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0.1 EXECUTIVE SUMMARY

Purpose and scope

This report is the result of a multi-year effort which integrated several technical disciplines. Its 
primary goals are to support efforts to enhance emergency planning and to suggest fundamental 
principles for a new emergency planning paradigm. Indian Point was used like a pilot plant in this 
effort. Its secondary goal is to improve the emergency plan at Indian Point, the nation’s most 
densely populated site. 

Reflecting issues in today’s world, this effort considered releases of radioactive material from the 
Indian Point site from both unplanned accidents and from willful acts of terrorism. This was 
achieved by assuming two extremely unlikely scenarios that would encompass both accidents and 
terrorist events. Specifically, it was assumed that a huge hole was created in one of the massive 
Indian Point containment buildings, that within a half hour of the loss of containment integrity a 
core melt sequence was initiated, and that all other safety systems were rendered inoperable. Two 
core melt sequences were analyzed, one with an assumed breached main coolant pipe (LOC 
sequence) and the other with a complete loss of offsite and onsite electric power (station blackout 
or SBO sequence). These assumed LOC and SBO sequences were also compared to accident sce-
narios calculated specifically for the Indian Point 3 nuclear plant. It was concluded that the 
assumed LOC and SBO sequences would encompass all the accident core melt sequences neces-
sary to establish an enhanced emergency plan. Using such extreme assumptions at the nation’s 
most populated site probably represents a bounding situation for emergency planning.

Early health effects

In spite of using these extreme scenarios and the highly populated area surrounding Indian Point, 
the calculated offsite radiation-caused early health effects were very low. The output from a 
national award winning traffic analysis of the Indian Point emergency planning zone (EPZ) was 
merged with a conservative consequence analysis and then used together to calculate early health 
effects. The number of early (or prompt) fatalities were calculated to be at or near zero and the 
number of calculated early injuries was rather limited.

Even if everyone in the EPZ evacuated, contrary to the emergency instructions given by govern-
ment leaders, the number of early fatalities under poor weather conditions would be limited to 
about 5 out of the 366,800 EPZ population. Ninety-five percent of the time the weather would be 
more favorable and fewer than 5 early fatalities would be expected. If there was partial conform-
ance of the public to the emergency instructions given by government leaders and 65% of the peo-
ple beyond four miles took shelter and simple traffic controls were temporarily implemented, then 
the number of calculated early fatalities would decrease to 2, again at this poor weather condition. 
Fewer than 2 early fatalities would be expected 95% of the time when there is partial public con-
formance.
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Long term health effects

Because the calculated early health effects were so small, attention turned to long term health 
effects from exposure to a radioactive plume. It was found that long term health effects from a 
major release of radioactive material at Indian Point would be a very small fraction of the normal 
background cancer fatality rates. Of the 366,800 or so people within ten miles of Indian Point, 
some 22%, about 80,700 people, over time are expected to become cancer fatalities in this area 
from natural causes. These 80,700 natural latent fatalities can be compared to the calculated num-
ber of latent fatalities assuming a LOC or SBO release occurred as shown in the accompanying 
figure. 

A variety of emergency responses to these extreme releases was investigated. If one makes the 
unrealistic assumption that for 24 hours there is no emergency response, the mean latent fatality 
consequences is calculated to be 770 for the LOC release and 1117 for a SBO release. Even under 
this unrealistic emergency response assumption, the number of calculated latent fatalities within 
ten miles of Indian Point from exposure during plume passage to a major release of radioactive 
material is less than one third of one percent of the surrounding population.

A modest improvement to this unrealistic no response scenario would be one where it is assumed 
that the only thing that emergency plan accomplished was the evacuation of the inner one mile 
surrounding Indian Point, leaving the balance of the EPZ in a no response situation. This modest 
improvement would be sufficient to prevent virtually all early fatalities, most early injuries and 
would reduce the mean calculated latent fatalities from 770 to 493 for the LOC sequence and from 
1117 to 822 latent fatalities for the SBO sequence.

Basic emergency response

Although this modest improvement would decrease latent consequences, it still falls far short of 
what can and should be accomplished. Using the advanced traffic analysis computer program as a 
search tool, the locations of a few specific evacuation routes that would temporarily be made one 
way and outward bound were identified. Implementing these traffic controls would speed up the 
evacuation somewhat and would decrease the calculated number of latent fatalities. 

It is suggested that these traffic control improvements be incorporated into a basic emergency 
response for Indian Point. In this basic emergency response all of the people in a keyhole shaped 
area, extending to four miles and 170 degrees wide between two and four miles, were assumed to 
evacuate. It was also assumed that 35 percent of the people beyond four miles also evacuated, 
even though analyses show that they would be well protected if they sheltered. The remaining 65 
percent of the population beyond four miles were assumed to follow the instructions of govern-
ment leaders and remain sheltered for a few hours if down wind. Evacuation speeds were com-
puted with this advanced traffic analysis capability for those leaving the inner four miles. Using 
this basic emergency response, the mean number of calculated latent fatalities would decrease 
from 770 to 114. The SBO sequence would decrease even more dramatically, from 1117 to 23. 
This large decrease was due to the long delay between reactor scram and the onset of a SBO 
release, 4.4 hours, during which time many people would evacuate out of the inner four miles.
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As noted above, the mean number of latent fatalities for this LOC sequence was 114. These calcu-
lated latent fatalities all appeared in the inner four miles. Analyses indicate that there would be 
zero latent fatalities beyond four miles among those who took shelter, even if they remained in 
their shelters for eight or more hours.

Further improvements 

If desired, this comparatively small consequence might be made still smaller. For example, if the 
time to alert the public was shortened by about a half an hour, the mean number of calculated LOC 
sequence fatalities would decrease from 114 to about 85. Still further reductions might be achiev-
able if research shows that breathing through a wet handkerchief or a face mask reduces inhalation 
doses appreciably. Assuming that there would be a ten fold reduction in the inhalation dose 
because of the use of wet handkerchiefs or face masks in the innermost four miles, the calculated 
LOC latent fatalities would decrease from 114 to 31. The separate strategies of using face masks 
and the earlier sounding of alerts could be combined to produce still lower latent fatality conse-
quences, specifically 22 mean latent fatalities. Other opportunities exist to further lower conse-
quences such as encouraging a portion of the population to evacuate on foot along predesignated 
evacuation pathways. Vehicular evacuation speeds can be improved and consequences lowered by 
requiring carpools of Indian Point employees during emergencies that could lead to offsite 
releases. 

All of the above latent fatality consequences are based on emergencies occurring during very 
crowded midday, midweek traffic conditions. If the same extreme release scenarios were assumed 
to occur at night, evacuation speeds would be much higher and near zero latent fatalities would be 
expected even without earlier warnings, pedestrian evacuation, or the use of protective devices to 
reduce inhalation doses. The large differences between background and LOC caused latent fatali-
ties are shown in the accompanying figure.

Comparisons to background cancer effects

Not only are the long term consequences of a release of radioactive material a very small fraction 
of background cancer fatality rates, their probabilities are very different. Whereas it is virtually 
certain that about 22% of the general population will become cancer fatalities, i.e., there is a prob-
ability of 1.0 for such large consequences from natural causes, the probability over the next 
twenty years of a large accidental release of radioactive material from Indian Point is about 72,000 
times smaller. Although the exact probabilities of successful terrorist attacks are unknown, studies 
and experience show that they are far smaller than the probability of background causes of cancer.

Compared to natural background latent cancer fatalities, postulated Indian Point latent effects are 
both far smaller and far less likely to occur. If comparisons were made on the basis of risk, the 
product of consequences times frequency (or probability), the risk of becoming a latent fatality 
from natural causes within the Indian Point EPZ would be about 22 million times larger than the 
risk of becoming a latent fatality from releases of radioactive material from accidents at an Indian 
Point power plant.
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Why consequences are so low

There are several reasons why offsite health consequences would be so low, even though daytime 
evacuations at Indian Point would be very slow. Modern analyses, based on extensive experimen-
tal evidence, enable an accurate calculation of a core melt progression within the reactor vessel 
and then the transport of radioactive material within an open containment building. These analy-
ses show that natural chemical and physical processes would cause much of the radioactive mate-
rial to stick to surfaces inside the containment or remain dissolved in water in the containment 
building, thereby limiting the release to the environment. Even in the extreme SBO and LOC 
cases analyzed here, 73% to 89% of the radioactive iodine would be trapped inside an open con-
tainment, respectively. These natural chemical and physical removal processes do not require any 
safety equipment to operate or the intervention of plant personnel. Further, they can not be pre-
vented by terrorists.

For the radioactive material that does enter the environment, it has been determined that the 
ranges over which they can cause important radiological health effects are quite limited. The mean 
range where early fatalities might occur would be about one mile for LOC and SBO releases; the 
associated range for early injuries is about two miles. A recent technical paper published by scien-
tists from the Centers of Disease Control provides independent confirmation that the range of the 
early health effects is very limited, as are these consequences. The latent fatality consequences 
from exposure during plume passage would be confined to four miles, provided downwind people 
beyond four miles took shelter. 

Another important reason why calculated offsite consequences are so low is that it takes time to 
go from the start of a core melt sequence to the onset of a release into the environment. For the 
LOC scenario it would take about two hours. For the station blackout case it would take about 4.4 
hours. Such releases would then gradually continue to evolve, taking about 13 hours before com-
pletion. Calculations of accident sequences show that they take more time to reach the onset of a 
release than the assumed terrorist based LOC sequence. Therefore an emergency plan designed to 
cope with a terrorist LOC sequence would also be sufficient to deal with the less challenging acci-
dent releases.

Because radioactive material would not be released to the environment immediately, many people 
could evacuate beyond the 1, 2, or 4 mile radii before the onset of a release. Based on advanced 
traffic analysis, around 39% of the inner one mile population would have safely evacuated by 
vehicle beyond the one mile radius by the time of the onset of the release for the quick acting LOC 
scenario and about 95% for the larger, but slower releasing, SBO scenario. This is in spite of the 
fact that Indian Point is a congested site where advanced traffic analysis confirms every-day expe-
rience that vehicular evacuations would be very slow, sometimes even slower than walking 
speeds.

Timing also comes into play during the prolonged release of radioactive material because wind 
directions are likely to change during this time period. Such changes in wind direction would 
increase the affected area, but would result in a lower average concentration of radioactive mate-
rial in this larger area. The net result of changing wind direction would be to lower the average 
radiation exposure of the public. Lower average exposures have important effects on early health 
consequences because of the characteristics of human biology. In humans, very small decreases in 
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the average radiation exposure would cause very large decreases in the probability of causing an 
early fatality. For example, there is a 70% probability of causing an early fatality at an exposure of 
400 rads, assuming minimal medical support. However, if the exposure were half of this, 200 rads, 
the probability of becoming an early fatality is about 0.3%, a 250 fold decrease in probability for 
this two fold decrease in exposure. Such decreases in exposure might be due to evacuating to a 
lower dose rate area and/or due to decreasing dose rates because of wind shifts. Because of human 
biology, the early fatality risk decreases very rapidly with distance from the point of release, con-
fining this health effect to a mean range of about one mile. Like the natural chemical and physical 
removal processes in the open containment that significantly limit radioactive releases, the early 
fatality protection provided by human biology can not be defeated by terrorists.

The merging of advanced traffic analysis with consequence analysis also had a very large impact 
on the calculated early health effects. Up to now evacuations were modeled as a radial movement 
away from the point of release. This simple description of how people would move when evacuat-
ing greatly overestimates early health consequences. This is because such models result in having 
some people move in the same radial pathway as the plume. Those people whose radial evacua-
tion lines up with the centerline of the plume would be calculated to have a very high probability 
of becoming an early fatality. In real life the road systems at Indian Point are not radial spokes 
emanating from the site. As people would drive on the actual road system they might crisscross 
through the plume. However the time of exposure as one drives, often more or less perpendicular 
to the plume, is short, a matter of a few minutes, when driving through the plume centerline where 
dose rates are highest. Therefore the exposure along the actual road system would be far less than 
that calculated using the simple radial evacuation model. In the case of Indian Point a radial evac-
uation would result in 124 calculated early fatalities at the 95% exceedence level and 221 early 
injuries. However, when evacuation models realistically match the actual road system, the calcu-
lated number of early fatalities is 2 and the number of early injuries is 33, again at the 95% 
exceedence level. Therefore profound reductions in the calculated early health effects occur when 
realistic evacuation models are used as input to consequence codes. The unique capability 
achieved by merging advanced traffic analysis with consequence computer programs in support of 
this report is a significant advance over other consequence analyses now in use.

The combination of using advanced technology, of having a large fraction of the radioactive mate-
rial trapped in the open containment, the delay between scram and a release of radioactive mate-
rial which gives people time to start to evacuate, the one mile range of the early fatality risk, the 
effects of changing wind direction, and human biology result in near zero calculated early fatali-
ties at this most congested site. 

Local effects and local responses

Because of the short ranges inherent in these radiological health issues, nuclear risks are very 
local and strategies to reduce them are correspondingly local. With regard to Indian Point, almost 
all of the early fatality and early injury consequences and the bulk of the latent fatality conse-
quences would be within the Town of Cortlandt in Westchester County, New York. This observa-
tion could profoundly affect the public’s perception of risks from Indian Point. The fact that a 
large number of people live within 50 miles of Indian Point is immaterial to emergency planning 
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and larger EPZs have the potential to increase radiological health consequences by slowing down 
the in-close evacuation.

Advanced analytical capabilities lead to new strategies and insights

The merging of advanced traffic analysis with advanced consequence analysis developed in sup-
port of this report resulted in a new and unique analytical tool that supports decision making. It is 
now possible to quantify almost any emergency planning action in terms of its potential effect on 
health consequences. For example, such quantifications were used to shed light on the choice 
between sheltering and evacuation. At the Indian Point site sheltering would be beneficial at dis-
tances beyond four miles, but considerably less protective than evacuation at distances shorter 
than two miles. Once quantified in terms of their potential for reducing health consequences, all 
strategies were ranked in importance. These ranked results can assist decision makers in their allo-
cation of finite resources to minimize consequences and in the establishment a superior decision 
making logic which could be implemented if an actual emergency occurred.

There were several other benefits that arose out of this effort to enhance emergency planning. An 
analysis was made of the shape of the keyhole, the area that has priority in terms of a prompt evac-
uation. Keyholes are widely used in emergency planning to optimize the use of emergency 
responders and minimize public exposure to radiation. This investigation led to a recommendation 
of an improved keyhole shape that should have a shorter outer radius, from five miles to four, but 
should employ a wider area between two and four miles, increasing the keyhole angle from 67.5 
degrees to about 170. 

Another insight was the realization that there are interfaces between plant physical security, emer-
gency planning, and the NRC’s Latent Fatality Safety Goal. Understanding these interfaces could 
help to establish performance criteria for plant security. This analysis also determined the distance 
at which risks would be so low that a person could go about his normal activities for 24 hours fol-
lowing a LOC or SBO release and still not exceed the NRC’s Latent Fatality Safety Goal. This 
distance, at which a normal activities response would be adequate, would be well within the 
present ten mile EPZ for accident scenarios. Distances less than 10 miles where a normal activi-
ties response could be justified for terrorist events, provided that adequate physical security mea-
sures have been taken to limit the probability of success of a terrorist attack. Unlike present EPZ 
boundaries which are based on outdated analyses of the range of the early fatality consequences, 
this report offers a new EPZ boundary setting approach using the numerically larger health con-
cern, latent health effects. A smaller EPZ for Indian Point is not a goal for this effort, even though 
it could be justified technically. Rather, the goal for Indian Point is to use these technological 
advances to further protect the public and to utilize resources most effectively.

