ 5 Only              x 

R20  Evacuate 1,Shelter then Evacuate 2, 3, 4, 5  x  x  x  x  x 

R21  Evacuate 1, 2, 3, 4, Shelter then Evacuate 5  x  x  x  x  x 

PAZ(s) Shelter‐in‐Place until 90% ETE for  
Un‐staged Region, then Evacuate 

PAZ(s) Shelter‐in‐Place  PAZ(s) Evacuate 
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Table 6‐2.  Evacuation Scenario Definitions 

Scenario  Season1 
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 

5  Summer 
Midweek, 
Weekend 

Evening  Good  None 

6  Winter  Midweek  Midday  Good  None 

7  Winter  Midweek  Midday  Rain  None 

8  Winter  Weekend  Midday  Good  None 

9  Winter  Weekend  Midday  Rain  None 

10  Winter 
Midweek, 
Weekend 

Evening  Good  None 

11  Summer   Weekend  Midday  Good  4th of July Weekend 

12  Summer   Midweek  Midday  Good 
Roadway Impact – Single 

Lane Closure on I‐5 
Northbound 

13  Summer  Midweek  Midday  Good  Earthquake  

 

                                                       
1 Winter means that school is in session (also applies to spring and autumn). Summer means that school is not in 
session. 
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Table 6‐5.  List of Non‐Retrofitted Bridge Structures in the SONGS EPZ 

ID  Route  District 
Bridge 
Number  City 

Road\Waterway 
Overpassed 

Length 
(M) 

Year 
Built\Year 
Wid. Ext. 

1  I‐5  12 550205  San Clemente Avenida Palizada 49.7  1960\1981

2  I‐5  12 550204  San Clemente Avenida Presido 43.6  1960\1981

3  I‐5  12 550207  San Clemente Avenida Pico 42.7  1960\1981

4  I‐5  12 550223  San Clemente Avenida Vaquero 53.0  1981

5  I‐5  12  550226  Dana Point 
S.R. 1\Camino Las 

Ramblas 
69.8  1960\1973 

5  I‐5  12  550230 
San Juan 
Capistrano 

El Horno St  54.2  1958\1969 

7  I‐5  12  550231 
San Juan 
Capistrano

Junipero Serra Rd  38.1  1958\1969 

8  I‐5  12  550289 
San Juan 
Capistrano

Trabuco Creek  72.8  1959\1969 
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7 GENERAL POPULATION EVACUATION TIME ESTIMATES (ETE) 

This  section  presents  the  ETE  results  of  the  computer  analyses  using  the  DYNEV  II  System 
described in Appendices B, C and D.  These results cover 21 regions within the SONGS EPZ and 
the 13 Evacuation Scenarios discussed in Section 6.  

The ETE for all Evacuation Cases are presented in Table 7‐1 and Table 7‐2.  These tables present 
the estimated times to clear the indicated population percentages from the Evacuation Regions 
for all Evacuation Scenarios. The ETE of the 2‐mile region in both staged and un‐staged regions 
are presented in Table 7‐3 and Table 7‐4.  The ETE of the 5‐mile region in both staged and un‐
staged  regions  are  presented  in  Table  7‐5  and  Table  7‐6.    Table  7‐7  defines  the  Evacuation 
Regions  considered.    The  tabulated  values  of  ETE  are  obtained  from  the  DYNEV  II  System 
outputs which are generated at 5‐minute intervals. 

7.1 Voluntary Evacuation and Shadow Evacuation 

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

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

Figure 7‐2 presents the area identified as the Shadow Region. This region extends radially from 
the  plant  to  cover  a  region  between  the  EPZ  boundary  and  approximately  15 miles.    The 
population and number of evacuating vehicles in the Shadow Region were estimated using the 
same methodology that was used for permanent residents within the EPZ (see Section 3.1).  As 
discussed  in Section 3.2,  it  is estimated  that a  total of 111,045 people  reside  in  the Shadow 
Region;  20  percent  of  them would  evacuate.    See  Table  6‐4  for  the  number  of  evacuating 
vehicles from the Shadow Region.  

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

7.2 Staged Evacuation 

As defined in NUREG/CR‐7002, staged evacuation consists of the following: 

1. PAZ comprising the 2 mile region are advised to evacuate immediately. 
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2. PAZ comprising regions extending from 2 to 5 miles downwind are advised to shelter in‐
place while the two mile region is cleared. 

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

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

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

A second staged evacuation was considered for this study and consists of the following: 

1. PAZ 1 through 4 (5‐mile region) are advised to evacuate immediately. 

2. PAZ 5 is advised to shelter‐in‐place while the 5‐mile region is cleared. 

3. As vehicles evacuate the 5‐mile region, people in PAZ 5 continue preparation for 
evacuation while they shelter. 

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

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

See Section 5.4.2 for additional information on staged evacuation. 

7.3 Patterns of Traffic Congestion during Evacuation 

Figure 7‐3 through Figure 7‐9 illustrate the patterns of traffic congestion that arise for the case 
when the entire EPZ (Region R03) is advised to evacuate during the summer, midweek, midday 
period under good weather conditions (Scenario 1).  

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

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

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

• Duration of LOS F describes how long the condition persists (e.g., 15 min, 1 h, 3 
h); and  
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• Spatial extent measures describe the areas affected by LOS F conditions. These 
include measures such as the back of queue, and the identification of the specific 
intersection approaches or system elements experiencing LOS F conditions.  

All highway "links" which experience LOS F are delineated in these figures by a thick red line; all 
others are  lightly  indicated. Congestion develops rapidly around concentrations of population 
and  traffic  bottlenecks.  Figure  7‐3  displays  the  developing  congestion within  the  population 
centers  of  San  Clemente,  Dana  Point  and  San  Juan  Capistrano,  just  30  minutes  after  the 
Advisory  to Evacuate  (ATE).   Note  that  Interstate‐5  (I‐5), which  is servicing both  the external‐
external  trips and  the evacuating  trips,  is displaying heavy  traffic demand  (LOS D).   The plant 
access  road  and  Old  Pacific  Hwy  are  congested  (see  inset  map  to  Figure  7‐3)  as  workers 
evacuating from San Onofre and transients evacuating from San Onofre State Beach queue to 
access  the  on‐ramps  to  I‐5.    The  on‐ramps  to  I‐5 Northbound  in  San  Clemente  are  already 
congested, as well as the major arterials leading to these ramps (El Camino Real, Avenida Pico, 
Avenida Vista Hermosa and Camino de los Mares).  TCPs at these intersections force evacuees 
onto I‐5 Northbound.  Pacific Coast Hwy in Capistrano Beach is already congested as evacuees 
from Capistrano Beach and San Clemente access SR‐1.  Congestion begins to build in Dana Point 
and in San Juan Capistrano along Camino Capistrano. 

At one hour after  the ATE, Figure 7‐4 displays  traffic congestion  in all populated areas within 
the EPZ.   The plant access road and Old Pacific Hwy are still congested.   Congestion begins to 
build  in MCB  along  San Mateo  Dr  and  Basilone  Rd.      San Mateo  Dr  is  congested  as  those 
evacuees  from Camp San Mateo  (52/53 Area) encounter a  stop  sign at  the  intersection with 
Basilone Rd.  Basilone Rd is experiencing LOS F as speeds drop through Camp San Onofre (51/52 
Area),  Camp  Horno  (53  Area),  and  Camp  Las  Pulgas  (43  Area).    Dana  Point  and  San  Juan 
Capistrano are now fully congested.  I‐5 northbound is now operating at LOS F through the city 
of  San  Clemente  and  parts  of  the  city  of  San  Juan  Capistrano.    I‐5  southbound  is  clear  of 
congestion  south  of  San  Clemente.    Vehicles  in  San  Clemente  are  queued  along  the major 
arterials accessing I‐5 northbound ramps.   Pacific Coast Hwy and El Camino Real are now fully 
congested in Capistrano Beach and San Clemente. 

At two hours after the ATE, congestion in San Clemente and Dana Point persists and congestion 
in San Juan Capistrano begins to subside, as shown  in Figure 7‐5.   San Clemente remains fully 
congested, as almost all evacuees have mobilized and begun their evacuation trip.  Congestion 
in MCB persists southbound through Camp San Mateo, Camp San Onofre and Camp Horno, and 
begins to subside in Camp Las Pulgas.  The plant access road and Old Pacific Hwy are now clear 
of congestion.  The only congestion that persists in PAZ 1 is along Basilone Rd exiting MCB. 

At  three  hours  after  the ATE,  the  2‐mile  region  is  clear  of  congestion  (LOS  F)  in  Figure  7‐6.  
Congestion is beginning to clear in Dana Point and San Juan Capistrano, while San Clemente is 
still fully congested as vehicles attempt to access the ramps onto I‐5 NB. Congestion remains in 
MCB outside of the 2‐mile region on Basilone Rd as well as San Mateo Dr. 

At  four  hours  after  the  ATE,  the  2‐mile  region  is  clear  of  traffic,  as  shown  in  Figure  7‐7.  
Congestion persists along Basilone Rd southbound in MCB and along the major arterials as well 
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as  I‐5 NB  in  the San Clemente area.   Congestion along El Camino Real and Pacific Coast Hwy 
continues to dissipate and the congestion in Dana Point and San Juan Capistrano has cleared. 

At  six hours  after  the ATE,  congestion  (LOS  F)  in MCB  is now  clear,  as  shown  in  Figure  7‐8.  
While  congestion  persists  along  the  major  arterials  in  San  Clemente  accessing  the  I‐5 
northbound  on‐ramps,  all  roads west  of  I‐5  in  San  Clemente  are  clear  of  congestion.    The 
congestion in San Clemente is now a result of the limited capacity of the on‐ramps to access I‐5 
northbound.  TCPs continue to force all evacuees onto these ramps to exit the area.  Congestion 
along Pacific Coast Hwy in Capistrano Beach has almost completely subsided. 

At six hours and twenty minutes after the ATE, the EPZ is clear of congestion as shown in Figure 
7‐9. The last remnants of traffic congestion to clear in the EPZ were on‐ramps to I‐5 northbound 
in the city of San Clemente at 6 hours and 20 minutes. 

7.4 Evacuation Rates 

Evacuation is a continuous process, as implied by Figure 7‐10 through Figure 7‐22. These figures 
indicate the rate at which traffic flows out of the indicated areas for the case of an evacuation 
of  the  full EPZ  (Region R03) under  the  indicated conditions. One  figure  is presented  for each 
scenario considered. 

As  indicated  in  Figure  7‐10,  vehicles  begin  to  evacuate  the  area  slowly  at  first,  as  people 
respond to the ATE at different rates.  Then traffic demand builds rapidly (slopes of the curves 
increase).  When the system becomes congested, traffic exits the EPZ at rates somewhat below 
capacity until some evacuation routes have cleared.  As more routes clear, the aggregate rate of 
egress slows since many vehicles have already  left  the EPZ.   Towards  the end of  the process, 
relatively few evacuation routes service the remaining demand.   

The rate of egress for the 5‐mile region, however, remains relatively constant throughout the 
course of  the evacuation.   This  is due  to  the  limited number of evacuation  routes out of San 
Clemente to the north, and the fact that the area remains fully saturated for almost the entirety 
of the evacuation, as discussed  in section 7.3.   TCPs  in San Clemente direct evacuees onto  I‐5 
northbound.    The  limited  capacity  of  these  on  ramps  meter  vehicles  onto  I‐5,  creating  a 
constant flow of vehicles until the end of the evacuation.  This effect also impacts the curve for 
the entire EPZ as well. 

Conversely, the rate of egress for the 2‐mile region has a long “tail” as congestion in this region 
begins  to  dissipate much  earlier  than  in  the  5‐mile  region,  as  depicted  in  Figure  7‐6.    This 
decline in aggregate flow rate, towards the end of the process, is characterized by these curves 
flattening and gradually becoming horizontal. 

Ideally,  it would  be  desirable  to  fully  saturate  all  evacuation  routes  equally  so  that  all will 
service traffic near capacity levels and all will clear at the same time.  For this ideal situation, all 
curves would retain the same slope until the end – thus minimizing evacuation time.  In reality, 
this  ideal  is  generally  unattainable  reflecting  the  spatial  variation  in  population  density, 
mobilization rates and in highway capacity over the EPZ. 
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7.5 Evacuation Time Estimate (ETE) Results 

Table  7‐1  and  Table  7‐2  present  the  ETE  values  for  all  21  Evacuation  Regions  and  all  14 
Evacuation Scenarios.  Table 7‐3 and Table 7‐4 present the ETE values for the 2‐mile region for 
both staged and un‐staged (concurrent) keyhole regions downwind to 5 miles.   Table 7‐5 and 
Table 7‐6 present the ETE values for the 5‐mile region for both staged and un‐staged keyhole 
regions downwind to the EPZ boundary.  The tables are organized as follows: 

 

Table  Contents

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

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

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

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

7‐5 
ETE  represents  the  elapsed  time  required  for  90  percent  of  the 
population within  the 5‐mile Region,  to evacuate  from  that Region 
with both Concurrent and Staged Evacuations. 

7‐6 
ETE  represents  the  elapsed  time  required  for  100  percent  of  the 
population within  the 5‐mile Region,  to evacuate  from  that Region 
with both Concurrent and Staged Evacuations. 

 

The  animation  snapshots  described  above  reflect  the  ETE  statistics  for  the  concurrent  (un‐
staged) evacuation scenarios and regions, which are displayed in Figure 7‐3 through Figure 7‐9.  
Most of  the  congestion  is  located  in  San Clemente  (PAZ  4), which  is beyond  2 miles;  this  is 
reflected in the ETE statistics:  

 The 90th percentile ETE for Region R02 (5‐mile region) is approximately 3 ½ hours longer, 
on average, than Region R01 (2‐mile region). 

 The 90th percentile ETE for those keyhole regions which include PAZ 4 (Regions R04, 
R05, R09, R10, and R11) are longer than those regions which do not include PAZ 4. 

 
The 100th percentile ETE  for  the 2‐mile  region  is comparable  to mobilization  time.   This  fact 
implies that the congestion within the 2‐mile region dissipates prior to the end of mobilization, 
as  is  displayed  in  Figure  7‐7  and  discussed  in  Sections  7.3  and  7.4.    However,  for  those 
evacuation  regions  that  extend  beyond  2‐miles,  ETE  is  significantly  longer  than mobilization 
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time,  implying  that  traffic  congestion does not  clear prior  to  the  completion of mobilization 
time, as seen  in Figure 7‐8 and discussed  in Section 7.3.   The congestion  is pronounced  in San 
Clemente (PAZ 4); the 100th percentile ETE for regions  including the city of San Clemente are 
approximately 1:00 to 1:45 longer than mobilization time for non‐special event scenarios. 

Comparison of Scenarios 3 and 11 in Table 7‐1 indicates that the Special Event – Fourth of July 
Weekend – has a  significant  impact on  the ETE at  the 90th percentile. The additional 64,239 
vehicles present in the EPZ increase congestion on the local roads, especially within Dana Point, 
and  to  a  lesser  extent,  San  Clemente.    For  those  evacuation  regions  which  include  San 
Clemente, but not Dana Point, the 90th percentile ETE increases by up to 40 minutes. For those 
evacuation regions which include Dana Point, the 90th percentile ETE increases by up to 2 hours.  
The special event has a significant impact on the 100th percentile ETE as well, with increases of 
up to 45 minutes for regions which include San Clemente and increases of up to 3 hours and 25 
minutes for regions which include Dana Point. 

Comparison of Scenarios 1 and 12  in Table 7‐1  indicates that the roadway closure – one  lane 
northbound on  I‐5  from SONGS  (approximately 2 miles south of Basilone Rd – Exit 71) to the 
end  of  the  analysis  network  at  the  interchange with  Oso  Parkway  (Exit  88)  ‐  does  have  a 
significant  impact on  the 90th and 100th percentile ETE  for keyhole  regions which  involve  the 
direct evacuation of PAZ 4 and 5, with up to 1:20 and 1:45 increases in ETE, respectively.  The 
evacuation of San Clemente and San  Juan Capistrano  routes evacuees on  to  I‐5 northbound. 
With  a  lane  closed  on  I‐5  northbound,  the  capacity  of  I‐5  is  reduced  by  20‐25%,  increasing 
congestion and prolonging evacuation. Regions which only evacuate PAZ 1 and PAZ 3 (MCB) are 
not impacted by the roadway closure. 

The results of the roadway impact scenario indicate that events such as traffic accidents which 
close a lane on I‐5, could impact ETE. State and local police could consider traffic management 
tactics such as using the shoulder of the roadway as a travel lane or re‐routing of traffic along 
other evacuation routes to avoid overwhelming I‐5. All efforts should be made to remove any 
blockage on I‐5 as quickly as possible during an evacuation. 

Comparison  of  Scenarios  1  and  13  in  Table  7‐1  indicates  that  a  severe  earthquake  has  a 
significant  impact on the 90th percentile ETE, with  increases of up to 9 hours and 15 minutes.  
The inaccessible bridges reduce the already limited number of exit points out of the City of San 
Clemente  forcing  evacuees  to  rely  primarily  on  El  Camino  Real  into  Capistrano  Beach.    The 
earthquake also has a significant impact on the 100th percentile ETE with increases of up to 13 
hours, as indicated in Table 7‐2. 

The results of the earthquake scenario  indicate that all efforts should be made to  inspect the 
integrity of  the bridges within  the EPZ after an earthquake and  repair and  reopen bridges  if 
possible.  Allowing evacuees to use I‐5 southbound could also be considered, but the potential 
exposure  to  radioactivity by  the evacuees must be  considered as evacuees would be  routed 
closer to SONGS. If a release is expected in a timeframe shorter than the ETE, sheltering in place 
could be considered. 
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7.6 Staged Evacuation Results 

Table 7‐3 and Table 7‐4 present a comparison of the ETE for the 2‐mile region compiled for the 
concurrent and  staged evacuation  studies. Note  that Regions R12  through R18 are  the  same 
geographic areas as Regions R04 through R09 and R02, respectively.   

To  determine whether  the  staged  evacuation  strategy  is worthy  of  consideration,  one must 
show  that  the  ETE  for  the  2‐mile  region  can  be  reduced without  significantly  affecting  the 
region between 2 miles and 5 miles. As  indicated  in Table 7‐3,  the ETE  for  the 2‐mile  region 
does  not  decrease  for  any  region  when  staging  evacuation.  As  discussed  in  Section  7.3, 
congestion  in San Clemente  is concentrated along the on‐ramps to I‐5 and those arterials that 
access I‐5.  Congestion on I‐5 northbound never backs up into the 2‐mile region.  Consequently, 
the impedance due to this congestion within San Clemente to evacuees from within the 2‐mile 
region is not sufficient to significantly influence the 90th percentile ETE for the 2‐mile region.  

Note  that  the  ETE  in  Table  7‐3  for  the  2‐mile  area  increases  by  about  30  minutes  when 
evacuating those regions (R02, R04, R05, R09, R12, R13, R17 and R18) wherein PAZ 4 evacuates. 
This increase  in ETE for the 2‐mile region  is an anomaly and  is not due to congestion. There  is 
resident population (evacuating in approximately 2,000 vehicles) in the southeast corner of PAZ 
4 that uses Cristianitos Rd to access  I‐5 northbound. This route brings vehicles from beyond 2 
miles  into  the 2‐mile  region. These  resident vehicles have  longer mobilization  times  than  the 
transients  and  employees  that  constitute  the  vast majority  of  the  2‐mile  region  population. 
Also, these residents shelter in place for 1 hour and 30 minutes before evacuating. The delayed 
departure of these vehicles and the use of a route that enters the 2‐mile region is the cause of 
the 30 minute increase in ETE.  

Table 7‐4  indicates that the 100th percentile ETE for both un‐staged and staged evacuation of 
the  2‐mile  region  for  all  regions  and  scenarios  is  roughly  5  hours,  which  reflects  the  trip 
generation  time,  rather  than  traffic  congestion.  There  is  no  benefit  of  staging  at  the  100th 
percentile. 

Comparing Regions R12 through R18 and Regions R04 through R09 and R02 in Table 7‐1 reveals 
that  staging  retards  the  90th  percentile  ETE  for  those  in  the  2  to  5‐mile  region  by  up  to  55 
minutes.  This extending of ETE is due to the delay in beginning the evacuation trip, experienced 
by those who shelter, plus the effect of the trip‐generation “spike” (significant volume of traffic 
beginning  the evacuation  trip at  the  same  time –  see Figure 5‐5)  that  follows  their eventual 
ATE, in creating congestion within the EPZ area beyond 2 miles. 

Two additional staged  regions were considered, Regions R20 and R21, both of which are  the 
same as Region R03 except for the staged evacuation of some PAZ.  Comparing Regions R20 and 
R03  in Table 7‐3  indicates that there  is not a material benefit to evacuees  from within the 2‐
mile region.  However, comparing these regions in Table 7‐1 and Table 7‐2 indicate that staging 
retards the 90th and 100th percentile ETE by up to 15 minutes.  Comparing Regions R21 and R03 
in Table 7‐5  indicates  that  there  is no  significant benefit  to evacuees  from within  the 5‐mile 
region when staging the evacuation of PAZ 5.  Consequently, comparing these regions in Table 
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7‐1 and Table 7‐2 indicate there are increases in the 90th and 100th percentile ETE by up to one 
hour and forty minutes, and one hour and ten minutes, respectively. 

In summary, staged evacuation of the 2‐mile region in not beneficial for evacuating the resident 
population within the 2‐mile region of SONGS. 

7.7 Guidance on Using ETE Tables 

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

1. Identify the applicable Scenario: 
• Season    

 Summer 
 Winter (also Autumn and Spring) 

• Day of Week 
 Midweek 
 Weekend 

• Time of Day 
 Midday 
 Evening 

• Weather Condition 
 Good Weather 
 Rain 

• Special Event 
 Fourth of July Weekend 
 Road Closure (A lane on I‐5 NB is closed) 
 Earthquake 

• Evacuation Staging 
 No, Staged Evacuation is not considered 
 Yes, Staged Evacuation is considered 

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

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

• The conditions of a winter evening  (either midweek or weekend) and  rain are not 
explicitly identified in the Tables.  For these conditions, Scenarios (7) and (9) for rain 
apply. 

• The seasons are defined as follows: 
 Summer assumes that public schools are not in session. 
 Winter (includes Spring and Autumn) considers that public schools are in session. 

• Time of Day: Midday  implies  the  time over which most commuters are at work or 
are travelling to/from work. 
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2. With  the  desired  percentile  ETE  and  Scenario  identified,  now  identify  the  Evacuation 
Region: 
• Determine the projected azimuth direction of the plume (coincident with the wind 

direction).   This direction  is expressed  in terms of compass orientation: towards N, 
NNE, NE… 

• Determine  the  distance  that  the  Evacuation  Region will  extend  from  the  nuclear 
power plant.  The  applicable distances  and  their  associated  candidate Regions  are 
given below: 
 2 Miles (Region R01) 
 To 5 Miles (Region R02, R04 through R09) 
 To EPZ Boundary (Regions R03, R10 and R11) 

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

3. Determine  the  ETE  Table  based  on  the  percentile  selected.    Then,  for  the  Scenario 
identified in Step 1 and the Region identified in Step 2, proceed as follows: 
• The  columns  of  Table  7‐1  are  labeled  with  the  Scenario  numbers.    Identify  the 

proper column in the selected Table using the Scenario number defined in Step 1. 
• Identify  the  row  in  this  table  that provides ETE values  for  the Region  identified  in 

Step 2. 
• The unique data cell defined by the column and row so determined contains the 

desired value of ETE expressed in Hours:Minutes. 
 

   



 

 

San Onofre Nuclear Generating Station  7‐10  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

Example 

It is desired to identify the ETE for the following conditions: 

• Sunday, August 10th at 4:00 AM. 
• It is raining. 
• Wind direction is toward the northeast (NE). 
• Wind speed is such that the distance to be evacuated is judged to be a 2‐mile radius 

and downwind to 5 miles. 
• The desired ETE is that value needed to evacuate 90 percent of the population from 

within the impacted Region. 
• A staged evacuation is not desired. 

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

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

2. Enter  Table  7‐7  and  locate  the  Region  described  as  “Evacuate  2‐Mile  Radius  and 
Downwind to 5 Miles” for wind direction toward the NE and read Region R06 in the first 
column of that row. 

3. Enter Table 7‐1  to  locate  the data cell containing  the value of ETE  for Scenario 4 and 
Region R06. This data cell is in column (4) and in the row for Region R06; it contains the 
ETE value of 3:15. 
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Table 7‐7.  Description of Evacuation Regions 

Region 

Description  PAZ 

NRC  SONGS  1  2  3  4  5 

R01  2‐Mile Radius  2‐Mile Radius  x             

R02  5‐Mile Radius  5‐Mile Radius  x  x  x  x    

R03  Full EPZ  Full EPZ  x  x  x  x  x 

Evacuate 2‐Mile Radius and Downwind to 5 Miles 

Region 

Wind Direction Towards  PAZ 

NRC  SONGS  1  2  3  4  5 

R04  NW, NNW, N  P,Q,R,A,B  x        x    

R05  NNE  ‐  x     x  x    

R06  NE, ENE, E, ESE  C,D,E,F,G  x     x       

R07  SE  ‐  x  x  x       

R08  SSE, S, SSW, SW, WSW, W  H,J,K,L,M,N  x  x          

R09  WNW  ‐  x  x     x    

Evacuate 5‐Mile Radius and Downwind to 10 Miles 

Region 

Wind Direction Towards  PAZ 

NRC  SONGS  1  2  3  4  5 

N/A  WNW, NW, NNW, N  ‐  Refer to R03 

N/A 
NNE, NE, ENE, E, ESE, SE, SSE, S, 

SSW, SW, WSW, W 
‐  Refer to R02 

Evacuate 2‐Mile Radius and Downwind to 10 Miles 

Region 

Wind Direction Towards  PAZ 

NRC  SONGS  1  2  3  4  5 

R10  NW, NNW, N  P,Q,R,A,B  x        x  x 

N/A  NNE  ‐  Refer to R05 

N/A  NE, ENE, E, ESE  C,D,E,F,G  Refer to R06 

N/A  SE, SSE  ‐  Refer to R07 

N/A  S, SSW, SW, WSW, W  H,J,K,L,M,N  Refer to R08 

R11  WNW  ‐  x  x     x  x 

Staged Evacuation ‐ 2‐Mile Radius Evacuates, then Evacuate Downwind to 5 Miles 

Region 

Wind Direction Towards  PAZ 

NRC  SONGS  1  2  3  4  5 

R12  NW, NNW, N  P,Q,R,A,B  x        x    

R13  NNE  ‐  x     x  x    

R14  NE, ENE, E, ESE  C,D,E,F,G  x     x       

R15  SE  ‐  x  x  x       

R16  SSE, S, SSW, SW, WSW, W  H,J,K,L,M,N  x  x          

R17  WNW  ‐  x  x     x    

R18  5‐Mile Region  ‐  x  x  x  x    

SONGS Specific Evacuation Regions 

Region  Description 

PAZ 

1  2  3  4  5 

R19  Evacuate PAZ 5 Only              x 

R20  Evacuate 1,Shelter then Evacuate 2, 3, 4, 5  x  x  x  x  x 

R21  Evacuate 1, 2, 3, 4, Shelter then Evacuate 5  x  x  x  x  x 

PAZ(s) Shelter‐in‐Place until 90% ETE for  
Un‐staged Region, then Evacuate 

PAZ(s) Shelter‐in‐Place  PAZ(s) Evacuate 
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San Onofre Nuclear Generating Station  7‐27  KLD Engineering, P.C. 
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Figure 7‐10.  Evacuation Time Estimates ‐ Scenario 1 for Region R03 

 

 

 

Figure 7‐11.  Evacuation Time Estimates ‐ Scenario 2 for Region R03 
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Figure 7‐12.  Evacuation Time Estimates ‐ Scenario 3 for Region R03 

 

 

 

Figure 7‐13.  Evacuation Time Estimates ‐ Scenario 4 for Region R03 
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Figure 7‐14.  Evacuation Time Estimates ‐ Scenario 5 for Region R03 

 

 

 

Figure 7‐15.  Evacuation Time Estimates ‐ Scenario 6 for Region R03 
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Figure 7‐16.  Evacuation Time Estimates ‐ Scenario 7 for Region R03 

 

 

 

Figure 7‐17.  Evacuation Time Estimates ‐ Scenario 8 for Region R03 
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Figure 7‐18.  Evacuation Time Estimates ‐ Scenario 9 for Region R03 

 

 

 

Figure 7‐19.  Evacuation Time Estimates ‐ Scenario 10 for Region R03 
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Figure 7‐20.  Evacuation Time Estimates ‐ Scenario 11 for Region R03 

 

 

 

Figure 7‐21.  Evacuation Time Estimates ‐ Scenario 12 for Region R03 
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Figure 7‐22.  Evacuation Time Estimates ‐ Scenario 13 for Region R03 
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8 TRANSIT‐DEPENDENT AND SPECIAL FACILITY EVACUATION TIME ESTIMATES 

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

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

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

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

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

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

 The procedure for computing transit‐dependent ETE is to: 

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

8.1 Transit Dependent People Demand Estimate 

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

• Those persons in households that do not have a vehicle available. 
• Those persons  in households that do have vehicle(s) that would not be available at 

the time the evacuation is advised. 

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

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

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

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

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

 

20
2
3

10 40 1.5 1.00 

 

Table 8‐1 indicates that transportation must be provided for 4,514 people. Therefore, a total of 
151 bus runs are required to transport this population to reception centers. 
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To illustrate this estimation procedure, we calculate the number of persons, P, requiring public 
transit or ride‐share, and the number of buses, B, required for the SONGS EPZ: 

. 	 	 %	 	 	 	 	 	  

Where, 

A = Percent of households with commuters 

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

 

58,311 0.024 1.67 0.262 1.72 1 0.57 0.64 0.460 2.75 2
0.57 0.64 58,311 0.15481 9,027 

0.5 30 151 

 

 These calculations are explained as follows: 

• All members (1.67 avg.) of households (HH) with no vehicles (2.4%) will evacuate by 
public transit or ride‐share.  The term 58,311 (number of households) x 0.024 x 1.67, 
accounts for these people. 

• The members of HH with 1 vehicle away (26.2%), who are at home, equal (1.72‐1). 
The number of HH where the commuter will not return home  is equal to (58,311 x 
0.262  x  0.57  x  0.64),  as  57%  of  EPZ  households  have  a  commuter,  64%  of which 
would not return home in the event of an emergency.  The number of persons who 
will  evacuate by public  transit or  ride‐share  is  equal  to  the product of  these  two 
terms. 

• The members of HH with 2 vehicles that are away (46.0%), who are at home, equal 
(2.75 – 2).  The number of HH where neither commuter will return home is equal to 
58,311 x 0.460 x (0.57 x 0.64)2.  The number of persons who will evacuate by public 
transit  or  ride‐share  is  equal  to  the  product  of  these  two  terms  (the  last  term  is 
squared to represent the probability that neither commuter will return). 

• Households  with  3  or  more  vehicles  are  assumed  to  have  no  need  for  transit 
vehicles. 

• The total number of persons requiring public transit is the sum of such people in HH 
with no vehicles, or with 1 or 2 vehicles that are away from home. 

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

Table  8‐2  presents  the  school  population  and  transportation  requirements  for  the  direct 
evacuation of all schools within the EPZ for the 2011‐2012 school year.   This  information was 
provided by the Capistrano Unified School District, as well as Orange County.   Private schools 
and  child  care  facilities are assumed  to be  transit dependent.   Private  schools and  child  care 
facilities may  rely on parent pick up, private  transportation  resources, and/or  transportation 
assembly  points  to  relocate  children  and  staff.  The  column  in  Table  8‐2  entitled  “Buses 
Required”  specifies  the number of buses  required  for each  school under  the  following  set of 
assumptions and estimates:    

• No students will be picked up by their parents prior to the arrival of the buses. 
• While many high school students commute to school using private automobiles (as 

discussed  in  Section  2.4  of  NUREG/CR‐7002),  the  estimate  of  buses  required  for 
school evacuation do not consider the use of these private vehicles. 

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

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

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

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

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

8.3 Medical Facility Demand 

Table 8‐4 presents the census of medical facilities  in the EPZ. 913 people have been  identified 
as living in, or being treated in, these facilities. The capacity and current census for each facility 
were provided by Orange County and  the  individual municipalities within  the EPZ.   This data 
also  includes  the  number  of  ambulatory,  wheelchair‐bound  and  bedridden  patients  for  a 
portion  of  these  facilities  which  provided  data.  The  average  distribution  of  ambulatory, 
wheelchair bound and bedridden patients  for  those provided were applied  to  the  remaining 
facilities which did not provide detailed data.  

The transportation requirements for the medical facility population are also presented in Table 
8‐4.  The  number  of  ambulance  runs  is  determined  by  assuming  that  2  patients  can  be 
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accommodated per ambulance trip; the number of bus runs estimated assumes 30 ambulatory 
patients per trip and 3 wheelchair bound persons per trip.  

8.4 Evacuation Time Estimates for Transit Dependent People 

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

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

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

Activity:  Mobilize Drivers (A→B→C) 

Mobilization is the elapsed time from the Advisory to Evacuate until the time the buses arrive at 
the facility to be evacuated.  Based on discussions with the offsite agencies, school bus drivers 
would require 90 minutes to be contacted, to travel to the depot, be briefed, and to travel to 
the  transit‐dependent  facilities. Mobilization  time  is  slightly  longer  in adverse weather – 100 
minutes when raining. 

Activity:  Board Passengers (C→D) 

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

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

2  , 

Where B = Dwell time to service passengers. The total distance, “s” in feet, travelled during the 
deceleration  and  acceleration  activities  is:  s  =  v2/a.  If  the  bus  had  not  stopped  to  service 
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passengers, but had continued  to  travel at speed, v,  then  its  travel  time over  the distance, s, 
would be: s/v = v/a. Then the total delay (i.e. pickup time, P) to service passengers is: 

   

Assigning reasonable estimates: 

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

• v = 25 mph = 37 ft/sec 
• a = 4 ft/sec/sec, a moderate average rate 

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

Activity:  Travel to EPZ Boundary (D→E) 

School Evacuation 

Transportation  resources  available  were  provided  by  Orange  County  and  MCB  and  are 
summarized  in  Table  8‐5.    Also  included  in  the  table  are  the  number  of  buses  needed  to 
evacuate schools, medical  facilities, transit‐dependent population, and registered people with 
disabilities and others with access and functional needs (discussed below in Section 8.5). These 
numbers indicate there are sufficient resources available to evacuate everyone in a single wave. 

The buses servicing the schools are ready to begin their evacuation trips at 105 minutes after 
the advisory to evacuate – 90 minutes mobilization time plus 15 minutes loading time – in good 
weather.  The UNITES software discussed in Section 1.3 was used to define bus routes along the 
most  likely  path  from  a  school  being  evacuated  to  the  EPZ  boundary,  traveling  toward  the 
appropriate school reception center. This is done in UNITES by interactively selecting the series 
of nodes from the school to the EPZ boundary. Each bus route is given an identification number 
and is written to the DYNEV II input stream. DYNEV computes the route length and outputs the 
average  speed  for  each  5 minute  interval,  for  each  bus  route.  The  specified  bus  routes  are 
documented in Table 8‐6 (refer to the maps of the link‐node analysis network in Appendix K for 
node  locations). Data provided by DYNEV during the appropriate timeframe depending on the 
mobilization and loading times (i.e., 100 to 105 minutes after the advisory to evacuate for good 
weather) were used to compute the average speed for each route, as follows: 
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The  average  speed  computed  (using  this methodology)  for  the  buses  servicing  each  of  the 
schools in the EPZ is shown in Table 8‐7 and Table 8‐8 for school evacuation, and in Table 8‐10 
and  Table  8‐11  for  the  transit  vehicles  evacuating  transit‐dependent  persons,  which  are 
discussed  later.   The  travel  time  to  the EPZ boundary was  computed  for each bus using  the 
computed average speed and the distance to the EPZ boundary along the most likely route out 
of  the  EPZ.    The  travel  time  from  the  EPZ  boundary  to  the  reception  center was  computed 
assuming an average  speed of 45 mph and 40 mph  for good weather and  rain,  respectively. 
Speeds were reduced in Table 8‐7 and Table 8‐8 and in Table 8‐10 and Table 8‐11 to 55 mph (50 
mph for rain – 10% decrease, rounded to the nearest 5 mph) for those calculated bus speeds 
which  exceed  55 mph  (50 mph  for  rain),  as  the  school  bus  speed  limit  for  state  routes  in 
California is 55 mph. 

Table 8‐7 (good weather) and Table 8‐8 (rain) present the following evacuation time estimates 
(rounded up  to  the nearest 5 minutes)  for schools  in  the EPZ:  (1) The elapsed  time  from  the 
Advisory to Evacuate until the bus exits the EPZ; and (2) The elapsed time until the bus reaches 
the reception center. The evacuation time out of the EPZ can be computed as the sum of times 
associated with Activities A→B→C, C→D, and D→E (For example: 90 min. + 15 + 76 = 3:05 for 
Bernice Ayer Middle School, with good weather).  The evacuation time to the reception center 
is determined by adding  the  time associated with Activity E→F  (discussed below),  to  this EPZ 
evacuation  time.  The  average  ETE  for  schools  is  considerably  less  than  the  90th  percentile 
general population ETE for an evacuation of the entire EPZ. 

Evacuation of Transit‐Dependent Population 

The  buses  dispatched  from  the  depots  to  service  the  transit‐dependent  evacuees  will  be 
scheduled so that they arrive at their respective routes after their passengers have completed 
their mobilization.   As shown  in Figure 5‐4  (Residents with no Commuters), approximately 90 
percent of the evacuees will complete their mobilization when the buses will begin their routes, 
105 minutes after the Advisory to Evacuate.  The start of service on these routes is separated by 
10 minute headways, as shown in Table 8‐10 and Table 8‐11. The use of bus headways ensures 
that  those  people  who  take  longer  to mobilize  will  be  picked  up. Mobilization  time  is  10 
minutes longer in rain to account for slower travel speeds and reduced roadway capacity. 

Those buses servicing the transit‐dependent evacuees will first travel along their pick‐up routes, 
then  proceed  out  of  the  EPZ.    Transportation  Assembly  Points  (TAPs)  are  established 
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throughout  the EPZ. Evacuees  are made  aware of  these  locations  via  the public  information 
system and emergency broadcasts. The county emergency plans do not define bus  routes  to 
service these TAPs. The 15 bus routes shown graphically  in Figure 8‐2 through Figure 8‐4 and 
described  in Table 8‐9 were designed as part of this study to service the TAPs outlined  in the 
municipal emergency plans.  It  is assumed that residents will walk to and congregate at these 
pre‐designated  TAPs,  and  that  they  can  arrive within  the  105 minute  bus mobilization  time 
(good weather). 

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

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

Table 8‐10 and Table 8‐11 present the transit‐dependent population evacuation time estimates 
for each bus route calculated using the above procedures for good weather and rain. 

For example, the ETE for buses 1 and 2 servicing Route 40 is computed as 105 + 27 + 30 = 2:45 
for good weather (rounded up to nearest 5 minutes). Here, 27 minutes is the time to travel 20.9 
miles  at  46.4 mph,  the  average  speed  output  by  the model  for  this  route  starting  at  105 
minutes.   The ETE  for  a  second wave  (discussed below)  is presented  in  the event  there  is a 
shortfall of available buses or bus drivers, as previously discussed.  

Activity:  Travel to Reception Centers (E→F) 

The distances from the EPZ boundary to the reception centers are measured using GIS software 
along  the most  likely  route  from  the  EPZ  exit  point  to  the  reception  center.    The  reception 
centers are mapped in Figure 10‐1. For a one‐wave evacuation, this travel time outside the EPZ 
does  not  contribute  to  the  ETE.    For  a  two‐wave  evacuation,  the  ETE  for  buses  must  be 
considered  separately,  since  it  could  exceed  the  ETE  for  the  general  public.    Assumed  bus 
speeds of 45 mph  for good weather and 40 mph  for  rain will be applied  for  this activity  for 
buses servicing the transit‐dependent population. 

Activity: Passengers Leave Bus (F→G) 

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

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

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



 

San Onofre Nuclear Generating Station  8‐9  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

The  second‐wave ETE  for buses 1 and 2  servicing Route 40  is  computed as  follows  for good 
weather: 

• Bus arrives at reception center at 2:52 in good weather (2:45 to exit EPZ + 7 minute 
travel time to reception center). 

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

• Bus returns to EPZ and completes second route: 34 minutes (travel time to reception 
center + travel time to the start of the route) + 23 minutes (20.9 miles @ 55.0 mph) 
= 57 minutes 

• Bus completes pick‐ups along route:  30 minutes. 
• Bus exits EPZ at time 2:45 + 0:07+ 0:15 + 0:57 + 0:30 = 4:35 (rounded to nearest 5 

minutes) after the Advisory to Evacuate. 

The  ETE  for  the  completion  of  the  second  wave  for  all  transit‐dependent  bus  routes  are 
provided  in Table 8‐10 and Table 8‐11.   The average one wave ETE  for the transit‐dependent 
population  is  considerably  less  than  the  90th  percentile  general  population  ETE  for  an 
evacuation of the entire EPZ. The average ETE for a two‐wave evacuation of transit‐dependent 
people exceeds the ETE for the general population at the 90th percentile for an evacuation of 
the entire EPZ. 

The  relocation of  transit‐dependent evacuees  from  the  reception  centers  to  congregate  care 
centers, if Orange County and MCB decide to do so, is not considered in this study. 

Evacuation of Medical Facilities 

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

• Buses are assigned on the basis of 30 ambulatory and 3 wheelchair bound patients 
to  allow  for  staff  to  accompany  the  patients.  Ambulances  can  accommodate  2 
patients. 

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

Table 8‐4  indicates  that 89 bus  runs and 55 ambulance  runs are needed  to  service all of  the 
medical facilities in the EPZ. According to Table 8‐5, MCB, the municipalities and Orange County 
can  collectively  provide  1,082  buses,  36  vans,  33  wheelchair  accessible  vans  and  539 
ambulances. 

Thus,  there  are  sufficient  resources  to  evacuate  the  ambulatory,  wheelchair  bound  and 
bedridden persons from the medical facilities in a single wave.  

As is done for the schools, it is estimated that mobilization time averages 90 minutes.  Specially 
trained  medical  support  staff  (working  their  regular  shift)  will  be  on  site  to  assist  in  the 
evacuation of patients. Additional staff (if needed) could be mobilized over this same 90 minute 
timeframe.  
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Table  8‐12  and  Table  8‐13  summarize  the  ETE  for medical  facilities within  the  EPZ  for  good 
weather and  rain.     Average  speeds output by  the model  for Scenario 6  (Scenario 7  for  rain) 
Region  3,  capped  at  55  mph  (50  mph  for  rain),  are  used  to  compute  travel  time  to  EPZ 
boundary.  The travel time to the EPZ boundary is computed by dividing the distance to the EPZ 
boundary  by  the  average  travel  speed.    The  ETE  is  the  sum  of  the mobilization  time,  total 
passenger loading time, and travel time out of the EPZ.  Concurrent loading on multiple buses, 
wheelchair buses/vans, and ambulances at capacity is assumed such that the maximum loading 
times  for buses and ambulances are 45 and 30 minutes, respectively.   All ETE are rounded to 
the  nearest  5 minutes.    For  example,  the  calculation  of  ETE  for  the  Saddleback Memorial 
Medical Center with 43 ambulatory and 29 wheelchair bound residents during good weather is: 

  ETE:  90 + 45 + 54 = 189 min. or 3:10 rounded to the nearest 5 minutes. 

The  average  ETE  for medical  facilities  is  considerably  less  than  the  90th  percentile  general 
population ETE for an evacuation of the entire EPZ. 

It is assumed that medical facility population is directly evacuated to appropriate host medical 
facilities.  Relocation  of  this  population  to  permanent  facilities  and/or  passing  through  the 
reception center before arriving at the host facility are not considered in this analysis. 
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8.5 Registered People with Disabilities and Others with Access and Functional Needs  

The  county  emergency  management  agencies  have  a  combined  registration  for  transit‐
dependents and people with disabilities and others with access and functional needs. Based on 
data provided by Orange County, there are an estimated 259 registered people with disabilities 
and others with access and functional needs within EPZ who require transportation assistance 
to evacuate. The 259 people consist of 129 ambulatory persons, 130 wheelchair‐bound persons 
and 0 bedridden persons. All 259 people reside in the Orange County portion of the EPZ. 

ETE for Registered People with Disabilities and Others with Access and Functional Needs 

Table 8‐14  summarizes  the ETE  for  registered people with disabilities and others with access 
and  functional needs.   The  table  is  categorized by  type of  vehicle  required and  then broken 
down by weather  condition.   The  table  takes  into  consideration  the deployment of multiple 
vehicles  to  reduce  the  number  of  stops  per  vehicle.    It  is  conservatively  assumed  that 
ambulatory  and wheelchair  bound  special  needs  households  are  spaced  3 miles  apart.    Bus 
speeds approximate 20 mph between households (10% slower  in rain).   Mobilization times of 
90 minutes were used (100 minutes for rain).   The  last HH  is assumed to be 5 miles from the 
EPZ boundary, and the network‐wide average speed, capped at 55 mph (50 mph for rain), after 
the last pickup is used to compute travel time. ETE is computed by summing mobilization time, 
loading  time at  first household,  travel  to subsequent households,  loading  time at subsequent 
households, and travel time to EPZ boundary.  All ETE are rounded to the nearest 5 minutes.  

For  example,  assuming  no  more  than  one  special  needs  person  per  HH  implies  that  259 
households need to be serviced.    If 44 buses are deployed to service these special needs HH, 
then each would require about 6 stops.  The following outlines the ETE calculations: 

1. Assume 44 buses are deployed, each with about 6 stops, to service a total of 259 HH. 
2. The ETE is calculated as follows: 

a. Buses arrive at the first pickup location: 90 minutes 
b. Load HH members at first pickup:  5 minutes 
c. Travel to subsequent pickup locations:  5 @ 9 minutes = 45 minutes 
d. Load HH members at subsequent pickup locations:  5 @ 5 minutes =  25 minutes 
e. Travel to EPZ boundary:  23 minutes (5 miles @ 13.2 mph). 

ETE:  90 + 5 + 45 + 25 + 23 = 3:10 rounded to the nearest 5 minutes 
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Table 8‐2.  School Population Demand Estimates 

PAZ  School/Daycare Name 
Local 

Enrollment
Buses 

Required 

Private Schools 

4  Our Lady of Fatima School  285  5 

4  Our Savior's Lutheran School  260  5 

4  St. Michael's Christian Academy  155  3 

5  Broderick Montessori School  70  2 

5  Capistrano Home School  20  1 

5  Capistrano Valley Christian Schools  492  9 

5  Capo Beach Calvary  225  4 

5  Jserra Catholic High School  925  19 

5  Mission Parish School  320  6 

5  Monarch Bay Montessori Academy  120  2 

5  Rancho Capistrano School  66  2 

5  Saddleback Valley Christian School  590  10 

5  San Juan Montessori  45  1 

5  South Shores Christian School  56  1 

5  St Edward School  750  13 

5  St. Margaret's Episcopal School  1222  21 

5  Stonebridge Day School  45  1 

5  Stoneybrooke Christian Schools  443  8 

Public Schools 

1  San Onofre School  758  11 

1  San Onofre Youth Center  114  3 

4  Bernice Ayer Middle School  885  18 

4  Clarence Lobo Elementary School  463  7 

4  Concordia Elementary School  646  10 

4  Las Palmas Elementary School  751  11 

4  Marblehead Elementary School  577  9 

4  San Clemente High School  2982  60 

4  Shorecliffs Middle School  1061  22 

4  Truman Benedict Elementary School  694  10 

4  Vista Del Mar Elementary School  1137  17 

4  Vista Del Mar Middle School  522  11 

5  Ambuehl Elementary School  558  8 

5  Dana Hills High School  2788  56 

5  Del Obispo Elementary School  467  7 

5  Kinoshita Elementary School  630  9 



 

San Onofre Nuclear Generating Station  8‐18  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

PAZ  School/Daycare Name 
Local 

Enrollment
Buses 

Required 

5  Marco Forster Middle School  1444  29 

5  Palisades Elementary School  510  8 

5  Richard Henry Dana Elementary School  376  6 

5 
Richard Henry Dana Exceptional Needs 

School  48  1 

5  San Juan Elementary School  665  10 

5  San Juan Hills High School  655  14 

5  Serra High School  175  4 

School Subtotal: 24,995   454  

Preschools/Daycares 

1  San Onofre Child Development Center  190  3 

4  Bright Horizons at San Clemente  144  3 

4  Clarence Lobo  100  2 

4  Concordia Elementary School  24  1 

4  Kindercare Learning Center  128  2 

4  La Cristianita Preschool  85  2 

4  Las Palmas State Preschool  48  1 

4  Marblehead Elementary School  16  1 

4  Our Savior's Lutheran Preschool  60  1 

4  Palisades United Methodist Preschool  80  2 

4  San Clemente Presbyterian Preschool  79  2 

4  San Clemente Preschool  75  2 

4  Serra Preschool  24  1 

4  St. Michael’s Infant/Toddler Center  58  1 

4  Talega Life Church Preschool  70  1 

5  Broderick Montessori School, Inc  30  1 

5  Capistrano Beach Cities YMCA‐Del Obispo  90  2 

5  Capo Beach Calvary  50  1 

5  Capo Valley Head Start  60  1 

5  Childbridge Preschool  48  1 

5  Dana Montessori School  37  1 

5  Dana Point Montessori  36  1 

5  Evelyn Lobo Villegas Head Start  40  1 

5  Gloria Dei Lutheran Preschool  54  1 

5  Kinoshita Elementary School  24  1 

5  Little Minds Montessori Academy  75  2 

5  Mission Parish School  25  1 

5  Monarch Bay Montessori Academy  90  2 



 

San Onofre Nuclear Generating Station  8‐19  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

PAZ  School/Daycare Name 
Local 

Enrollment
Buses 

Required 

5  Ohana Preschool  45  1 

5  Palisades Elementary School  24  1 

5  Richard Henry Dana Elementary School  24  1 

5  San Juan Montessori  45  1 

5  South Shores Christian Preschool  86  2 

5  St Edward's Catholic Preschool  72  2 

5  St. Margaret's Episcopal School  90  2 

5  Stoneybrooke Christian Schools  60  1 

Preschool/Daycare Subtotal: 2,286   52  

TOTAL: 27,281   506  

 

   



 

San Onofre Nuclear Generating Station  8‐20  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

Table 8‐3.  School Reception Centers 

School  Reception & Decontamination Center 

San Onofre Child Development Center 

Del Mar Area Fitness Center (MCB) San Onofre School 

San Onofre Youth Center 

Bernice Ayer Middle School 

Orange County Fairgrounds 

Bright Horizons at San Clemente 

Clarence Lobo 

Clarence Lobo Elementary School 

Concordia Elementary School 

Kindercare Learning Center 

La Cristianita Preschool 

Las Palmas Elementary School 

Las Palmas State Preschool 

Marblehead Elementary School 

Our Lady of Fatima School 

Our Savior's Lutheran Preschool 

Our Savior's Lutheran School 

Palisades United Methodist Preschool 

San Clemente High School 

San Clemente Presbyterian Preschool 

San Clemente Preschool 

Serra Preschool 

Shorecliffs Middle School 

St. Michael’s Infant/Toddler Center 

St. Michael's Christian Academy 

Talega Life Church Preschool 

Truman Benedict Elementary School 

Vista Del Mar Elementary School 

Vista Del Mar Middle School 

Ambuehl Elementary School 

Broderick Montessori School 

Broderick Montessori School, Inc 

Capistrano Beach Cities YMCA‐Del Obispo 

Capistrano Home School 

Capistrano Valley Christian Schools 

Capo Beach Calvary 

Capo Valley Head Start 

Childbridge Preschool 



 

San Onofre Nuclear Generating Station  8‐21  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

School  Reception & Decontamination Center 

Dana Hills High School 

Orange County Fairgrounds 

Dana Montessori School 

Dana Point Montessori 

Del Obispo Elementary School 

Evelyn Lobo Villegas Head Start 

Gloria Dei Lutheran Preschool 

Jserra Catholic High School 

Kinoshita Elementary School 

Little Minds Montessori Academy 

Marco Forster Middle School 

Mission Parish School 

Monarch Bay Montessori Academy 

Ohana Preschool 

Palisades Elementary School 

Rancho Capistrano School 

Richard Henry Dana Elementary School 

Richard Henry Dana Exceptional Needs School 

Saddleback Valley Christian School 

San Juan Elementary School 

San Juan Hills High School 

San Juan Montessori 

Serra High School 

South Shores Christian Preschool 

South Shores Christian School 

St Edward School 

St Edward's Catholic Preschool 

St. Margaret's Episcopal School 

Stonebridge Day School 

Stoneybrooke Christian Schools 
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San Onofre Nuclear Generating Station  8‐25  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

Table 8‐6.  Bus Route Descriptions 

Bus 
Route 
Number  Description/Facilities Serviced 

Nodes Traversed from Route Start to 
EPZ Boundary 

1 

Ambuehl Elementary School 

138, 1413, 76, 77, 142, 78, 79, 80, 527, 
1417, 81, 150, 82, 1453, 83, 84 

Jserra Catholic High School 

Mission Parish School 

Saddleback Valley Christian School 

San Juan Elementary School 

Serra High School 

St. Margaret's Episcopal School 

Stonebridge Day School 

Capo Valley Head Start 

Mission Parish School 

St. Margaret's Episcopal School 

2 

Capistrano Home School 

563, 1342, 71, 72, 73, 74, 1356, 75, 76, 
77, 142, 78, 79, 80, 527, 1417, 81, 150, 

82, 1453, 83, 84 

Capistrano Valley Christian Schools 

Kinoshita Elementary School 

San Juan Montessori 

Evelyn Lobo Villegas Head Start 

Kinoshita Elementary School 

San Juan Montessori 

3 

Bernice Ayer Middle School  607, 608, 609, 610, 611, 612, 613, 126, 
127, 1280, 65, 66, 128, 67, 68, 69, 70, 
71, 72, 73, 74, 1356, 75, 76, 77, 142, 78, 
79, 80, 527, 1417, 81, 150, 82, 1453, 83, 

84 

Shorecliffs Middle School 

Truman Benedict Elementary School 

Palisades Elementary School 

Palisades Elementary School 

4 

Broderick Montessori School 

132, 1284, 68, 69, 70, 71, 72, 73, 74, 
1356, 75, 76, 77, 142, 78, 79, 80, 527, 

1417, 81, 150, 82, 1453, 83, 84 

Capo Beach Calvary 

Dana Hills High School 

Del Obispo Elementary School 

Marco Forster Middle School 

Richard Henry Dana Elementary School 

Richard Henry Dana Exceptional Needs School 

St Edward School 

Broderick Montessori School, Inc 

Capo Beach Calvary 

Richard Henry Dana Elementary School 

 

   



 

San Onofre Nuclear Generating Station  8‐26  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

Bus 
Route 
Number  Description/Facilities Serviced 

Nodes Traversed from Route Start to 
EPZ Boundary 

5 

Clarence Lobo Elementary School 

618, 121, 1200, 59, 60, 122, 1251, 61, 
62, 63, 64, 124, 125, 65, 66, 128, 67, 68, 
69, 70, 71, 72, 73, 74, 1356, 75, 76, 77, 
142, 78, 79, 80, 527, 1417, 81, 150, 82, 

1453, 83, 84 

Marblehead Elementary School 

Our Lady of Fatima School 

San Clemente High School 

Vista Del Mar Elementary School 

Vista Del Mar Middle School 

Clarence Lobo 

Marblehead Elementary School 

6 

Concordia Elementary School 
558, 559, 813, 119, 814, 53, 54, 55, 56, 
57, 58, 59, 60, 122, 1251, 61, 62, 63, 64, 
124, 125, 65, 66, 128, 67, 68, 69, 70, 71, 
72, 73, 74, 1356, 75, 76, 77, 142, 78, 79, 
80, 527, 1417, 81, 150, 82, 1453, 83, 84 

Las Palmas Elementary School 

Our Savior's Lutheran School 

Concordia Elementary School 

Las Palmas State Preschool 

Our Savior's Lutheran Preschool 

7 

Rancho Capistrano School 

147, 146, 149, 150, 82, 1453, 83, 84 Stoneybrooke Christian Schools 

Stoneybrooke Christian Schools 

8 

Monarch Bay Montessori Academy  165, 166, 167, 168, 169, 170, 171, 172, 
173, 174, 175, 176, 177, 178, 139, 1724, 
138, 1413, 76, 77, 142, 78, 79, 80, 527, 