Integrating enhanced emergency planning with today’s regulatory processes

A third and fundamental area of improvement was the realization that emergency planning, with 
this new quantification capability, could now use the same performance-based, risk-informed reg-
ulatory processes that are used inside the site boundaries of nuclear power plants. Thus a regula-
tory continuum has been created where modern regulatory processes can be applied in a seamless 
way to issues within the site boundaries of a nuclear plant and to issues in the surrounding areas 
outside of the plant site.
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The low health consequences of major releases from any nuclear power plant

Perhaps the most profound implication of this report is the realization that nuclear power plant 
health risks are quite limited, both in their ranges and in their consequences. Based on an initial 
estimate, about 90% of present nuclear power plant sites might be classified as low population 
sites. Often these sites have few people within the inner four miles and this fact alone means that 
their calculated health risks would be extremely small. Low population sites have fewer people at 
risk and their evacuation speeds would be high. Near zero health effects would be expected at 
these low population sites even if a major release of radioactive material occurred, provided the 
basic emergency plan was implemented. The other population extreme is Indian Point, yet this 
report demonstrates that health risks are low here too, especially if a limited number of supple-
mental consequence-reducing strategies are implemented. 

Next steps

It appears that for the low population sites very little, if any, analytical work (advanced traffic and 
advanced consequence analysis) need be done, and that these sites could quickly utilize the 
generic emergency plan consisting of prompt evacuation of a keyhole area out to four miles with 
downwind sheltering beyond four miles out to the point where a normal activities response 
becomes adequate. For the two sites that might be classified as high population sites, the analysis 
of the most limiting site, Indian Point, has now been completed. The consequence-reducing strat-
egies identified for Indian Point might be applied to the other high population site and to the four 
sites that might be considered medium population sites. Stated differently, the great majority of 
the nuclear sites should be ready to utilize a generic emergency plan now. The small percentage of 
the sites that need an emergency plan which goes beyond the generic plan can refer to the analyses 
and strategies developed for Indian Point. That said, it seems that progress towards Rulemaking 
and a new emergency planning paradigm could proceed sooner, rather than later.
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0.2 RECOMMENDATIONS

Recommendation 1: Part of the communications effort in emergency planning should be 
to inform the public about the benefits of evacuation on foot. It is recommended that 
pedestrian evacuation routes out of the inner two miles be selected and identified. These 
pedestrian routes should terminate at a well shielded structure in which pedestrian evac-
uees can wait until evacuated by bus to a reception center. These pedestrian evacuation 
routes and their end point shelters should be displayed on television and other visual 
media during an emergency. 

Recommendation 2: Since much of the potential health consequences falls on those who 
neither shelter nor evacuate nor reduce their inhalation doses, the Indian Point emer-
gency plan should have a goal of full public participation. Prior to evacuating, people 
should minimize their time outside. If evacuation can not proceed promptly, such as dur-
ing a severe snow storm, sheltering until the roads are clear is an alternative response. If 
proven to be effective, face masks or wet handkerchiefs should be used within four miles 
of the site to reduce inhalation doses when sheltering and, if practical, when evacuating. 

Recommendation 3: Emergency planning also takes place in the home. Each family in the 
EPZ should have its own personal emergency plan built on the information supplied by 
the county in which they reside. Those people within four miles of Indian Point should 
include in their family plans how they plan to evacuate and to where they would evacu-
ate. Families that have members who work or go to school at various locations outside of 
the inner 4 miles should decide beforehand if they should wait for returning family mem-
bers to start their evacuation or if they should meet each other at an in-close reception 
center or another location.

Recommendation 4: Surveys should be conducted to determine if everyone within two 
miles of Indian Point has a means to evacuate. Specific structures should be identified 
within this two mile area as temporary shelters where people would gather until evacu-
ated by bus. The purpose and location of these shelters should be included in the infor-
mation booklets distributed to the public. At least one emergency responder should be 
dispatched to each predesignated shelter to help the people there.

Recommendation 5: It is recommended that the use of buses in the EPZ be changed. Pick-
ing people up along usual bus routes within two miles of the site should be replaced by 
sending buses directly to specific locations like schools, special needs facilities, and pre-
designated shelters. After people are loaded into a bus, the bus should leave the area 
expeditiously and go to a reception center without stopping. Using the results of the sur-
vey in RECOMMENDATION 4, a determination should be made of the number of peo-
ple in the inner two miles that might assemble in predesignated shelters. A 
determination can then be made of the number of additional buses would be needed to 
evacuate people from these predesignated community based shelters. These sheltered 
people would be transported to in-close reception centers.

Recommendation 6: Schools within the innermost four miles should have meetings 
between school officials and the parents of their school children. Those children who are 
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to be evacuated by school buses to specific reception centers should be pre-identified and 
relocated to these reception centers as soon as possible in an emergency. 

Recommendation 7: It is recommended that if differences between ERPA and computer 
model geometries exist that they be resolved by using the traffic analysis/consequence 
analysis tool as one of the input sources in resolving these differences. 

Recommendation 8: The present keyhole approach should be replaced by the east and 
west keyhole approach described in Section 6.6.4.

Recommendation 9: State and County officials and other local employers, especially those 
in the inner two miles, should encourage their employees to form carpools. In the event 
of a declaration of a public alert Indian Point employees should be required by Entergy 
to evacuate with a minimum of four people per vehicle during daytime shifts, even 
though this would mean that about 75% of the daytime employee vehicles would be left 
on site. Those employees who are not drivers should be taken to in-close reception cen-
ters within the EPZ.

Recommendation 10: In order to determine a more precise number of buses, surveys 
should be conducted to determine the number of people who might evacuate on foot, 
those MetroNorth passengers who would need transportation to reach reception centers, 
those people in predesignated shelters within two miles that need bus transportation to a 
reception center. Some buses would be needed to pick up people waiting along bus evac-
uation routes that are beyond 2 miles.

Recommendation 11: The Tables of Results should be incorporated into emergency plan-
ning booklets distributed by each county in the EPZ and into the New York State emer-
gency plan. Government leaders on all levels should communicate the recommendations 
in the Tables of Results to the public.

Recommendation 12: The NRC should use Option 3, above, for setting the outer boundary 
of the Sheltering Zone. 

Recommendation 13: As part of developing enhanced emergency planning, the NRC should 
integrate the conditional frequency results of plant physical security threat analyses with 
the determination of the outer boundary of the Sheltering Zone.

Recommendation 14: The NRC should establish a process by which emergency responders 
would be able to determine if outdoor radiation levels are sufficiently high that sheltered 
people beyond four miles should be advised to start a delayed evacuation.

Recommendation 15: The NRC should review the technical and policy steps in Section 10 
for possible implementation.
Proprietary Information, © Copyright 2007 
EX-10



RBR Consultants, Inc.
ENHANCED EMERGENCY PLANNING
0.3 ACKNOWLEDGEMENTS

Many people have assisted in the generation of this report. Special thanks are offered to Drs. Jun 
Li and Jack Devine of Polestar Applied Technology, Inc., Messrs. Edward Lieberman, Reuben 
Goldblatt, and Janil Chang of KLD Associates, Inc., Messrs. Michael Slobodien, Alain Grosjean 
and John Favara of Entergy Nuclear, Mr. Roger P. Shaw of Shaw Partners LLC, Mr. Jeff Tkas of 
the Town of Cortlandt, Dr. Robert Bores, Dr. Mario Fontana and Mr. Keith Woodard of ABS Con-
sulting, Inc. RBR Consultants also wishes to thank Entergy’s Independent Expert Task Force for 
its comments.

Herschel Specter, President

RBR Consultants, Inc.

mhspecter@verizon.net
Proprietary Information, © Copyright 2007 
EX-11



RBR Consultants, Inc.

ENHANCED EMERGENCY PLANNING

TABLE OF CONTENTS
1.0 PURPOSE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
2.0 STRUCTURE OF THIS REPORT  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
3.0 SCOPE  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

3.1. AN EXTREME SET OF ASSUMPTIONS  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 5
3.2. ISSUES NOT WITHIN THIS ANALYSIS  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 6

4.0 EMERGENCY PLANNING FEATURES SPECIFIC TO INDIAN POINT . . . . . . . 8
4.1. TRAFFIC CONTROL CENTER - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 8
4.2. ALERT AND NOTIFICATION SYSTEM  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 8
4.3. NY-ALERT  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 8

5.0 GENERIC TECHNOLOGICAL IMPROVEMENTS . . . . . . . . . . . . . . . . . . . . . . . . . 9
5.1. CREATION OF A FUNDAMENTAL GEOMETRIC STRUCTURE  - - - - - - - - - - - - - - - - - - - - - - - - - 9
5.2. TRAFFIC ANALYSIS IMPROVEMENTS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 9
5.3. ACCIDENT PROGRESSION - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 13
5.4. CONSEQUENCE ANALYSIS IMPROVEMENTS  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 14
5.5. A NEW DECISION MAKING TOOL  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 16
5.6. TREATMENT OF TERRORISM  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 17
5.7. INSIGHTS INTO PLANT SECURITY PROBABILITY CRITERIA  - - - - - - - - - - - - - - - - - - - - - - - - 17
5.8. IMPROVED KEYHOLE CONFIGURATION - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 17
5.9. IDENTIFICATION OF MULTIPLE LEVELS OF PROTECTION - - - - - - - - - - - - - - - - - - - - - - - - - - 17
5.10. COMMUNICATIONS AND INTERCONNECTIVITY  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 18

6.0 ANALYSIS OF INDIAN POINT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
6.1. INTRODUCTION - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 19
6.2. SUMMARY OF THE INDIAN POINT EPZ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 21

6.2.1. Definitions of Protective Actions  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 23
6.2.2. Influence of Containment Integrity  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 24

6.3.  MACCS2 SCOPING CONSEQUENCE ANALYSES  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 25
6.3.1. Introduction - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 25
6.3.2. Early Fatalities - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 25

6.3.2.1. Pedestrian Evacuation - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 25
6.3.2.2. The Importance of Public Participation  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 27
6.3.2.3. Further Discussion on the Use of Buses  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 30

6.3.3. Early Injuries - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 31
6.3.3.1. Introduction - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 31
6.3.3.2. Face Masks and Potassium Iodide Pills  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 31
6.3.3.3. Reducing Skin Doses - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 33

6.4. LATENT HEALTH EFFECTS SCOPING ANALYSES - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 33
6.5. WIND PERSISTENCE ISSUES  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 34
6.6. OPTIMIZING THE KEYHOLE RESPONSE  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 35

6.6.1. The Inner Two Mile Area  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 35
6.6.2. The Wedge Area  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 36
6.6.3. Emergency Response Protective Area (ERPA) Considerations  - - - - - - - - - - - - - - - - - - - - - - - - - - 40
6.6.4. Summary of the Keyhole Analysis  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 41

6.7. INDIAN POINT TRAFFIC ANALYSES  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 41
6.7.1. Introduction - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 41
6.7.2. Integrating Traffic and Consequence Analyses  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 44
6.7.3. Traffic Questions  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 44
Table of Contents, page i of iii
Proprietary Information, © Copyright 2007



RBR Consultants, Inc.

ENHANCED EMERGENCY PLANNING

TABLE OF CONTENTS
6.8. ANSWERS TO TRAFFIC QUESTIONS  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 49
6.9. INDIAN POINT EARLY HEALTH CONSEQUENCE ANALYSES  - - - - - - - - - - - - - - - - - - - - - - - - 66

6.9.1. Introduction - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 66
6.9.2. Advanced Consequence Analyses - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 70
6.9.3. Consequence Questions - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 70
6.9.4. Results of the Consequence Analyses  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 71
6.9.5. Answers to Consequence Questions  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 73

6.10. RANKING OF EARLY HEALTH STRATEGIES - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 79
6.11. INDIAN POINT LATENT FATALITY CONSEQUENCE ANALYSES - - - - - - - - - - - - - - - - - - - - - - 81

6.11.1. Advanced Consequence Studies  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 81
6.11.2. The Basic Emergency Response - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 83
6.11.3.  Further Improvements  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 86
6.11.4. Time of Day Considerations - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 88
6.11.5. Comparison of Latent Fatality Consequences for Different Emergency Responses  - - - - - - - - - - - - - 88

6.12. UNCERTAINTIES  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 90
7.0 PERSPECTIVES ON THE INDIAN POINT LATENT FATALITY RISK  . . . . . . 92

7.1. INTRODUCTION - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 92
7.2. PROBABILITIES - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 92
7.3. CONSEQUENCES  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 93
7.4. RISKS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 93
7.5. CONCLUSIONS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 93

8.0 IMPLEMENTATION OF THE INDIAN POINT ANALYSIS . . . . . . . . . . . . . . . . . 95
8.1. INTRODUCTION - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 95
8.2. RESOURCE REQUIREMENTS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 95

8.2.1. Required Number of Buses, 0-4 Miles - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 95
8.2.2. Additional Buses That May Be Needed  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 98
8.2.3. Medical Support - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 99
8.2.4. Predesignated Shelters and Reception Centers - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 99

8.3. TABLES OF RESULTS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 100
8.4. EMERGENCY RESPONSE DECISION MAKING  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 103

9.0 GENERIC EMERGENCY PLANNING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
9.1. HISTORICAL PERSPECIVE - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 105
9.2. APPLICATION OF A NEW EMERGENCY PLANNING PARADIGM - - - - - - - - - - - - - - - - - - - - - 107
9.3. OUTER BOUNDARY OF THE SHELTERING ZONE  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 113

9.3.1. Introduction - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 113
9.3.2. Larger EPZs  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 114
9.3.3. The Sheltering Zone Outer Boundary  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 115
9.3.4. Emergency Planning and Plant Physical Security  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 118

9.4. ESTABLISHING SITE SPECIFIC EMERGENCY PLANNING REQUIREMENTS  - - - - - - - - - - - - 118
9.4.1. Introduction - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 118
9.4.2. Risk Analysis versus Emergency Planning Analysis  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 119
9.4.3. Emergency Planning Screening Tools  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 119
9.4.4. The Sequence Frequency Screen - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 120
9.4.5. Source Term Screens  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 120
9.4.6. Co-existence Screening - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 122
9.4.7. Evacuation Speed Screen - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 123
Table of Contents, page ii of iii
Proprietary Information, © Copyright 2007



RBR Consultants, Inc.