1417, 81, 150, 82, 1453, 83, 84 

Monarch Bay Montessori Academy 

South Shores Christian Preschool 

9  South Shores Christian School 
283, 285, 287, 289, 291, 1547, 434, 432, 

437, 439, 441, 443 

10  San Juan Hills High School 
1646, 1645, 272, 273, 274, 275, 276, 

277, 278, 279, 280 

11 

Calle Sonora Place 
739, 740, 1175, 120, 1179, 56, 57, 58, 
59, 60, 122, 1251, 61, 62, 63, 64, 124, 
125, 65, 66, 128, 67, 68, 69, 70, 71, 72, 
73, 74, 1356, 75, 76, 77, 142, 78, 79, 80, 
527, 1417, 81, 150, 82, 1453, 83, 84 

Casa Paraiso‐ Arlena 

12 

Mirabel by the Sea V  589, 1235, 590, 127, 126, 125, 65, 66, 
128, 67, 68, 69, 70, 71, 72, 73, 74, 1356, 
75, 76, 77, 142, 78, 79, 80, 527, 1417, 81, 

150, 82, 1453, 83, 84 

Rosehaven I 

Rosehaven III 

14 

Accent on Seniors  593, 592, 588, 1706, 589, 1235, 590, 
127, 1280, 65, 66, 128, 67, 68, 69, 70, 71, 
72, 73, 74, 1356, 75, 76, 77, 142, 78, 79, 
80, 527, 1417, 81, 150, 82, 1453, 83, 84 

Chateau by the Golf Course 

Tender Touch Eldercare 

   



 

San Onofre Nuclear Generating Station  8‐27  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

Bus 
Route 
Number  Description/Facilities Serviced 

Nodes Traversed from Route Start to EPZ 
Boundary 

15 

Saddleback Memorial Medical Center  609, 610, 611, 612, 613, 126, 127, 1280, 
65, 66, 128, 67, 68, 69, 70, 71, 72, 73, 74, 
1356, 75, 76, 77, 142, 78, 79, 80, 527, 

1417, 81, 150, 82, 1453, 83, 84 

San Clemente Villas by the Sea 

Aegis of Dana Point 

Mirabel By the Sea 

16 

Leriza's Guest Home  1271, 1225, 1285, 130, 132, 1284, 68, 69, 
70, 71, 72, 73, 74, 1356, 75, 76, 77, 142, 
78, 79, 80, 527, 1417, 81, 150, 82, 1453, 

83, 84 

Niguel Hills Villa I 

Time & Patience 

17 

Camino Hills Care Home 2  1248, 711, 712, 713, 607, 608, 609, 610, 
611, 612, 613, 126, 127, 1280, 65, 66, 
128, 67, 68, 69, 70, 71, 72, 73, 74, 1356, 
75, 76, 77, 142, 78, 79, 80, 527, 1417, 81, 

150, 82, 1453, 83, 84 

Camino Hills of San Clemente 

Malash Gardens 

Seaview Care Home 

18  Talega Terrace 

978, 973, 975, 976, 977, 691, 690, 689, 
688, 982, 661, 660, 659, 986, 657, 656, 
655, 654, 653, 652, 651, 650, 649, 626, 
123, 1252, 1256, 61, 62, 63, 64, 124, 125, 
65, 66, 128, 67, 68, 69, 70, 71, 72, 73, 74, 
1356, 75, 76, 77, 142, 78, 79, 80, 527, 

1417, 81, 150, 82, 1453, 83, 84 

19  Fountains At Sea Bluffs 
1324, 396, 393, 1720, 563, 1342, 71, 72, 
73, 74, 1356, 75, 76, 77, 142, 78, 79, 80, 
527, 1417, 81, 150, 82, 1453, 83, 84 

20 

Bayside Terrace 
1650, 1649, 281, 283, 285, 287, 289, 291, 
1547, 434, 294, 1672, 1555, 296, 1559, 
298, 1470, 1469, 300, 302, 304, 308, 
1458, 155, 1454, 153, 1453, 83, 84 

Seaside Terrace 

22  Sea Bright Place 
1344, 1343, 567, 563, 1342, 71, 72, 73, 
74, 1356, 75, 76, 77, 142, 78, 79, 80, 527, 

1417, 81, 150, 82, 1453, 83, 84 

23  Del Obispo Terrace Senior Living 

1712, 319, 1624, 320, 323, 324, 1623, 
1616, 1340, 1349, 328, 331, 332, 330, 
1723, 1357, 138, 1413, 76, 77, 142, 78, 
79, 80, 527, 1417, 81, 150, 82, 1453, 83, 

84 

24 

Atria San Juan 

1400, 139, 1724, 138, 1413, 76, 77, 142, 
78, 79, 80, 527, 1417, 81, 150, 82, 1453, 

83, 84 

Casa De Amma 

Emeritus at San Juan Capistrano 

San Juan Capistrano South Dialysis 

Tessie's Place Loving Care Home #1 

   



 

San Onofre Nuclear Generating Station  8‐28  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

Bus 
Route 
Number  Description/Facilities Serviced 

Nodes Traversed from Route Start to 
EPZ Boundary 

25 

Silverado Senior Living ‐ San Juan Capistrano 
1387, 494, 141, 140, 145, 142, 78, 79, 80, 

527, 1417, 81, 150, 82, 1453, 83, 84 
Tessie's Place Loving Care Home #2 

Tessie's Place Loving Care Home #3 

31 

St. Michael's Christian Academy  1181, 815, 532, 755, 1714, 120, 1179, 56, 
57, 58, 59, 60, 122, 1251, 61, 62, 63, 64, 
124, 125, 65, 66, 128, 67, 68, 69, 70, 71, 
72, 73, 74, 1356, 75, 76, 77, 142, 78, 79, 
80, 527, 1417, 81, 150, 82, 1453, 83, 84 

San Clemente Presbyterian Preschool 

San Clemente Preschool 

Serra Preschool 

St. Michael’s Infant/Toddler Center 

32  Bright Horizons at San Clemente 

621, 622, 623, 624, 625, 626, 123, 1252, 
1256, 61, 62, 63, 64, 124, 125, 65, 66, 
128, 67, 68, 69, 70, 71, 72, 73, 74, 1356, 
75, 76, 77, 142, 78, 79, 80, 527, 1417, 81, 

150, 82, 1453, 83, 84 

33 

Kindercare Learning Center  641, 642, 643, 1212, 644, 645, 646, 647, 
648, 817, 619, 1201, 618, 121, 1200, 59, 
60, 122, 1251, 61, 62, 63, 64, 124, 125, 
65, 66, 128, 67, 68, 69, 70, 71, 72, 73, 74, 
1356, 75, 76, 77, 142, 78, 79, 80, 527, 

1417, 81, 150, 82, 1453, 83, 84 

Talega Life Church Preschool 

34 

La Cristianita Preschool  594, 593, 592, 588, 1706, 589, 1235, 590, 
127, 126, 125, 65, 66, 128, 67, 68, 69, 70, 
71, 72, 73, 74, 1356, 75, 76, 77, 142, 78, 
79, 80, 527, 1417, 81, 150, 82, 1453, 83, 

84 

Palisades United Methodist Preschool 

35 
Little Minds Montessori Academy  1663, 1665, 563, 1342, 71, 72, 73, 74, 

1356, 75, 76, 77, 142, 78, 79, 80, 527, 
1417, 81, 150, 82, 1453, 83, 84 

Ohana Preschool 

36 

Dana Montessori School 
393, 1720, 563, 1342, 71, 72, 73, 74, 
1356, 75, 76, 77, 142, 78, 79, 80, 527, 

1417, 81, 150, 82, 1453, 83, 84 

Dana Point Montessori 

Gloria Dei Lutheran Preschool 

St Edward's Catholic Preschool 

37 

Capistrano Beach Cities YMCA‐Del Obispo 
487, 139, 1724, 138, 1413, 76, 77, 142, 
78, 79, 80, 527, 1417, 81, 150, 82, 1453, 

83, 84 

Childbridge Preschool 
487, 139, 1724, 138, 1413, 76, 77, 142, 
78, 79, 80, 527, 1417, 81, 150, 82, 1453, 

83, 84 

40 

San Onofre School 
803, 804, 101, 805, 99, 1144, 47, 46, 45, 
44, 43, 42, 41, 40, 39, 38, 37, 36, 35, 34, 
33, 95, 32, 31, 30, 29, 28, 27, 26, 25 

San Onofre Youth Center 

San Onofre Child Development Center 

PAZ 1 ‐ Western MCB 



 

San Onofre Nuclear Generating Station  8‐29  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

 

Bus 
Route 
Number  Description/Facilities Serviced 

Nodes Traversed from Route Start to EPZ 
Boundary 

41  PAZ 3 ‐ Central MCB 

888, 889, 890, 891, 892, 893, 894, 895, 
896, 897, 898, 899, 935, 936, 900, 901, 
912, 913, 914, 915, 916, 917, 918, 956, 
955, 954, 1141, 957, 953, 952, 951 

42  PAZ 4 ‐ TAPs 1,3,4,5 

552, 553, 554, 555, 556, 111, 557, 558, 
559, 813, 119, 814, 53, 54, 55, 56, 57, 58, 
59, 60, 122, 1251, 61, 62, 63, 64, 124, 
125, 65, 66, 128, 67, 68, 69, 70, 71, 72, 
73, 74, 1356, 75, 76, 77, 142, 78, 79, 80, 

527, 519, 520 

43  PAZ 4 ‐ TAPs 2,7,8,9,10 

778, 777, 776, 775, 774, 773, 772, 769, 
770, 771, 530, 531, 532, 755, 1714, 120, 
1179, 56, 57, 58, 59, 60, 122, 1251, 61, 
62, 63, 64, 124, 125, 65, 66, 128, 67, 68, 
69, 70, 71, 72, 73, 74, 1356, 75, 76, 77, 

142, 78, 79, 80, 527, 519, 520 

44  PAZ 4 ‐ TAPs 6,17,18 

637, 638, 639, 640, 641, 642, 643, 1212, 
644, 645, 646, 647, 648, 817, 619, 1201, 
618, 121, 1200, 59, 60, 122, 1251, 61, 62, 
63, 64, 124, 125, 65, 66, 128, 67, 68, 69, 
70, 71, 72, 73, 74, 1356, 75, 76, 77, 142, 

78, 79, 80, 527, 519, 520 

45  PAZ 4 ‐ TAPs 15,19,20 

694, 693, 692, 691, 690, 696, 695, 699, 
700, 987, 657, 656, 655, 654, 653, 652, 
651, 650, 649, 626, 123, 1252, 1256, 61, 
62, 63, 64, 124, 125, 65, 66, 128, 67, 68, 
69, 70, 71, 72, 73, 74, 1356, 75, 76, 77, 

142, 78, 79, 80, 527, 519, 520 

46  PAZ 4 ‐ TAPs 13, 14, 16, 21 

720, 721, 722, 723, 708, 709, 710, 711, 
712, 713, 607, 608, 609, 610, 611, 612, 
613, 126, 127, 1280, 65, 66, 128, 67, 68, 
69, 70, 71, 72, 73, 74, 1356, 75, 76, 77, 

142, 78, 79, 80, 527, 519, 520 

47  PAZ 5 ‐ TAPs 23, 24, 32 
1272, 1271, 1225, 1285, 130, 132, 1284, 
68, 69, 70, 71, 72, 73, 74, 1356, 75, 76, 

77, 142, 78, 79, 80, 527, 519, 520 

48  PAZs 4,5 ‐ TAPs 11,12,22,25,28 

604, 603, 602, 601, 600, 599, 598, 597, 
596, 595, 594, 593, 592, 588, 1706, 589, 
1235, 590, 127, 1280, 65, 66, 128, 67, 68, 
69, 70, 71, 72, 73, 74, 1356, 75, 76, 77, 

142, 78, 79, 80, 527, 519, 520 



 

San Onofre Nuclear Generating Station  8‐30  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

Bus 
Route 
Number  Description/Facilities Serviced 

Nodes Traversed from Route Start to EPZ 
Boundary 

49  PAZ 5 ‐ TAPs 29,31 
263, 267, 268, 269, 270, 271, 1645, 272, 
273, 274, 275, 276, 277, 278, 279, 280 

50  PAZ 5 ‐ TAPs 26,27,30 
393, 1720, 563, 1342, 71, 72, 73, 74, 
1356, 75, 76, 77, 142, 78, 79, 80, 527, 

519, 520 

51  PAZ 5 ‐ TAPs 33,41,42 
1287, 1345, 1286, 1397, 1399, 1414, 

1400, 139, 1724, 138, 1413, 76, 77, 142, 
78, 79, 80, 527, 519, 520 

52  PAZ 5 ‐ TAPs 40,43 
174, 175, 176, 177, 178, 139, 487, 488, 
489, 490, 491, 492, 493, 141, 140, 145, 

142, 78, 79, 80, 527, 519, 520 

53  PAZ 5 ‐ TAPs 37,38,39 
329, 1396, 1416, 472, 473, 474, 144, 
1391, 143, 1729, 140, 145, 142, 78, 79, 

80, 527, 519, 520 

54  PAZ 5 ‐ TAPs 34,35,36 

1334, 1336, 317, 1712, 319, 1624, 320, 
323, 324, 1623, 1616, 1340, 1349, 328, 
331, 332, 330, 1723, 1357, 138, 1413, 76, 

77, 142, 78, 79, 80, 527, 519, 520 
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9 TRAFFIC MANAGEMENT STRATEGY  

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

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

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

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

The functions to be performed in the field are: 

1. Facilitate evacuating traffic movements that safely expedite travel out of the EPZ.  
2. Discourage traffic movements that move evacuating vehicles in a direction which takes 

them significantly closer to the power plant, or which  interferes with the efficient flow 
of other evacuees. 

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

• A driver may be traveling home from work or from another location, to join other family 
members prior to evacuating. 

• An evacuating driver may be travelling to pick up a relative, or other evacuees. 
• The driver may be an emergency worker en route to perform an important activity. 

The  implementation  of  a  plan  must  also  be  flexible  enough  for  the  application  of  sound 
judgment by the traffic guide. 
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The traffic management plan is the outcome of the following process: 

1. The existing TCPs and ACPs identified by the offsite agencies in their existing emergency 
plans serve as the basis of the traffic management plan, as per NUREG/CR‐7002. 

2. Computer analysis of the evacuation traffic flow environment. 
This  analysis  identifies  the  best  routing  and  those  critical  intersections  that 
experience  pronounced  congestion.  Any  critical  intersections  that  are  not 
identified in the existing offsite plans are suggested as additional TCPs and ACPs 

3. A  field  survey  of  the  highway  network  within  15  miles  of  the  power  plant.  The 
schematics  describing modified  control  plans  at  TCPs  designated  in  Appendix  G  are 
based on data collected during  field surveys, upon  large scale maps, and on overhead 
photos.   

4. Consultation with emergency management and law enforcement personnel. 
Trained personnel who are experienced  in  controlling  traffic and are aware of 
the  likely  evacuation  traffic  patterns  should  review  the  control  tactics  at  the 
suggested additional TCPs and ACPs.   

5. Prioritization of TCPs and ACPs.   
Application of traffic and access control at some TCPs and ACPs will have a more 
pronounced  influence on expediting  traffic movements  than at other TCPs and 
ACPs.  For  example,  TCPs  controlling  traffic  originating  from  areas  in  close 
proximity to the power plant could have a more beneficial effect on minimizing 
potential exposure to radioactivity than those TCPs  located far from the power 
plant.  These  priorities  should  be  assigned  by  state/county  emergency 
management representatives and by law enforcement personnel. 

Recommended changes to the existing traffic management plans are identified in  Appendix G. 
These  changes  were  discussed  with  the  offsite  agencies  at  the  final  meeting  and  will  be 
incorporated  into  future  revisions  of  the  traffic management  plans.  These  suggested  TCPs 
primarily consist of removing restrictions imposed by the current configurations and therefore 
require fewer resources to establish them. 

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

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

The ETE calculations reflect the assumption that all “external‐external” trips are interdicted and 
diverted after 30 minutes have elapsed from the ATE. 

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

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

Evacuation routes are comprised of two distinct components: 

• Routing  from  a  PAZ  being  evacuated  to  the  boundary  of  the  Evacuation  Region  and 
thence out of the EPZ. 

• Routing of transit‐dependent evacuees from the EPZ boundary to reception centers. 

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

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

Figure 10‐1 presents a map showing the reception centers for evacuees. The major evacuation 
routes for the EPZ are presented in Figure 10‐2. 

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

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

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

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

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

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

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

Tow Vehicles 

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

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

 They permit access to key, heavily loaded, evacuation routes. 

 Responding  tow  trucks  would most  likely  travel  counter‐flow  relative  to  evacuating 
traffic. 

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

It is necessary to confirm that the evacuation process is effective in the sense that the public is 
complying with the Advisory to Evacuate.  The San Juan Capistrano Radiological Emergency Plan 
states that it is Standard Operating Procedure for Orange County to administer this process. In 
doing so they may employ any or all of the following methods: 

 Sirens and EAS message instructions. 

 Confirmation that pre‐identified special needs population have been 

notified/transported. 

 Visual check of Transportation Assembly Points (TAPs) to ensure that the populaces 

requiring public transportation assistance have been evacuated. 

 Vehicle (mobile) public address systems. 

 Publishing of Public Information hotline telephone number in EAS messages and news 

releases if special assistance is required. 

 Helicopter public address use (when available). 

In the event of a manpower or equipment shortage, the following approach is suggested as an 
alternative. 

The suggested procedure employs a stratified random sample and a telephone survey. The size 
of the sample is dependent on the expected number of households that do not comply with the 
Advisory to Evacuate.  It is reasonable to assume for the purpose of estimating sample size that 
at least 80 percent of the population within the EPZ will comply with the Advisory to Evacuate.  
We believe it is reasonable to assume, for the purpose of estimating sample size that at least 80 
percent of  the population within  the EPZ will comply with  the Advisory  to Evacuate.   On  this 
basis, an analysis  could be undertaken  (see Table 12‐1)  to yield an estimated  sample  size of 
approximately 300. 

The confirmation process should start at about 2½ hours after the Advisory to Evacuate, which 
is when approximately 90 percent of evacuees have completed their mobilization activities (see 
Figure 5‐4). At this time, virtually all evacuees will have departed on their respective trips and 
the local telephone system will be largely free of traffic. 

As  indicated  in  Table  12‐1,  approximately  7½  person  hours  are  needed  to  complete  the 
telephone  survey.    If  six  people  are  assigned  to  this  task,  each  dialing  a  different  set  of 
telephone  exchanges  (e.g.,  each  person  can  be  assigned  a  different  set  of  PAZs),  then  the 
confirmation process will extend over a timeframe of about 75 minutes.  Thus, the confirmation 
should be completed before the evacuated area  is cleared. Of course, fewer people would be 
needed for this survey if the Evacuation Region were only a portion of the EPZ. Use of modern 
automated computer controlled dialing equipment or other technologies (e.g., reverse 911 or 
equivalent,  if  available)  can  significantly  reduce  the manpower  requirements  and  the  time 
required to undertake this type of confirmation survey. 
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If this method is indeed used by the offsite agencies, consideration should be given to maintain 
a  list  of  telephone  numbers  within  the  EPZ  in  the  EOC  at  all  times.  Such  a  list  could  be 
purchased  from  vendors  and  could  be  periodically  updated.  As  indicated  above,  the 
confirmation process should not begin until 2½ hours after the Advisory to Evacuate, to ensure 
that  households  have  had  enough  time  to  mobilize.  This  2½‐hour  timeframe  will  enable 
telephone operators  to  arrive  at  their workplace, obtain  a  call  list  and prepare  to make  the 
necessary phone calls. 

Should the number of telephone responses (i.e., people still at home) exceed 20 percent, then 
the telephone survey should be repeated after an hour's interval until the confirmation process 
is completed. 
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Table 12‐1.  Estimated Number of Telephone Calls Required for Confirmation of Evacuation 

Problem Definition 

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

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

Given: 

 No. of households plus other facilities, N, within the EPZ (est.) = 59,000 

 Est. proportion, F, of households that will not evacuate = 0.20 

 Allowable error margin, e: 0.05 

 Confidence level, α: 0.95 (implies A = 1.96) 

 

Applying Table 10 of cited reference,      

0.25; 		 1 0.75 

308 

Finite population correction:  

1
307 

 

Thus, some 300  telephone calls will confirm  that approximately 20 percent of  the population 
has not evacuated.  If only 10 percent of the population does not comply with the Advisory to 
Evacuate, then the required sample size, nF = 215. 

 

Est. Person Hours to complete 300 telephone calls 

Assume:   

 Time to dial using touch tone (random selection of listed numbers): 30 seconds 

 Time for 6 rings (no answer):  36 seconds 

 Time for 4 rings plus short conversation:  60 sec. 

 Interval between calls:  20 sec. 

 

Person Hours:  

300 30 0.8 36 0.2 60 20
3600

7.6 
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A. GLOSSARY OF TRAFFIC ENGINEERING TERMS 

Table A‐1.  Glossary of Traffic Engineering Terms 

Term  Definition 

Analysis Network   

 

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

Link  A  network  link  represents  a  specific,  one‐directional  section  of 
roadway.    A  link  has  both  physical  (length,  number  of  lanes, 
topology,  etc.)  and  operational  (turn  movement  percentages, 
service rate, free‐flow speed) characteristics. 

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

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

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

Prevailing Roadway and 
Traffic Conditions    

   

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

Service Rate   

 

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

Service Volume   

 

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

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

Signal Interval  

 

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

Signal Phase    

 

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

Traffic (Trip) Assignment
   

 

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

Traffic Density  

 

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

Traffic (Trip) Distribution
   

 

A process for determining the destinations of all traffic generated 
at  the  origins.    The  result  often  takes  the  form  of  a  Trip  Table, 
which is a matrix of origin‐destination traffic volumes. 

Traffic Simulation 

 

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

Traffic Volume 

 

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

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

Trip Table or Origin‐
Destination Matrix 

 

A  rectangular matrix or  table, whose entries contain  the number 
of trips generated at each specified origin, during a specified time 
period,  that  are  attracted  to  (and  travel  toward)  each  of  its 
specified destinations.  These values are expressed in vehicles per 
hour (vph) or in vehicles. 

Turning Capacity 

 

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

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

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

Overview of Integrated Distribution and Assignment Model 

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

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

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

Interfacing the DYNEV Simulation Model with DTRAD 

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

DTRAD is the DTA module for the DYNEV II System.  

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

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

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

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

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

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

  a a a ac t l s     , 

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

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

 
sa = ‐ β ln (p), 0 ≤ p ≤ l ; β  0 

 

p =   

 
dn = Distance of node, n, from the plant 
d0 =Distance from the plant where there is zero risk 
β = Scaling factor 

 
The  value  of  do  =  15  miles,  the  outer  distance  of  the  shadow  region.    Note  that  the 
supplemental cost, sa, of link, a, is (high, low), if its downstream node, n, is (near, far from) the 
power plant. 
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Network Equilibrium 
 
In 1952, John Wardrop wrote: 

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

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

Clearly, since an emergency evacuation is a sudden, unique event, it does not constitute a long‐
term  learning experience which can achieve an equilibrium state.   Consequently, DTRAD was 
not  designed  as  an  equilibrium  solution,  but  to  represent  drivers  in  a  new  and  unfamiliar 
situation,  who  respond  in  a  flexible  manner  to  real‐time  information  (either  broadcast  or 
observed) in such a way as to minimize their respective costs of travel.    
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Figure B‐1.  Flow Diagram of Simulation‐DTRAD Interface 
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C. DYNEV TRAFFIC SIMULATION MODEL 

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

Model Features Include: 

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

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

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

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

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

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

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

 Provides MOE to animation software, EVAN 

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

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

Figure C‐1  is  an example of  a  small network  representation.    The  freeway  is defined by  the 
sequence of links, (20,21), (21,22), and (22,23).  Links (8001, 19) and (3, 8011) are Entry and Exit 
links, respectively.  An arterial extends from node 3 to node 19 and is partially subsumed within 
a grid network.  Note that links (21,22) and (17,19) are grade‐separated. 

 

Table C‐1.  Selected Measures of Effectiveness Output by DYNEV II 

Measure  Units  Applies To 

Vehicles Discharged  Vehicles  Link, Network, Exit Link 

Speed  Miles/Hours (mph)  Link, Network  

Density  Vehicles/Mile/Lane  Link 

Level of Service  LOS  Link 

Content  Vehicles  Network 

Travel Time  Vehicle‐hours  Network 

Evacuated Vehicles  Vehicles  Network, Exit Link 

Trip Travel Time  Vehicle‐minutes/trip  Network 

Capacity Utilization  Percent  Exit Link 

Attraction  Percent of total evacuating vehicles  Exit Link 

Max Queue  Vehicles  Node, Approach 

Time of Max Queue  Hours:minutes  Node, Approach 

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

Route 

Mean Travel Time  Minutes  Evacuation Trips; Network 
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Table C‐2.  Input Requirements for the DYNEV II Model 

HIGHWAY NETWORK 

 Links defined by upstream  and downstream node numbers 

 Link lengths 

 Number of lanes (up to 9) and channelization 

 Turn bays (1 to 3 lanes) 

 Destination (exit) nodes 

 Network topology defined in terms of downstream nodes for each receiving link 

 Node Coordinates (X,Y) 

 Nuclear Power Plant Coordinates (X,Y) 

GENERATED TRAFFIC VOLUMES 

 On all entry links and source nodes (origins), by Time Period  
TRAFFIC CONTROL SPECIFICATIONS 

 Traffic signals:  link‐specific, turn movement specific 

 Signal control treated as fixed time or actuated  

 Location of traffic control points (these are represented as actuated signals) 

 Stop and Yield signs 

 Right‐turn‐on‐red (RTOR) 

 Route diversion specifications 

 Turn restrictions 

 Lane control (e.g. lane closure, movement‐specific) 

DRIVER’S AND OPERATIONAL CHARACTERISTICS 

 Driver’s (vehicle‐specific) response mechanisms: free‐flow speed, discharge headway 

 Bus route designation. 

DYNAMIC TRAFFIC ASSIGNMENT 

 Candidate destination nodes for each origin (optional) 

 Duration of DTA sessions 

 Duration of simulation “burn time” 

 Desired number of destination nodes per origin 

INCIDENTS 

 Identify and Schedule of closed lanes 

 Identify and Schedule of closed links 
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Figure C‐1.  Representative Analysis Network 
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C.1 Methodology 

C.1.1 The Fundamental Diagram 

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

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

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

	 	 	.	 Setting 	k k k 	,	 then	Q RQ 	k 	 for 	0 k k 50	.	 It can be 

shown that Q 0.98 0.0056	k 	RQ 		for		k k k , where	k 50	and	k 175.	  

 

C.1.2 The Simulation Model 

The simulation model solves a sequence of “unit problems”. Each unit problem computes the 
movement of traffic on a link, for each specified turn movement, over a specified time interval 
(TI) which serves as the simulation time step for all  links. Figure C‐3  is a representation of the 
unit problem in the time‐distance plane. Table C‐3 is a glossary of terms that are referenced in 
the following description of the unit problem procedure. 
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Figure C‐2.  Fundamental Diagrams 
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Figure C‐3.  A UNIT Problem Configuration with t1 > 0 
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Table C‐3.  Glossary 

Cap 
The maximum number of vehicles, of a particular movement, that can discharge 
from a link within a time interval. 

E 
The number of vehicles, of a particular movement,  that enter  the  link over  the 
time interval. The portion, ETI, can reach the stop‐bar within the TI. 

G/C 
The  green  time:  cycle  time  ratio  that  services  the  vehicles of  a particular  turn 
movement on a link. 

h  The mean queue discharge headway, seconds.

k  Density in vehicles per lane per mile.

k 
The average density of moving vehicles of a particular movement over a TI, on a 
link. 

L  The length of the link in feet.

L 	, L  
The queue  length  in feet of a particular movement, at the [beginning, end] of a 
time interval. 

LN 
The number of lanes, expressed as a floating point number, allocated to service a 
particular movement on a link. 

L   The mean effective length of a queued vehicle including the vehicle spacing, feet.

M  Metering factor (Multiplier): 1.

M 	,M  
The number of moving vehicles on  the  link, of a particular movement,  that are 
moving at the [beginning, end] of the time  interval. These vehicles are assumed 
to be of equal spacing, over the length of link upstream of the queue. 

O 
The total number of vehicles of a particular movement that are discharged from a 
link over a time interval. 

O 	, O 	, O  

The  components of  the  vehicles of  a particular movement  that  are discharged 
from a link within a time interval: vehicles that were Queued at the beginning of 
the  TI;  vehicles  that were Moving within  the  link  at  the  beginning  of  the  TI; 
vehicles that Entered the link during the TI. 

P  
The  percentage,  expressed  as  a  fraction,  of  the  total  flow  on  the  link  that 
executes a particular turn movement, x. 

   



 

 

San Onofre Nuclear Generating Station  C‐9  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

 

Q 	, Q  
The number of queued vehicles on the link, of a particular turn movement, at the 
[beginning, end] of the time interval. 

Q  
The maximum flow rate that can be serviced by a link for a particular movement 
in the absence of a control device. It is specified by the analyst as an estimate of 
link capacity, based upon a field survey, with reference to the HCM. 

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

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

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

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

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

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

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

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

Given 	Q 	,M 	, L	, TI	, E 	, LN	, G C	, h	, L 	, R 	, L 	, E	, M 

Compute O	, Q 	, M  
Define			O O O O 		; 		E E E  
 
1. For the first sweep, s = 1, of this TI, get initial estimates of mean density, 	k 	, the R – factor, 

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

2. Calculate			v	 k 		such	that			k 130	 using the analytical representations of the 
fundamental diagram. 

Calculate		Cap
Q TI
3600

	 G C 	LN	, in	vehicles, this	value	may	be	reduced	 

due	to	metering 
Set	R 1.0	if	 G C 1		or	if	k k 	; 	Set		R 0.9	only	if	 G C 1		and		k k  

Calculate	queue	length, L Q 	
L
LN

 

 

3. Calculate			t TI 	.							If		t ≺ 0	,			set	t E O 0		; 		Else, E E	 	.   

     
4. Then			E E E 		; 		t TI t  

 
 

5. If			Q Cap	, then 
O Cap	, O O 0 
If			t 0	, then 

Q Q M E Cap 
Else 

Q Q Cap 
End if 
Calculate		Q 		and		M 		using	Algorithm	A	 below  
 

6. Else			 Q ≺ Cap  
O Q 	, RCap Cap O  

 
7.       If			M RCap	, then			 
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8.																										If			t 0	, O M 	, O min RCap M ,
t 	Cap
TI

	 0 

Q E O  

  If		Q 0	, then 
    Calculate		Q 	, M 		with	Algorithm	A 

  Else 
   Q 0	, M E  

  End	if 
  Else		 t 0  

    O 	M 		and		O 0 

    M M O E	;	Q 0 
  End	if 

 

9.     Else		 M  

               O 0 
    If			t 0	, then 

  O RCap	, Q M O E  
        Calculate	Q 	and	M 		using	Algorithm	A 

10.        Else	 t 0  

      M 	M 	  

      If			M 	,  
O RCap 

    Q M O  
      Apply	Algorithm	A	to	calculate		Q 	and	M  

    Else 
O M  

      M M O E		and		Q 0 
    End	if 

    End if 
End if 

End if 

11. Calculate	a	new	estimate	of	average	density, k 	 k 2	k k 	, 
where 	k 	= density at the beginning of the TI 

k 	= density at the end of the TI 
k 	= density at the mid‐point of the TI 
All values of density apply only to the moving vehicles. 
 

If			 k k 	∈ and	n N 
where	N max 	number	of	iterations, 	and	ϵ	is	a	convergence	criterion, then 
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T I 

t3 

Q’e 

t1 

L3 

v 

Qe

v 

vQ Qb 

Mb 

12. 							set	n n 1		, and	return	to	step	2	to	perform	iteration, n, using	k k 	. 
End if 
 
Computation  of  unit  problem  is  now  complete.  Check  for  excessive  inflow  causing 
spillback. 

 

13. If			Q M 	 		,					then 

 

The  number  of  excess  vehicles  that  cause  spillback  is:    SB 	Q M 	∙	 		,		 

where W  is  the width  of  the  upstream  intersection.  To  prevent  spillback, meter  the 
outflow from the feeder approaches and from the source flow, S, during this TI by the 
amount, SB.  That is, set 

M 1
SB
E S

	 0	, where	M	is	the	metering	factor	 over	all	movements . 

This metering factor  is assigned appropriately to all feeder  links and to the source flow, to be 
applied during the next network sweep, discussed later.  

 

Algorithm A 

 
This analysis addresses  the  flow environment over a TI during which moving vehicles can 

join  a  standing  or  discharging  queue.  For  the  case 
shown,  	Q Cap,with	t 0	and	a  queue  of 
length,  	Q 	,  formed  by  that  portion  of  	M 	and	E	 
that  reaches  the  stop‐bar within  the  TI,  but  could 
not  discharge  due  to  inadequate  capacity.  That  is, 
	Q M E .	  This  queue  length, 
	Q Q M E Cap	 can be extended to 	Q 	 
by  traffic entering  the approach during  the current 
TI, traveling at speed, v, and reaching the rear of the 
queue  within  the  TI.  A  portion  of  the  entering 

vehicles,  	E E	 	,	 will  likely  join the queue. This 
analysis  calculates  	t 	, Q 	and	M 	  for  the  input 

values of L, TI, v, E, t, L , LN, Q  . 
 
When		t 0		and		Q Cap: 

Define:		L Q 	
L
LN

	.		From	the	sketch, L v TI t t L Q E
L
LN
		. 

Substituting		E 	E		yields:	 vt 	E	 L v TI t L 	. Recognizing that 

the first two terms on the right hand side cancel, solve for 	t 	to obtain: 
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t
L

v E
TI	

L
LN

																																such	that				0 t TI t  

 

If the denominator,  v 	 0, set	t TI t 	. 

 

Then, Q Q E	
t
TI
			 , M E	 1

t t
TI

 

The  complete  Algorithm  A  considers  all  flow  scenarios;  space  limitation  precludes  its 
inclusion, here. 

 

C.1.3 Lane Assignment 

The “unit problem” is solved for each turn movement on each link. Therefore it is necessary to 
calculate a value, 	LN 	,	 of allocated lanes for each movement, x. If in fact all lanes are specified 
by, say, arrows painted on the pavement, either as full lanes or as lanes within a turn bay, then 
the problem  is  fully defined.  If however there remain un‐channelized  lanes on a  link, then an 
analysis  is undertaken  to  subdivide  the number of  these physical  lanes  into  turn movement 
specific virtual lanes, LNx.  

 

C.2 Implementation 

C.2.1 Computational Procedure 

The computational procedure for this model  is shown  in the form of a flow diagram as Figure 
C‐4.  As  discussed  earlier,  the  simulation  model  processes  traffic  flow  for  each  link 
independently over TI that the analyst specifies; it is usually 60 seconds or longer. The first step 
is to execute an algorithm to define the sequence in which the network links are processed so 
that as many  links as possible are processed after their feeder  links are processed, within the 
same network sweep. Since a general network will have many closed loops, it is not possible to 
guarantee that every link processed will have all of its feeder links processed earlier.  

The processing then continues as a succession of time steps of duration, TI, until the simulation 
is  completed. Within  each  time  step,  the  processing  performs  a  series  of  “sweeps”  over  all 
network  links;  this  is necessary  to ensure  that  the  traffic  flow  is synchronous over  the entire 
network. Specifically, the sweep ensures continuity of flow among all the network links; in the 
context of this model, this means that the values of E, M, and S are all defined for each link such 
that they represent the synchronous movement of traffic from each  link to all of its outbound 
links. These sweeps also serve to compute the metering rates that control spillback.  

Within each sweep, processing solves the “unit problem” for each turn movement on each link. 
With the turn movement percentages for each link provided by the DTRAD model, an algorithm 
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allocates the number of lanes to each movement serviced on each link. The timing at a signal, if 
any, applied at the downstream end of the  link,  is expressed as a G/C ratio, the signal timing 
needed  to  define  this  ratio  is  an  input  requirement  for  the model.  The model  also  has  the 
capability of representing, with macroscopic fidelity, the actions of actuated signals responding 
to the time‐varying competing demands on the approaches to the intersection. 

The solution of the unit problem yields the values of the number of vehicles, O, that discharge 
from the  link over the time  interval and the number of vehicles that remain on the  link at the 
end  of  the  time  interval  as  stratified  by  queued  and  moving  vehicles:  	Q 	and	M 	.	  The 
procedure  considers  each  movement  separately  (multi‐piping).  After  all  network  links  are 
processed  for  a  given  network  sweep,  the  updated  consistent  values  of  entering  flows,  E; 
metering rates, M; and source flows, S are defined so as to satisfy the “no spillback” condition. 
The  procedure  then  performs  the  unit  problem  solutions  for  all  network  links  during  the 
following sweep.  

Experience has shown that the system converges (i.e. the values of E, M and S “settle down” for 
all network links) in just two sweeps if the network is entirely under‐saturated or in four sweeps 
in  the presence of extensive  congestion with  link  spillback.  (The  initial  sweep over each  link 
uses the final values of E and M, of the prior TI).  At the completion of the final sweep for a TI, 
the  procedure  computes  and  stores  all  measures  of  effectiveness  for  each  link  and  turn 
movement for output purposes. It then prepares for the following time interval by defining the 
values of 	Q 	and	M 	 for the start of the next TI as being those values of 	Q 	and	M 	 at the end 
of the prior TI.  In this manner, the simulation model processes the traffic flow over time until 
the end of  the  run. Note  that  there  is no  space‐discretization other  than  the  specification of 
network links. 
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Figure C‐4.  Flow of Simulation Processing (See Glossary:  Table C‐3) 

  

Sequence Network Links
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C.2.2 Interfacing with Dynamic Traffic Assignment (DTRAD) 

The  DYNEV  II  system  reflects  NRC  guidance  that  evacuees will  seek  to  travel  in  a  general 
direction away from the location of the hazardous event. Thus, an algorithm was developed to 
identify an appropriate set of destination nodes for each origin based on its location and on the 
expected  direction  of  travel.  This  algorithm  also  supports  the  DTRAD model  in  dynamically 
varying the Trip Table (O‐D matrix) over time from one DTRAD session to the next.   

Figure B‐1 depicts the interaction of the simulation model with the DTRAD model in the DYNEV 
II system. As indicated, DYNEV II performs a succession of DTRAD “sessions”; each such session 
computes the turn link percentages for each link that remain constant for the session duration, 
	 T 	, T 	,	 specified by the analyst. The end product  is the assignment of traffic volumes from 
each  origin  to  paths  connecting  it  with  its  destinations  in  such  a  way  as  to minimize  the 
network‐wide  cost  function.  The  output  of  the  DTRAD model  is  a  set  of  updated  link  turn 
percentages which represent this assignment of traffic. 

As  indicated  in Figure B‐1,  the  simulation model  supports  the DTRAD  session by providing  it 
with  operational  link MOE  that  are  needed  by  the  path  choice model  and  included  in  the 
DTRAD  cost  function.  These MOE  represent  the operational  state of  the network  at  a  time, 
	T T 	,	  which  lies  within  the  session  duration,	 T 	, T 	.  This  “burn  time”,  	T T 	,	  is 
selected by the analyst. For each DTRAD iteration, the simulation model computes the change 
in  network  operations  over  this  burn  time	using  the  latest  set  of  link  turn  percentages 
computed  by  the  DTRAD model.  Upon  convergence  of  the  DTRAD  iterative  procedure,  the 
simulation model accepts  the  latest  turn percentages provided by  the DTA model,  returns  to 
the origin time,  	T 	, and executes until  it arrives at the end of the DTRAD session duration at 
time, 	T 	. At this time the next DTA session is launched and the whole process repeats until the 
end of the DYNEV II run. 

Additional details are presented in Appendix B. 
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D. DETAILED DESCRIPTION OF STUDY PROCEDURE 

This  appendix  describes  the  activities  that  were  performed  to  compute  Evacuation  Time 
Estimates.   The  individual steps of this effort are represented as a flow diagram  in Figure D‐1. 
Each numbered step  in the description that  follows corresponds to the numbered element  in 
the flow diagram. 

Step 1 

The first activity was to obtain EPZ boundary information and create a GIS base map. The base 
map extends beyond the Shadow Region which extends approximately 15 miles (radially) from 
the power plant  location. The base map  incorporates  the  local  roadway  topology, a  suitable 
topographic background and the EPZ boundary. 

Step 2 

2010  Census  block  information  was  obtained  in  GIS  format.  This  information  was  used  to 
estimate the resident population within the EPZ and Shadow Region, seasonal residents, and to 
define  the  spatial  distribution  and  demographic  characteristics  of  the  population within  the 
study  area.  Employee  data  were  estimated  using  the  U.S.  Census  Bureau’s  Longitudinal 
Employer‐Household  Dynamics  interactive  website1.    Transient  data  were  obtained  from 
local/state  emergency management  agencies  and  from  phone  calls  to  transient  attractions. 
Information concerning schools, medical and other types of special facilities within the EPZ was 
obtained  from  county  and  municipal  sources,  augmented  by  telephone  contacts  with  the 
identified facilities.  Population and special facility data within MCB were provided by MCB. 

Step 3 

A  kickoff  meeting  was  conducted  with  major  stakeholders  (state  and  local  emergency 
managers,  on‐site  and  off‐site  utility  emergency  managers,  local  and  state  agencies).  The 
purpose  of  the  kickoff meeting was  to  present  an  overview  of  the work  effort,  identify  key 
agency  personnel,  and  indicate  the  data  requirements  for  the  study.  Specific  requests  for 
information were presented to  local emergency managers. Unique  features of the study area 
were discussed to identify the local concerns that should be addressed by the ETE study. 

Step 4 

Next, a physical survey of the roadway system  in the study area was conducted to determine 
the geometric properties of the highway sections, the channelization of  lanes on each section 
of  roadway,  whether  there  are  any  turn  restrictions  or  special  treatment  of  traffic  at 
intersections,  the  type and  functioning of  traffic  control devices, gathering  signal  timings  for 
pre‐timed traffic signals, and to make the necessary observations needed to estimate realistic 
values of roadway capacity. 

   

                                                       
1http://lehdmap.did.census.gov/ 
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Step 5 

A  telephone  survey  of  households  within  the  EPZ  was  conducted  to  identify  household 
dynamics,  trip generation characteristics, and evacuation‐related demographic  information of 
the EPZ population. This  information was used to determine  important study factors  including 
the average number of evacuating vehicles used by each household, and the time required to 
perform pre‐evacuation mobilization activities.  

Step 6 

A  computerized  representation  of  the  physical  roadway  system,  called  a  link‐node  analysis 
network, was developed using the UNITES software developed by KLD. Once the geometry of 
the network was completed, the network was calibrated using the information gathered during 
the  road  survey  (Step 4).  Estimates of highway  capacity  for  each  link  and other  link‐specific 
characteristics were  introduced  to  the network description.  Traffic  signal  timings were  input 
accordingly. The  link‐node analysis network was  imported  into a GIS map. 2010 Census data 
were  overlaid  in  the map,  and  origin  centroids where  trips would  be  generated  during  the 
evacuation process were assigned to appropriate links.  

Step 7 

The EPZ  is subdivided  into 5 PAZs. Based on wind direction and speed, Regions  (groupings of 
PAZs) that may be advised to evacuate, were developed.  

The  need  for  evacuation  can  occur  over  a  range  of  time‐of‐day,  day‐of‐week,  seasonal  and 
weather‐related conditions. Scenarios were developed  to capture  the variation  in evacuation 
demand, highway capacity and mobilization  time,  for different  time of day, day of  the week, 
time of year, and weather conditions. 

Step 8 

The input stream for the DYNEV II model, which integrates the dynamic traffic assignment and 
distribution model, DTRAD, with the evacuation simulation model, was created for a prototype 
evacuation case – the evacuation of the entire EPZ for a representative scenario. 

Step 9 

After  creating  this  input  stream,  the  DYNEV  II  System  was  executed  on  the  prototype 
evacuation case to compute evacuating traffic routing patterns consistent with the appropriate 
NRC  guidelines.  DYNEV  II  contains  an  extensive  suite  of  data  diagnostics  which  check  the 
completeness and consistency of the input data specified. The analyst reviews all warning and 
error messages  produced  by  the model  and  then  corrects  the  database  to  create  an  input 
stream that properly executes to completion. 

The  model  assigns  destinations  to  all  origin  centroids  consistent  with  a  (general)  radial 
evacuation  of  the  EPZ  and  Shadow  Region.  The  analyst may  optionally  supplement  and/or 
replace these model‐assigned destinations, based on professional judgment, after studying the 
topology  of  the  analysis  highway  network.    The  model  produces  link  and  network‐wide 
measures of effectiveness as well as estimates of evacuation time. 
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Step 10 

The  results  generated  by  the  prototype  evacuation  case  are  critically  examined.  The 
examination  includes  observing  the  animated  graphics  (using  the  EVAN  software  which 
operates on data produced by DYNEV II) and reviewing the statistics output by the model.  This 
is a  labor‐intensive activity, requiring the direct participation of skilled engineers who possess 
the necessary practical experience to  interpret the results and to determine the causes of any 
problems reflected in the results. 

Essentially,  the  approach  is  to  identify  those  bottlenecks  in  the  network  that  represent 
locations  where  congested  conditions  are  pronounced  and  to  identify  the  cause  of  this 
congestion.  This cause can take many forms, either as excess demand due to high rates of trip 
generation,  improper  routing, a shortfall of capacity, or as a quantitative  flaw  in  the way  the 
physical  system was  represented  in  the  input  stream.  This  examination  leads  to one of  two 
conclusions: 

 The results are satisfactory; or 

 The input stream must be modified accordingly. 

This decision requires, of course, the application of the user's judgment and experience based 
upon the results obtained in previous applications of the model and a comparison of the results 
of  the  latest  prototype  evacuation  case  iteration with  the  previous  ones.    If  the  results  are 
satisfactory  in  the opinion of  the user,  then  the process continues with Step 13.   Otherwise, 
proceed to Step 11. 

Step 11 

There  are many  "treatments"  available  to  the  user  in  resolving  apparent  problems.    These 
treatments  range  from  decisions  to  reroute  the  traffic  by  assigning  additional  evacuation 
destinations  for  one  or  more  sources,  imposing  turn  restrictions  where  they  can  produce 
significant improvements in capacity, changing the control treatment at critical intersections so 
as  to  provide  improved  service  for  one  or  more  movements,  or  in  prescribing  specific 
treatments  for  channelizing  the  flow  so  as  to expedite  the movement of  traffic  along major 
roadway systems.   Such "treatments" take the form of modifications to the original prototype 
evacuation case  input stream.   All  treatments are designed  to  improve  the  representation of 
evacuation behavior.  

Step 12 

As  noted  above,  the  changes  to  the  input  stream  must  be  implemented  to  reflect  the 
modifications undertaken in Step 11.  At the completion of this activity, the process returns to 
Step 9 where the DYNEV II System is again executed. 

Step 13 

Evacuation of transit‐dependent evacuees and special facilities are  included  in the evacuation 
analysis.  Fixed  routing  for  transit buses  and  for  school buses,  ambulances,  and other  transit 
vehicles are  introduced  into the  final prototype evacuation case data set. DYNEV  II generates 
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route‐specific  speeds over  time  for use  in  the estimation of evacuation  times  for  the  transit 
dependent and special facility population groups.   

Step 14 

The prototype evacuation  case was used as  the basis  for generating all  region and  scenario‐
specific evacuation cases to be simulated. This process was automated through the UNITES user 
interface.  For  each  specific  case,  the  population  to  be  evacuated,  the  trip  generation 
distributions,  the highway  capacity  and  speeds,  and other  factors  are  adjusted  to produce  a 
customized case‐specific data set. 

Step 15 

All evacuation cases are executed using the DYNEV II System to compute ETE. Once results were 
available, quality control procedures were used to assure the results were consistent, dynamic 
routing was reasonable, and traffic congestion/bottlenecks were addressed properly. 

Step 16 

Once vehicular evacuation  results are accepted, average  travel  speeds  for  transit and  special 
facility  routes  were  used  to  compute  evacuation  time  estimates  for  transit‐dependent 
permanent residents, schools, hospitals, and other special facilities. 

Step 17 

The  simulation  results  are  analyzed,  tabulated  and  graphed.    The  results  were  then 
documented, as required by NUREG/CR‐7002. 

Step 18 

Following the completion of documentation activities, the ETE criteria checklist (see Appendix 
N) was completed. An appropriate report reference  is provided  for each criterion provided  in 
the checklist. 
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Figure D‐1.  Flow Diagram of Activities 

Create GIS Base Map 

Gather Census Block and Demographic Data for 
Study Area 

Field Survey of Roadways within Study Area

Conduct Kickoff Meeting with Stakeholders

Create and Calibrate Link‐Node Analysis Network

Develop Evacuation Regions and Scenarios

Create and Debug DYNEV II Input Stream

Conduct Telephone Survey and Develop Trip 
Generation Characteristics

Execute DYNEV II for Prototype Evacuation CaseB 

A 

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

Step 8

Step 9

Examine Results of Prototype Evacuation Case 
using EVAN and  
DYNEV II Output

Modify Evacuation Destinations and/or Develop 
Traffic Control Treatments 

A

B

Modify Database to Reflect Changes to Prototype 
Evacuation Case

Establish Transit and Special Facility Evacuation 
Routes and Update DYNEV II Database  

Generate DYNEV II Input Streams for All 
Evacuation Cases

Execute DYNEV II to Compute ETE for All 
Evacuation Cases

Use DYNEV II Average Speed Output to Compute 
ETE for Transit and Special Facility Routes 

Documentation

Complete ETE Criteria Checklist 

Results Satisfactory

Step 10 

Step 11 

Step 12 

Step 13 

Step 14 

Step 15 

Step 16 

Step 17 

Step 18 



 

 

APPENDIX E 

Special Facility Data



 

 

San Onofre Nuclear Generating Station  E‐1  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

E. SPECIAL FACILITY DATA 

The following tables list population information, as of 2012, for special facilities that are located 
within  the SONGS EPZ.   Special  facilities are defined as schools, preschools, day care centers, 
hospitals and other medical care facilities.   Transient population data  is  included  in the tables 
for  recreational  areas  and  lodging  facilities.    Employment  data  is  included  in  the  tables  for 
major employers. Each table is grouped by county.  The location of each facility is defined by its 
straight‐line  distance  (miles)  and  direction  (magnetic  bearing)  from  the  center  point  of  the 
plant. Maps of each school, preschool, day care center, recreational area, and  lodging  facility 
are also provided. 
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F. TELEPHONE SURVEY 

F.1 Introduction 

The  development  of  evacuation  time  estimates  for  the  EPZ  of  the  San  Onofre  Nuclear 
Generating Station requires the  identification of travel patterns, car ownership and household 
size of the population within the EPZ.  Demographic information can be obtained from Census 
data. The use of this data has several limitations when applied to emergency planning. First, the 
Census data do not encompass the range of  information needed to  identify the time required 
for preliminary activities (mobilization) that must be undertaken prior to evacuating the area. 
Secondly, Census data do not contain attitudinal responses needed from the population of the 
EPZ and consequently may not accurately represent the anticipated behavioral characteristics 
of the evacuating populace. 

These concerns are addressed by conducting a telephone survey of a representative sample of 
the  EPZ  population.  The  survey  is  designed  to  elicit  information  from  the  public  concerning 
family demographics and estimates of response times to well defined events. The design of the 
survey includes a limited number of questions of the form “What would you do if …?” and other 
questions regarding activities with which the respondent is familiar (“How long does it take you 
to …?”) 
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F.2 Survey Instrument and Sampling Plan 

Attachment A presents the final survey instrument used in this study. A draft of the instrument 
was  submitted  to  stakeholders  for  comment.  Comments  were  received  and  the  survey 
instrument was modified accordingly, prior to conducting the survey.  

Following the completion of the  instrument, a sampling plan was developed. A sample size of 
approximately 500 completed survey forms yields results with a sampling error of ±4.5% at the 
95% confidence level. The sample must be drawn from the EPZ population. Consequently, a list 
of zip codes in the EPZ was developed using GIS software. This list is shown in Table F‐1. Along 
with each zip code, an estimate of the population and number of households in each area was 
determined by overlaying Census data  and  the EPZ boundary,  again using GIS  software. The 
proportional number of desired completed survey  interviews  for each area was  identified, as 
shown in Table F‐1.   

The completed survey adhered to the sampling plan. 

 

Table F‐1.  San Onofre Telephone Survey Sampling Plan 

ZIP 
CODE 

EPZ POP 
IN ZIP 

FOR 2010 

EPZ POP IN ZIP 
FOR 2010 

EXCLUDING MCB 

EPZ 
HOUSEHOLDS 
IN ZIP FOR 

2010 EXCLUDING 
MCB 

REQUIRED 
SAMPLE 

92677  ‐  ‐  ‐  ‐ 

92055  9,716  ‐  ‐  ‐ 

92624  7,421  7,421  2,856  28 

92629  26,028  26,028  11,369  112 

92673  29,934  29,934  10,141  100 

92675  34,680  34,680  11,416  113 

92672  45,578  33,403  13,700  147 

Total  153,357  131,466  49,482  500 

Avg HH Size: 2.66 
 

Note:    Zip Code 92055  includes barracks  (which may be  temporary housing) within MCB  and does not have  a 

number of households within the Census.  Zip Code 92672 includes portions of MCB with permanent housing.  Zip 

Code 92058 is a third zip code within MCB, but only contains population outside of the San Onofre EPZ.  Zip Code 

92674 within San Clemente is a commercial‐only zip code containing no permanent residents.  Average household 

size calculation omits population residing in MCB. 
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F.3 Survey Results 

The results of the survey fall into two categories. First, the household demographics of the area 
can be identified. Demographic information includes such factors as household size, automobile 
ownership, and automobile availability. The distributions of  the  time  to perform  certain pre‐
evacuation  activities  are  the  second  category of  survey  results. These data  are processed  to 
develop the trip generation distributions used in the evacuation modeling effort, as discussed in 
Section 5. 

A review of the survey  instrument reveals that several questions have a “don’t know” (DK) or 
“refused”  entry  for  a  response.  It  is  accepted  practice  in  conducting  surveys  of  this  type  to 
accept  the  answers  of  a  respondent who  offers  a DK  response  for  a  few  questions  or who 
refuses  to answer a  few questions. To address  the  issue of occasional DK/refused  responses 
from a  large sample,  the practice  is  to assume  that  the distribution of  these responses  is  the 
same  as  the  underlying  distribution  of  the  positive  responses.  In  effect,  the  DK/refused 
responses are ignored and the distributions are based upon the positive data that is acquired. 

F.3.1 Household Demographic Results 

Household Size 

Figure F‐1 presents  the distribution of household size within  the EPZ. The average household 
contains 2.63 people. The  estimated  household  size  (2.66  persons)  used  to  determine  the 
survey  sample  (Table  F‐1) was  drawn  from  Census  data.  The  close  agreement  between  the 
average household size obtained  from the survey and  from the Census  is an  indication of the 
reliability of the survey. 

 

 

Figure F‐1.  Household Size in the EPZ 
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Automobile Ownership 

The average number of automobiles available per household  in  the EPZ  is 2.05.  It  should be 
noted that approximately 2.4 percent of households do not have access to an automobile. The 
distribution  of  automobile  ownership  is  presented  in  Figure  F‐2.  Figure  F‐3  and  Figure  F‐4 
present  the  automobile  availability by household  size. Note  that  the majority of households 
without access to a car are single person households. As expected, nearly all households of 2 or 
more people have access to at least one vehicle. 

 

 

Figure F‐2.  Household Vehicle Availability 
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Figure F‐3.  Vehicle Availability ‐ 1 to 5 Person Households 

 

 

 

 

Figure F‐4.  Vehicle Availability ‐ 6 to 9+ Person Households 
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Ridesharing 

93% of the households surveyed who do not own a vehicle responded that they would share a 
ride with  a neighbor,  relative,  or  friend  if  a  car was  not  available  to  them when  advised  to 
evacuate  in  the event of an emergency. Note, however,  that only  those households with no 
access to a vehicle – 14 total out of the sample size of 500 – answered this question. Thus, the 
results are not statistically significant. As such, the NRC recommendation of 50% ridesharing is 
used throughout this study. Figure F‐5 presents this response. 

 

 

Figure F‐5.  Household Ridesharing Preference 
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Commuters 

Figure  F‐6  presents  the  distribution  of  the  number  of  commuters  in  each  household. 
Commuters are defined as household members who travel to work or college on a daily basis. 
The  data  shows  an  average  of  0.96  commuters  in  each  household  in  the  EPZ,  and  57%  of 
households have at least one commuter. 

 

 

Figure F‐6.  Commuters in Households in the EPZ 
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Commuter Travel Modes 

Figure F‐7 presents the mode of travel that commuters use on a daily basis. The vast majority of 
commuters use their private automobiles to travel to work.  The data shows an average of 1.10 
employees per vehicle, assuming 2 people per vehicle – on average – for carpools. 