ENHANCED EMERGENCY PLANNING

TABLE OF CONTENTS
9.5. OVERVIEW OF EMERGENCY PLANNING NEEDS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 127
9.6. APPLICATION OF THE ALARA PRINCIPLE  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 129
9.7. A GENERIC EMERGENCY PLAN  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 130
9.8. CO-EXISTENCE INSIGHTS  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 131

9.8.1. Historical Insights  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 131
9.8.2. Two Time Lines - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 132

10.0 NEXT STEPS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136
10.1. TECHNICAL STEPS  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 136
10.2. POLICY STEPS  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 136

APPENDIX A  SUPPORTING DATA AND ANALYSES- - - - - - - - - - - - - - - - - - - - -  138
A.1 POPULATION DATA  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 138

TABLE A-1 Case C1 Population - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 138
A.2 WIND PERSISTANCE DATA - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 139

TABLE A-2 Wind Persistence Data for 1995  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 139
TABLE A-3 Wind Persistence Data for 1996  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 140
TABLE A-4 Wind Persistence Data for 1997  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 141

A.3 CORE RELEASE DATA AND SHIELDING FACTORS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 142
TABLE A-5 Core Release Data  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 142
TABLE A-6 Shielding Factors  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 142
EXHIBIT A-1 Indian Point 3 Category 2 Sequence Descriptions  - - - - - - - - - - - - - - - - - - 143
EXHIBIT A-2 Comparison of Accident and Terrorist Source Term Core Fractions - - - - - - 143

A.4 LATENT FATALITY ANALYSIS METHODOLOGY  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 144
TABLE A-7 Seven Wave Time Description, Case C1  - - - - - - - - - - - - - - - - - - - - - - - - 146
TABLE A-8 Vehicles Within Indicated Area versus Elapsed Time, Case C1 - - - - - - - - - 146
TABLE A-9 Average Speeds, M.P.H., versus Elapsed Time, Case C1  - - - - - - - - - - - - - 146
TABLE A-10 Latent Fatality Evacuation Model - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 148
FIGURE A-1 Case C1, 0-1 Mile Speeds  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 149
FIGURE A-2 Case C1, 0-2 Miles Speeds - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 149
FIGURE A-3 Case C1, 0-4 Miles Speeds - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 150

A.5 PERCENT MORTALITY VERSUS DOSE  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 151
FIGURE A-4 Dose Response Curve  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 151

A.6 SOURCE TERM SCREENING  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 152
FIGURE A-5 Sensitivity of Early Fatalities to Source Term  - - - - - - - - - - - - - - - - - - - - - 153

A.7 REFERENCES- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 154
Table of Contents, page iii of iii
Proprietary Information, © Copyright 2007



List of Figures, page i of i

RBR Consultants, Inc.

LIST OF FIGURES

ENHANCED EMERGENCY PLANNING

Proprietary Information, © Copyright 2007

5-A Location of KLD Centroids around Indian Point  - - - - - - - - - - - - - - - - - - - - - - - - - 13
6-A Indian Point Wind Directions and Frequencies - - - - - - - - - - - - - - - - - - - - - - - - - - -  22
6-B Probability of Wind Shifts at Indian Point versus Hours - - - - - - - - - - - - - - - - - - - - -  35
6-C Areas Within Four Miles of IPEC - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  40
6-D Case A_ No Traffic Controls, 0-1 Mile Speeds  - - - - - - - - - - - - - - - - - - - - - - - - - - -  49
6-E Case A_ No Traffic Controls, 0-2 Miles Speeds - - - - - - - - - - - - - - - - - - - - - - - - - - -  50
6-F Location of Traffic Controls- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  51
6-G Case B1_ With Traffic Controls, 0-1 Mile Speeds  - - - - - - - - - - - - - - - - - - - - - - - - -  53
6-H Case B1_ With Traffic Controls, 0-2 Miles Speeds- - - - - - - - - - - - - - - - - - - - - - - - -  53
6-I Case Z2 Evacuation Speed versus Elapsed Time, 0-1 Mile  - - - - - - - - - - - - - - - - - - -  63
6-J Case Z2E2 Evacuation Speed versus Elapsed Time, 0-1 Mile  - - - - - - - - - - - - - - - - -  63
7-A Comparison of Cancer Fatalities, Mean Values  - - - - - - - - - - - - - - - - - - - - - - - - - - 94
8-A Emergency Response Decision Tree - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -104
9-A Risk Informed Generic Emergency Planning Geometry  - - - - - - - - - - - - - - - - - - - - -109
9-B Evacuation Responses versus Distance - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -112
9-C Sheltering Zone Outer Radius versus Probability of SBO Release  - - - - - - - - - - - - - -117
9-D Minimum Cumulative Speed versus Number of Vehicles  - - - - - - - - - - - - - - - - - - - -124
9-E Sequence Screening Diagram  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -126
9-F Overview of Emergency Planning Needs - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -129
9-G Two Time Lines - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -135
A-1 Case C1, 0-1 Mile Speeds  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  149
A-2 Case C1, 0-2 Miles Speeds  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -149
A-3 Case C1, 0-4 Miles Speeds  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -150
A-4 Dose Response Curve - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -151
A-5 Sensitivity of Early Fatalities to Source Term - - - - - - - - - - - - - - - - - - - - - - - - - - - -153



RBR Consultants, Inc.

LIST OF TABLES

ENHANCED EMERGENCY PLANNING
6-A  Protective Actions Using Distance to Reduce Exposure - - - - - - - - - - - - - - - - - - - - -  23
6-B  Protective Actions Using Barriers to Reduce Exposure - - - - - - - - - - - - - - - - - - - - - 23
6-C  Protective Actions Used to Reduce Time of Exposure  - - - - - - - - - - - - - - - - - - - - - 24
6-D  Importance of Evacuation Speeds, Mean Number of Early Fatalities - - - - - - - - - - - - 26
6-E  Importance of Public Participation, Mean Number of Early Fatalities  - - - - - - - - - - - 28
6-F  Comparison of Several Keyholes on Eastern Side of the Hudson River.  - - - - - - - - - 38
6-G  Recommended East and West Protective Actions - - - - - - - - - - - - - - - - - - - - - - - - - 39
6-H  Traffic Analysis Cases - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 46
6-I  Case A_ Vehicles Remaining within 1, 2, and 4 Miles versus Elapsed Time, Minutes  49
6-J  Case B1_ Vehicles Remaining versus Elapsed Time, with Road Treatments  - - - - - - 51
6-K  Number of Vehicles that Evacuate versus Minimum Cumulative Speeds - - - - - - - - - 54
6-L  Co-existence Times for Different Emergency Responses and Source Terms - - - - - - - 62
6-M  Percent of Vehicles Evacuated Beyond One or Two Miles versus Warning Time  - - - 65
6-N  Indian Point 3 Release Category Source Terms  - - - - - - - - - - - - - - - - - - - - - - - - - - 69
6-O  Indian Point 3 IPE Release Category Release Fractions  - - - - - - - - - - - - - - - - - - - - 69
6-P  Sequences that Comprise Category 2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 70
6-Q  Results of MACCS2/KLD Computer Runs - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 72
6-R  Ranking of Indian Point Early Health Consequence-Reducing Strategies - - - - - - - - - 80
6-S  No Emergency Response, LOC Source Term  - - - - - - - - - - - - - - - - - - - - - - - - - - - 82
6-T  No Emergency Response, SBO Source Term  - - - - - - - - - - - - - - - - - - - - - - - - - - - 82
6-U  Minimum Emergency Response, LOC Source Term  - - - - - - - - - - - - - - - - - - - - - - 83
6-V  Minimum Emergency Response, SBO Source Term - - - - - - - - - - - - - - - - - - - - - - - 83
6-W  Basic Emergency Response, LOC Source Term - - - - - - - - - - - - - - - - - - - - - - - - - - 85
6-X  Basic Emergency Response, SBO Source Term - - - - - - - - - - - - - - - - - - - - - - - - - - 85
6-Y  Effect of Sheltering Time, LOC Source Term  - - - - - - - - - - - - - - - - - - - - - - - - - - - 86
6-Z  Effect of Sheltering Time, SBO Source Term  - - - - - - - - - - - - - - - - - - - - - - - - - - - 86
6-AA  Benefit of Saving One Half Hour, LOC Sequence  - - - - - - - - - - - - - - - - - - - - - - - - 87
6-AB  Comparison of Latent Consequences, LOC Sequence - - - - - - - - - - - - - - - - - - - - - - 87
6-AC  Number of LOC Latent Fatalities.Ten-Fold Reduction in the Inhalation Dose  - - - - - 87
6-AD  Comparison of Latent Fatality Consequences, Mean Values  - - - - - - - - - - - - - - - - - 89
8-A  Number of School Buses Needed in Westchester County, 0-2 Miles - - - - - - - - - - - - 95
8-B  Number of School Buses Needed in Westchester County, 2-4 miles  - - - - - - - - - - - - 96
8-C  Number of School Buses Needed in Rockland County, 2-4 miles - - - - - - - - - - - - - - 96
8-D  Special Needs Facilities in Westchester County, 0-2 Miles  - - - - - - - - - - - - - - - - - - 97
8-E  Special Needs Facilities in Westchester County, 2-4 Miles  - - - - - - - - - - - - - - - - - - 97
8-F  Special Needs Facilities in Rockland County, 0-2 Miles  - - - - - - - - - - - - - - - - - - - - 98
8-G  Special Needs Facilities in Rockland County, 2-4 Miles  - - - - - - - - - - - - - - - - - - - - 98
8-H  Total Number of School and Special Needs Facilities Buses Required  - - - - - - - - - - 98
8-I  Table of Results, Westchester County  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -101
Proprietary Information, © Copyright 2007

List of Tables, page i of ii



RBR Consultants, Inc.

LIST OF TABLES

ENHANCED EMERGENCY PLANNING
8-J  Table of Results, Rockland County  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -101
8-K  Table of Results, Putnam County  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -102
8-L  Table of Results, Orange County - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -103
9-A  Performance Based, Risk Informed Regulation  - - - - - - - - - - - - - - - - - - - - - - - - - -108
9-B  Polestar Generic PWR Accident Sequences - - - - - - - - - - - - - - - - - - - - - - - - - - - - -122
9-C  10 Mile Populations at Various Nuclear Sites- - - - - - - - - - - - - - - - - - - - - - - - - - - -128
A-1  Case C1 Population - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -138
A-2  Wind Persistence Data for 1995- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  139
A-3  Wind Persistence Data for 1996- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  140
A-4  Wind Persistence Data for 1997- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  141
A-5  Core Release Data - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  142
A-6  Shielding Factors- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  142
A-7  Seven Wave Time Description, Case C1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  146
A-8  Vehicles Within Indicated Area versus Elapsed Time, Case C1- - - - - - - - - - - - - - -  146
A-9  Average Speeds, M.P.H., versus Elapsed Time, Case C1 - - - - - - - - - - - - - - - - - - -  146
A-10  Latent Fatality Evacuation Model- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  148
Proprietary Information, © Copyright 2007

List of Tables, page ii of ii



RBR Consultants, Inc.

LIST OF ABBREVIATIONS

ENHANCED EMERGENCY PLANNING
ALARA As Low As Reasonably Achievable

ANS American Nuclear Society

ASME American Society of Mechanical Engineers

AST Alternate Source Term

CAP Common Alert Protocol

CDF Core Damage Frequency

DoRMET Dose Rate Mapping and Evacuation Tracking

ECCS Emergency Core Cooling System

EPA Environmental Protection Agency

EPRI Electric Power Research Institute

EPZ Emergency Planning Zone

ERPA Emergency Response Protective Area

ETE Evacuation Time Estimate

HVTMC Hudson Valley Traffic Management Center

ISLOCA Interfacing Systems Loss of Coolant Accident

KI Potassium Iodide

LNT Linear Non-Threshold

LERF Large Early Release Frequency

LOC Loss Of Coolant

LOCA Loss Of Coolant Accident

MACCS2 MELCOR Accident Consequence Code System, version 2

MOV Motor Operated Valve

NCRP National Council on Radiation Protection and Measurements

NIOSH National Institute of Occupational Safety and Health
List of Abbreviations, page i of ii

Proprietary Information, © Copyright 2007



RBR Consultants, Inc.

LIST OF ABBREVIATIONS

ENHANCED EMERGENCY PLANNING
NRC Nuclear Regulatory Commission

NY-ALERT New York State All Hazards Alert

PAG Protective Action Guide

PRA Probabilistic Risk Assessment

PSA Probabilistic Safety Assessment

PWR Pressurized Water Reactor

RY Reactor-Year

SGTR Steam Generator Tube Rupture

SBO Station Blackout

SSCs Structures, Systems and Components

TMI Three Mile Island

WHO World Health Organization
List of Abbreviations, page ii of ii

Proprietary Information, © Copyright 2007



RBR Consultants, Inc.
ENHANCED EMERGENCY PLANNING
1.0 PURPOSE

The primary purpose of this report, several years in the making, is to support efforts to enhance 
emergency preparedness and to suggest fundamentals of a new radiological emergency prepared-
ness paradigm. A secondary purpose of this report is to give guidance on how to improve the 
Indian Point emergency plan.

The present Nuclear Regulatory Commission (NRC) regulatory process inside nuclear power 
plants emphasizes the use of a performance based, risk informed approach. This regulatory 
approach is based on the ability to quantify the risk significance of systems, structures and compo-
nents (SSCs), operator actions, and initiating events. Once quantified according to risk signifi-
cance, requirements can be assigned to these SSCs according to their risk ranking. This same 
regulatory process can be extended to actions outside of the plant’s physical boundaries because 
virtually all emergency planning actions can now be quantified in terms of their risk significance.

Later in this report there is a description of a technological process used to quantify the risk signif-
icance of emergency planning actions and the resources necessary to implement these actions. 
This technological process was applied to the nation’s most populated site, Indian Point, where an 
extremely unlikely scenario was selected as the starting point for enhancing emergency prepared-
ness. This scenario assumed that the site came under attack and within one half hour containment 
integrity at the Indian Point 3 plant was lost by the creation of a large hole in its massive contain-
ment structure. It was further assumed that once the containment integrity was lost, a core melt 
sequence was initiated which eventually led to a release of radioactive material into the environ-
ment. This extreme scenario was compared to a range of calculated accidental releases, including 
some very infrequent accidents (some less frequent that one in a million per year) which have the 
potential to release radioactive material into the environment rather rapidly. This comparison 
showed that the selected extreme scenario was broad enough to encompass the emergency plan-
ning needs of all risk significant unintended accidents. It is believed that the combination of such 
an extreme scenario with a highly populated site represents a bounding situation for emergency 
planning. 

Once the emergency planning quantification process was developed, it was tested. Using the 
Indian Point 3 facility like a pilot plant, a variety of possible emergency situations and emergency 
planning strategies were quantified to determine their consequence significance. This quantifica-
tion process is a ground breaking advance in emergency planning. This enhancement in emer-
gency planning was the result of first advancing the technology of both traffic analysis and 
consequence analysis and then developing the means to merge these two advanced technologies. 
Once merged, it was possible to quantify virtually all emergency actions in terms of their effect on 
calculated health consequences. 

Since timing is an important factor in emergency planning, many analyses focused on this subject. 
One sensitivity study determined the consequence significance of the time it takes to lose contain-
ment integrity. Other analyses examined the consequence significance of the timing of the onset 
of radioactive releases from different source terms and the timing of when people begin to evacu-
ate, including the difference in consequences between daytime and nighttime evacuations.
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Another set of analyses determined the consequence significance of different situations and strate-
gies. The consequence significance of implementing emergency traffic control improvements at 
specific road locations, of shadow evacuation, of staged evacuations, of sheltering responses ver-
sus evacuation responses, of evacuation mobilization time, of pedestrian evacuation, of forming 
nuclear plant employee emergency car pools, of taking actions to reduce inhalation doses, of 
fewer evacuating vehicles, and the effect of combinations of consequence-reducing strategies 
were analyzed. All of these potential emergency planning situations and actions were quantified in 
terms of their impacts on health consequences, and then the strategies were ranked in importance. 
This ranked list of consequence-reducing strategies assisted in the formation of an advanced logic 
process through which decision-making might proceed during an actual emergency. As can be 
seen by this broad range of analyses, virtually all emergency situations and strategies can now be 
quantified in terms of their consequence significance.