 

 

Figure F‐7.  Modes of Travel in the EPZ 

 

F.3.2 Evacuation Response 

Several questions were asked to gauge the population’s response to an emergency. These are 
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“How many of the vehicles would your household use during an evacuation?” The response is 
shown in Figure F‐8. On average, evacuating households would use 1.42 vehicles. 

“Would your family await the return of other family members prior to evacuating the area?”  
Of the survey participants who responded, 36 percent said they would await the return of other 
family members  before  evacuating  and  64  percent  indicated  that  they would  not  await  the 
return of other family members. 

“If you had a household pet, would you take your pet with you if you were asked to evacuate 
the area?” Based on the responses to the survey, 76 percent of households have a family pet. 
Of the households with pets, 93 percent of them indicated that they would take their pets with 
them, as shown in Figure F‐9.   
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Figure F‐8.  Number of Vehicles Used for Evacuation 

 

 

 

Figure F‐9.  Households Evacuating with Pets 
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“Emergency officials advise you to take shelter at home  in an emergency. Would you?” This 
question  is designed  to elicit  information regarding compliance with  instructions  to shelter  in 
place. The results  indicate  that 84 percent of households who are advised  to shelter  in place 
would do so; the remaining 16 percent would choose to evacuate the area. Note the baseline 
ETE study assumes 20 percent of households will not comply with the shelter advisory, as per 
Section 2.5.2 of NUREG/CR‐7002. Thus,  the data obtained above  is  significantly  less  than  the 
federal guidance recommendation.  As indicated in Appendix M (Table M‐2), a sensitivity study 
was  conducted  to  estimate  the  impact  of  shadow  evacuation  (non‐compliance  of  shelter 
advisory)  on  ETE.  The  results  indicate  that  ETE  are  not  impacted  by  a  change  in  shadow 
evacuation from 20% to 16%. 

 

“Emergency officials advise you  to  take shelter at home now  in an emergency and possibly 
evacuate  later while people  in other areas are advised  to evacuate now. Would you?” This 
question  is  designed  to  elicit  information  specifically  related  to  the  possibility  of  a  staged 
evacuation. That  is, asking a population  to shelter  in place now and  then  to evacuate after a 
specified  period  of  time.  Results  indicate  that  75  percent  of  households  would  follow 
instructions and delay the start of evacuation until so advised, while the balance of 25 percent 
would choose to begin evacuating immediately. 

F.3.3 Time Distribution Results 

The survey asked several questions about the amount of time  it takes to perform certain pre‐
evacuation activities. These activities  involve actions  taken by  residents during  the  course of 
their day‐to‐day lives. Thus, the answers fall within the realm of the responder’s experience.  

The mobilization  distributions  provided  below  are  the  result  of  having  applied  the  analysis 
described in Section 5.4.1 on the component activities of the mobilization. 
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“How long does it take the commuter to complete preparation for leaving work?”  Figure F‐10 
presents the cumulative distribution;  in all cases, the activity  is completed within 90 minutes. 
91 percent can leave within 30 minutes. 

 

 

Figure F‐10.  Time Required to Prepare to Leave Work/School 

 

“How  long would  it  take  the commuter  to  travel home?”   Figure F‐11 presents  the work  to 
home  travel  time  for  the  EPZ.   About  80  percent  of  commuters  can  arrive  home within  30 
minutes of leaving work; all within 120 minutes. 

 

 

Figure F‐11.  Work to Home Travel Time   

0%

20%

40%

60%

80%

100%

0 15 30 45 60 75 90

%
 o
f 
C
o
m
m
u
te
rs

Preparation Time (min)

Time to Prepare to Leave Work

0%

20%

40%

60%

80%

100%

0 15 30 45 60 75 90 105 120

%
 o
f 
C
o
m
m
u
te
rs

Travel Time (min)

Work to Home Travel



 

 

San Onofre Nuclear Generating Station  F‐12  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

“How  long would  it  take  the  family  to pack  clothing,  secure  the house, and  load  the  car?”  
Figure F‐12 presents  the  time  required  to prepare  for  leaving on an evacuation  trip.  In many 
ways  this  activity mimics  a  family’s  preparation  for  a  short  holiday  or weekend  away  from 
home. Hence, the responses represent the experience of the responder  in performing similar 
activities.   

The distribution shown in Figure F‐12 has a long “tail.” About 70 percent of households can be 
ready to leave home within 45 minutes; the remaining households require up to an additional 
150 minutes. 

 

 

Figure F‐12.  Time to Prepare Home for Evacuation 

 

F.4 Conclusions 

The  telephone  survey  provides  valuable,  relevant  data  associated with  the  EPZ  population, 
which have been used  to quantify demographics specific  to  the EPZ, and “mobilization  time” 
which can influence evacuation time estimates. 
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ATTACHMENT A 

 

 

Telephone Survey Instrument
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Telephone Survey Instrument 

Hello, my name is ___________ and I’m working in cooperation 
with local emergency management agencies to identify local 
behavior during emergency situations. This information will be 
used for emergency planning and will be shared with local officials 
to enhance emergency response plans in your area for all hazards; 
emergency planning for some hazards may require evacuation. 
Your responses will greatly contribute to local emergency 
preparedness. I will not ask for your name and the survey shall take 
no more than 10 minutes to complete. 

COL. 1  Unused

COL. 2  Unused

COL. 3  Unused

COL. 4  Unused

COL. 5  Unused

Sex  COL. 8

  1    Male

  2    Female

 

INTERVIEWER:     ASK TO SPEAK TO THE HEAD OF HOUSEHOLD OR THE SPOUSE OF THE HEAD OF HOUSEHOLD. 
(Terminate call if not a residence.) 

 

DO NOT ASK: 

1A.      Record area code. To Be Determined  COL. 9‐11 

1B.  Record exchange number. To Be Determined  COL. 12‐14 

2.  What is your home zip code?  COL. 15‐19 

3A.  In total, how many running cars, or other running 
vehicles are usually available to the household? 

(DO NOT READ ANSWERS) 

COL. 20

1     ONE 

2     TWO 

3     THREE 

4     FOUR 

5     FIVE 

6     SIX 

7     SEVEN 

8     EIGHT 

9     NINE OR MORE 

0     ZERO (NONE) 

X    DON’T KNOW/REFUSED 

SKIP TO 

Q. 4 

Q. 4 

Q. 4 

Q. 4 

Q. 4 

Q. 4 

Q. 4 

Q. 4 

Q. 4 

Q. 3B 

Q. 3B 

   

3B.  In an emergency, could you get a ride out of the 
area with a neighbor or friend? 

COL. 21  

1     YES  

2     NO  

X   DON’T KNOW/REFUSED  

4.  How many people usually live in this household?

(DO NOT READ ANSWERS) 

COL. 22

1     ONE 

2     TWO 

3     THREE 

4     FOUR 

5     FIVE 

6     SIX 

COL. 23 

0     TEN 

1     ELEVEN 

2     TWELVE 

3     THIRTEEN 

4     FOURTEEN 

5     FIFTEEN 
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7     SEVEN

8     EIGHT 

9     NINE 

6     SIXTEEN 

7     SEVENTEEN 

8     EIGHTEEN 

9     NINETEEN OR MORE 

X    DON’T KNOW/REFUSED 

5.  How many adults in the household commute to a 
job, or to college on a daily basis? 

COL. 24

0     ZERO 

1     ONE 

2     TWO 

3     THREE 

4     FOUR OR MORE 

5     DON’T KNOW/REFUSED 

SKIP TO 

Q. 9 

Q. 6 

Q. 6 

Q. 6 

Q. 6 

Q. 9 

 

INTERVIEWER:     For each person identified in Question 5, ask Questions 6, 7, and 8. 

 

6.  Thinking about commuter #1, how does that person usually travel to work or college? (REPEAT QUESTION 
FOR EACH COMMUTER) 

    Commuter #1

COL. 25 

Commuter #2

COL. 26 

Commuter #3 

COL. 27 

Commuter #4

COL. 28 

  Rail  1 1 1 1

  Bus  2 2 2 2

  Walk/Bicycle  3 3 3 3

  Drive Alone  4 4 4 4

  Carpool‐2 or more people  5 5 5 5

  Don’t know/Refused  6 6 6 6

7.  How much time on average, would it take Commuter #1 to travel home from work or college? (REPEAT 
QUESTION FOR EACH COMMUTER) (DO NOT READ ANSWERS) 

 

COMMUTER #1  COMMUTER #2 

COL. 29  COL. 30  COL. 31 COL. 32 

1  5 MINUTES OR LESS  1  46‐50 MINUTES 1 5 MINUTES OR LESS 1  46‐50 MINUTES

2  6‐10 MINUTES  2  51‐55 MINUTES 2 6‐10 MINUTES 2  51‐55 MINUTES

3  11‐15 MINUTES  3  56 – 1 HOUR 3 11‐15 MINUTES 3  56 – 1 HOUR

4  16‐20 MINUTES  4 
OVER 1 HOUR, BUT 
LESS THAN 1 HOUR 15 
MINUTES 

4  16‐20 MINUTES  4 
OVER 1 HOUR, BUT 
LESS THAN 1 HOUR 
15 MINUTES 

5  21‐25 MINUTES  5 
BETWEEN 1 HOUR 16 
MINUTES AND 1 HOUR 
30 MINUTES 

5  21‐25 MINUTES  5 
BETWEEN 1 HOUR 16 
MINUTES AND 1 
HOUR 30 MINUTES 

6  26‐30 MINUTES  6 
BETWEEN 1 HOUR 31 
MINUTES AND 1 HOUR 
45 MINUTES 

6  26‐30 MINUTES  6 
BETWEEN 1 HOUR 31 
MINUTES AND 1 
HOUR 45 MINUTES 
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7  31‐35 MINUTES  7 
BETWEEN 1 HOUR 46 
MINUTES AND 2 
HOURS 

7  31‐35 MINUTES  7 
BETWEEN 1 HOUR 46 
MINUTES AND 2 
HOURS 

8  36‐40 MINUTES  8 
OVER 2 HOURS 
(SPECIFY ______) 

8  36‐40 MINUTES  8 
OVER 2 HOURS 
(SPECIFY ______) 

9  41‐45 MINUTES  9    9 41‐45 MINUTES 9   

    0    0   

    X 
DON’T KNOW 
/REFUSED 

    X 
DON’T KNOW 
/REFUSED 

 

COMMUTER #3  COMMUTER #4 

COL. 33  COL. 34  COL. 35 COL. 36 

1  5 MINUTES OR LESS  1  46‐50 MINUTES 1 5 MINUTES OR LESS 1  46‐50 MINUTES

2  6‐10 MINUTES  2  51‐55 MINUTES 2 6‐10 MINUTES 2  51‐55 MINUTES

3  11‐15 MINUTES  3  56 – 1 HOUR 3 11‐15 MINUTES 3  56 – 1 HOUR

4  16‐20 MINUTES  4 
OVER 1 HOUR, BUT 
LESS THAN 1 HOUR 15 
MINUTES 

4  16‐20 MINUTES  4 
OVER 1 HOUR, BUT 
LESS THAN 1 HOUR 
15 MINUTES 

5  21‐25 MINUTES  5 
BETWEEN 1 HOUR 16 
MINUTES AND 1 HOUR 
30 MINUTES 

5  21‐25 MINUTES  5 
BETWEEN 1 HOUR 16 
MINUTES AND 1 
HOUR 30 MINUTES 

6  26‐30 MINUTES  6 
BETWEEN 1 HOUR 31 
MINUTES AND 1 HOUR 
45 MINUTES 

6  26‐30 MINUTES  6 
BETWEEN 1 HOUR 31 
MINUTES AND 1 
HOUR 45 MINUTES 

7  31‐35 MINUTES  7 
BETWEEN 1 HOUR 46 
MINUTES AND 2 
HOURS 

7  31‐35 MINUTES  7 
BETWEEN 1 HOUR 46 
MINUTES AND 2 
HOURS 

8  36‐40 MINUTES  8 
OVER 2 HOURS 
(SPECIFY ______) 

8  36‐40 MINUTES  8 
OVER 2 HOURS 
(SPECIFY ______) 

9  41‐45 MINUTES  9    9 41‐45 MINUTES 9   

    0    0   

    X 
DON’T KNOW 
/REFUSED 

    X 
DON’T KNOW 
/REFUSED 

8.  Approximately how much time does it take Commuter #1 to complete preparation for leaving work or college 
prior to starting the trip home? (REPEAT QUESTION FOR EACH COMMUTER) (DO NOT READ ANSWERS) 

COMMUTER #1  COMMUTER #2 

COL. 37  COL. 38  COL. 39 COL. 40 

1  5 MINUTES OR LESS  1  46‐50 MINUTES 1 5 MINUTES OR LESS 1  46‐50 MINUTES

2  6‐10 MINUTES  2  51‐55 MINUTES 2 6‐10 MINUTES 2  51‐55 MINUTES

3  11‐15 MINUTES  3  56 – 1 HOUR 3 11‐15 MINUTES 3  56 – 1 HOUR

4  16‐20 MINUTES  4 
OVER 1 HOUR, BUT 
LESS THAN 1 HOUR 15 
MINUTES 

4  16‐20 MINUTES  4 
OVER 1 HOUR, BUT 
LESS THAN 1 HOUR 
15 MINUTES 

5  21‐25 MINUTES  5 
BETWEEN 1 HOUR 16 
MINUTES AND 1 HOUR 
30 MINUTES 

5  21‐25 MINUTES  5 
BETWEEN 1 HOUR 16 
MINUTES AND 1 
HOUR 30 MINUTES 
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6  26‐30 MINUTES  6 
BETWEEN 1 HOUR 31 
MINUTES AND 1 HOUR 
45 MINUTES 

6  26‐30 MINUTES  6 
BETWEEN 1 HOUR 31 
MINUTES AND 1 
HOUR 45 MINUTES 

7  31‐35 MINUTES  7 
BETWEEN 1 HOUR 46 
MINUTES AND 2 
HOURS 

7  31‐35 MINUTES  7 
BETWEEN 1 HOUR 46 
MINUTES AND 2 
HOURS 

8  36‐40 MINUTES  8 
OVER 2 HOURS 
(SPECIFY ______) 

8  36‐40 MINUTES  8 
OVER 2 HOURS 
(SPECIFY ______) 

9  41‐45 MINUTES  9    9 41‐45 MINUTES 9   

    0    0   

    X  DON’T KNOW /REFUSED X  DON’T KNOW /REFUSED

 

COMMUTER #3  COMMUTER #4 

COL. 41  COL. 42  COL. 43 COL. 44 

1  5 MINUTES OR LESS  1  46‐50 MINUTES 1 5 MINUTES OR LESS 1  46‐50 MINUTES

2  6‐10 MINUTES  2  51‐55 MINUTES 2 6‐10 MINUTES 2  51‐55 MINUTES

3  11‐15 MINUTES  3  56 – 1 HOUR 3 11‐15 MINUTES 3  56 – 1 HOUR

4  16‐20 MINUTES  4 
OVER 1 HOUR, BUT 
LESS THAN 1 HOUR 15 
MINUTES 

4  16‐20 MINUTES  4 
OVER 1 HOUR, BUT LESS 
THAN 1 HOUR 15 MINUTES 

5  21‐25 MINUTES  5 
BETWEEN 1 HOUR 16 
MINUTES AND 1 HOUR 
30 MINUTES 

5  21‐25 MINUTES  5 
BETWEEN 1 HOUR 16 
MINUTES AND 1 HOUR 30 
MINUTES 

6  26‐30 MINUTES  6 
BETWEEN 1 HOUR 31 
MINUTES AND 1 HOUR 
45 MINUTES 

6  26‐30 MINUTES  6 
BETWEEN 1 HOUR 31 
MINUTES AND 1 HOUR 45 
MINUTES 

7  31‐35 MINUTES  7 
BETWEEN 1 HOUR 46 
MINUTES AND 2 
HOURS 

7  31‐35 MINUTES  7 
BETWEEN 1 HOUR 46 
MINUTES AND 2 HOURS 

8  36‐40 MINUTES  8 
OVER 2 HOURS 
(SPECIFY ______) 

8  36‐40 MINUTES  8 
OVER 2 HOURS (SPECIFY 
______) 

9  41‐45 MINUTES  9    9 41‐45 MINUTES 9   

    0    0   

    X  DON’T KNOW /REFUSED X  DON’T KNOW /REFUSED

 

9.  If you were advised by local authorities to evacuate,  how much time would it take the household to pack 
clothing, medications, secure the house, load the car, and complete preparations prior to evacuating the 
area? (DO NOT READ ANSWERS) 

COL. 45  COL. 46

1  LESS THAN 15 MINUTES  1 3 HOURS TO 3 HOURS 15 MINUTES 

2  15‐30 MINUTES  2 3 HOURS 16 MINUTES TO 3 HOURS 30 MINUTES

3  31‐45 MINUTES  3 3 HOURS 31 MINUTES TO 3 HOURS 45 MINUTES

4  46 MINUTES – 1 HOUR  4 3 HOURS 46 MINUTES TO 4 HOURS 

5  1 HOUR TO 1 HOUR 15 MINUTES  5 4 HOURS TO 4 HOURS 15 MINUTES 

6  1 HOUR 16 MINUTES TO 1 HOUR 30 MINUTES 6 4 HOURS 16 MINUTES TO 4 HOURS 30 MINUTES
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7  1 HOUR 31 MINUTES TO 1 HOUR 45 MINUTES 7 4 HOURS 31 MINUTES TO 4 HOURS 45 MINUTES

8  1 HOUR 46 MINUTES TO 2 HOURS  8 4 HOURS 46 MINUTES TO 5 HOURS 

9  2 HOURS TO 2 HOURS 15 MINUTES  9 5 HOURS TO 5 HOURS 30 MINUTES 

0  2 HOURS 16 MINUTES TO 2 HOURS 30 MINUTES 0 5 HOURS 31 MINUTES TO 6 HOURS 

X  2 HOURS 31 MINUTES TO 2 HOURS 45 MINUTES X OVER 6 HOURS (SPECIFY _______) 

Y  2 HOURS 46 MINUTES TO 3 HOURS 

    COL. 47

    1 DON’T KNOW/REFUSED

 

 

10.  Please choose one of the following (READ 
ANSWERS): 

If you were at home and were asked to evacuate, 

A.     I would await the return of household 
commuters to evacuate together. 

B.     I would evacuate independently and meet 
other household members later. 

COL. 50

1  A 

2  B 

X  DON’T KNOW/REFUSED 

 

11.  How many vehicles would your household use during an evacuation? (DO NOT READ ANSWERS) 

  COL. 51

  1 ONE

  2 TWO

  3 THREE

  4 FOUR

  5 FIVE

  6 SIX

  7 SEVEN

  8 EIGHT

  9 NINE OR MORE 

  0 ZERO (NONE) 

  X DON’T KNOW/REFUSED 

12A.  Emergency officials advise you to take shelter at home in an 
emergency. Would you: (READ ANSWERS) 

A. SHELTER; or 

B. EVACUATE  

COL. 52

1     A

2     B

X    DON’T KNOW/REFUSED 

12B.  Emergency officials advise you to take shelter at home now in 
an emergency and possibly evacuate later while people in 
other areas are advised to evacuate now. Would you: (READ 
ANSWERS) 

A. SHELTER; or 

B. EVACUATE  

COL. 53

1     A

2     B

X    DON’T KNOW/REFUSED 

13.  If you have a household pet, would you take your pet with you if you were asked to evacuate the area? 
(READ ANSWERS) 
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    COL. 54

    1 DON’T HAVE A PET

    2 YES 

    3 NO 

    X DON’T KNOW/REFUSED

 

 

Thank you very much. _______________________________ 

              (TELEPHONE NUMBER CALLED) 

 

 

IF REQUESTED: 

For additional information, contact your County Emergency Management Agency during normal business hours. 

 

County  EMA Phone

San Diego County  (858) 565‐3490 

Orange County  (714) 647‐7042 
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G. TRAFFIC MANAGEMENT PLAN 

NUREG/CR‐7002  indicates  that  the  existing  TCPs  and ACPs  identified  by  the  offsite  agencies 
should be used in the evacuation simulation modeling. The traffic and access control plans for 
the EPZ were provided by the municipalities and MCB; recommendations were made  in areas 
where the use of modified TCPs would benefit ETE. The modified TCPs given below assume the 
numbers  that are assigned  to  these TCP  locations  in  the City of San Clemente Traffic Control 
Points planning document. The modified TCPs were discussed with the offsite agencies at the 
final meeting and will be incorporated in future emergency plan updates. 

G.1 Traffic Control Points 

As  discussed  in  Section  9,  traffic  control  points  at  intersections  (which  are  controlled)  are 
modeled as actuated signals. If an intersection has a pre‐timed signal, stop, or yield control, and 
the  intersection  is  identified  as  a  traffic  control  point,  the  control  type was  changed  to  an 
actuated signal  in the DYNEV  II system. Table K‐2 provides the control type and node number 
for those nodes which are controlled. If the existing control was changed due to the point being 
a Traffic Control Point, the control type is indicated as a TCP in Table K‐2. 

As discussed in Section 7.3, the animation of evacuation traffic conditions indicates the portions 
of San Clemente situated east of I‐5 are the  last areas to clear. This is partially due to the fact 
that  movements  are  restricted  such  that  all  traffic  is  routed  onto  I‐5  northbound  at  the 
interchanges of I‐5 with Avenida Presidio, Avenida Palizada and Avenida Pico (TCPs 5A and B, 6, 
and  7  respectively).  It  is  recommended  that  the  City  of  San  Clemente  allow  movement 
westbound across I‐5 so that evacuees may seek alternative paths towards SR‐1 which presents 
an uncongested exit path during the  later stages of evacuation.   To  facilitate movement onto 
SR‐1, modification to the TCP  located at the  intersection of Avenida Pico with El Camino Real 
(TCP 10) is also recommended. The recommended changes at this intersection are designed to 
allow movements onto SR‐1 northbound which provides an alternative route out of the EPZ to 
I‐5. 

It  is recommended  that MCB consider establishing a TCP at  the  intersection of San Mateo Dr 
and  Basilone  Rd,  prohibiting  vehicles  from  using  Basilone  Rd  northbound  toward  the  San 
Onofre family housing area and I‐5. 

Figure G‐1 maps the TCPs in the SONGS EPZ. Schematics are provided for the 5 recommended 
TCP modifications and can be seen  in Figure G‐2 through Figure G‐6.   The suggested new TCP 
located in MCB can be seen in Figure G‐7. 

Since the recommendations primarily consist of removing restrictions  imposed by the current 
TCPs in San Clemente, the resources required to enforce the traffic control strategy are reduced 
as  a  result  of  the  proposed  modifications.  The  modified  TCPs  require  a  total  of  18  less 
barricades,  54  less  traffic  cones  as  the  current  TCPs,  although  additional  deputies may  be 
required. The additional TCP located in MCB will require a total of 16 barricades. 
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San Onofre Nuclear Generating Station  H‐1  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

H. EVACUATION REGIONS 

This appendix presents the evacuation percentages for each Evacuation Region (Table H‐1) and 
maps  of  all  Evacuation  Regions.  The  percentages  presented  in  Table  H‐1  are  based  on  the 
methodology discussed in assumption 5 of Section 2.2 and shown in Figure 2‐1.  

Note the baseline ETE study assumes 20 percent of households will not comply with the shelter 
advisory, as per Section 2.5.2 of NUREG/CR‐7002. 
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Table H‐1.  Percent of Sub‐Area Population Evacuating for Each Region 

Region 
Description  PAZ 

NRC  SONGS  1  2  3  4  5 

R01  2‐Mile Region  2‐Mile Region  100% 20%  20%  20%  20% 

R02  5‐Mile Region  5‐Mile Region  100% 100% 100%  100% 20% 

R03  Full EPZ  Full EPZ  100% 100% 100%  100% 100%

Evacuate 2‐Mile Region and Downwind to 5 Miles 

Region 
Wind Direction Towards  PAZ 

NRC  SONGS  1  2  3  4  5 

R04  NW, NNW, N  P,Q,R,A,B  100% 20%  20%  100% 20% 

R05  NNE  ‐  100% 20%  100%  100% 20% 

R06  NE, ENE, E, ESE  C,D,E,F,G  100% 20%  100%  20%  20% 

R07  SE  ‐  100% 100% 100%  20%  20% 

R08  SSE, S, SSW, SW, WSW, W  H,J,K,L,M,N  100% 100% 20%  20%  20% 

R09  WNW  ‐  100% 100% 20%  100% 20% 

Evacuate 5‐Mile Region and Downwind to EPZ Boundary 

Region 
Wind Direction Towards  PAZ 

NRC  SONGS  1  2  3  4  5 

N/A  WNW, NW, NNW, N  ‐  Refer to R03 

N/A 
NNE, NE, ENE, E, ESE, SE, SSE, 

S, SSW, SW, WSW, W 
‐  Refer to R02 

Evacuate 2‐Mile Region and Downwind to EPZ Boundary 

Region 
Wind Direction Towards  PAZ 

NRC  SONGS  1  2  3  4  5 

R10  NW, NNW, N  P,Q,R,A,B  100% 20%  20%  100% 100%

N/A  NNE  ‐  Refer to R05 

N/A  NE, ENE, E, ESE  C,D,E,F,G  Refer to R06 

N/A  SE, SSE  ‐  Refer to R07 

N/A  S, SSW, SW, WSW, W  H,J,K,L,M,N  Refer to R08 

R11  WNW  ‐  100% 100% 20%  100% 100%
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Staged Evacuation ‐ 2‐Mile Region Evacuates, then Evacuate Downwind to 5 Miles 

Region 
Wind Direction Towards  PAZ 

NRC  SONGS  1  2  3  4  5 

R12  NW, NNW, N  P,Q,R,A,B  100%  20%  20%  100%  20% 

R13  NNE  ‐  100%  20%  100%  100%  20% 

R14  NE, ENE, E, ESE  C,D,E,F,G  100%  20%  100%  20%  20% 

R15  SE  ‐  100%  100%  100%  20%  20% 

R16  SSE, S, SSW, SW, WSW, W  H,J,K,L,M,N  100%  100%  20%  20%  20% 

R17  WNW  ‐  100%  100%  20%  100%  20% 

R18  5‐Mile Region  ‐  100%  100%  100%  100%  20% 

SONGS Specific Evacuation Regions 

Region  Description 
PAZ 

1  2  3  4  5 

R19  Evacuate PAZ 5 Only  20%  20%  20%  20%  100% 

R20  Evacuate 1,Shelter then Evacuate 2, 3, 4, 5  100%  100%  100%  100%  100% 

R21  Evacuate 1, 2, 3, 4, Shelter then Evacuate 5  100%  100%  100%  100%  100% 

PAZ(s) Shelter‐in‐Place until 90% ETE for 
Un‐staged Region, then Evacuate 

PAZ(s) Shelter‐in‐Place  PAZ(s) Evacuate 
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Representative Inputs to and Outputs from the DYNEV II System



 

San Onofre Nuclear Generating Station  J‐1  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

J. REPRESENTATIVE INPUTS TO AND OUTPUTS FROM THE DYNEV II SYSTEM 

This appendix presents data input to and output from the DYNEV II System. Table J‐1 provides 
the volume and queues  for  the  ten highest volume signalized  intersections  in  the study area. 
Refer to Table K‐2 and the figures in Appendix K for a map showing the geographic location of 
each intersection.  

Table  J‐2  provides  source  (vehicle  loading)  and  destination  information  for  several  roadway 
segments (links) in the analysis network. Refer to Table K‐1 and the figures in Appendix K for a 
map showing the geographic location of each link. 

Table J‐3 provides network–wide statistics (average travel time, average speed and number of 
vehicles) for an evacuation of the entire EPZ (Region R03) for each scenario. Scenario 11, which 
is the special event, exhibits a significantly lower average speed and longer average travel time 
than Scenario 3.   Scenario 12, the roadway closure, also exhibits a  lower average speed and a 
longer average travel time than Scenario 1. 

Table J‐4 provides statistics (average speed and travel time) for the major evacuation routes – I‐
5 NB, I‐5 SB, and SR‐1 NB – for an evacuation of the entire EPZ (Region R03) under Scenario 1 
conditions. As discussed in Section 7.3 and shown in Figures 7‐3 through 7‐9, I‐5 southbound is 
never congested, as such its speeds are barely impacted by the evacuation.  I‐5 northbound and 
SR‐1 are two major evacuation routes out of the EPZ and experience  lower travel speeds and 
higher travel times during the first 5 hours of the evacuation. 

Table  J‐5  provides  the  number  of  vehicles  discharged  and  the  cumulative  percent  of  total 
vehicles discharged  for each  link exiting  the analysis network,  for an evacuation of  the entire 
EPZ (Region R03) under Scenario 1 conditions. Refer to Table K‐1 and the figures in Appendix K 
for a map showing the geographic location of each link. 

Figure J‐1 through Figure J‐13 plot the trip generation time versus the ETE  for each of the 13 
Scenarios  considered. The distance between  the  trip generation and ETE  curves  is  the  travel 
time. Plots of trip generation versus ETE are  indicative of the  level of traffic congestion during 
evacuation.  For  low  population  density  sites,  the  curves  are  close  together,  indicating  short 
travel times and minimal traffic congestion. For higher population density sites, the curves are 
farther apart  indicating  longer  travel  times and  the presence of  traffic congestion. As seen  in 
Figure J‐1 through Figure J‐13, the curves are spatially separated as a result of the pronounced 
traffic congestion in the EPZ, which was discussed in detail in Section 7.3. The travel time during 
peak congestion for Scenario 1 is about 2 hours and 45 minutes.   
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Table J‐1.  Characteristics of the Ten Highest Volume Signalized Intersections 

Node  Location 
Intersection
Control 

Approach
(Up 

Node) 

Total 
Volume 
(Veh) 

Max. 
Turn 
Queue 
(Veh) 

300 
Golden Lantern & Crown Valley 

Pkwy 
Actuated 
Signal 

1537  10,293  94 

1469  4,023  62 

302  2,566  0 

TOTAL  16,882  ‐ 

996  Aliso Creek Rd & Alicia Pkwy 
Actuated 
Signal 

1541  13,587  0 

1488  2,558  0 

TOTAL  16,145  ‐ 

1465  Moulton Pkwy & Rancho Niguel Rd
Actuated 
Signal 

1466  10,878  249 

454  2,298  34 

1477  2,159  126 

TOTAL  15,335  ‐ 

1010  Moulton Pkwy & Oso Pkwy 
Actuated 
Signal 

1508  8,368  62 

1480  2,559  61 

1042  4,025  0 

TOTAL  14,952  ‐ 

1006  Moulton Pkwy & Aliso Creek Rd 
Actuated 
Signal 

449  13,169  44 

1008  1,549  4 

1483  0  0 

TOTAL  14,718  ‐ 

995  Alicia Pkwy & Kite Hill Dr 
Actuated 
Signal 

443  13,593  0 

1542  0  0 

TOTAL  13,593  ‐ 

443  Alicia Pkwy & Highlands Ave 
Actuated 
Signal 

441  13,588  0 

1543  0  0 

TOTAL  13,588  ‐ 

441  Alicia Pkwy & Kite Hill Dr 
Actuated 
Signal 

439  13,483  0 

1544  68  0 

TOTAL  13,551  ‐ 

437  Alicia Pkwy & Niguel Rd 
Actuated 
Signal 

432  8,978  156 

1553  4,247  135 

1545  254  7 

TOTAL  13,479  ‐ 

1021  Aliso Creek Rd & Pacific Park Dr 
Actuated 
Signal 

1525  5,894  0 

1022  7,367  0 

TOTAL  13,261  ‐ 
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Table J‐2.  Sample Simulation Model Input 

Link 
Number 

Vehicles 
Entering 
Network 

on this Link 
Directional
Preference 

Destination
Nodes 

Destination 
Capacity 

178  59  SE 

8002  3,810 

8003  9,000 

8014  3,810 

597  91  NW 

8057  9,000 

8087  1,250 

8497  5,715 

960  274  NW 

8057  9,000 

8087  1,250 

8497  5,715 

1258  138  N 

8087  1,250 

8037  5,715 

8497  5,715 

1515  254  NW 

8057  9,000 

8087  1,250 

8496  5,715 

1640  34  N  8032  3,810 

1741  942  NW 

8057  9,000 

8087  1,250 

8497  5,715 

1948  91  NW 

8087  1,250 

8496  5,715 

8041  5,715 

2094  592  NW 

8057  9,000 

8087  1,250 

8496  5,715 

1603  276  NW 
8057  9,000 

8087  1,250 
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Table J‐3.  Selected Model Outputs for the Evacuation of the Entire EPZ (Region R03) 

Scenario  1  2  3  4  5  6  7 

Network‐Wide Average 
Travel Time (Min/Veh‐Mi) 

4.5  5.1  4.2  4.9  4.3  4.6  5.2 

Network‐Wide Average 
Speed (mph) 

13.3  11.7  14.2  12.4  14.0  13.1  11.5 

Total Vehicles 
Exiting Network 

139,076  138,932  120,753  120,822  109,872  138,192  137,586 

Scenario  8  9  10  11  12  13 

Network‐Wide Average 
Travel Time (Min/Veh‐Mi) 

4.1  4.7  4.2  5.0  5.5  13.3 

Network‐Wide Average 
Speed (mph) 

14.7  12.8  14.4  12.1  10.9  4.5 

Total Vehicles 
Exiting Network 

117,059  117,098  107,863  191,861  138,485  130,246 
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Table J‐5.  Simulation Model Outputs at Network Exit Links for Region R03, Scenario 1 

Network 
Exit Link 

Elapsed Time (hours) 

1  2  3  4  5  6 

Cumulative Vehicles Discharged by the Indicated Time 

Cumulative Percent of Vehicles Discharged by the Indicated Time 

0 
0  0  0  0  0  0 

0%  0%  0%  0%  0%  0% 

16 
133  506  888  1,072  1,186  1,234 

0%  1%  1%  1%  1%  1% 

21 
215  665  1,115  1,294  1,375  1,426 

1%  1%  1%  1%  1%  1% 

27 
6,795  9,685  10,662  11,046  11,308  11,392 

22%  14%  11%  9%  9%  8% 

174 
8,575  19,342  28,262  35,149  40,235  43,963 

28%  28%  29%  30%  31%  32% 

285 
463  1,567  2,120  2,293  2,305  2,306 

2%  2%  2%  2%  2%  2% 

386 
46  61  66  67  67  67 

0%  0%  0%  0%  0%  0% 

453 
474  1,095  1,383  1,416  1,433  1,434 

2%  2%  1%  1%  1%  1% 

1275 
388  1,187  1,856  2,058  2,115  2,131 

1%  2%  2%  2%  2%  2% 

1276 
2,306  6,502  9,589  10,404  10,644  10,740 

8%  9%  10%  9%  8%  8% 

1314 
2,229  5,547  8,173  9,040  9,390  9,542 

7%  8%  8%  8%  7%  7% 

1319 
2  2  2  2  2  2 

0%  0%  0%  0%  0%  0% 

1324 
282  1,426  2,028  2,216  2,230  2,231 

1%  2%  2%  2%  2%  2% 

1360 
6,279  14,115  22,748  30,223  35,187  38,088 

21%  21%  23%  26%  27%  28% 

1406 
312  903  1,396  1,825  2,260  2,671 

1%  1%  1%  2%  2%  2% 

1408 
521  1,415  2,134  2,724  3,286  3,904 

2%  2%  2%  2%  3%  3% 

1413 
3  15  21  21  21  21 

0%  0%  0%  0%  0%  0% 
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Network 
Exit Link 

Elapsed Time (hours) 

1  2  3  4  5  6 

Cumulative Vehicles Discharged by the Indicated Time 

Cumulative Percent of Vehicles Discharged by the Indicated Time 

1426 
4  24  34  35  35  35 

0%  0%  0%  0%  0%  0% 

1636 
24  141  193  200  202  202 

0%  0%  0%  0%  0%  0% 

1794 
62  350  479  500  506  506 

0%  1%  0%  0%  0%  0% 

1871 
912  2,967  3,815  4,304  4,469  4,499 

3%  4%  4%  4%  3%  3% 

1873 
426  1,202  1,513  1,621  1,661  1,666 

1%  2%  2%  1%  1%  1% 

2101 
8  45  61  63  64  64 

0%  0%  0%  0%  0%  0% 
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Figure J‐1. ETE and Trip Generation: Summer, Midweek, Midday, Good Weather (Scenario 1) 

 

 

 

Figure J‐2. ETE and Trip Generation: Summer, Midweek, Midday, Rain (Scenario 2) 
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Figure J‐3. ETE and Trip Generation: Summer, Weekend, Midday, Good Weather (Scenario 3) 

 

 

 

Figure J‐4. ETE and Trip Generation: Summer, Weekend, Midday, Rain (Scenario 4) 
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Figure J‐5. ETE and Trip Generation: Summer, Midweek, Weekend, Evening, Good Weather (Scenario 5) 

 

 

 

Figure J‐6. ETE and Trip Generation: Winter, Midweek, Midday, Good Weather (Scenario 6) 
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Figure J‐7. ETE and Trip Generation: Winter, Midweek, Midday, Rain (Scenario 7) 

 

 

 

Figure J‐8. ETE and Trip Generation: Winter, Weekend, Midday, Good Weather (Scenario 8) 
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Figure J‐9. ETE and Trip Generation: Winter, Weekend, Midday, Rain (Scenario 9) 

 

 

 

Figure J‐10. ETE and Trip Generation: Winter, Midweek, Weekend, Evening, Good Weather (Scenario 10) 
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Figure J‐11. ETE and Trip Generation: Summer, Weekend, Midday, Good Weather, Special Event (Scenario 11) 

 

 

 

Figure J‐12. ETE and Trip Generation: Summer, Midweek, Midday, Good Weather, Roadway Impact (Scenario 12) 
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Figure J‐13. ETE and Trip Generation: Summer, Midweek, Midday, Good Weather, Earthquake (Scenario 13) 
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K. EVACUATION ROADWAY NETWORK 

 

As discussed in Section 1.3, a link‐node analysis network was constructed to model the roadway 
network  within  the  study  area.  Figure  K‐1  provides  an  overview  of  the  link‐node  analysis 
network.  The  figure  has  been  divided  up  into  36 more  detailed  figures  (Figure  K‐2  through 
Figure K‐37) which show each of the links and nodes in the network.  

The  analysis  network  was  calibrated  using  the  observations  made  during  the  field  survey 
conducted in January 2012. Table K‐1 lists the characteristics of each roadway section modeled 
in the ETE analysis. Each link is identified by its road name and the upstream and downstream 
node numbers. The geographic  location of each  link can be observed by referencing the map 
(Figure K‐2 through Figure K‐37) corresponding to the grid number provided  in Table K‐1. The 
roadway identified in Table K‐1  is generally based on the following criteria: 

 Freeway:    limited  access  highway,  2  or more  lanes  in  each  direction,  high  free  flow 
speeds 

 Freeway ramp: ramp on to or off of a limited access highway 

 Major arterial:  3 or more lanes in each direction 

 Minor arterial:  2 or more lanes in each direction 

 Collector:  single lane in each direction 

 Local roadways:  single lane in each direction, local roads with low free flow speeds 

The term, “No. of Lanes” in Table K‐1 identifies the number of lanes that extend throughout the 
length  of  the  link.    Many  links  have  additional  lanes  on  the  immediate  approach  to  an 
intersection (turn pockets); these have been recorded and entered into the input stream for the 
DYNEV II System. 

As discussed in Section 1.3, lane width and shoulder width were not physically measured during 
the road survey. Rather, estimates of  these measures were based on visual observations and 
recorded images. 

Table K‐2  identifies each node  in the network that  is controlled and the type of control  (stop 
sign,  yield  sign,  pre‐timed  signal,  actuated  signal,  traffic  control  point)  at  that  node. 
Uncontrolled nodes are not included in Table K‐2. The geographic location of each node can be 
observed by  referencing  the map  (Figure K‐2  through Figure K‐37)  corresponding  to  the grid 
number provided in Table K‐2. 
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Figure K‐2.  Grid 1 
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Figure K‐3.  Grid 2 
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Figure K‐4.  Grid 3 
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Figure K‐5.  Grid 4 
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Figure K‐6.  Grid 5 
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Figure K‐7.  Grid 6 
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Figure K‐8.  Grid 7 
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Figure K‐9.  Grid 8 
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Figure K‐10.  Grid 9 
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Figure K‐11.  Grid 10 
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Figure K‐12.  Grid 11 
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Figure K‐13.  Grid 12 
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Figure K‐14.  Grid 13 
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Figure K‐15.  Grid 14 
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Figure K‐16.  Grid 15 
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Figure K‐17.  Grid 16 
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Figure K‐18.  Grid 17 
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Figure K‐19.  Grid 18 
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Figure K‐20.  Grid 19 
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Figure K‐21.  Grid 20 
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Figure K‐22.  Grid 21 
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Figure K‐23.  Grid 22 
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Figure K‐24.  Grid 23 
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Figure K‐25.  Grid 24 
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Figure K‐26.  Grid 25 
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Figure K‐27.  Grid 26 
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Figure K‐28.  Grid 27 
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Figure K‐29.  Grid 28 
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Figure K‐30.  Grid 29 
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Figure K‐31.  Grid 30 
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Figure K‐32.  Grid 31 
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Figure K‐33.  Grid 32 
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Figure K‐34.  Grid 33 
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Figure K‐35.  Grid 34 
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Figure K‐36.  Grid 35 
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Figure K‐37.  Grid 36 
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San Onofre Nuclear Generating Station  K‐132  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

 

Table K‐2. Nodes in the Link‐Node Analysis Network which are Controlled 

Node 

X 
Coordinate

(ft)1 

Y 
Coordinate

(ft)1 
Control 
Type 

Grid 
Map 

Number 

10  6214771 2018873 Actuated 36 

11  6214908 2019310 Actuated 36 

12  6215213 2020301 Actuated 36 

89  6213940 2022839 Actuated 36 

93  6213418 2021785 Actuated 36 

101  6155271 2087217 Stop 24 

103  6151573 2089996
TCP ‐ 

Uncontrolled 24 

104  6152013 2090242 TCP ‐ Actuated 24 

109  6152155 2090391 TCP ‐ Actuated 24 

110  6151382 2089893 Stop 24 

111  6149546 2096540
TCP ‐ 

Uncontrolled 24 

114  6149434 2095155 TCP ‐ Actuated 24 

117  6149184 2095010 Stop 24 

119  6148428 2098392 TCP ‐ Actuated 20 

120  6146612 2101964 TCP ‐ Actuated 20 

121  6143253 2106196 TCP ‐ Actuated 20 

123  6140622 2108667 TCP ‐ Actuated 19 

126  6133125 2113858 TCP ‐ Actuated 17 

127  6132926 2113689
TCP ‐ 

Uncontrolled 17 

130  6129314 2116827 Actuated 17 

131  6128488 2116173 Actuated 16 

136  6130929 2124166 TCP ‐ Actuated 12 

138  6132624 2129428 TCP ‐ Actuated 12 

139  6133476 2129759 TCP ‐ Actuated 12 

140  6130429 2135944 TCP ‐ Actuated 12 

141  6130658 2136001 TCP ‐ Actuated 12 

143  6129897 2135802 Actuated 12 

144  6128984 2135754 TCP ‐ Actuated 11 

146  6128366 2145653 Actuated 7 

147  6128756 2145615 Actuated 7 

148  6127887 2145625 Actuated 7 

151  6128764 2150329 Actuated 7 



 

 

San Onofre Nuclear Generating Station  K‐133  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

Node 

X 
Coordinate

(ft)1 

Y 
Coordinate

(ft)1 
Control 
Type 

Grid 
Map 

Number 

152  6128510 2150145 Actuated 7 

155  6128006 2149941 Actuated 7 

157  6129383 2157605 Actuated 3 

163  6127862 2157739 Actuated 2 

164  6144205 2135411 Actuated 13 

166  6142228 2135197 Actuated 12 

177  6134489 2130693 TCP ‐ Actuated 12 

187  6142171 2142905 Actuated 8 

188  6141511 2144736 Actuated 8 

190  6141415 2147063 Actuated 8 

191  6141130 2148634 Actuated 8 

193  6141104 2150172 Actuated 8 

195  6141669 2152038 Actuated 3 

196  6141608 2152840 Actuated 3 

199  6140330 2155440 Actuated 3 

237  6166852 2150973 Actuated 5 

255  6124160 2115558 Actuated 16 

256  6123300 2115851 TCP ‐ Actuated 16 

257  6122417 2116125 Actuated 16 

258  6121318 2116452 Actuated 16 

260  6120073 2116661 TCP ‐ Actuated 16 

261  6119379 2116545 Actuated 16 

262  6118771 2116423 Actuated 16 

263  6117215 2116085 Actuated 16 

264  6118767 2116069 Actuated 16 

265  6119388 2116085 Actuated 16 

266  6120299 2116066 TCP ‐ Actuated 16 

267  6116704 2116160 Actuated 15 

269  6115492 2118007 Actuated 15 

270  6114447 2119888 Actuated 15 

272  6111313 2123959 TCP ‐ Actuated 15 

273  6109017 2126110 Actuated 10 

275  6107375 2128168 Actuated 10 

276  6106836 2128658 Actuated 10 

277  6106189 2129594 Actuated 10 

278  6105478 2130655 Actuated 10 

281  6111717 2124141 Stop 10 

283  6112885 2124450 Actuated 10 



 

 

San Onofre Nuclear Generating Station  K‐134  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

Node 

X 
Coordinate

(ft)1 

Y 
Coordinate

(ft)1 
Control 
Type 

Grid 
Map 

Number 

285  6113478 2126813 TCP ‐ Actuated 10 

291  6113850 2133213 Actuated 10 

294  6116309 2138239 Actuated 6 

296  6118135 2139790 Actuated 7 

298  6120242 2141727 Actuated 7 

300  6122353 2144208 Actuated 7 

304  6124343 2147970 Actuated 7 

306  6124442 2149988 Actuated 7 

308  6126348 2149259 Actuated 7 

310  6120397 2125370 TCP ‐ Actuated 11 

313  6121102 2125000 Actuated 11 

317  6124898 2123870 TCP ‐ Actuated 16 

319  6126208 2125986 Actuated 11 

323  6127327 2127230 Actuated 11 

324  6127873 2127965 Actuated 11 

328  6131034 2127732 TCP ‐ Actuated 12 

329  6131056 2129087 TCP ‐ Actuated 12 

330  6131784 2129120 TCP ‐ Actuated 12 

331  6131526 2127755 Actuated 12 

335  6118735 2125235 Actuated 11 

338  6116210 2124899 TCP ‐ Actuated 10 

341  6114437 2126731 Actuated 10 

344  6120849 2126190 Actuated 11 

346  6121828 2128628 Actuated 11 

348  6122432 2129947 Actuated 11 

350  6124545 2131491 Actuated 11 

352  6125219 2134324 Actuated 11 

355  6124717 2135163 Actuated 11 

357  6124140 2136607 Actuated 11 

361  6124171 2142344 Actuated 7 

366  6116842 2125858 Actuated 10 

368  6116328 2127330 Actuated 10 

372  6117139 2130101 Actuated 11 

373  6117266 2131746 Actuated 11 

375  6117928 2134481 Actuated 11 

376  6118238 2135506 Actuated 11 

377  6117450 2136741 Actuated 11 

381  6120206 2124746 Actuated 11 



 

 

San Onofre Nuclear Generating Station  K‐135  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

Node 

X 
Coordinate

(ft)1 

Y 
Coordinate

(ft)1 
Control 
Type 

Grid 
Map 

Number 

383  6120250 2119986 Actuated 16 

384  6120152 2118718 Actuated 16 

385  6120093 2117349 Actuated 16 

390  6124126 2121936 Actuated 16 

393  6124100 2119637 Actuated 16 

400  6115179 2122437 Actuated 15 

402  6115372 2121124 Actuated 15 

404  6122109 2119921 Actuated 16 

405  6122522 2120005 Actuated 16 

407  6116684 2120697 Stop 15 

409  6117826 2118740 Stop 16 

411  6121695 2118732 Stop 16 

414  6122212 2137096 Actuated 11 

416  6119564 2135757 Actuated 11 

418  6124240 2137574 Actuated 11 

431  6112415 2136117 Stop 10 

432  6114750 2138110 Actuated 6 

434  6115293 2137206 Actuated 10 

435  6113667 2137885 Actuated 6 

437  6115086 2139351 Actuated 6 

441  6115549 2141663 Actuated 6 

443  6115331 2143961 Actuated 6 

450  6119148 2142924 Actuated 7 

454  6118904 2145741 Stop 7 

457  6124618 2143544 Actuated 7 

460  6126304 2146219 Actuated 7 

462  6127417 2145829 Actuated 7 

465  6127721 2146406 Actuated 7 

466  6127716 2145655 Actuated 7 

467  6126292 2146978 Stop 7 

471  6127123 2152548 Actuated 2 

472  6130272 2131297 Actuated 12 

473  6129315 2133905 Actuated 12 

475  6129183 2150890 Actuated 3 

476  6129795 2151298 Actuated 3 

477  6130857 2151716 Actuated 3 

478  6131465 2151723 Actuated 3 

479  6132734 2151491 Actuated 3 



 

 

San Onofre Nuclear Generating Station  K‐136  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

Node 

X 
Coordinate

(ft)1 

Y 
Coordinate

(ft)1 
Control 
Type 

Grid 
Map 

Number 

481  6135684 2151395 Actuated 3 

482  6137100 2152102 Actuated 3 

486  6140772 2152441 Actuated 3 

487  6132826 2130649 Actuated 12 

488  6132280 2131700 Actuated 12 

494  6129949 2137250 Stop 12 

495  6129648 2138032 Stop 8 

498  6128093 2139617 Actuated 7 

500  6127698 2141238 Stop 7 

502  6128107 2143865 Actuated 7 

505  6128519 2145115 Actuated 7 

506  6128880 2146390 Actuated 7 

507  6128797 2147194 Actuated 7 

508  6128937 2148090 Actuated 7 

509  6129151 2148538 Actuated 8 

510  6129591 2149024 Actuated 8 

511  6130933 2149482 Actuated 8 

512  6131629 2149561 Actuated 8 

514  6132610 2150667 Actuated 3 

528  6147878 2098713 TCP ‐ Actuated 20 

530  6147025 2100039 Actuated 20 

532  6146262 2101466 TCP ‐ Actuated 20 

533  6145062 2102698 Actuated 20 

534  6144287 2102853 Actuated 20 

536  6143390 2103102 Actuated 20 

539  6141388 2103717 Actuated 19 

541  6140260 2103866 TCP ‐ Actuated 19 

542  6139824 2103863 Actuated 19 

543  6136722 2106543 Actuated 19 

544  6136091 2107097 TCP ‐ Actuated 19 

548  6129215 2112354 TCP ‐ Actuated 17 

549  6125896 2114885 Actuated 16 

553  6150431 2093738 Actuated 24 

555  6149751 2095345 Stop 24 

556  6149510 2095999 TCP ‐ Actuated 24 

557  6149624 2097041 Actuated 24 

560  6126004 2115718 Actuated 16 

561  6126401 2116269 Actuated 16 



 

 

San Onofre Nuclear Generating Station  K‐137  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

Node 

X 
Coordinate

(ft)1 

Y 
Coordinate

(ft)1 
Control 
Type 

Grid 
Map 

Number 

563  6126856 2118897 TCP ‐ Actuated 16 

571  6130707 2125219
TCP ‐ 

Uncontrolled 12 

572  6130964 2125556 TCP ‐ Actuated 12 

573  6130991 2126033 Actuated 12 

575  6127754 2115170 Stop 16 

580  6129043 2113779 Stop 16 

581  6129051 2113383 Stop 16 

645  6147232 2110508 Actuated 18 

646  6147050 2109912 Actuated 20 

648  6145717 2108009 Actuated 20 

649  6141675 2110016 Actuated 17 

651  6143268 2110970 Actuated 18 

653  6144586 2112237 Actuated 18 

655  6147618 2114372 Actuated 18 

657  6148535 2115055 TCP ‐ Actuated 18 

660  6149945 2115374 Actuated 18 

661  6150702 2115241 Actuated 18 

663  6152138 2114071 Actuated 18 

664  6147791 2107543 Actuated 20 

669  6151779 2111199 Actuated 18 

671  6152404 2110309 Stop 18 

680  6155124 2115749 Stop 18 

688  6150980 2116151 Actuated 18 

690  6150763 2118173 Actuated 18 

691  6151083 2118679 Actuated 18 

692  6153031 2119587 Actuated 18 

694  6155212 2120393 Stop 18 

695  6149114 2118017 Actuated 18 

700  6147533 2116848 Actuated 18 

701  6146954 2110865 Actuated 18 

702  6146182 2111691 Actuated 18 

703  6144329 2112989 Actuated 18 

704  6144159 2113851 Actuated 18 

706  6142900 2114484 Stop 18 

708  6141492 2115837 Actuated 17 

710  6139796 2117096 Actuated 17 

711  6138946 2116603 Actuated 17 



 

 

San Onofre Nuclear Generating Station  K‐138  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

Node 

X 
Coordinate

(ft)1 

Y 
Coordinate

(ft)1 
Control 
Type 

Grid 
Map 

Number 

712  6137724 2115648 Actuated 17 

715  6141144 2118691 Stop 17 

727  6145895 2106286 Stop 20 

733  6147931 2105081 Stop 20 

740  6146771 2102312 Stop 20 

748  6149872 2100050 Stop 20 

753  6150779 2097334 Stop 24 

754  6150161 2097568 Stop 24 

755  6146324 2101695 TCP ‐ Actuated 20 

761  6144337 2100496 Stop 20 

763  6145088 2101354 Actuated 20 

764  6145852 2101934 Actuated 20 

769  6146078 2098911 Stop 20 

771  6147155 2099723 Stop 20 

774  6147193 2097905 Stop 20 

775  6147155 2097048 Stop 24 

778  6148382 2095510 Stop 24 

795  6171350 2090510 Stop 25 

812  6149189 2095833 TCP ‐ Actuated 24 

813  6148616 2098339 Actuated 20 

815  6146132 2101575 TCP ‐ Actuated 20 

826  6136390 2146204 Yield 8 

828  6136589 2148258 Yield 8 

830  6136764 2149677 Actuated 8 

831  6136958 2150280 Stop 8 

837  6139062 2148292 Yield 8 

838  6139521 2149459 Yield 8 

839  6139393 2150372 Stop 8 

841  6140114 2151887 Stop 3 

852  6138114 2143387 Stop 8 

857  6138606 2140543 Stop 8 

871  6138048 2144826 Yield 8 

872  6138119 2144702 Yield 8 

873  6137995 2144643 Yield 8 

874  6136672 2145621 Yield 8 

880  6138669 2147180 Yield 8 

887  6138719 2145579 Yield 8 

910  6226067 2059936 Stop 31 



 

 

San Onofre Nuclear Generating Station  K‐139  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

Node 

X 
Coordinate

(ft)1 

Y 
Coordinate

(ft)1 
Control 
Type 

Grid 
Map 

Number 

911  6227895 2056950 Actuated 31 

918  6192819 2055346 Stop 30 

921  6226499 2054457 Actuated 31 

922  6222274 2051927 Actuated 31 

930  6213432 2030225 Actuated 36 

933  6213487 2024033 Actuated 36 

939  6223745 2052676 Actuated 31 

940  6227287 2055577 Actuated 31 

950  6203804 2039070 Stop 33 

959  6208951 2036600 Actuated 34 

960  6207681 2038458 Actuated 33 

963  6212442 2027953 Actuated 36 

968  6214517 2025847 Stop 36 

969  6215515 2026323 Stop 36 

970  6216038 2026550 Stop 36 

973  6152274 2121339 Stop 18 

980  6155146 2121502 Stop 18 

995  6114846 2145903 Actuated 6 

996  6114498 2148843 Actuated 6 

1002  6119313 2156247 Actuated 2 

1005  6116894 2148821 Actuated 6 

1006  6119934 2149313 Actuated 7 

1007  6119304 2152189 Actuated 2 

1009  6119705 2153205 Actuated 2 

1010  6119920 2154995 Actuated 2 

1011  6118557 2155913 Actuated 2 

1013  6117553 2151690 Actuated 2 

1014  6117655 2153862 Actuated 2 

1015  6115213 2151386 Actuated 1 

1016  6115415 2153022 Actuated 1 

1017  6115681 2154551 Actuated 1 

1021  6112933 2154437 Actuated 1 

1022  6112852 2153006 Actuated 1 

1023  6127820 2154754 Actuated 2 

1025  6132351 2159023 Actuated 3 

1028  6136709 2160657 Actuated 3 

1029  6141199 2158633 Actuated 3 

1030  6147131 2159723 Actuated 4 



 

 

San Onofre Nuclear Generating Station  K‐140  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