The analysis of Indian Point 3 showed that offsite health consequences and risks from releases of 
radioactive material was much smaller than previously estimated. In the course of these analyses 
it was determined that early health effects are at or near zero even when this extreme scenario is 
applied to the nation’s most heavily populated site. Because of the very small or zero early health 
effects, attention then focused on latent health effects. Latent health effects were shown to be a 
very small fraction of natural background causes of cancer fatalities. Nonetheless, the specific 
analysis of Indian Point 3 has led to a number of recommendations which, if implemented, could 
improve the effectiveness of emergency planning and reduce these consequences still further. 

Upon completing the site specific analysis of Indian Point, attention turned to the generic implica-
tions of this effort. A generic emergency plan was developed that could apply to the great majority 
of today’s sites. For a few sites, like Indian Point, the generic emergency plan would be supple-
mented with site specific protective actions. These actions have been identified, quantified, and 
ranked in the order of their significance.

The investigation also revealed new interfaces between plant physical security, emergency plan-
ning, and the NRC’s latent fatality safety goal. One outcome of focusing on latent health effects 
was the identification of a new approach in how to establish the size of the Emergency Planning 
Zone (EPZ). Although EPZs with a radius smaller than the present ten miles can be justified tech-
nically, such actions are beyond the scope of this effort. Rather, a central purpose of this report is 
intended to improve the present emergency plan at Indian Point. 
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2.0 STRUCTURE OF THIS REPORT

This report evolved over several years of intense efforts. Using Indian Point site specific data, the 
initial efforts utilized the MACCS2 (reference [1]) consequence code to make some scoping anal-
yses, assuming the extreme scenario described above. These initial scoping analyses were per-
formed by Polestar Applied Technology1 and utilized a very simple evacuation model that 
assumed a radial evacuation at constant speed and that all evacuees started their evacuation at the 
same moment. Most of these early scoping analyses have been superseded by a much more 
advanced evacuation model. Only those early scoping consequence analyses that still offer useful 
insights have been retained in this final report. In parallel with these consequence scoping studies 
was the development of a highly advanced traffic analyses capability by KLD Associates2, as 
described later.

The next phase in the development of this report was an evaluation of early health consequences 
using a unique and ground breaking analytical tool, which merged the MACCS2 code with the 
advanced traffic analysis developed by KLD Associates. In this report the results of advanced traf-
fic analysis of the Indian Point site are first extensively described and then the results of the 
merged MACCS2/KLD consequence analyses are presented.

A principle finding of the merged MACCS2/KLD analyses was that calculated early health effects 
at Indian Point, even assuming these extreme scenarios, are very low. The early fatality risk is at 
or near zero. There are a number of reasons that explain why these early health effects results are 
so low and they are discussed later in this report. One reason, however, relates to the insights 
gained from the merging of advanced traffic analyses and consequence analyses. The simple 
radial evacuation model results in some portion of the evacuating population lined up with the 
very narrow centerline of the radioactive plume where dose rates can be very high. Those evacu-
ees who are modeled to travel along with the plume centerline are calculated to receive high expo-
sures and many of the calculated early fatalities are associated with this group. Once the advanced 
traffic analysis was used as input to the consequence analyses it showed that many evacuees 
would rapidly cross through the centerline of the plume, often essentially perpendicular to the 
direction of the plume. This more realistic representation of the paths that evacuees would travel 
greatly reduced the early health consequences. As an example of this, a comparison was made 
between the early fatality consequences at the 95% exceedence3 level for a radial evacuation, the 
old model, and the more realistic evacuation based on the actual road network. In the case of the 
old radial model, the number of calculated early fatalities within the Indian Point EPZ at the 95% 
exceedence level was 124 whereas with the more realistic evacuation model the calculated num-
ber of early fatalities was 2. 

1 Polestar Applied Technology, Inc. is a project management and engineering analysis 
firm based in Los Altos, California.

2 KLD Associates is an internationally recognized transportation engineering firm located 
in Commack, New York.

3 95% of the consequences from other weather scenarios are equal to or lower than this 
consequence value.
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Because of these very low early health effect results, attention then focused on the calculation of 
latent fatality health effects caused by exposure of people to radiation within the Indian Point 
EPZ’s nominal 10 miles, within the first 24 hours after the reactor is shut down. Because of the 
importance of latent effects, use has been made of the DoRMET consequence4 code which offers 
a number of advances over the MACCS2 code but only partially utilizes KLD traffic analyses 
results as input. Further refinements of DoRMET’s evacuation model are under development 
which will permit an even better integration of it with the KLD traffic analyses. Even smaller cal-
culated latent health consequences are expected once this advanced version of DoRMET becomes 
operational. Having completed the Indian Point early health effects analyses with the MACCS2/
KLD model and the latent effects with the DoRMET code merged with an advanced radial evacu-
ation model, these results were examined for their generic implications. 

The next section of this report describes the scope of this effort, followed by a section that 
describes generic technological improvements that apply to Indian Point and all other sites. This is 
followed by the site specific analysis of Indian Point that applies these advanced technological 
improvements, with special emphasis on latent fatality consequences. The Indian Point analysis, 
plus some supplemental analyses, then provide the groundwork for generic emergency planning. 
The report concludes with several supporting appendices and a list of references. 

4 DoRMET stands for Dose Rate Mapping and Evacuation Tracking and is a computer 
code designed to advance the capability to assess the effectiveness of offsite protective 
action strategies.
Proprietary Information, © Copyright 2007 
page 4



RBR Consultants, Inc.
ENHANCED EMERGENCY PLANNING
3.0 SCOPE 

3.1 AN EXTREME SET OF ASSUMPTIONS

The analyses presented in this report are based on two different, extremely unlikely, core melt sce-
narios. Both scenarios assumed a successful terrorist attack which only needed one half an hour to 
breach the massive containment building at the Indian Point 3 nuclear plant. It was then assumed 
that the loss of containment integrity was immediately followed by the initiation of a core melt 
sequence and that all engineered safety systems were rendered inoperable. In one scenario all 
sources of offsite and onsite electrical power were assumed to be inoperable. Other non-electrical 
means to cool the reactor core were also assumed to be inoperable at some point. After a period of 
time there would not be adequate core cooling, leading to a core melt down. This base case was 
identified as a station blackout (SBO) scenario.

In the second scenario it was assumed that terrorists were able to sever a major pipe that carried 
water to cool the core soon after containment integrity was lost. This second scenario was identi-
fied as a loss of coolant scenario (LOC). In this LOC scenario all redundant emergency engi-
neered safety systems designed to cool the core, should a main coolant pipe fail or be severed, 
were assumed to be made inoperable. Further, the redundant containment spray systems, were 
also assumed to be made inoperable. If any emergency core cooling system or containment spray 
system were operable the amount of radioactive material that might enter the environment would 
be sharply reduced. Thus this scenario assumed that the containment was breached within a half 
hour, that a major piping system was then severed, that all the redundant emergency core cooling 
systems were made inoperable and that all containment spray systems also were assumed to be 
inoperable. If this were an accident scenario, the probability of such numerous failures would be 
exceedingly small. If this were a land based terrorist scenario all of these complex damaging acts 
would have to be successfully conducted in a short time frame, i.e., before the site was swarming 
with onsite and offsite security forces whose purpose is to overcome the terrorists and prevent fur-
ther damage. Like accidents which are not planned, a willful terrorist attack of this nature is very 
unlikely. If either the containment maintains its integrity, even for a few hours, or if the terrorists 
cause a loss of containment integrity but can not cause a loss of reactor core cooling water or ren-
der all emergency core cooling systems and all containment sprays inoperable, offsite health con-
sequences will be near zero, even without an offsite emergency response. 

TABLE A-5 (page 142) provides data on the core release fractions for iodine, tellurium, and 
cesium for the LOC and SBO scenarios, as well as the time that would mark the onset of these 
releases into the environment and the durations of these releases. Radioactive isotopes of these 
three elements are the dominant contributors to early health effects as displayed in analyses by 
Kaiser (See Appendix A.6). Several characteristics of these hypothetical releases are noteworthy. 
In spite of an open containment, a very high fraction of the iodine and other important radioactive 
elements would still be trapped within the containment. For example, between 73% (SBO) to 
about 89% (LOC) of the radioactive iodine would be trapped in the open containment building. It 
is also observed that these terrorist scenarios do not lead to an instantaneous release of radioactive 
material into the environment. In the case of the LOC sequence there would be about 2.0 hours 
between reactor scram and the onset of a release to the environment. For the SBO sequence this 
delay between reactor scram and the onset of a release to the environment would be about 4.4 
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hours. These time delays are very important considerations in emergency planning. They repre-
sent opportunities to start to evacuate before radioactive releases enter the environment. Lastly, it 
is observed that the durations of these releases are long, in the range of 13 to 14 hours. During this 
time changes in wind direction would likely shift directions and such redirections would decrease 
the risks of early health effects. (See Section 6.5 (page 34). Further, radioactive release rates drop 
off rather quickly. For example, in the LOC situation, after one hour the iodine hourly release rate 
decreases to about 59% of the hourly release rate during the first hour of the release. Two hours 
later the hourly release rate is down to about 17% of the initial iodine release rate. TABLE A-5 
also shows that the tellurium and cesium release rates decrease over time. Even though the bulk of 
the radioactive material that is released occurs in the first few hours after the onset of a release, 
this is much slower than an assumed “puff” type release. During these first few hours of a release 
to the environment important consequence-reducing wind shifts are likely to occur. 

The LOC and SBO source terms analyzed by Polestar Applied Technology used in this report 
were compared against the specific source terms calculated for Indian Point 3. It was shown that 
the LOC and SBO source terms encompassed all the source terms of the risk significant accident 
scenarios of Indian Point 3 from those with large releases to those that would not cause any signif-
icant offsite consequences. For example, the core release fraction for iodine for the LOC scenario 
is 0.111 and 0.274 for the SBO scenario. The frequency weighted iodine release fraction for the 
spectrum of accidents is much smaller at 0.022. Even though this report concentrates on very rare 
large release scenarios in developing an improved emergency plan for Indian Point it is intended 
to apply to the whole spectrum of accidents. The consequences of lesser events would also be 
reduced by using many of the same strategies developed for these more severe situations, usually 
with much more time to carry out protective actions.

3.2 ISSUES NOT WITHIN THIS ANALYSIS

Each operating nuclear power plant has two main sources of radioactive material. There is radio-
active material in each spent fuel pool and in each reactor core. The radioactive material in a spent 
fuel pool does not represent a special emergency planning issue. Spent fuel pools have enormous 
heat capacity and the heat generation rate of spent fuel is quite low. Therefore events that do not 
drain the pool are of little risk significance since they would not result in the release of radioactive 
material. Further, there are “low tech” ways to keep spent fuel from overheating even if a pool 
were drained. To put this into perspective, if a spent fuel pool had a spray system which resulted in 
the evaporation of about 3 liters per second, a fine mist within a drained spent fuel pool, it would 
be sufficient to keep the spent fuel from overheating in most situations.

Assuming that somehow the spent fuel in a drained pool did overheat and released their radioac-
tive contents, emergency plans designed to respond to releases from the reactor core easily 
encompass the emergency response needs from releases of radioactive material from spent fuel 
pools. During plume passage radioactive isotopes of iodine and tellurium are the principal poten-
tial causes of early fatalities and early injuries, if exposures are high enough. Radioactive isotopes 
of these elements also contribute to exposure that may lead to long term cancer fatalities. How-
ever, once the spent fuel elements are placed into a spent fuel pool, these radioactive isotopes 
decay away rather rapidly and soon are not present in appreciable amounts. The quantities of 
radioactive iodine and tellurium in reactor cores are considerably greater than those in the spent 
Proprietary Information, © Copyright 2007 
page 6



RBR Consultants, Inc.
ENHANCED EMERGENCY PLANNING
fuel pools because new amounts are being formed as rapidly as other amounts are removed by 
radioactive decay and by neutron capture. 

The central issue of releases of radioactive material from a spent fuel pool is the release of radio-
active cesium (reference [2]). Even if a radioactive plume evolved from overheated fuel in a 
drained spent fuel pool the early health effects during plume passage from radioactive cesium are 
rather limited (reference [3]). The bulk of the exposure to radioactive cesium comes from reoccu-
pying slightly contaminated areas over many years. Because of the characteristics of postulated 
spent fuel pool releases of radioactive material, the appropriate emergency response to a spent fuel 
pool event in the initial 24 hours would be encompassed within the emergency responses 
described in this report for reactor core events. 

Releases of radioactive material may contaminate downwind foodstuffs. Consumption of contam-
inated foodstuffs (especially fresh cow’s milk) following the accident at Chernobyl in the Ukraine 
was the major cause of thyroid disorders (reference [4]). In the United States regulations have 
been in place for several decades to prevent contaminated foodstuffs from being consumed. Food 
interdiction responses are very different from the protective actions described in this report. Typi-
cally they would occur on a much longer time scale. Therefore food interdiction is not part of this 
report. This report mostly concentrates on those emergency actions that should be taken in the 
near term, i.e., during the time of plume passage or the first 24 hours after issuing a public alert. 

Accidents that do not involve a core melt sequence are not within the scope of this report as they 
are unlikely to trigger an offsite emergency response. 
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4.0 EMERGENCY PLANNING FEATURES SPECIFIC TO INDIAN POINT 

4.1 TRAFFIC CONTROL CENTER

Capability now in place at the Hudson Valley Traffic Management Center (HVTMC) makes pos-
sible real-time monitoring, control and redirection of traffic flow to maximize evacuation speed. 
Personnel at HVTMC are in constant contact with state troopers and other officials in the field 
who are in a position to provide effective command and control, making possible a timely reaction 
to changing conditions and significant upsets such as vehicle accidents, construction delays, etc.

4.2 ALERT AND NOTIFICATION SYSTEM

The Indian Point Energy Center has multiple pathways for alerting the public of an emergency 
condition. The first alerting method utilizes conventional sirens which alerts people within the 
emergency planning zone to obtain information from radio or television. These sirens would be 
fully operable in the case of a loss of electrical power from the grid.

Additional notification capabilities include a high speed automated telephone dialing system and 
several computerized systems that can simultaneously transmit voice messages via land and cellu-
lar telephones, e-mail, cellular text messages, pager text and alert tones, conventional radio, 
NOAA tone alert radio, television transmission including informational scroll, internet and 
devices compatible with the nation-wide common alert protocol (CAP). These capabilities not 
only extend beyond the emergency planning zone, they can deliver content as well as a simple 
alerting tone.

4.3 NY-ALERT

NY-ALERT is a New York State All-Hazards Alert and Notification web-based portal. Among its 
many features is its “cell bursting” capabilities which will allow emergency officials to send 
emergency messages from selected cell towers to all cell phones within the coverage area of the 
tower. This has the potential to reach tens of thousands of people instantly.
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5.0 GENERIC TECHNOLOGICAL IMPROVEMENTS

5.1 CREATION OF A FUNDAMENTAL GEOMETRIC STRUCTURE 

This report provides a fundamental emergency planning geometric structure, as shown in FIG-
URE 9-A (page 109), which is applicable to all sites and could be used in enhanced emergency 
planning. It is consistent with the use of the performance based, risk informed regulatory pro-
cesses now utilized within nuclear power plant physical boundaries. The logic behind this struc-
ture considers the effects of exposure to radiation on both early and latent health risks and the 
ranges of these risks. 

This generic emergency planning structure retains important parts of present emergency planning 
practice, such as the use of an inner two miles, 360 degree area where prompt evacuation would 
be the preferred response to severe accidents and terrorist attacks. However, it goes beyond 
present practice by recommending a more optimized keyhole shape and by dividing areas near the 
plant into three concentric circles. The innermost area, the Evacuation Zone, is a circle with a four 
mile radius and where prompt evacuation of the above keyhole area would be the preferred 
response. The next zone is the Sheltering Zone and the outermost area is the Normal Activities 
Zone. Together the Evacuation Zone and the Sheltering Zone comprise the Emergency Protection 
Zone. The boundary between the prompt evacuation zone and the sheltering zone, a circle four 
miles in radius, is based on the ranges of the early fatality, early injury and latent fatality risks. 
The middle area, the Sheltering Zone, extends from four miles to the innermost boundary of the 
Normal Activities Zone. In an existing site, like Indian Point, the Sheltering Zone extends to 10 
miles. However, arguments are presented whereby the outer boundary of the Sheltering Zone 
would be determined by calculating the point at which a normal activities response for 24 hours 
after scram would result in a down wind individual receiving an exposure that would be within the 
NRC’s Latent Fatality Safety Goal. Calculating the outer boundary of the Sheltering Zone is 
rather straight forward for accident scenarios because the frequencies of such events are reason-
ably known. However, the frequency of terrorist events is unknown and unknowable. However 
this limitation can be conservatively overcome by the use of conditional frequencies. Here it is 
assumed that a terrorist event has been initiated and threat analysis is then used to estimate the fre-
quency that this terrorist event will succeed in its intended mission, i.e., threat analysis could be 
used to estimate the conditional frequency of success given that a terrorist event is assumed to 
have been initiated. Because of the smaller frequency weighted source term of accidents com-
pared to the extreme terrorist events examined in this report and the very small frequencies of 
accident events, the outer radius of the Sheltering Zone would likely be determined by the condi-
tional frequency of successful terrorist acts. Thus emergency planning, plant physical security, 
and NRC’s Latent Fatality Safety Goal represent a new understanding of interfaces among these 
three subjects.

5.2 TRAFFIC ANALYSIS IMPROVEMENTS

In support of this report the state-of-the-art of traffic analysis was advanced by KLD Associates, 
which in 2007 won a national engineering award from the American Council of Engineering 
Companies for its advanced work on Indian Point. Although this KLD effort analyzed the Indian 
Point site, the methods it developed can be applied to any site.
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An Evacuation Time Estimate, ETE, the time to evacuate the whole EPZ, is made periodically at 
each nuclear power plant site. An ETE study (reference [5]) of the Indian Point EPZ was com-
pleted in 2004 by KLD Associates using then up-to-date population figures and a detailed descrip-
tion of the road network within the EPZ. 

However, a more important parameter is the time it takes to evacuate the innermost four miles, not 
the whole ten mile EPZ. Further, calculating a 10 mile evacuation time estimate may convey the 
wrong message to the public and government officials if it implies that evacuating the whole EPZ 
is the preferred emergency response. The proper message to convey is that a mixture of evacua-
tion and sheltering process is preferred where evacuation is the preferred action in the inner four 
miles and downwind sheltering is preferred beyond that distance. The KLD traffic analysis com-
puter program was refocused to more precisely determine the ETEs of areas closer to the site 
where early health effect risks are important. The KLD traffic model now, appropriately, is more 
detailed in areas closer to the site. The ten miles surrounding Indian point was divided into the 16 
compass directions and annuli at 1, 2, 3, 4, 6, 8, and 10 miles. This led to 112 separate sector 
areas. (See Appendix A.1.) The sector areas closest to the site were very small, about 0.2 square 
miles in size. Many of these sector areas contain population centroids where people and vehicles 
are located. Some 357 centroids were used to model where the population would begin their evac-
uations. (See FIGURE 5-A (page 13) where X and Y coordinates are expressed in feet and the 0,0 
co-ordinate is the location of the Indian Point facility.) Further, KLD recognized that different 
groups of people have different ratios of people per vehicle. For example, for this site the number 
of people/vehicle for employees is about 1.05, while this ratio for permanent residents is about 
2.47 and 2.74 for transients. KLD’s computer model accounts for these different ratios and the 
mix of employees, permanent residents and transients at each centroid in the EPZ.

Indian Point traffic analyses took the most recent census data and extrapolated them to year 2007 
and utilized the most recent employee data. Additionally, KLD used imagery output from Google 
Earth (reference [6]) to precisely locate the positions of the EPZ population, such as the locations 
of employment centers. These population data were supplemented by public surveys to determine 
certain parameters such as number of vehicles per household and number of people within the 
Indian Point EPZ who worked outside of this area and would be expected to return to their fami-
lies in an emergency to then evacuate as a family unit. Determinations were made of the number 
of people who did not have a vehicle of their own and the number of unoccupied seats in evacuat-
ing vehicles. The locations and populations of school and special needs facilities were determined 
in order to estimate the number of buses that might be needed in an emergency.

The KLD study, KLD TR-369 (reference [5]), was based on detailed measurements of road capac-
ities and other traffic characteristics in the area surrounding Indian Point. In this advanced traffic 
analysis KLD expanded the modeling of the local road network surrounding Indian Point to 
account for additional evacuation pathways.

Having determined the size of different population groups for midday/midweek, nighttime and 
weekend conditions for both summer and winter and having determined the road capacities, KLD 
then performed a series of traffic analyses. One input to each traffic analysis was an assumed 
mobilization time. Mobilization time is the total elapsed time starting at the advisory to evacuate 
during which evacuees begin their evacuation trips, i.e., the time between when the first vehicles 
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start to evacuate from their centroids to the time when the last vehicles start to evacuate. Between 
these two end points KLD used a distribution function to determine what percentage of the vehicle 
inventory starts to evacuate at different times.This time/vehicle distribution function was based on 
a random sample telephone survey (reference [7]) of the Indian Point population. As part of the 
present Indian Point traffic analysis the importance of different assumed mobilization times was 
investigated.

The KLD model also utilized different pathways for evacuees to take as they left their initial cen-
troid locations. During the process of evacuation some pathways may become very crowded and 
evacuation speeds may decrease to low levels. The KLD model recognizes this and redirects vehi-
cles to other faster evacuation pathways, if available. This seeking of a better pathways is consis-
tent with human nature. The flow of traffic down particular pathways is not only time dependent, 
it varies from traffic case to case because a different initial number of vehicles can be present at 
the centroids depending on the time of day and if the day is during the weekend. The assumptions 
on the degree of voluntary evacuation and the assumed mobilization time affect calculated traffic 
flow and the evacuation paths that are calculated to be used. The KLD staff has the capability to 
see an animation (reference [8]) of the traffic flow throughout the area surrounding Indian Point 
for each of their computer runs. This time dependent display was used as one of the quality assur-
ance processes to verify the accuracy of results.

A number of outputs are available from these KLD computer runs. They include plots of cumula-
tive and interval evacuation speeds versus elapsed time from the start of an evacuation for specific 
areas, such as from 0 to 1 mile, 0 to 2 miles, 0 to 4 miles and 0-10 miles. Additionally, KLD has 
produced plots of the number of vehicles to cross particular circumferences, such as those at the 
1,2, and 4 mile radii, versus time for each case that it ran. This report provides examples of these 
outputs. These are macroscopic results of the evacuation process. At the more detailed level KLD 
produced tables of vehicles still remaining within each centroid versus time, the traffic flow down 
each pathway from each centroid and the time dependent speeds of these vehicles as they go along 
these pathways. All of these analyses were performed with short time steps to maintain a high 
degree of accuracy.

The KLD computer program was also utilized as a search tool. In this search mode a number of 
hypothetical administrative actions could be evaluated in terms of their potential impact on evacu-
ation speeds. An example of an administrative action is the use of law officers to temporarily 
make particular roadways one way and outward bound during an emergency. The KLD model 
identified specific roads that would be most valuable to make one way during an emergency. Then 
KLD recalculated evacuation speeds with these assumed traffic controls in place. With this addi-
tional calculation it was possible to determine the changes in the traffic patterns with and without 
the implementation of particular traffic controls. As described in more detail later, these traffic 
patterns were used as input to a consequence analysis. Therefore the consequence-reducing poten-
tial of implementing specific traffic controls was determined by subtracting the calculated health 
consequences with traffic controls from the calculated health consequences from the reference 
case which does not implement traffic controls. This difference in calculated health consequences 
is a measure of the consequence significance of implementing traffic controls. In general, the con-
sequence significance of any traffic action is found by comparing the results of two different con-
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sequence analyses, one using the reference traffic patterns and the other using a new set of traffic 
patterns, as determined by the traffic action of interest. 
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FIGURE 5-A Location of KLD Centroids around Indian Point

5.3 ACCIDENT PROGRESSION

Analytical tools now available permit far better understanding and quantification of the course of 
a nuclear reactor core melt, including the degree and timing of fission product release from the 
core, the transport of radioactive materials from the reactor coolant system into and through the 
containment, and the transport into the environment for cases involving a loss of containment 
integrity (reference [9]).

These new models take into account natural barriers to the transport of radioactive materials 
released from a damaged core. These natural barriers are driven by fundamental laws of physics 
and chemistry that dictate the behavior of gaseous, aerosol and particulate materials released from 
the core, to the surrounding systems and structures. Significant and calculable fractions of the 
aerosols, for example, are known to plate out on internal surfaces in the containment, and there-
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fore would not be released into the atmosphere even in the event of a simultaneous damage or 
leakage from the containment structure.

Previous analyses generally have understated the effectiveness of such factors (reference [9]). 
More recent analytical methods, developed in support of the Alternate Source Term (AST) appli-
cations, have been validated by testing and approved for use by the NRC (reference [9]).

5.4 CONSEQUENCE ANALYSIS IMPROVEMENTS

The ability to calculate early fatality, early injury and latent cancer fatalities improved over the 
course of producing this report. Initial early health consequence analyses were based on the 
MACCS2 computer code and were useful in performing scoping studies and generating important 
consequence insights. These initial MACCS2 scoping calculations had significant limitations in 
terms of how evacuation was modeled. These initial MACCS2 calculations modeled evacuations 
assumed that everyone initiated their evacuation at the same time, i.e. two hours after scram, had 
the same constant speed, and moved radially away from the point of release. The results of some 
key consequence scoping studies are presented in Section 6.3 (page 25).

A significant improvement in the use of the MACCS2 code was made by joining it to the traffic 
analyses produced by KLD. There were many issues to overcome in order to fit the very precise 
KLD traffic analyses into the evacuation limitations of the MACCS2 code which only allowed 
movement in the radial and circumferential directions. KLD overcame these MACCS2 geometric 
limitations by creating a “pseudo network”. Instead of the actual road network, the pseudo net-
work is a series of radial and circumferential segments. With such a network it was possible to 
connect any sector area in the EPZ with any other through a series of radial and circumferential 
movements. The “pseudo network” thereby matched the radial and circumferential movements 
that MACCS2 code could utilize. KLD also developed a simplification process whereby multiple 
pathways from a single centroid were condensed in a single representative pathway. The flow of 
evacuees from their initial locations and then down various paths in the “pseudo network” was 
made to match the results from the more precise KLD traffic analysis which used the actual road 
network. Small time steps were used to maintain computational accuracy. Because the sector areas 
nearest the Indian Point site are very small, the actual road network and the “pseudo network” are 
quite similar geometrically in the very area where early health effects are most concentrated, 
thereby retaining computational accuracy. 

Instead of assuming that everyone evacuated at the same time as in the MACCS2 scoping analy-
ses, evacuations were modeled as waves of people leaving at different times from different initial 
locations. The numbers of people in each wave, their initial locations, the times that they spent 
sheltered prior to their evacuation, their evacuation paths, and their speeds along these paths were 
all based on the advanced KLD traffic analyses. Within each centroid there is an initial specific 
number of vehicles, depending on the time of day and time of week. The rate at which vehicles 
leave their initial centroid location was determined by a distribution function, mentioned above, 
which varies with the assumed length of the mobilization period. Those people who have not yet 
departed from their centroid were assumed to be sheltered. Once on the road, sheltering shielding 
factors no longer apply and instead shielding factors for evacuation were applied. (See TABLE A-
6, (page 142). Eventually each centroid would be completely emptied and later the last of the 
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evacuees would cross over important distances from the point of release, such as one, two and 
four mile radii based circles.

One of the results of the improved consequence analyses was the reduction in the calculated 
ranges of the early fatality and early injury health effects. Scoping analyses calculated the early 
fatality and early injury ranges to be 2 miles and 4 miles, respectively. Improved MACCS2/ KLD 
traffic analyses consequence analyses calculated these ranges to be 1 mile and 2 miles, respec-
tively. Because the ranges of early fatalities and early injuries fall well within four miles of the 
point of release it was not necessary to make a detailed tracking of the evacuation of people who 
start to evacuate from locations beyond four miles to determine early health effects. However, the 
importance of all evacuations initiated beyond four miles was accounted for in the traffic analyses 
since these evacuees who start out beyond four miles might affect the evacuation speeds of others 
who start out within four miles of the site.

Because of fine structure of both temporal and geographic increments and the many cases that 
were examined, the volume of the KLD output was huge. To make the subsequent MACCS2 con-
sequence analysis manageable, Polestar and KLD took several simplifying steps. Instead of a con-
tinuous function of people leaving centroids over time, their exodus was modeled as a series of 
waves. Everyone in a single wave travelled along the same route and up to three speeds could be 
utilized per route. In some instances, when the co-existence time5 was short, it was practical to use 
only one wave to approximate the evacuation from that starting point. As many as ten waves were 
used at other starting points to represent the evacuation process when co-existence times were 
long. In order to reduce the computational effort, multiple evacuation pathways from a single 
starting point were condensed into a single representative pathway. The selection of a single rep-
resentative pathway was determined by interactions between KLD and Polestar technical staffs. 
Evacuation speeds along a given evacuation route were subject to change from one computer case 
to another and even within a single case as road conditions changed. KLD analyses provided dif-
ferent speeds along different paths per scenario. Polestar utilized these pathway specific evacua-
tion speed data and condensed them to a limited number of speeds that the “pseudo network” 
model calculated. This speed condensation process concentrated on speeds within the inner four 
miles where early health effects results are sensitive to evacuation speeds and direction. 

Even after these simplifications were made the number of MACCS2 calculations that had to be 
run was very large. The analyses of where the people were at any given time were combined with 
source term dependent dose rates which themselves varied with location and weather scenario. 
The dose rates that were calculated reflected the facts that wind direction often changes, that 
release rates decrease with time and plumes weaken as they move further away from point of 
release. The exposures that people received along different roadways and at varying evacuation 
speeds were then converted to calculated health effects for each pathway and then summed to get 
an overall statement of consequences for that traffic scenario. 

A limitation of the MACCS2/KLD model is how it performs the above pathway summations. 
When the results of multiple MACCS2/KLD runs are added together, consequences are added at 

5 Co-existence time is the time during which people and the radioactive plume exist at the 
same location.
Proprietary Information, © Copyright 2007 
page 15



RBR Consultants, Inc.
ENHANCED EMERGENCY PLANNING
equal exceedence levels. For example, the 90th percentile consequences down path A would be 
added to the 90th percentile consequences down path B. However the weather scenario that gives 
rise to the 90th percentile along path A is unlikely to be the same as the weather scenario that 
gives rise to the 90th percentile consequences along path B. It is recognized that summing conse-
quences along different paths, but at equal exceedence levels overpredicts the total number of 
early health effects. However, since these summed early health effects were so small this over pre-
diction was considered acceptable.