Node 

X 
Coordinate

(ft)1 

Y 
Coordinate

(ft)1 
Control 
Type 

Grid 
Map 

Number 

1031  6147845 2160110 Actuated 4 

1033  6143316 2159780 Actuated 4 

1038  6132764 2155050 Actuated 3 

1042  6122964 2155593 Actuated 2 

1044  6125505 2157619 Actuated 2 

1045  6135805 2160280 Actuated 3 

1047  6137429 2160554 Actuated 3 

1048  6113329 2157495 Actuated 1 

1049  6112938 2156596 Actuated 1 

1051  6120016 2153941 Actuated 2 

1066  6214420 2021877 Stop 36 

1069  6213357 2022074 Stop 36 

588  6131233 2111333 Stop 17 

589  6132130 2112464 Actuated 17 

590  6132680 2113272 Actuated 17 

593  6133537 2109839 Actuated 19 

598  6136422 2107617 Actuated 19 

599  6136717 2107743 Actuated 19 

605  6137043 2111756 Stop 17 

606  6137360 2112440 Stop 17 

607  6136569 2112945 Actuated 17 

609  6135716 2112661 Actuated 17 

610  6135109 2112847 Actuated 17 

611  6134474 2113272 Actuated 17 

612  6134149 2113673 Actuated 17 

613  6133442 2113914 Actuated 17 

614  6140553 2104575 Actuated 19 

615  6141299 2104975 Actuated 19 

616  6142265 2105242 Actuated 19 

617  6142880 2105910 TCP ‐ Actuated 20 

619  6144930 2107260 Actuated 20 

623  6142866 2107260 Stop 20 

1119  6236951 2054294 Actuated 32 

1122  6237181 2055842 Actuated 32 

1124  6237378 2057303 Actuated 32 

1189  6145526 2103197 TCP ‐ Actuated 20 

1196  6142600 2105529 Actuated 20 

1201  6144614 2107002 Actuated 20 



 

 

San Onofre Nuclear Generating Station  K‐141  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

Node 

X 
Coordinate

(ft)1 

Y 
Coordinate

(ft)1 
Control 
Type 

Grid 
Map 

Number 

1212  6148765 2111759 Actuated 18 

1221  6146531 2111491 Actuated 18 

1225  6129964 2117008 TCP ‐ Actuated 17 

1230  6129074 2115576 Stop 16 

1231  6128651 2115159 Stop 16 

1233  6127645 2114136 Stop 16 

1235  6132462 2112950 Actuated 17 

1250  6140123 2107882 TCP ‐ Actuated 19 

1252  6140449 2108468
TCP ‐ 

Uncontrolled 19 

1271  6129692 2116361 Stop 17 

1275  6136973 2107715 Stop 19 

1286  6135657 2128818 TCP ‐ Actuated 12 

1287  6131780 2125477 TCP ‐ Actuated 12 

1290  6135297 2126139 Stop 12 

1291  6136376 2126951 Actuated 12 

1292  6137621 2129998 Stop 12 

1293  6139145 2130988 Stop 12 

1300  6154152 2156272 Stop 4 

626  6141044 2108944 Actuated 19 

632  6138043 2110618 Yield 17 

636  6137496 2111672 Stop 17 

637  6157231 2112143 Stop 21 

639  6155676 2112343 Actuated 21 

640  6153800 2113234 Actuated 18 

641  6152325 2113260 Actuated 18 

642  6150381 2112621 Actuated 18 

643  6149706 2112249 TCP ‐ Actuated 18 

644  6148045 2111316 Actuated 18 

1083  6214434 2029656 Stop 36 

1088  6231718 2060029 Actuated 31 

1089  6233139 2062077 Actuated 31 

1091  6237621 2061959 Actuated 32 

1092  6238145 2061181 Actuated 32 

1093  6237753 2058957 Actuated 32 

1703  6147761 2109930 Actuated 18 

1707  6125185 2115147 Actuated 16 

1709  6125345 2115072 Stop 16 



 

 

San Onofre Nuclear Generating Station  K‐142  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

Node 

X 
Coordinate

(ft)1 

Y 
Coordinate

(ft)1 
Control 
Type 

Grid 
Map 

Number 

1137  6203246 2039310 Actuated 33 

1141  6197723 2050544 Stop 30 

1146  6157621 2084801 Actuated 25 

1149  6164127 2080327 Actuated 25 

1160  6160583 2082342 Stop 25 

1162  6150411 2092689 Actuated 24 

1164  6150095 2093603 Stop 24 

1167  6147746 2098480 Stop 20 

1175  6146735 2102152 Stop 20 

1181  6145484 2101012 Stop 20 

1185  6145130 2102904 Actuated 20 

1317  6118782 2117350 Yield 16 

1318  6121335 2117336 Stop 16 

1321  6119036 2120030 Actuated 16 

1322  6117817 2117367 Stop 16 

1323  6117596 2118740 Stop 16 

1324  6123925 2116751 Actuated 16 

1327  6123534 2119887 Actuated 16 

1332  6124058 2120925 Actuated 16 

1334  6127926 2123763 Stop 16 

1336  6126283 2123833 Actuated 16 

1338  6128093 2125128 Actuated 11 

1340  6129768 2127652 TCP ‐ Actuated 12 

1343  6128403 2121696 Actuated 16 

1347  6131063 2127275 Actuated 12 

1349  6130190 2127645 Actuated 12 

1352  6131075 2128876 Actuated 12 

1354  6131314 2129115 Actuated 12 

1357  6132111 2129279 TCP ‐ Actuated 12 

1365  6130454 2150257 Actuated 8 

1436  6146551 2159486 Actuated 4 

1438  6142135 2158797 Actuated 3 

1445  6133827 2159612 Actuated 3 

1448  6133116 2159475 Actuated 3 

1458  6127149 2149578 Actuated 7 

1464  6124113 2148712 Actuated 7 

1465  6120711 2147020 Actuated 7 

1466  6121064 2145483 Actuated 7 



 

 

San Onofre Nuclear Generating Station  K‐143  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

Node 

X 
Coordinate

(ft)1 

Y 
Coordinate

(ft)1 
Control 
Type 

Grid 
Map 

Number 

1469  6121421 2143128 Actuated 7 

1470  6120793 2142328 Actuated 7 

1474  6123306 2148562 Actuated 7 

1478  6124349 2149508 Actuated 7 

1480  6118363 2154255 Actuated 2 

1484  6118885 2151030 Actuated 2 

1485  6116523 2151624 Actuated 1 

1486  6116506 2154061 Actuated 1 

1488  6116102 2148854 Actuated 6 

1490  6118445 2148844 Actuated 7 

1492  6116134 2155421 Actuated 1 

1303  6152641 2157843 Actuated 4 

1304  6153222 2155074 Stop 4 

1307  6121395 2114938 Actuated 16 

1308  6122889 2115385 Actuated 16 

1380  6129522 2145181 Actuated 8 

1391  6129469 2135729 Actuated 12 

1396  6130741 2130149 Actuated 12 

1397  6135200 2129575 Stop 12 

1414  6134016 2128802 Actuated 12 

1429  6133692 2151313 Actuated 3 

1432  6151459 2160332 Actuated 4 

1497  6114052 2158412 Actuated 1 

1498  6117855 2155081 Actuated 2 

1508  6119990 2154148 Actuated 2 

1510  6112956 2155504 Actuated 1 

1512  6112322 2152029 Actuated 1 

1513  6112160 2150333 Actuated 6 

1514  6112756 2149548 Actuated 6 

1515  6113562 2148998 Actuated 6 

1520  6112074 2150977 Actuated 1 

1525  6113762 2154775 Actuated 1 

1527  6115287 2152315 Actuated 1 

1530  6117645 2153002 Actuated 2 

1534  6114815 2150264 Actuated 6 

1537  6123780 2142800 Actuated 7 

1547  6114955 2136859 Actuated 10 

1551  6115958 2132514 Stop 10 



 

 

San Onofre Nuclear Generating Station  K‐144  KLD Engineering, P.C. 
Evacuation Time Estimate  Rev. 1 

Node 

X 
Coordinate

(ft)1 

Y 
Coordinate

(ft)1 
Control 
Type 

Grid 
Map 

Number 

1553  6115555 2138968 Actuated 6 

1555  6117290 2139278 Actuated 7 

1559  6119482 2140959 Actuated 7 

1570  6123420 2137585 Actuated 11 

1573  6124356 2139232 Actuated 7 

1589  6115433 2125490 Actuated 10 

1596  6115879 2123916 Actuated 15 

1598  6115007 2120271 Actuated 15 

1601  6119860 2125489 Actuated 11 

1606  6120265 2123109 Stop 16 

1608  6120274 2122767 Stop 16 

1610  6120299 2121024 Actuated 16 

1616  6129094 2127784 Actuated 12 

1631  6118291 2119236 Stop 16 

1645  6111901 2123330 Actuated 15 

1649  6111225 2124552 Stop 10 

1663  6126867 2117392 Actuated 16 

1676  6158803 2086993 Actuated 25 

1686  6214342 2029752 Yield 36 
 

1
Coordinates are in the North American Datum of 1983 California VI Plane Zone 
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L. PAZ BOUNDARIES 

 

PAZ 1:  A circle, two miles in radius, around the San Onofre Nuclear Generating Station.  It extends 
beyond two miles in some areas to encompass the San Onofre State Beach, San Onofre 
Bluffs Campground and MCB. 
 

PAZ 2:  A 120 degree “wedge” of the Pacific Ocean offshore from the plant.  This area has no 
permanent population. 
 

PAZ 3:  An area roughly south and southeast of the plant.  This area is completely controlled by 
MCB. 
 

PAZ 4:  A “wedge” to the north of the plant.  This zone includes the entire city of San Clemente, a 
portion of MCB and the unincorporated area of Orange County south of Ortega Highway. 

PAZ 5:   Includes the cities of Dana Point and San Juan Capistrano.   
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San Onofre Nuclear Generating Station  M‐1  KLD Engineering, P.C. 
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M. EVACUATION SENSITIVITY STUDIES 

This  appendix  presents  the  results  of  a  series  of  sensitivity  analyses.  These  analyses  are 
designed to identify the sensitivity of the ETE to changes in some base evacuation conditions. 

M.1 Effect of Changes in Trip Generation Times 

A  sensitivity  study  was  performed  to  determine  whether  changes  in  the  estimated  trip 
generation  time  have  an  effect  on  the  ETE  for  the  entire  EPZ.  Specifically,  if  the  tail  of  the 
mobilization  distribution  were  truncated  (i.e.,  if  those  who  responded  most  slowly  to  the 
Advisory to Evacuate, could be persuaded to respond much more rapidly), how would the ETE 
be affected?  The case considered was Scenario 1, Region 3; a summer, midweek, midday, good 
weather evacuation of the entire EPZ. Table M‐1 presents the results of this study. 

 

Table M‐1.  Evacuation Time Estimates for Trip Generation Sensitivity Study 

Trip 
Generation 
Period 

Evacuation Time Estimate for Entire EPZ 

90th Percentile  100th Percentile 

3 Hours  4:45  7:00 

4 Hours  4:50  7:00 

5 Hours (Base)  4:50  7:00 

 

As discussed  in Section 7.3,  traffic congestion persists within  the EPZ  for about 6½ hours. As 
such, the ETE for the 100th percentile are not affected by the trip generation time, but by the 
time  needed  to  clear  the  congestion  within  the  EPZ.  The  90th  percentile  ETE  are  also  not 
sensitive to truncating the tail of the mobilization time distribution.   
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M.2 Effect of Changes in the Number of People in the Shadow Region Who Relocate 

A sensitivity study was conducted to determine the effect on ETE of changes in the percentage 
of people who decide to relocate from the Shadow Region.  The case considered was Scenario 
1, Region 3;  a  summer, midweek, midday,  good weather evacuation  for  the entire EPZ.  The 
movement of people  in  the  Shadow Region has  the potential  to  impede  vehicles evacuating 
from  an  Evacuation  Region  within  the  EPZ.    Refer  to  Sections  3.2  and  7.1  for  additional 
information on population within the Shadow Region.  

Table M‐2 presents the evacuation time estimates for each of the cases considered. The results 
show that the ETE is not impacted by reducing the shadow to 0%. Tripling the shadow evacuation 
from 20% to 60% results in no change to the 90th percentile ETE and increases the 100th percentile 
ETE  by  10 minutes,  not  a  significant  change.  As  discussed  in  Section  7.3,  ETE  is  dictated  by 
congestion within San Clemente and is not significantly impacted by shadow evacuees.  Decreasing 
the  shadow  percentage  to  16  percent,  reflecting  the  telephone  survey  results  presented  in 
Appendix F, does not have an impact on ETE. 

 

 

Table M‐2.  Evacuation Time Estimates for Shadow Sensitivity Study 

Percent Shadow 
Evacuation 

Evacuating 
Shadow 
Vehicles 

Evacuation Time Estimate for Entire EPZ 

90th Percentile  100th Percentile 

0  0  4:50  7:00 

16  11,742  4:50  7:00 

20 (Base)  14,677  4:50  7:00 

60  44,031  4:50  7:10 
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M.3 Effect of Changes in EPZ Resident Population 

A  sensitivity  study was  conducted  to determine  the effect on ETE of  changes  in  the  resident 
population within  the  study area  (EPZ plus Shadow Region). As population  in  the  study area 
changes over time, the time required to evacuate the public may increase, decrease, or remain 
the  same. Since  the ETE  is  related  to  the demand  to  capacity  ratio present within  the  study 
area,  changes  in  population  will  cause  the  demand  side  of  the  equation  to  change.  The 
sensitivity study was conducted using the following planning assumptions: 

1. The percent  increase  in population within  the study area was varied between 5% and 
8%.  Increases  in population were applied  to permanent  residents only  (as per  federal 
guidance) in both the EPZ area and in the Shadow Region. 

2. The transportation infrastructure remained fixed; the presence of new roads or highway 
capacity improvements was not considered. 

3. The study was performed for the 2‐Mile Region (R01), the 5‐Mile Region (R02) and the 
entire EPZ (R03).   

4. The good weather  scenario which yielded  the highest ETE values was  selected as  the 
case to be considered in this sensitivity study (Scenario 1).   

Table M‐3 presents the results of the sensitivity study. Section IV of Appendix E to 10 CFR Part 
50, and NUREG/CR‐7002, Section 5.4, require  licensees to provide an updated ETE analysis to 
the NRC when a population increase within the EPZ causes ETE values (for the 2‐Mile Region, 5‐
Mile Region or entire EPZ) to increase by 25 percent or 30 minutes, whichever is less. Note that 
all of the base ETE values are greater than 2 hours with the exception of the 2‐mile region at 
the 90th percentile.  Twenty‐five percent of ETE values greater than 2:00 is always greater than 
30 minutes. Therefore, 30 minutes  is  the  lesser and  is  the criterion  for updating. Twenty‐five 
percent of the 90th percentile ETE for the 2‐mile region (1:35) is 23 minutes, which is less than 
30 minutes. 

Those percent population increases which result in ETE changes greater than 30 minutes, or 23 
minutes  for  the  2‐mile  region  at  the  90th  percentile,  are  highlighted  in  red  below  –  an  8% 
increase in the EPZ population. SCE will have to estimate the EPZ population on an annual basis. 
If the EPZ population increases by 8% or more an updated ETE analysis will be needed.
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Table M‐3.  ETE Variation with Population Change 

Resident 
Population 

Base 
Population Change 

7,668 9,968 12,269 

ETE for 90th Percentile 

Region 
  Population Change 

Base 5% 6.5% 8% 

2-Mile 1:35 1:40 1:40 1:40 

5-MILE 5:10 5:25 5:25 5:30 

FULL EPZ 4:50 5:05 5:05 5:10 

ETE for 100th Percentile 

Region Base 
Population Change 

5% 6.5% 8% 

2-Mile 5:00 5:00 5:00 5:00 

5-MILE 6:50 7:05 7:15 7:20 

FULL EPZ 7:00 7:20 7:25 7:30 

 



APPENDIX N 

ETE Criteria Checklist



  Sa
n
 O
n
o
fr
e 
N
u
cl
ea
r 
G
en

er
at
in
g 
St
at
io
n
 

N
‐1
 

K
LD

 E
n
gi
n
ee
ri
n
g,
 P
.C
. 

Ev
ac
u
at
io
n
 T
im

e 
Es
ti
m
at
e 

R
ev
. 1

 

N
. 
ET
E 
C
R
IT
ER

IA
 C
H
EC

K
LI
ST
 

Ta
b
le
 N
‐1
.  
ET
E 
R
e
vi
e
w
 C
ri
te
ri
a 
C
h
e
ck
lis
t 

N
R
C
 R
ev
ie
w
 C
ri
te
ri
a 

C
ri
te
ri
o
n
 A
d
d
re
ss
e
d
 

in
 E
TE

 A
n
al
ys
is
  

C
o
m
m
e
n
ts
 

1
.0
 In

tr
o
d
u
ct
io
n
 

 
 

a.
 
Th
e
 e
m
er
ge
n
cy
 p
la
n
n
in
g 
zo
n
e
 (
EP
Z)
 a
n
d
 s
u
rr
o
u
n
d
in
g 
ar
ea

 
sh
o
u
ld
 b
e
 d
es
cr
ib
e
d
.  
 

Ye
s 

Se
ct
io
n
 1
 

b
. 
A
 m

ap
 s
h
o
u
ld
 b
e
 in
cl
u
d
ed

 t
h
at
 id
en

ti
fi
es
 p
ri
m
ar
y 
fe
at
u
re
s 

o
f 
th
e
 s
it
e,
 in
cl
u
d
in
g 
m
aj
o
r 
ro
ad
w
ay
s,
 s
ig
n
if
ic
an
t 

to
p
o
gr
ap
h
ic
al
 f
ea
tu
re
s,
 b
o
u
n
d
ar
ie
s 
o
f 
co
u
n
ti
es
, a
n
d
 

p
o
p
u
la
ti
o
n
 c
e
n
te
rs
 w
it
h
in
 t
h
e
 E
P
Z.
  

Ye
s 

Fi
gu
re
s 
1
‐1
, 3

‐1
 

c.
 
A
 c
o
m
p
ar
is
o
n
 o
f 
th
e
 c
u
rr
en

t 
an
d
 p
re
vi
o
u
s 
ET
E 
sh
o
u
ld
 b
e
 

p
ro
vi
d
ed

 a
n
d
 in
cl
u
d
es
 s
im

ila
r 
in
fo
rm

at
io
n
 a
s 
id
en

ti
fi
ed

 in
 

Ta
b
le
 1
‐1
, “
ET
E 
C
o
m
p
ar
is
o
n
,”
 o
f 
N
U
R
EG

/C
R
‐7
0
0
2
. 

Ye
s 

Ta
b
le
 1
‐3
 

1
.1
 A
p
p
ro
ac
h
 

a.
 
A
 d
is
cu
ss
io
n
 o
f 
th
e
 a
p
p
ro
ac
h
 a
n
d
 le
ve
l o
f 
d
et
ai
l o
b
ta
in
ed

 
d
u
ri
n
g 
th
e
 f
ie
ld
 s
u
rv
ey
 o
f 
th
e
 r
o
ad
w
ay
 n
et
w
o
rk
 s
h
o
u
ld
 b
e
 

p
ro
vi
d
ed

. 

Ye
s 

Se
ct
io
n
 1
.3
 

b
. 
So
u
rc
es
 o
f 
d
em

o
gr
ap
h
ic
 d
at
a 
fo
r 
sc
h
o
o
ls
, s
p
ec
ia
l f
ac
ili
ti
es
, 

la
rg
e 
em

p
lo
ye
rs
, a
n
d
 s
p
ec
ia
l e
ve
n
ts
 s
h
o
u
ld
 b
e
 id
en

ti
fi
ed

. 
Ye
s 

Se
ct
io
n
s 
2
.1
, 3
, 8

 

c.
 
D
is
cu
ss
io
n
 s
h
o
u
ld
 b
e
 p
re
se
n
te
d
 o
n
 u
se
 o
f 
tr
af
fi
c 
co
n
tr
o
l 

p
la
n
s 
in
 t
h
e
 a
n
al
ys
is
.  
 

Ye
s 

Se
ct
io
n
 1
.3
, S
ec
ti
o
n
 2
.3
, S
ec
ti
o
n
 9
, 

A
p
p
en

d
ix
 G
 

d
. 
Tr
af
fi
c 
si
m
u
la
ti
o
n
 m

o
d
el
s 
u
se
d
 f
o
r 
th
e
 a
n
al
ys
es
 s
h
o
u
ld
 b
e
 

id
en

ti
fi
ed

 b
y 
n
am

e 
an
d
 v
er
si
o
n
. 

Ye
s 

Se
ct
io
n
 1
.3
, T
ab
le
 1
‐3
, A

p
p
en

d
ix
 B
, 

A
p
p
en

d
ix
 C
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o
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N
u
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ea
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G
en
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in
g 
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io
n
 

N
‐2
 

K
LD

 E
n
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n
ee
ri
n
g,
 P
.C
. 
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u
at
io
n
 T
im

e 
Es
ti
m
at
e 

R
ev
. 1

 

N
R
C
 R
ev
ie
w
 C
ri
te
ri
a 

C
ri
te
ri
o
n
 A
d
d
re
ss
e
d
 

in
 E
TE

 A
n
al
ys
is
  

C
o
m
m
e
n
ts
 

e
. 
M
et
h
o
d
s 
u
se
d
 t
o
 a
d
d
re
ss
 d
at
a 
u
n
ce
rt
ai
n
ti
es
 s
h
o
u
ld
 b
e
 

d
es
cr
ib
ed

. 
Ye
s 

Se
ct
io
n
 3
 –
 a
vo
id
 d
o
u
b
le
 c
o
u
n
ti
n
g 

Se
ct
io
n
 5
, A

p
p
en

d
ix
 F
 –
 4
.5
%
 s
am

p
lin
g 

er
ro
r 
at
 9
5
%
 c
o
n
fi
d
en

ce
 in
te
rv
al
 f
o
r 

te
le
p
h
o
n
e
 s
u
rv
ey
 

1
.2
 A
ss
u
m
p
ti
o
n
s 

a.
 
Th
e
 p
la
n
n
in
g 
b
as
is
 f
o
r 
th
e 
ET
E 
in
cl
u
d
es
 t
h
e
 a
ss
u
m
p
ti
o
n
 

th
at
 t
h
e
 e
va
cu
at
io
n
 s
h
o
u
ld
 b
e
 o
rd
er
ed

 p
ro
m
p
tl
y 
an
d
 n
o
 

ea
rl
y 
p
ro
te
ct
iv
e
 a
ct
io
n
s 
h
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e
 b
ee
n
 im

p
le
m
en

te
d
. 

Ye
s 

Se
ct
io
n
 2
.3
 –
 A
ss
u
m
p
ti
o
n
 1
 

Se
ct
io
n
 5
.1
 

b
. 
A
ss
u
m
p
ti
o
n
s 
co
n
si
st
en

t 
w
it
h
 T
ab
le
 1
‐2
, “
G
en

er
al
 

A
ss
u
m
p
ti
o
n
s,
” 
o
f 
N
U
R
EG

/C
R
‐7
0
0
2
 s
h
o
u
ld
 b
e
 p
ro
vi
d
ed

 a
n
d
 

in
cl
u
d
e
 t
h
e
 b
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is
 t
o
 s
u
p
p
o
rt
 t
h
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r 
u
se
. 

Ye
s 

Se
ct
io
n
s 
2
.2
, 2
.3
 

1
.3
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ce
n
ar
io
 D
e
ve
lo
p
m
e
n
t 

a.
 
Th
e
 t
en

 s
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n
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s 
in
 T
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le
 1
‐3
, E
va
cu
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io
n
 S
ce
n
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io
s,
 

sh
o
u
ld
 b
e
 d
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e
lo
p
ed
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o
r 
th
e
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 a
n
al
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is
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r 
a 
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o
n
 

sh
o
u
ld
 b
e
 p
ro
vi
d
ed
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o
r 
u
se
 o
f 
o
th
er
 s
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n
ar
io
s.
 

Ye
s 
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b
le
s 
2
‐1
, 6

‐2
 

1
.3
.1
 S
ta
ge
d
 E
va
cu
at
io
n
 

a.
 
A
 d
is
cu
ss
io
n
 s
h
o
u
ld
 b
e
 p
ro
vi
d
ed

 o
n
 t
h
e 
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p
ro
ac
h
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se
d
 in

 
d
ev
el
o
p
m
en

t 
o
f 
a 
st
ag
ed

 e
va
cu
at
io
n
. 

Ye
s 

Se
ct
io
n
s 
5
.4
.2
, 7
.2
 

1
.4
 E
va
cu
at
io
n
 P
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n
n
in
g 
A
re
as
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A
 m

ap
 o
f 
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Z 
w
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h
 e
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ge
n
cy
 r
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p
o
n
se
 p
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n
n
in
g 
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s 
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R
P
A
s)
 s
h
o
u
ld
 b
e
 in
cl
u
d
ed

. 
Ye
s 
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re
 6
‐1
 

b
. 
A
 t
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le
 s
h
o
u
ld
 b
e
 p
ro
vi
d
ed

 id
en

ti
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g 
th
e
 E
R
P
A
s 
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d
er
ed
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o
r 
ea
ch
 E
TE

 c
al
cu
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ti
o
n
 b
y 
d
o
w
n
w
in
d
 

d
ir
ec
ti
o
n
 in

 e
ac
h
 s
ec
to
r.
   

Ye
s 

Ta
b
le
s 
6
‐1
, 7

‐7
, H

‐1
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n
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n
o
fr
e 
N
u
cl
ea
r 
G
en

er
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in
g 
St
at
io
n
 

N
‐3
 

K
LD

 E
n
gi
n
ee
ri
n
g,
 P
.C
. 
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ac
u
at
io
n
 T
im

e 
Es
ti
m
at
e 

R
ev
. 1

 

N
R
C
 R
ev
ie
w
 C
ri
te
ri
a 

C
ri
te
ri
o
n
 A
d
d
re
ss
e
d
 

in
 E
TE

 A
n
al
ys
is
  

C
o
m
m
e
n
ts
 

c.
 
A
 t
ab
le
 s
im

ila
r 
to
 T
ab
le
 1
‐4
, “
Ev
ac
u
at
io
n
 A
re
as
 f
o
r 
a 
St
ag
ed

 
Ev
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u
at
io
n
 K
ey
h
o
le
,”
 o
f 
N
U
R
EG

/C
R
‐7
0
0
2
 s
h
o
u
ld
 b
e
 

p
ro
vi
d
ed

 a
n
d
 in
cl
u
d
es
 t
h
e
 c
o
m
p
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te
 e
va
cu
at
io
n
 o
f 
th
e
 2
, 5
, 
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d
 1
0
 m

ile
 a
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as
 a
n
d
 f
o
r 
th
e
 2
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ile
 a
re
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5
 m

ile
 k
ey
h
o
le
 

ev
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u
at
io
n
s.
 

Ye
s 

Ta
b
le
 6
‐1
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‐7
, H

‐1
 

2
.0
 D
e
m
an

d
 E
st
im

at
io
n
 

a.
 
D
em

an
d
 e
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im

at
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n
 s
h
o
u
ld
 b
e
 d
ev
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o
p
ed

 f
o
r 
th
e
 f
o
u
r 

p
o
p
u
la
ti
o
n
 g
ro
u
p
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 in
cl
u
d
in
g 
p
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m
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en

t 
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d
en
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 o
f 
th
e
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 t
ra
n
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p
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l f
ac
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ti
es
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n
d
 s
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o
o
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. 
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s 

P
er
m
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t 
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d
en

ts
 –
 S
e
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n
 3
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p
lo
ye
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 a
n
d
 t
ra
n
si
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 –
 S
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o
n
 3
, 

A
p
p
en

d
ix
 E
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l f
ac
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es
, s
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o
o
ls
 –
 S
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o
n
 8
, 

A
p
p
en

d
ix
 E
 

2
.1
 P
e
rm

an
e
n
t 
R
e
si
d
e
n
ts
 a
n
d
 T
ra
n
si
e
n
t 
P
o
p
u
la
ti
o
n
 

a.
 
Th
e
 U
S 
C
en

su
s 
sh
o
u
ld
 b
e
 t
h
e
 s
o
u
rc
e 
o
f 
th
e
 p
o
p
u
la
ti
o
n
 

va
lu
es
, o
r 
an
o
th
er
 c
re
d
ib
le
 s
o
u
rc
e 
sh
o
u
ld
 b
e
 p
ro
vi
d
ed

. 
Ye
s 

Se
ct
io
n
 3
.1
 

b
. 
P
o
p
u
la
ti
o
n
 v
al
u
es
 s
h
o
u
ld
 b
e
 a
d
ju
st
ed

 a
s 
n
ec
es
sa
ry
 f
o
r 

gr
o
w
th
 t
o
 r
ef
le
ct
 p
o
p
u
la
ti
o
n
 e
st
im

at
es
 t
o
 t
h
e
 y
ea
r 
o
f 
th
e
 

ET
E.
 

Ye
s 

2
0
1
0
 u
se
d
 a
s 
th
e
 b
as
e
 y
ea
r 
fo
r 
an
al
ys
is
.  

c.
 
A
 s
ec
to
r 
d
ia
gr
am

 s
h
o
u
ld
 b
e
 in
cl
u
d
ed

, s
im

ila
r 
to
 F
ig
u
re
 2
‐1
,  
 

“P
o
p
u
la
ti
o
n
 b
y 
Se
ct
o
r,
” 
o
f 
N
U
R
EG

/C
R
‐7
0
0
2
, s
h
o
w
in
g 
th
e
 

p
o
p
u
la
ti
o
n
 d
is
tr
ib
u
ti
o
n
 f
o
r 
p
er
m
an
en

t 
re
si
d
en

ts
. 

Ye
s 

Fi
gu
re
 3
‐2
 

2
.1
.1
 P
e
rm

an
e
n
t 
R
e
si
d
e
n
ts
 w
it
h
 V
e
h
ic
le
s 

a.
 
Th
e
 p
er
so
n
s 
p
er
 v
eh

ic
le
 v
al
u
e
 s
h
o
u
ld
 b
e
 b
et
w
ee
n
 1
 a
n
d
 2
 

o
r 
ju
st
if
ic
at
io
n
 s
h
o
u
ld
 b
e
 p
ro
vi
d
ed

 f
o
r 
o
th
er
 v
al
u
es
. 

Ye
s 

1
.8
5
 p
er
so
n
s 
p
er
 v
eh

ic
le
 b
as
ed

 o
n
 

te
le
p
h
o
n
e
 s
u
rv
ey
 r
es
u
lt
s 
– 
se
e 
Ta
b
le
 1
‐3
 



  Sa
n
 O
n
o
fr
e 
N
u
cl
ea
r 
G
en

er
at
in
g 
St
at
io
n
 

N
‐4
 

K
LD

 E
n
gi
n
ee
ri
n
g,
 P
.C
. 

Ev
ac
u
at
io
n
 T
im

e 
Es
ti
m
at
e 

R
ev
. 1

 

N
R
C
 R
ev
ie
w
 C
ri
te
ri
a 

C
ri
te
ri
o
n
 A
d
d
re
ss
e
d
 

in
 E
TE

 A
n
al
ys
is
  

C
o
m
m
e
n
ts
 

b
. 
M
aj
o
r 
em

p
lo
ye
rs
 s
h
o
u
ld
 b
e
 li
st
ed

. 
Ye
s 

Se
ct
io
n
 3
.5
 

2
.1
.2
 T
ra
n
si
e
n
t 
P
o
p
u
la
ti
o
n
 

a.
 
A
 li
st
 o
f 
fa
ci
lit
ie
s 
w
h
ic
h
 a
tt
ra
ct
 t
ra
n
si
en

t 
p
o
p
u
la
ti
o
n
s 

sh
o
u
ld
 b
e
 in
cl
u
d
ed

, a
n
d
 p
ea
k 
an
d
 a
ve
ra
ge
 a
tt
en

d
an
ce
 f
o
r 

th
es
e
 f
ac
ili
ti
es
 s
h
o
u
ld
 b
e
 li
st
ed

.  
Th
e
 s
o
u
rc
e 
o
f 
in
fo
rm

at
io
n
 

u
se
d
 t
o
 d
ev
el
o
p
 a
tt
en

d
an
ce
 v
al
u
es
 s
h
o
u
ld
 b
e
 p
ro
vi
d
ed

. 

Ye
s 

Se
ct
io
n
s 
3
.3
, 3
.4
, A

p
p
en

d
ix
 E
 

b
. 
Th
e
 a
ve
ra
ge
 p
o
p
u
la
ti
o
n
 d
u
ri
n
g 
th
e
 s
ea
so
n
 s
h
o
u
ld
 b
e
 u
se
d
, 

it
em

iz
ed

 a
n
d
 t
o
ta
le
d
 f
o
r 
ea
ch
 s
ce
n
ar
io
. 

Ye
s 

Ta
b
le
s 
3
‐4
, 3

‐5
 a
n
d
 A
p
p
en

d
ix
 E
 it
em

iz
e
 t
h
e
 

tr
an
si
en

t 
p
o
p
u
la
ti
o
n
 a
n
d
 e
m
p
lo
ye
e 

es
ti
m
at
es
. T
h
es
e
 e
st
im

at
es
 a
re
 m

u
lt
ip
lie
d
 

b
y 
th
e
 s
ce
n
ar
io
 s
p
ec
if
ic
 p
e
rc
en

ta
ge
s 

p
ro
vi
d
ed

 in
 T
ab
le
 6
‐3
 t
o
 e
st
im

at
e
 a
ve
ra
ge
 

tr
an
si
en

t 
p
o
p
u
la
ti
o
n
 b
y 
sc
en

ar
io
. 

c.
 
Th
e
 p
er
ce
n
t 
o
f 
p
er
m
an
en

t 
re
si
d
en

ts
 a
ss
u
m
ed

 t
o
 b
e
 a
t 

fa
ci
lit
ie
s 
sh
o
u
ld
 b
e
 e
st
im

at
ed

. 
Ye
s 

Se
ct
io
n
s 
3
.3
, 3
.4
, 3
.5
 

d
. 
Th
e
 n
u
m
b
er
 o
f 
p
eo

p
le
 p
e
r 
ve
h
ic
le
 s
h
o
u
ld
 b
e
 p
ro
vi
d
ed

.  
N
u
m
b
er
s 
m
ay
 v
ar
y 
b
y 
sc
en

ar
io
, a
n
d
 if
 s
o
, d
is
cu
ss
io
n
 o
n
 

w
h
y 
va
lu
es
 v
ar
y 
sh
o
u
ld
 b
e
 p
ro
vi
d
ed

. 

Ye
s 

Se
ct
io
n
s 
3
.3
, 3
.4
, 3
.5
 

e
. 
A
 s
ec
to
r 
d
ia
gr
am

 s
h
o
u
ld
 b
e
 in
cl
u
d
ed

, s
im

ila
r 
to
 F
ig
u
re
 2
‐1
 

o
f 
N
U
R
EG

/C
R
‐7
0
0
2
, s
h
o
w
in
g 
th
e
 p
o
p
u
la
ti
o
n
 d
is
tr
ib
u
ti
o
n
 

fo
r 
th
e
 t
ra
n
si
en

t 
p
o
p
u
la
ti
o
n
. 

Ye
s 

Fi
gu
re
 3
‐6
 –
 t
ra
n
si
en

ts
 

Fi
gu
re
 3
‐8
 –
 e
m
p
lo
ye
es
 

2
.2
 T
ra
n
si
t 
D
e
p
e
n
d
e
n
t 
P
e
rm

an
e
n
t 
R
e
si
d
e
n
ts
 

a.
 
Th
e
 m

et
h
o
d
o
lo
gy
 u
se
d
 t
o
 d
et
er
m
in
e 
th
e
 n
u
m
b
er
 o
f 
tr
an
si
t 

d
ep

en
d
en

t 
re
si
d
en

ts
 s
h
o
u
ld
 b
e
 d
is
cu
ss
ed

.  
 

Ye
s 

Se
ct
io
n
 8
.1
, T
ab
le
 8
‐1
 

b
. 
Tr
an
sp
o
rt
at
io
n
 r
es
o
u
rc
es
 n
ee
d
ed

 t
o
 e
va
cu
at
e 
th
is
 g
ro
u
p
 

sh
o
u
ld
 b
e
 q
u
an
ti
fi
ed

. 
Ye
s 

Se
ct
io
n
 8
.1
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at
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b
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f 
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it
h
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is
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ti
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n
d
 t
h
o
se
 w
it
h
 a
cc
es
s 
an
d
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n
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io
n
al
 n
ee
d
s 
w
h
o
 m

ay
 n
ee
d
 a
ss
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ta
n
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 a
n
d
 d
o
 n
o
t 

re
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d
e
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 s
p
ec
ia
l f
ac
ili
ti
es
 s
h
o
u
ld
 b
e
 p
ro
vi
d
ed
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o
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ca
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co
u
n
ty
 r
eg
is
tr
at
io
n
 p
ro
gr
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s 
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o
u
ld
 b
e
 u
se
d
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 t
h
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m
at
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t 
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o
u
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o
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b
e
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h
e
 o
n
ly
 s
et
 o
f 
d
at
a.
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it
ie
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sh
o
u
ld
 b
e
 p
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vi
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ed
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o
r 
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l t
yp
es
 o
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o
rt
at
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n
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it
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e
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at
io
n
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h
o
u
ld
 b
e
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vi
d
ed
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al
u
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p
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at
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o
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ti
o
n
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h
o
u
ld
 b
e
 p
ro
vi
d
ed
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n
d
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rm

at
io
n
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h
o
u
ld
 b
e
 p
ro
vi
d
ed

 t
h
at
 t
h
e
 e
xi
st
in
g 
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st
ra
ti
o
n
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ro
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s 
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u
se
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p
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g 
th
e
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ti
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at
e.
 

Ye
s 

Ta
b
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n
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b
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 o
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e
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o
ta
l n
u
m
b
er
 o
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b
u
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b
u
la
n
ce
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 o
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o
th
er
 t
ra
n
sp
o
rt
 n
ee
d
ed

 t
o
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u
p
p
o
rt
 

ev
ac
u
at
io
n
 s
h
o
u
ld
 b
e
 p
ro
vi
d
ed
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n
d
 t
h
e
 q
u
an
ti
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ti
o
n
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u
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o
u
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e
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le
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o
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b
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b
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u
d
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ti
o
n
, a
n
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ra
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o
p
u
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ti
o
n
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o
u
ld
 b
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u
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ia
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n
.  
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C
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d
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A
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cu
ss
io
n
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h
o
u
ld
 b
e
 p
ro
vi
d
ed
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n
 h
o
w
 s
p
ec
ia
l f
ac
ili
ty
 

d
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a 
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b
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in
ed
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o
n
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.3
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Th
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 n
u
m
b
er
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f 
w
h
ee
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h
ai
r 
an
d
 b
ed
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o
u
n
d
 in
d
iv
id
u
al
s 

sh
o
u
ld
 b
e
 p
ro
vi
d
ed
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Ye
s 
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io
n
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, T
ab
le
 8
‐4
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ab
le
 E
‐3
 

d
. 
A
n
 e
st
im

at
e 
o
f 
th
e
 n
u
m
b
er
 a
n
d
 c
ap
ac
it
y 
o
f 
ve
h
ic
le
s 

n
ee
d
ed

 t
o
 s
u
p
p
o
rt
 t
h
e
 e
va
cu
at
io
n
 o
f 
th
e
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ili
ty
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h
o
u
ld
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e
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vi
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ed
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b
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o
b
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n
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ta
ff
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e.
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m
ed

ic
al
 s
u
p
p
o
rt
 o
r 
se
cu
ri
ty
 s
u
p
p
o
rt
 f
o
r 
p
ri
so
n
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n
d
 

o
th
er
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o
rr
ec
ti
o
n
al
 f
ac
ili
ti
es
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ld
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e
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at
e.
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 li
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f 
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o
o
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u
d
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ti
o
n
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tu
d
en
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o
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u
la
ti
o
n
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n
d
 t
ra
n
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o
rt
at
io
n
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o
u
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es
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u
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o
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p
o
rt
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e
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cu
at
io
n
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h
o
u
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 b
e
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vi
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e
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b
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at
io
n
 r
es
o
u
rc
es
 f
o
r 
el
em

en
ta
ry
 a
n
d
 m

id
d
le
 

sc
h
o
o
ls
 s
h
o
u
ld
 b
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at
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p
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at
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o
u
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 b
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n
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at
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 li
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o
u
ld
 b
e
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vi
d
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n
d
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u
d
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at
io
n
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n
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h
e
 p
o
p
u
la
ti
o
n
, e
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im

at
ed

 
d
u
ra
ti
o
n
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n
d
 s
ea
so
n
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th
e
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ve
n
t.
 

Ye
s 

Se
ct
io
n
 3
.8
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Th
e
 s
p
ec
ia
l e
ve
n
t 
th
at
 e
n
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p
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se
s 
th
e
 p
ea
k 
tr
an
si
en

t 
p
o
p
u
la
ti
o
n
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h
o
u
ld
 b
e
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n
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ed

 in
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h
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TE
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Ye
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Se
ct
io
n
 3
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e
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er
ce
n
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o
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p
er
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en

t 
re
si
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en
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en

d
in
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 e
ve
n
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ed
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at
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n
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A
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w
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0
 p
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n
t 
sh
o
u
ld
 b
e
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u
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o
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u
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e
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h
e
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at
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n
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p
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p
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e
 s
h
ad
o
w
 e
va
cu
at
io
n
 in

 t
h
e
 1
0
 

to
 1
5
 m

ile
 a
re
a 
b
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b
le
 3
‐3
 

c.
 
Th
e
 lo
ad
in
g 
o
f 
th
e
 s
h
ad
o
w
 e
va
cu
at
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at
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ra
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b
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n
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n
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th
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gh
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ra
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h
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ra
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e
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b
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 t
ra
ff
ic
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p
p
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n
te
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n
g 
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e
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P
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n
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p
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n
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aw

 
en
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en
t 
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n
 m

an
 a
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es
s 
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n
tr
o
l 

p
o
in
ts
 a
t 
3
0
 m

in
u
te
s 
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te
r 
in
it
ia
l 

n
o
ti
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ca
ti
o
n
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u
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o
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D
e
m
an
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 E
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n
 

a.
 
A
 s
u
m
m
ar
y 
ta
b
le
 s
h
o
u
ld
 b
e
 p
ro
vi
d
ed

 t
h
at
 id
en

ti
fi
es
 t
h
e
 

to
ta
l p
o
p
u
la
ti
o
n
s 
an
d
 t
o
ta
l v
eh

ic
le
s 
u
se
d
 in

 a
n
al
ys
is
 f
o
r 

p
er
m
an
en

t 
re
si
d
en

ts
, t
ra
n
si
en

ts
, t
ra
n
si
t 
d
ep

en
d
en

t 
re
si
d
en

ts
, s
p
ec
ia
l f
ac
ili
ti
es
, s
ch
o
o
ls
, s
h
ad
o
w
 p
o
p
u
la
ti
o
n
, 

an
d
 p
as
s‐
th
ro
u
gh

 d
em

an
d
 u
se
d
 in

 e
ac
h
 s
ce
n
ar
io
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Ye
s 

Ta
b
le
s 
3
‐7
, 3

‐8
 

3
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o
ad
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ay
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ac
it
y 

a.
 
Th
e
 m

et
h
o
d
(s
) 
u
se
d
 t
o
 a
ss
es
s 
ro
ad
w
ay
 c
ap
ac
it
y 
sh
o
u
ld
 b
e
 

d
is
cu
ss
ed
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Ye
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ct
io
n
 4
 

3
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ad

w
ay
 C
h
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ac
te
ri
st
ic
s 

a.
 
A
 f
ie
ld
 s
u
rv
ey
 o
f 
ke
y 
ro
u
te
s 
w
it
h
in
 t
h
e
 E
P
Z 
h
as
 b
ee
n
 

co
n
d
u
ct
ed
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Ye
s 

Se
ct
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n
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b
. 
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rm

at
io
n
 s
h
o
u
ld
 b
e
 p
ro
vi
d
ed

 d
es
cr
ib
in
g 
th
e
 e
xt
en

t 
o
f 

th
e
 s
u
rv
ey
, a
n
d
 t
yp
es
 o
f 
in
fo
rm

at
io
n
 g
at
h
er
ed

 a
n
d
 u
se
d
 in

 
th
e
 a
n
al
ys
is
.  
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n
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c.
 
A
 t
ab
le
 s
im

ila
r 
to
 t
h
at
 in

 A
p
p
en

d
ix
 A
, “
R
o
ad
w
ay
 

C
h
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ac
te
ri
st
ic
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” 
o
f 
N
U
R
EG

/C
R
‐7
0
0
2
 s
h
o
u
ld
 b
e
 p
ro
vi
d
ed

. 
Ye
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b
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ro
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b
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u
m
b
er
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an
d
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en
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 u
se
d
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o
 d
ev
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p
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h
e
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TE

 s
h
o
u
ld
 b
e
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ro
vi
d
ed

 a
n
d
 s
h
o
u
ld
 b
e
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im

ila
r 
to
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ig
u
re
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‐1
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R
o
ad
w
ay
 

N
et
w
o
rk
 Id
en

ti
fy
in
g 
N
o
d
es
 a
n
d
 S
eg
m
en

ts
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U
R
EG
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R
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‐1
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se
n
t 
th
e
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n
ti
re
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o
d
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ys
is
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et
w
o
rk
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e
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le
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o
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fy
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d
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is
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e
 a
p
p
ro
ac
h
 u
se
d
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o
 c
al
cu
la
te
 t
h
e
 r
o
ad
w
ay
 c
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ac
it
y 
fo
r 

th
e
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n
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o
rt
at
io
n
 n
et
w
o
rk
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o
u
ld
 b
e
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ib
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et
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d
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en
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 s
h
o
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ld
 b
e
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se
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h
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el
in
g.
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e
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it
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en

ti
fi
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 w
h
er
e 
fi
el
d
 in
fo
rm

at
io
n
 

sh
o
u
ld
 b
e
 u
se
d
 in

 t
h
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al
cu
la
ti
o
n
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io
n
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ec
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o
n
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3
.3
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io
n
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n
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o
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st
 o
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in
te
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ec
ti
o
n
s 
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o
u
ld
 b
e
 p
ro
vi
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ed
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h
at
 in
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u
d
es
 t
h
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l n
u
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b
er
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o
n
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d
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ri
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fo
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th
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h
es
t 
vo
lu
m
e 
in
te
rs
ec
ti
o
n
s 

w
it
h
in
 t
h
e
 E
P
Z 
ar
e 
p
ro
vi
d
ed

 in
cl
u
d
in
g 
th
e
 lo
ca
ti
o
n
, s
ig
n
al
 

cy
cl
e
 le
n
gt
h
, a
n
d
 t
u
rn
 la
n
e
 q
u
eu

e
 c
ap
ac
it
y.
 

Ye
s 

Ta
b
le
 J
‐1
 

c.
 
D
is
cu
ss
io
n
 s
h
o
u
ld
 b
e
 p
ro
vi
d
ed

 o
n
 h
o
w
 s
ig
n
al
 c
yc
le
 t
im

e
 is
 

u
se
d
 in

 t
h
e
 c
al
cu
la
ti
o
n
s.
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p
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3
.4
 A
d
ve
rs
e
 W

e
at
h
e
r 

a.
 
Th
e
 a
d
ve
rs
e 
w
ea
th
er
 c
o
n
d
it
io
n
 s
h
o
u
ld
 b
e
 id
en

ti
fi
ed

 a
n
d
 

th
e
 e
ff
ec
ts
 o
f 
ad
ve
rs
e 
w
ea
th
er
 o
n
 m

o
b
ili
za
ti
o
n
 t
im

e
 

sh
o
u
ld
 b
e
 c
o
n
si
d
er
ed

. 

Ye
s 

Ta
b
le
 2
‐1
, S
e
ct
io
n
 2
.3
 –
 A
ss
u
m
p
ti
o
n
 9
 

M
o
b
ili
za
ti
o
n
 t
im

e 
– 
Ta
b
le
 2
‐2
 

b
. 
Th
e
 s
p
ee
d
 a
n
d
 c
ap
ac
it
y 
re
d
u
ct
io
n
 f
ac
to
rs
 id
en

ti
fi
ed

 in
 

Ta
b
le
 3
‐1
, “
W
ea
th
er
 C
ap
ac
it
y 
Fa
ct
o
rs
,”
 o
f 
N
U
R
EG

/C
R
‐7
0
0
2
 

sh
o
u
ld
 b
e
 u
se
d
 o
r 
a 
b
as
is
 s
h
o
u
ld
 b
e
 p
ro
vi
d
ed

 f
o
r 
o
th
er
 

va
lu
es
. 

Ye
s 

Ta
b
le
 2
‐2
 –
 b
as
ed

 o
n
 H
C
M
 2
0
1
0
. T
h
e
 

fa
ct
o
rs
 p
ro
vi
d
ed

 in
 T
ab
le
 3
‐1
 o
f 

N
U
R
EG

/C
R
‐7
0
0
2
 a
re
 f
ro
m
 H
C
M
 2
0
0
0
. 

c.
 
Th
e
 s
tu
d
y 
id
en

ti
fi
es
 a
ss
u
m
p
ti
o
n
s 
fo
r 
sn
o
w
 r
em

o
va
l o
n
 

st
re
et
s 
an
d
 d
ri
ve
w
ay
s,
 w
h
en

 a
p
p
lic
ab
le
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Ye
s 

N
o
t 
ap
p
lic
ab
le
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at
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ra
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n
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im

e
 

a.
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ro
ce
ss
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se
d
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o
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ev
el
o
p
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p
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en
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at
io
n
 t
im

es
 s
h
o
u
ld
 

b
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en
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h
e
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co
p
e
 o
f 
th
e
 

su
rv
ey
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re
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o
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rv
ey
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u
m
b
er
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p
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ti
ci
p
an
ts
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n
d
 

st
at
is
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ca
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ev
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ld
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b
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at
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b
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an
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R
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d
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n
si
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n
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o
p
u
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ti
o
n
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er
m
an
en
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en

ts
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ss
u
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ed
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o
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va
cu
at
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o
m
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h
ei
r 

h
o
m
es
 b
u
t 
ar
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n
o
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as
su
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ed

 t
o
 b
e
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t 
h
o
m
e 
at
 a
ll 
ti
m
es
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Tr
ip
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en

er
at
io
n
 t
im

e 
in
cl
u
d
es
 t
h
e
 a
ss
u
m
p
ti
o
n
 t
h
at
 a
 

p
er
ce
n
ta
ge
 o
f 
re
si
d
en

ts
 w
ill
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ee
d
 t
o
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et
u
rn
 h
o
m
e 
p
ri
o
r 
to
 

ev
ac
u
at
in
g.
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es
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ri
p
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en

er
at
io
n
 f
o
r 

h
o
u
se
h
o
ld
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w
it
h
 a
n
d
 w
it
h
o
u
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tu
rn
in
g 

co
m
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u
te
rs
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le
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se
n
ts
 t
h
e
 

p
er
ce
n
ta
ge
 o
f 
h
o
u
se
h
o
ld
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w
it
h
 r
et
u
rn
in
g 

co
m
m
u
te
rs
 a
n
d
 t
h
e
 p
er
ce
n
ta
ge
 o
f 
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o
u
se
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o
ld
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th
er
 w
it
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o
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tu
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in
g 
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rs
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o
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o
m
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rs
. 

A
p
p
en

d
ix
 F
 p
re
se
n
ts
 t
h
e 
p
er
ce
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ld
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 o
f 

co
m
m
u
te
rs
. S
ec
ti
o
n
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u
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p
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n
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p
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at
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b
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b
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D
e
p
e
n
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n
t 
R
e
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d
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n
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a.
 
If
 a
va
ila
b
le
, e
xi
st
in
g 
p
la
n
s 
an
d
 b
u
s 
ro
u
te
s 
sh
o
u
ld
 b
e
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se
d
 

in
 t
h
e
 E
TE
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n
al
ys
is
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w
 p
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o
u
ld
 b
e
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p
ed

 w
it
h
 

th
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TE
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e
 b
ee
n
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ee
d
 u
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n
 b
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th
e
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p
o
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b
le
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o
ri
ti
es
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ag
e
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‐7
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re
‐e
st
ab
lis
h
ed

 b
u
s 

ro
u
te
s 
d
o
 n
o
t 
ex
is
t.
 B
as
ic
 b
u
s 
ro
u
te
s 
w
er
e 

d
ev
el
o
p
ed

 f
o
r 
th
e
 E
TE

 a
n
al
ys
is
 –
 s
ee

 F
ig
u
re
 

8
‐2
 t
h
ro
u
gh

 8
‐4
, T
ab
le
 8
‐9
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b
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D
is
cu
ss
io
n
 s
h
o
u
ld
 b
e
 in
cl
u
d
ed

 o
n
 t
h
e
 m

ea
n
s 
o
f 
ev
ac
u
at
in
g 

am
b
u
la
to
ry
 a
n
d
 n
o
n
‐a
m
b
u
la
to
ry
 r
es
id
en

ts
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n
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8
.4
, 8
.5
 

c.
 
Th
e
 n
u
m
b
er
, l
o
ca
ti
o
n
, a
n
d
 a
va
ila
b
ili
ty
 o
f 
b
u
se
s,
 a
n
d
 o
th
er
 

re
so
u
rc
es
 n
ee
d
ed

 t
o
 s
u
p
p
o
rt
 t
h
e
 d
em

an
d
 e
st
im

at
io
n
 

sh
o
u
ld
 b
e
 p
ro
vi
d
ed
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Ye
s 
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ct
io
n
 8
.4
, T
ab
le
 8
‐5
 

d
. 
Lo
gi
st
ic
al
 d
et
ai
ls
, s
u
ch
 a
s 
th
e
 t
im

e 
to
 o
b
ta
in
 b
u
se
s,
 b
ri
ef
 

d
ri
ve
rs
, a
n
d
 in
it
ia
te
 t
h
e
 b
u
s 
ro
u
te
 s
h
o
u
ld
 b
e
 p
ro
vi
d
ed

. 
Ye
s 
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io
n
 8
.4
, F
ig
u
re
 8
‐1
 

e
. 
D
is
cu
ss
io
n
 s
h
o
u
ld
 id
en

ti
fy
 t
h
e
 t
im

e 
es
ti
m
at
ed

 f
o
r 
tr
an
si
t 

d
ep

en
d
en

t 
re
si
d
en

ts
 t
o
 p
re
p
ar
e 
an
d
 t
ra
ve
l t
o
 a
 b
u
s 
p
ic
ku
p
 

p
o
in
t,
 a
n
d
 d
e
sc
ri
b
e
s 
th
e
 e
xp
ec
te
d
 m

e
an
s 
o
f 
tr
av
el
 t
o
 t
h
e
 

p
ic
ku
p
 p
o
in
t.
 

Ye
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ct
io
n
 8
.4
, p
ag
e
 8
‐7
 

f.
 
Th
e
 n
u
m
b
er
 o
f 
b
u
s 
st
o
p
s 
an
d
 t
im

e 
n
ee
d
ed

 t
o
 lo
ad

 
p
as
se
n
ge
rs
 s
h
o
u
ld
 b
e
 d
is
cu
ss
ed

. 
Ye
s 

Se
ct
io
n
 8
.4
 

g.
 
A
 m

ap
 o
f 
b
u
s 
ro
u
te
s 
sh
o
u
ld
 b
e
 in
cl
u
d
ed

. 
Ye
s 

Fi
gu
re
 8
‐2
 t
h
ro
u
gh

 8
‐4
 

h
. 
Th
e
 t
ri
p
 g
en

er
at
io
n
 t
im

e 
fo
r 
n
o
n
‐a
m
b
u
la
to
ry
 p
er
so
n
s 

in
cl
u
d
es
 t
h
e 
ti
m
e 
to
 m

o
b
ili
ze
 a
m
b
u
la
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Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Robert Bledsoe 

Title: Manager, Project/Product  
 Dated: 04/17/2013

Question Section III. D.1:

III. Other Issues

D. Spent Nuclear Fuel Generation

1. Please provide any updates to Table 12: Waste Generated at Diablo Canyon (Units 1 and 2) 
and SONGS (Unit 1, 2 and Unit 3) from the AB 1632 Assessment of California’s Operating 
Nuclear Plants: Final Report, October 2008 (CEC-100-2008-005-F, page 213). (Diablo 
Canyon, SONGS)

Response to Question Section III. D.1:

An update to Table 12 is attached:  





Southern California Edison
SONGS OII  I.12-10-013

DATA REQUEST SET  CEC-SCE-001

To: CEC
Prepared by: Robert Bledsoe 

Title: Manager, Project/Product  
 Dated: 04/17/2013

Question Section III. E.1:

III. Other Issues

E. Spent Nuclear Fuel Storage

1. Please provide any updates to Table 14: On-Site Spent Fuel Capacity (number of assemblies) 
from the AB 1632 Assessment of California’s Operating Nuclear Plants: Final Report, October 
2008 (CEC-100-2008-005-F, page 217).

Response to Question Section III. E.1:

An update to Table 14 is attached. 
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