The correct way to account for overall health effects is to sum the effects along all pathways that 
are experiencing the same weather sequence. This would be repeated weather sequence by 
weather sequence until all weather sequences were accounted for. These sums would be ranked in 
terms of their total consequences. Consequence codes, more advanced than MACCS2, are now 
becoming available such as the DoRMET code (reference [10]). Among the modeling improve-
ments in DoRMET compared to MACCS2 is to utilize more refined data. Instead of using hourly 
weather data, DoRMET uses weather data based on measurements made every half hour. Instead 
of representing the release of radionuclides as three time segments (see TABLE A-5, (page 142) 
as MACCS2 does, DoRMET divides the release up into twelve or more time segments. DoRMET 
has the capability to combine consequences that are calculated to occur over multiple pathways, 
weather sequence by weather sequence. 

With regard to this report, the most important application of the DoRMET code is in the analysis 
of the latent fatality consequences. The overpredictions attributed to summing up consequences 
along multiple pathways in MACCS2 have been overcome in DoRMET. However, DoRMET is 
not yet fully capable of performing consequence analyses using the “pseudo network” approach. 
Further code development of the DoRMET code would overcome this limitation. In the mean-
while an approximate, but still conservative, methodology using DoRMET and much of the KLD 
output has been developed and was used in Section 6.11 (page 81) to estimate the Indian Point 
latent fatality consequences. This approximate methodology is described in Appendix A.4 and is 
an advanced multi-wave radial evacuation model where evacuation speeds are derived from KLD 
traffic analyses of Indian Point. Each wave in this analysis can have up to three speeds along its 
pathway. 

5.5 A NEW DECISION MAKING TOOL

As discussed above, advanced traffic analysis and advanced consequence analysis have been 
merged. The merging of these two advanced technologies is unique and provides government and 
nuclear industry leaders with a new tool in decision making. The impact of different traffic pat-
terns on evacuation speeds can be determined from the advanced KLD model. The change in 
evacuation speeds can then be converted into a change in the calculated health effects when used 
as input data to the advanced consequence analysis. Knowledge of the calculated health effects 
from proposed changes to the traffic patterns could then be a consideration to decision makers. 
Different consequence-reducing strategies can be properly evaluated when quantification replaces 
speculation. Issues like larger or smaller EPZs, the benefits of precautionary evacuations, shelter-
ing versus evacuation, the benefits of traffic controls at discrete locations, etc., can all be quanti-
fied in terms of their impacts on early and latent health effects. Once quantified, these results can 
be ranked in order of importance to influence the optimum allocation of resources.
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5.6 TREATMENT OF TERRORISM

Unlike other emergency plans, this technical analysis deals with the relationships between emer-
gency planning of both willful acts of terrorism and unintended accidents. The extreme set of 
assumptions discussed in Section 3.1 (page 5) is sufficient to encompass terrorist and accident 
issues. Additionally, this report explains the importance of alerting the public as soon as possible. 
It is recognized that terrorist acts may provide opportunities to issue an alert earlier compared to 
some unintended accidents. It is likely that the noise and smoke from a terrorist attack itself would 
alert the public closest to the site very rapidly, perhaps more quickly than the issuance of a formal 
alert. Under these circumstances the public might initiate an evacuation sooner than the one hour 
delay assumed in these analyses. Initiating an evacuation sooner would lower potential health 
effects. This report examines the relationship between the time to issue a of public alert and offsite 
health consequences should a major release of radioactive material occur and recommends 
improvements designed to improve the process by which the public is informed. Such improve-
ments in timing would also be valuable under accident situations.

5.7 INSIGHTS INTO PLANT SECURITY PROBABILITY CRITERIA

Section 9.3.4 (page 118) establishes a relationship between the maximum conditional probability 
of a large release of radioactive material because of a terrorist attack and the size of the outer 
radius of the Sheltering Zone so that the NRC’s Latent Fatality Safety Goal is met. Once such a 
maximum conditional probability value has been calculated, it can be compared to the conditional 
probability values that are derived from security threat analyses. The ratio of the conditional prob-
ability uses to establish the outer radius of the Sheltering Zone to the conditional probability of 
successful terrorist attacks determined by threat analysis would be a measure of the safety margin 
in the plant’s physical security system. 

5.8 IMPROVED KEYHOLE CONFIGURATION               

This report offers an improvement over traditional consequence analyses by making greater use of 
site specific wind persistence data, the insights gained from understanding the timing when large 
releases of radioactive material might enter the environment, and the duration of such releases. 
These data, plus insights on the ranges of early and latent health effects, led to a recommendation 
of an improved keyhole configuration with a reduction in the outer radius of the keyhole from five 
miles to four, but with an increase in the angle of the wedge area from three sectors to about 7.5 
sectors (for Indian Point).

5.9 IDENTIFICATION OF MULTIPLE LEVELS OF PROTECTION

This report identifies three levels of protective actions. The first level of protection is afforded by 
natural phenomena (chemistry, physics and human biology) which do not require any actions by 
people or by engineered safety systems to limit offsite health risks. The protection offered by 
these natural forces can not be prevented by acts of terrorism. The second level of protection is 
actions that the public itself can take to reduce their risks without depending on assistance from 
emergency workers. The third level is protective actions taken by emergency planners and 
responders. 
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The technology developed for this report enables an quantification of each of these three levels of 
protection. A number of cases were run where the emergency response was identified as “status 
quo”. Here 100% of the EPZ was assumed to evacuate and no special actions by the public or by 
the emergency responders were taken to improve this response. The calculated health conse-
quences associated with the “status quo” analyses are therefore determined by the protection pro-
vided by chemistry, physics and human biology. In the case of Indian Point and assuming a 
successful terrorist attack, these natural phenomena limited the early fatality risk to about 5 people 
at a poor weather condition, out of an EPZ population of about 367,000 people. 95 percent of the 
time the weather conditions would be such that the calculated consequences would be smaller 
than the 5 person figure. If the recommendations presented in this report for improving the emer-
gency plan at Indian Point were implemented, the calculated number of early fatalities would 
decrease to about 2. Therefore the whole value of the emergency plan in terms of reducing the 
early fatality risk is to go from 5 people to 2 people, for an extremely unlikely event.

If the release of radioactive material were from an accident situation instead of a terrorist attack 
the release would be, on average, about one tenth to one fifth that of a terrorist event. At these low 
levels it is unlikely that any early fatalities would occur, even without any evacuation.

One concludes from this that natural phenomena alone are sufficient to keep early fatality risks to 
near zero levels, independent of any emergency plan. A review of the impact of natural forces on 
the latent fatality risk is underway.

5.10 COMMUNICATIONS AND INTERCONNECTIVITY

Real-time communications among plant operations and management personnel, emergency man-
agement decision makers, traffic managers, etc. are now commonplace.

This immense composite capability-cell phones, pagers, text paging, e-mail, etc. was simply not 
available when many of the current emergency management processes were put in place. Instant 
connectivity makes possible application of a much broader set of protective actions that can be tai-
lored to an actual event and can deal with the surprises and potentially changing conditions that 
may accompany an event.
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6.0 ANALYSIS OF INDIAN POINT

6.1 INTRODUCTION

Emergency planning at Indian Point has been a source of controversy for decades. Periods of rela-
tive political calm have been interrupted by events that have heightened public fears such as the 
accident at Three Mile Island, the Chernobyl accident, the September 11, 2001 terrorist attack 
where one of the planes that struck the World Trade Center flew down the Hudson River Valley, 
plans seized from terrorists of possible attacks on nuclear facilities and the emergency planning 
failures exhibited during the Katrina hurricane tragedy. Often these public fears have been inten-
tionally inflamed by exaggerated and even false statements made by some who want to shut down 
Indian Point Units 2 & 3 (reference [11])6. 

One often-voiced concern is that this site has a high population level within 50 miles. Yet the risks 
from major releases of radioactive material are best responded to by emergency protective actions 
within a few miles of the site so the population level out to 50 miles is irrelevant to public safety.

The road network around Indian Point is often congested and many feel that evacuation is not fea-
sible in the event of a major release of radioactive material into the environment. However, mak-
ing judgements based on slow evacuations alone ignores other important off-setting 
considerations. Traffic analyses conducted in support of this report indicate that with the present 
road network, a massive evacuation of the Emergency Planning Zone would result in very slow 
vehicular evacuation speeds. This is consistent with everyday observations that many local citi-
zens share. However, even very slow evacuations can be sufficient to keep early health conse-
quences to very low values in emergency situations. The long term health effects of exposure to 
radiation in the EPZ would be a small fraction of those from natural causes (reference [12]).

Much of the very low risk levels that have been calculated are independent of human actions, be 
they terrorist acts or operator errors that lead to a release of radioactive material or be they acts of 
the emergency responders to mitigate the effects of such releases. These low risk levels are the 
result of natural forces of chemistry, physics and human biology, all of which are independent of 
human behavior. The public itself can take specific actions to further lower its radiological risks, 
independent of the emergency plan or actions by emergency responders. Emergency planning is 
then the third layer of protection and its incremental value starts at a very low level of risk because 
of the two layers of protection in front of it.

Some criticisms of the radiological emergency plan are justified. There are plan areas where sim-
ple, but effective, improvements can be made. Other improvements to the emergency plan that 
some call for may not affect risk levels one way or the other. Much of the small early health 

6 “Unfortunately the myriad of factors that lead to high public awareness (see above) do 
not also lead to elevated levels of public understanding. In fact, some advocacy groups 
should bear responsibility for the potential consequences of public misperceptions. For 
example, in pursuit of their agenda to close Indian Point, some have misused NRC data 
presumably to frighten and alarm the public. Misuse of information can lead to behavior 
that may endanger public health and safety”
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effects risk from Indian Point, however, does not come from weaknesses in the emergency plan. 
Rather, the residual risk after accounting for the protection afforded by natural forces mostly falls 
on those who do not participate in the emergency plan because they neither evacuate nor take 
shelter in a timely fashion. 

Releases of radioactive material into the environment are not instantaneous even in core melt-
down sequences with an open containment. As mentioned in Section 3.1, it still takes at least two 
hours between a reactor scram and the start of a radioactive release to the environment. Although 
vehicular evacuations at Indian Point could be very slow, sometimes slower than normal walking 
speeds, traffic analyses show that even if there were a massive evacuation, about 45% of the peo-
ple originally within the one mile range of the early fatality risk would be beyond this range 
before a radioactive release entered the environment, assuming they were alerted within a one 
hour of the start of an attack on the containment. Even if some people were evacuating, but were 
not completely outside of the inner one mile when the release began, consequence analyses show 
that they are still unlikely to become early fatalities, provided they evacuate at walking speeds or 
better and start to evacuate before the onset of a release of radioactive material. This observation 
also demonstrates that pedestrian evacuation of in-close areas is an effective supplement to evacu-
ation in vehicles.

Many of these basic facts about health hazards from exposure to radiation have not been explained 
to the public or their elected officials. It has not been explained what the different health risks are, 
where they might occur and what should be done to minimize them. It has also not been explained 
that most radiological early health challenges are very local and the preferred protective responses 
to them are correspondingly local. In addition, since risks generally decrease with distance, the 
time to take useful protective actions increases as the distance from the site increases. This means 
that the emergency planning burdens are very different from one county to the next. The Town of 
Cortlandt in Westchester County bears the greatest relative risks, followed by other areas in 
Westchester County. A distant third is Rockland County and the risks and burdens on Orange and 
Putnam Counties are minimal. In order to help remedy this lack of communication, four Tables of 
Results are provided in Section 8.3 (page 100), one per county in the EPZ. Here the preferred pro-
tective response to each potential radiological health effect is identified, county by county. 

The steep gradation in risks and burdens also means that the importance of defects in the plan or 
its implementation are correspondingly non-uniform. A failed siren in Orange or Putnam County 
is far less risk significant than a siren failure within two miles of the Indian Point site, even though 
today they might be perceived as equally important. 

Resource needs differ from one county to another. For example, neither Putnam nor Orange 
County need prepare for a prompt evacuation since they are far beyond the ranges of early fatali-
ties and injuries and only long term risks are important. These counties and those areas in Rock-
land and Westchester Counties beyond four miles from the Indian Point site would use sheltering, 
if downwind, to lower long term risks. Because prompt mass evacuations are unnecessary and 
unwanted, there is a significant reduction the number of buses needed to evacuate schools or spe-
cial needs facilities in these outer areas during an offsite emergency. Radiation level surveys 
would be made of downwind areas to determine if there were localized “hot spots” that would 
require a delayed evacuation of some sheltered people. Analyses show that for sheltered people 
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beyond four miles not in a “hot spot” the risk of becoming a long term cancer fatality is zero even 
if they remain in their shelters for more than eight hours after the reactor had scrammed. 

The use of reception centers has also been reviewed. There are benefits to having some reception 
centers closer to the Indian Point plants but at distances greater than four miles from the site. Two 
tiers of reception centers are contemplated. The inner tier would serve those who evacuate from 
the inner four miles and family members who rejoin them there, whereas the outer tier would 
serve all others. Some people in these well shielded inner reception centers may be relocated at a 
later time if measured local dose levels exceed acceptance criteria. If some inner reception centers 
were utilized the distance that buses would have to travel between these reception centers and pre-
designated shelters within two miles of the site would be significantly shorter than running buses 
from the present reception centers to areas close to the site. People who lack transportation in or 
near the inner two miles and take shelter in a predesignated shelter could be evacuated more rap-
idly with fewer buses acting over much the shorter runs between the predesignated shelters and 
the inner reception areas.

The great disparity between the relative risks at the Town of Cortlandt and those in Rockland, 
Orange, and Putnam Counties brings into question whether the communication protocols among 
the counties need to be revised to alert people within two miles of the site more quickly than out-
lying areas. Timing issues, such as alerting the public sooner, especially in terrorist situations, are 
analyzed in this report.

6.2 SUMMARY OF THE INDIAN POINT EPZ

The Hudson River valley splits the Indian Point EPZ into two parts, east and west of the Hudson 
River. The radiological risks in these two parts are different, with the western portion having far 
smaller risks. This conclusion can be reached without even using sophisticated computer analyses. 
FIGURE 6-A (page 22) is a plot of the wind direction and frequency data for Indian Point, aver-
aged over three years of data collected at the Indian Point site using the data in TABLES A-2, A-3 
and A-4 (pages 139-141). Concentric circles in FIGURE 6-A mark points of constant frequency. 
Much of the wind flow is in the North-South directions, rather parallel to the Hudson Valley. This 
wind flow favors the eastern side of the Hudson somewhat with about 53% of the wind from 
Indian Point headed towards land areas east of the Hudson. The Hudson River itself causes the 
land areas west of Indian Point to be further from Indian Point than the land area on the eastern 
side of the Hudson, which reduces radiological risks west of Indian Point. With regard to traffic 
flow within the EPZ, the eastern and western portions of the EPZ are rather isolated from each 
other. Only two bridges, the Tappan Zee bridge, about 12 miles south of the site and the Bear 
Mountain bridge, about 3.5 miles north of the site, join these two areas. Traffic on either side of 
the Hudson River has little effect on the traffic flow on the opposite side.

In addition to these meteorological and geographical considerations, the residential populations of 
these eastern and western land areas that make up the EPZ are different. About 78% of the popu-
lation within four miles of Indian point is in the eastern section, mostly in Westchester County. 
Because of meteorological, geographical, and population factors, the risks from Indian Point is 
much smaller west of Indian Point than east. These general observations were then supplemented 
by consequence and traffic analysis studies which further emphasized the differences between the 
eastern and western portions of the Indian Point EPZ. Traffic studies identified several traffic con-
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trol improvements, all of which are on the eastern portion of the EPZ. Other consequence reduc-
ing actions, such as precautionary evacuations out to one mile and earlier alerting of people are 
more important on the eastern side of the Hudson. 

Consequence analyses showed that virtually all of the early fatality risk is within the Town of 
Cortlandt in Westchester County. Most of the two mile range of the early injury risk is also within 
the Town of Cortlandt. Virtually all of the early health risks and over half of the latent fatality 
health risks appear on the eastern side of the Hudson River. All of the latent fatality risks are 
within four miles of Indian Point, assuming sheltering beyond four miles.

FIGURE 6-A Indian Point Wind Directions and Frequencies
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6.2.1 Definitions of Protective Actions

A number of protective actions are referred to throughout this report. TABLEs 6-A, 6-B and 6-C 
provide examples of different types of protective actions. Protective actions result in reduced 
exposure to radiation and fall into three broad categories. They either increase the distance 
between the point of release and people or they place barriers between the source of radiation and 
people or they reduce the time of exposure. Evacuation is the prime example of using increased 
distance to reduce exposure. Sheltering is the prime example of using a barrier to reduce exposure. 
A third class of protective actions, would increase evacuation speeds or start evacuations sooner, 
thereby reducing the time of exposure to radiation.

This report advocates a mix of these three classes of protective actions and gives guidance on how 
to establish this mix. 

TABLE 6-A Protective Actions Using Distance to Reduce Exposure

TABLE 6-B Protective Actions Using Barriers to Reduce Exposure

Protective Action Description
Prompt Evacuation Prompt evacuation occurs when people start to evacu-

ate as soon as practical after the public alert has been 
issued. Some people may evacuate soon after this 

alert, while others take more time to get mobilized. 
Prompt evacuation can be in a vehicle or on foot.

Delayed Evacuation Delayed evacuation may occur after a period of shel-
tering if emergency responders determine that particu-

lar sheltered people should be evacuated, based on 
local radiation measurements. 

Precautionary Evacuation A precautionary evacuation might be ordered if 
unusual or uncertain conditions exist that have the 
potential to lead to a reactor core melt. Such an evacu-
ation is intended to be very limited in scope, such as 
just the inner one mile near the site.

Protective Action Description
Stay indoors Remain indoors, listen to the media for further instruc-

tions, prepare to go to a sheltered configuration or to 
evacuate, if so advised. 

Take shelter Remain indoors in a shielded area like a basement, if 
available, close doors and windows and outside air vents, 
stay away from windows and other locations that do not 
offer much shielding. Shower frequently, if practical. Lis-
ten to the media for further instructions.
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TABLE 6-C Protective Actions Used to Reduce Time of Exposure

6.2.2 Influence of Containment Integrity

With regard to releases of radioactive material into the environment, their importance is directly 
related to the integrity of the reinforced concrete containment building that surrounds the reactor 
core and other interior structures and surfaces. In the event of a melt down of the reactor core, 
only miniscule amounts of radioactive material would enter the environment if the containment 
structure maintains its integrity, as was the case in the Three Mile Island accident in 1979. Such 
small releases of radioactive material would not lead to any early fatalities. Under much less 
likely scenarios a containment like that at Indian Point might lose its integrity after a day or so by 
slowly becoming slowly overpressurized following a core melt down if heat sinks are lost. These 
less likely situations would require offsite responses, but a great deal of time would be available to 
implement them. Further, the longer a containment maintains its integrity, the weaker the radioac-
tive plume that might be released. 

Reduce inhalation doses If proven effective by future research, wear a face mask 
or breathe through a wet handkerchief. This protective 
action should be taken for people within four miles of the 
site when sheltering and when evacuating.

Reduce thyroid exposure Take potassium iodide pills, if available. (See Section 
6.3.3.2)

Reduce skin exposure Cover skin with clothing, a towel, or a similar item. This 
protective action should be taken when sheltering and, if 
practical, when evacuating.

Protective Action Description
Earlier alerting Earlier warnings provide more time to evacuate prior 

to the release of radioactive material.
Car pooling of employees Car pooling of employees, particularly daytime Indian 

Point employees, results in fewer vehicles on the road 
and therefore faster evacuations and less exposure to 
radiation.

Pedestrian evacuation Pedestrian evacuation along predesignated routes sup-
plements evacuation by vehicles. The greater the num-
ber of people evacuating on foot, the fewer the 
vehicles on the roads and the faster the vehicular evac-
uation.

Traffic controls Traffic controls provide more outward bound roadway 
capacity thereby increasing evacuation speeds.

Reduce voluntary evacua-
tion

The smaller the percentage of EPZ people who volun-
tarily evacuate beyond 4 miles, the faster the evacua-
tion speed of people within 4 miles.
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Therefore the most challenging situation in terms of emergency planning is one where the reactor 
core melts and the radioactive material enters the environment comparatively quickly. These early 
releases, among others, are shown in TABLE 6-N (page 69) for Indian Point 3.

6.3  MACCS2 SCOPING CONSEQUENCE ANALYSES

6.3.1 Introduction

As discussed in Section 5.4 (page 14), consequence analyses evolved over the course of complet-
ing this report. The first set of consequence analyses were MACCS2 scoping studies, based on a 
very simple evacuation model. Among the subjects investigated with these scoping studies were 
the ranges of the early fatality and early injury risks, sheltering versus evacuation, pedestrian 
evacuation, the importance of public participation, the use of face masks and potassium iodide, 
skin doses, and the time to reach threshold levels of exposure for several different types of radia-
tion caused early injuries as a function of distance from Indian Point.

Later, when the simple evacuation model in MACCS2 was replaced by the more accurate evacua-
tion information in the KLD traffic analyses, a number of these issues were recalculated. Among 
the issues that were recalculated were the ranges of the early fatality and early injury risks, shel-
tering versus evacuation, and the use of face masks. In this report many of the earlier MACCS2 
scoping analyses are not discussed because they have been replaced by the more advanced 
MACCS2 analyses using KLD traffic analyses input. In general, the more precise MACCS2/KLD 
traffic analysis analyses showed lower exposures to radiation. This, in turn, resulted in fewer cal-
culated early health effects and shorter ranges for both the early fatality and early injury risks.

What follows are the results of those early scoping consequence studies that still have valuable 
information.

6.3.2 Early Fatalities

6.3.2.1 Pedestrian Evacuation

TABLE 6-D, below, presents the results of several MACCS2 scoping calculations where the 
assumed radial evacuation speeds were varied. Both LOC and SBO source terms were analyzed 
and consequences are presented with and without the use of face masks. Each of these scoping 
analyses assumed that everyone in the EPZ started their evacuation at the same moment and then 
traveled radially away from the site at a constant speed.

In these four evacuation scenarios everyone in the whole EPZ was assumed to have a two hour 
delay between the time the reactor scrammed and the beginning of an evacuation. During this two 
hour time period people were assumed to continue on in a “normal activities” mode. After the two 
hour normal activities period was over, it was assumed that an EPZ wide evacuation commenced. 
Radial evacuation speeds of one, two, four, and six m.p.h. were investigated. This enabled com-
parisons of the effects of different evacuation speeds. Note that EPZ wide evacuations analyzed 
here are for scoping purposes and are not recommended responses. 
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Station blackout scenarios with 100% participation do not have any mean calculated early fatali-
ties at all evacuation speeds in these scoping analyses. This is because of the long time between 
the start of the evacuation and the release of radioactive material into the environment during 
which people would evacuate the inner two miles and further.

Since calculated SBO evacuation responses resulted in zero or very small early fatality risks, 
attention concentrated on LOC scenarios. These LOC scoping analyses show zero early fatalities 
at radial evacuation speeds greater than 2 to 3 m.p.h. when inhalation doses are assumed to be 
reduced through wearing face masks or breathing through wet handkerchiefs, assuming a factor of 
ten reduction in the inhalation dose and when all members of the public participate. Non-zero 
numbers of early fatalities are only calculated when there is poor public participation and/or radial 
evacuation speeds are well below normal walking speeds and no credit is given for reductions in 
inhalation doses. As shown later, more sophisticated consequence analyses combined with traffic 
analysis show much smaller early fatality consequences at very low evacuation speeds. 

TABLE 6-D Importance of Evacuation Speeds, Mean Number of Early Fatalities 

The analyses presented in TABLE 6-D indicate that anyone who has a radial evacuation speed of 
2 to 3 m.p.h., has reduced his inhalation doses and leaves before the release of radioactive material 
into the environment should not become an early fatality. A two to three m.p.h. evacuation speed 
is about normal walking speed. Consequently, evacuation on foot is a viable emergency response. 
Such on-foot evacuations have been used during emergency situations in congested urban areas.

Note that the distance that evacuees would have to walk in order to be two miles from the Indian 
Point site is short. Of the inner two mile population, some 22% live within a one mile circle. Many 
in this group who evacuate on foot should quickly be beyond the early fatality and early injury 

Action

SBO, 95% 
Participation, no 

inhalation 
protection

SBO, 100% 
Participation, 

with inhalation 
protection*

* See Section 6.3.3.2 (page 31).

LOC, 95% 
Participation, no 

inhalation 
protection

LOC, 100% 
Participation, 

with inhalation
protection

wo hrs. of normal activi-
ies, then a 1 m.p.h. radial 

evacuation

4 0 76 25

wo hrs. of normal activi-
ies, then a 2 m.p.h. radial 

evacuation

4 0 33 0

wo hrs. of normal activi-
ies, then a 4 m.p.h. radial 

evacuation

4 0 4 0

wo hrs. of normal activi-
ies, then a 6 m.p.h radial 

evacuation

4 0 3 0
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range within one hour when walking at normal speeds. For the other 78% of the population in the 
one to two mile annulus, the walking time to be two or more miles from Indian point should be 
less than half an hour. The end point of each pedestrian evacuation route should be a well shielded 
structure, such as a school or apartment building, two or more miles from the site. At two or more 
miles there would still be the risk of exposure that could lead to long term effects so that their stay 
in these structures would be temporary. Pedestrian evacuees would be protected there by the 
shielding provided by this structure and would later be taken by bus to a reception center further 
from the site.

Evacuation on foot has several advantages. It may provide a viable alternative for people who do 
not have or wish to use vehicles. It avoids concerns about traffic jams that might happen to those 
who evacuate in vehicles. People who evacuate on foot most likely would need little time to start 
out, i.e., their mobilization time should be brief. Therefore they could begin their evacuation well 
before the time at which radioactive material might enter the environment. Lastly, the more people 
who evacuate on foot, the fewer the number of vehicles seeking to evacuate in the inner two miles. 
Fewer vehicles evacuating the inner two miles means faster evacuation speeds for those who do 
choose to evacuate in vehicles. This subject is investigated further in the traffic analysis subsec-
tion where the impact of reductions in vehicular traffic in the inner two miles were analyzed. 
Pedestrian evacuation would best be done during daylight hours. Evacuation speeds at night are 
already high so the incremental benefits of pedestrian evacuation on vehicular speeds at nighttime 
are negligible. 

Not everyone is capable of or willing to evacuate on foot. Most people will elect to evacuate in a 
vehicle. The overall strategy is to make each response: evacuation of foot, evacuation in a vehicle 
and sheltering beyond four miles, very effective. In this way, no matter which response individu-
als elect, their risks would be very low. It is anticipated that in an actual emergency there will be a 
mix of responses. In most cases a mix of responses would result in lower overall consequences 
than an all-evacuation or all-sheltering response.

RECOMMENDATI0N 1:  Part of the communications effort in emergency planning should 
be to inform the public about the benefits of evacuation on foot. It is recommended that 
pedestrian evacuation routes out of the inner two miles be selected and identified. These 
pedestrian routes should terminate at a well shielded structure in which pedestrian evac-
uees can wait until evacuated by bus to a reception center. These pedestrian evacuation 
routes and their end point shelters should be displayed on television and other visual 
media during an emergency. 

6.3.2.2 The Importance of Public Participation 

TABLE 6-E is derived from TABLE 6-D and is based on a Polestar MACCS2 scoping analysis. It 
illustrates the importance of public participation in reducing consequences. This table was based 
on scenarios where there was normal activities for two hours followed by an evacuation at an 
assumed speed of 6 m.p.h. At 6 m.p.h. there is no significant contribution to the early fatality con-
sequences during evacuation. At one extreme it was assumed that 5% of the population did not 
take any protective action such as evacuating, sheltering or using protective measures to reduce 
inhalation doses. The other extreme would be full participation and taking protective measures to 
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reduce inhalation doses. Virtually all of the early fatality risk is associated with the 5% of the pop-
ulation that did not take protective actions. 

TABLE 6-E Importance of Public Participation, Mean Number of Early Fatalities

Previous level three PRA analyses, those that calculate health and environment effects external to 
the plant, such as those in NUREG-1150 (reference [13]), assumed that 5% of the population did 
not take protective actions. If the assumed level of non-participation were ten times smaller, then 
the calculated early fatality risk in NUREG-1150 would have been up to ten times smaller, assum-
ing adequate evacuation speeds. 

TABLE 6-E combines the effects of two protective actions: the use of face masks to reduce inha-
lation doses and evacuation. Additional information is available that examines these protective 
actions separately. With regard to the consequence reduction due to a ten fold reduction in the 
inhalation dose, see Section 6.3.3.2.

With regard to the importance of sheltering versus normal activities, additional information 
appears in TABLE 6-Q (page 72), TABLE 6-AD (page 89) and in Appendix A.3, TABLE A-6 
(page 142). Normal activities is equivalent to a situation where the public does not take protective 
measures, i.e., does not participate in the emergency response. In TABLE 6-Q (page 72), CASE 
Z2 represents a three hour sheltering scenario followed by evacuation. Some 39 early fatalities 
and 141 early injuries were calculated at the 95% exceedence level for this case. However, if the 
response had been normal activities (no participation) for 3 hours, then evacuation, calculated 
consequences would have been larger than the above sheltering case. This can be shown by look-
ing at the shielding factors in Appendix A.3, TABLE A-6. For all four shielding factors in TABLE 
A-6(ground, cloud, inhalation and skin) a normal activities response has higher shielding factors 
compared to a sheltering response. Higher shielding factors result in greater radiation exposures. 
Therefore a normal activities response (no participation) is less protective than sheltering.

With regard to latent fatalities, TABLE 6-AD shows the no response case has a mean number of 
calculated latent fatalities is 770 for a LOC release and 1117 for a SBO release. If the basic emer-
gency response, with its mixture of evacuation and sheltering, is implemented instead of a normal 
activities response these results decrease significantly to 114 and 23, respectively. Therefore all 
protective actions analyzed in this report: evacuation, sheltering and the reduction of inhalation 
doses, are significantly superior to a lack of participation or normal activities response. Based on 
these results much of the health risks lie with the people who do not take protective actions. 

PUBLIC 
PARTICIPATION*

*  Normal activities for two hours, then an evacuation at 6 m.p.h. Reduced 
inhalation doses.                                                                                                                                      

STATION BLACKOUT LOSS OF COOLANT
95% 3.76 3.01

100% 0.0 0.264
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Normally we consider people with special needs to be located in schools, hospitals, retirement 
homes and the like. Plans for their protection are expected to be similar to the plans now in place 
for other far more frequent hazards, such as fires, supplemented by evacuation. These special 
needs people are readily identifiable. However, this list is incomplete. There are a number of other 
categories of people, described below, whose special needs also should be considered.

There are people within the inner four miles who do not have access to a car of their own. Unused 
seats in evacuating passenger vehicles might accommodate some people who do not have a car of 
their own. The number of such empty seats in the inner four miles far exceeds the expected num-
ber of people without their own car who might need transportation. Arranging for a ride in 
advance of an emergency is one solution for people who do not have their own car. 

People without their own transportation also have options of walking out of this inner zone, or 
walking to a school or other special needs facilities and boarding a bus there (this may require 
reaching an understanding with the management of the special needs facility prior to an emer-
gency). Particular buildings within the inner two miles should be predesignated as emergency 
shelters. People without their own transportation should be aware of these shelters and proceed 
there if no other means of evacuation are available to them. Buses would then evacuate people 
from these predesignated shelters. Beyond two miles buses could be used along normal bus routes 
to evacuate those that lack other means of transportation.

RECOMMENDATI0N 2:  Since much of the potential health consequences falls on those 
who neither shelter nor evacuate nor reduce their inhalation doses, the Indian Point 
emergency plan7 should have a goal of full public participation. Prior to evacuating, peo-
ple should minimize their time outside. If evacuation can not proceed promptly, such as 
during a severe snow storm, sheltering until the roads are clear is an alternative 
response. If proven to be effective, face masks or wet handkerchiefs should be used 
within four miles of the site to reduce inhalation doses when sheltering and, if practical, 
when evacuating. 

RECOMMENDATI0N 3:  Emergency planning also takes place in the home. Each family in 
the EPZ should have its own personal emergency plan built on the information supplied 
by the county in which they reside. Those people within four miles of Indian Point should 
include in their family plans how they plan to evacuate and to where they would evacu-
ate to. Families that have members who work or go to school at various locations outside 
of the inner 4 miles should decide beforehand if they should wait for returning family 
members to start their evacuation or if they should meet each other at an in-close recep-
tion center or another location.

RECOMMENDATI0N 4:  Surveys should be conducted to determine if everyone within two 
miles of Indian Point has a means to evacuate. Specific structures should be identified 
within this two mile area as temporary shelters where people would gather until evacu-
ated by bus. The purpose and location of these shelters should be included in the infor-

7 County Emergency Plans 
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mation booklets distributed to the public. At least one emergency responder should be 
dispatched to each predesignated shelter to help the people there.

6.3.2.3 Further Discussion on the Use of Buses

What should not be considered as an acceptable way to evacuate the innermost two miles is stand-
ing outside waiting for a bus to come along. First, standing outside eliminates the protection pro-
vided by the shielding of a structure. Second, there is no guarantee that the bus will come along in 
a timely way. Third, the bus offers limited shielding. If the bus goes from stop to stop within the 
innermost two miles, the bus driver and the passengers might be exposed to high levels of radia-
tion.

An improved way to use buses is to have buses go directly to predesignated shelters within two 
miles of the site. Sheltered people there would be loaded on to the bus quickly and the bus would 
leave expeditiously and drive to an in-close reception center. The use of buses to pick up waiting 
people along normal bus routes should be limited to bus stops beyond two miles from the site. 
Since people in the EPZ beyond four miles should be sheltering, the need for buses and bus driv-
ers is far less than thought before and they could be used much more efficiently. With some recep-
tion centers located within four to ten miles of the site, the distance buses would have to travel to 
pick up people would be very short. Under such conditions multiple runs might be made by the 
same bus thereby reducing the number of buses that would be necessary. Some of these buses 
might later be used to assist people beyond four miles if there were a delayed evacuation, such as 
from a school where local radiation levels were measured and found to exceed acceptable levels 
or from train stations more than four miles from the Indian Point site.

RECOMMENDATI0N 5:  It is recommended that the use of buses in the EPZ be changed. 
Picking people up along usual bus routes within two miles of the site should be replaced 
by sending buses directly to specific locations like schools, special needs facilities, and 
predesignated shelters. After people are loaded into a bus, the bus should leave the area 
expeditiously and go to a reception center without stopping. Using the results of the sur-
vey in RECOMMENDATION 4, a determination should be made of the number of peo-
ple in the inner two miles that might assemble in predesignated shelters. A 
determination can then be made of the number of additional buses would be needed to 
evacuate people from these predesignated community based shelters. These sheltered 
people would be transported to in-close reception centers.

Many parents expect to get their children from school upon being alerted of an emergency. Long 
lines of waiting cars at schools could put parents into an unprotected configuration.The shielding 
afforded by automobiles is very limited and these parents would not be evacuating while they 
were queued up next to the school. If parents have one or more children at one school and one or 
more children at a second school at a different location, picking these children up could be very 
slow and stressful. As part of each family’s plan, and in conjunction with the school emergency 
plan, those families with children in school should decide beforehand if they plan to pick up their 
child/children at the schools. This decision should be made known to the schools. Alternatively, 
each school within four miles of Indian Point should plan for a complete evacuation of all school 
children and school personnel.
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RECOMMENDATI0N 6:  Schools within the innermost four miles should have meetings 
between school officials and the parents of their school children. Those children who are 
to be evacuated by school buses to specific reception centers should be pre-identified and 
relocated to these reception centers as soon as possible in an emergency. 

6.3.3 Early Injuries

6.3.3.1 Introduction

There are a number of possible early non-fatal injuries that might arise out of exposure to radia-
tion. Similar to the early fatality risk, this consequence has a threshold value below which no early 
injuries are expected. Since this threshold value is lower than that of the early fatalities, the range 
of the early injury risk is longer, i.e., two miles based on MACCS2/KLD analyses.

The MACCS2 scoping analyses examined the following potential early injuries: the bone marrow 
dose, skin erythema, transepidermal skin effects, thyroid-H dose, thyroiditis, vomiting, diarrhea 
and pneumonitis.

Many of these potential early injuries would not occur, even if minimum medical care is assumed, 
because their threshold values are never reached in a meaningful time frame (less than 24 hours). 
Further information on early injuries appears in TABLE 6-Q.

6.3.3.2 Face Masks and Potassium Iodide Pills

Inhalation of radioactive particles and gases may cause adverse effects. Because of this, the 
Westchester County Emergency Planning booklet advises sheltered people to close all windows 
and doors, turn off ventilation systems, heaters, and air conditioners and to extinguish fires in fire-
places and close the dampers. All of these steps are intended to reduce the amount of radioactive 
particles and gases that may enter a shelter and be inhaled or be deposited on the skin. 

There may be additional ways of reducing the inhalation dose that are not mentioned in the 
Westchester County Emergency Planning booklet, but are described in the National Council on 
Radiation Protection and Measurements’s (NCRP) report No.138 “Management of Terrorist 
Events Involving Radioactive Material”, Section 8.5.1.1, on Sheltering and Respiratory Protec-
tion. “...A reduction by up to a factor of ten may be afforded by advising people to use ad hoc res-
piratory protection through wet handkerchiefs, towels, frequent showering, etc.” While potentially 
valuable during an evacuation, the use of face masks or wet handkerchiefs would be most valu-
able during a temporary sheltering response within the innermost four miles from the Indian Point 
site.

There are multiple other benefits to using face masks. They may also be effective against other 
terrorist and non-terrorist attacks involving dangerous particles including chemical attacks, bio-
logical attacks, and airborne threats like SARS and avian flu. Unlike the development of flu vac-
cines, face masks are available in large quantities now and would be effective even if flu strains or 
other airborne pathogens differ from year to year. These non-nuclear applications of face masks 
are far more important than issues related to terrorism at Indian Point because these threats appear 
Proprietary Information, © Copyright 2007 
page 31



RBR Consultants, Inc.
ENHANCED EMERGENCY PLANNING
to be more probable. These other threats provide justification for a limited distribution of face 
masks, independent of Indian Point issues.

Face masks are inexpensive. They are portable so they could be stored in a car’s glove compart-
ment, on school buses, in trains, in emergency vehicles, in brief cases, etc. They have a long shelf 
life and can be used by most people. 

Face masks may have some advantages over potassium iodide (KI) pills which are used to prevent 
the uptake of radioactive iodine into the thyroid. They trap the particulate radionuclides outside of 
the body whereas the protection afforded by KI pills takes place inside the body. From a psycho-
logical point of view trapping the radionuclides outside of the body, rather than dealing with radi-
onuclides inside of the body, may be beneficial.With face masks there are no concerns about 
overdoses, the inability of infants to swallow pills, allergic reactions, the need for school nurses to 
delay their evacuation to administer KI pills to children, etc. Face masks are a familiar protective 
device whereas public experience with ingesting KI pills in an emergency situation is very lim-
ited. Face masks screen out many types of radioactive elements that are in particle form, whereas 
KI pills only reduce the effects of radioactive iodine. Finally, they can be used in conjunction with 
KI pills. First responders, traffic control personnel and school staff people evacuating school chil-
dren might receive both face masks and KI pills. The general public could have KI pills as an 
option to supplement the protection afforded by face masks. Neither KI pills nor face masks are 
unnecessary for sheltered people who are beyond four miles from the point of release. Sheltering 
alone in this outer area is sufficient to prevent latent fatalities.(See Section 6.11, (page 81).

There are important issues that need to be resolved about the effectiveness of face masks. These 
include issues about how well such masks need to fit the wearer to cause a meaningful reduction 
in inhalation doses and whether particles or gases are the dominant transport mechanism for radio-
active iodine. The NCRP reported factor of ten may apply to events that are dominated by iodine 
transport on particles whereas reactor core releases may have a larger gaseous transport compo-
nent. Face masks are unlikely to be very effective in reducing gaseous forms of iodine. However, 
reduction factors less than ten may still make the use of face masks an attractive protective mea-
sure.

Consequence sensitivity analyses are presented in TABLE 6-Q (page 72). CASEs B1 and D in this 
table are identical evacuation scenarios, except that in CASE D a ten-fold reduction in inhalation 
dose was assumed. For CASE B1 the calculated number of early fatalities and early injuries were 
4 and 80, respectively, at the 95% exceedence level. The corresponding results for CASE D with 
the reduced inhalation dose were zero and 10. With regard to sheltering responses, CASEs Z2 and 
Z3 listed in TABLE 6-Q can be compared. The CASE Z2 results were 39 early fatalities and 141 
early injuries whereas CASE Z3, with its assumed ten fold reduction in the inhalation doses, had 
results of 5 calculated early fatalities and 56 early injuries, both at the 95% exceedence level. 
CASEs Z2 and Z3 represent a shelter first, evacuate later analysis where three hours of sheltering 
is assumed to precede the start of evacuation. When CASES D and Z3 are compared, it is apparent 
that the value of reducing inhalation doses is much greater in the shelter first, evacuate later sce-
nario. 

Information also exists for latent fatality calculations with and without a ten fold reduction in the 
inhalation dose. TABLE 6-AD (page 89) lists a mean value of 114 latent fatalities for a basic 
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emergency response at Indian Point. When this analysis was repeated with a tn fold reduction in 
the inhalation dose the mean value decreased to 32.

Based on the above analyses, a ten fold reduction in the inhalation dose would offer significant 
protection for both early and long term health effects.

If shown to be effective in reactor release scenarios, face masks should be delivered to everyone in 
the inner four miles of the Indian Point site with an explanation of their purposes. They should be 
worn while sheltering in the inner four miles from the site prior to evacuating and during evacua-
tion, if practical. Because of their potential to reduce multiple terrorist threats, these face masks 
should be supplied by the Department of Homeland Security. The Westchester County Emergency 
Planning booklet should be revised to tell readers about the use of these face masks and the value 
of other protective measures, such as wet handkerchiefs, towels, etc., if face masks were unavail-
able or impractical for some people. Additionally, face masks should be part of the first aid kits on 
school buses, at schools and at special needs facilities within four miles of the Indian Point site.

6.3.3.3 Reducing Skin Doses

Skin erythema is similar to a sunburn and can also be mitigated through simple protective mea-
sures. These include covering the skin as much as practical through clothing, towels, gloves, etc. 
Washing the skin frequently after plume arrival would also be effective. If these simple protective 
measures are taken, reaching threshold levels for skin related early health effects might be pre-
vented.

6.4 LATENT HEALTH EFFECTS SCOPING ANALYSES

Exposure to radiation may lead to long term health effects such as latent cancer fatalities. This 
exposure might occur during two time periods, the time when the radioactive plume exists and 
during a lengthy time period when people reoccupy slightly contaminated areas that are within 
EPA reoccupation limits. The calculated range of the latent health risks can be quite far. Some 
long term health analyses have predicted that the bulk of the calculated latent fatalities would be 
the result of very small exposures accrued over long time periods by many people spread out over 
large areas.

Both early fatalities and early injuries exhibit exposure thresholds below which such health effects 
do not occur. Some scientific groups, like the NCRP, believe that there is no threshold for the 
latent fatality risk. Other members of the scientific community believe that an exposure threshold 
likely exists below which no latent cancers would occur. This latter view may be supported by the 
recent twenty year retrospective analyses conducted by the United Nations on the Chernobyl acci-
dent (reference [14]). This accident has led to very low exposure levels over very large areas. 
However, many of the cancers predicted by earlier health models have not appeared and recent 
estimates of the eventual number of latent cancer fatalities caused by this accident are far smaller 
than the early estimates. If a latent fatality threshold is ever established, this could cause a pro-
found reduction in the calculated latent cancer fatalities caused by exposure in the post plume pas-
sage time period (reference [15]). Where there is good agreement among different scientific 
bodies is that, even if latent cancer fatalities did arise from the Chernobyl accident, they would be 
so small compared to background causes of cancer fatalities that they would not be detectable.
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Regardless of how the debate on the magnitude of the latent fatalities in the post plume passage 
period evolves, it is not central to this report. This report is focused on identifying emergency 
strategies during plume passage that could minimize latent health effects from exposure to radia-
tion within the first 24 hours after the release of radioactive material. More importantly, the calcu-
lation of latent health risks in this report did not assume any threshold.

Because early health effects were shown to be so small latent health effects became the remaining 
health issue that potentially could be significant. In order to test whether this was a significant 
health issue, advanced consequence analyses were utilized instead of scoping analyses. These 
analyses of latent health effects are presented in Section 6.11 (page 81) and perspectives on these 
latent health risks are presented in Section 7.0 (page 92). The evacuation model used to analyze 
latent health effects is described in TABLE A-10 (page 148).

6.5 WIND PERSISTENCE ISSUES

A frequently asked question is “What are the effects of shifts in the wind direction on health con-
sequences following a release of radioactive material?”

Meteorological data have been collected at Indian Point for many years. These data have been 
used to determine what percentage of the time the wind blows in a particular direction. Wind per-
sistence data for 1995, 1996, and 1997 are presented in TABLEs A-2, A-3, and A-4 (pgs.141-
143). These data show that the wind often changes direction at Indian Point. (See FIGURE 6-B, 
(page 35)). Between the time that the reactor scrams and a release of radioactive material into the 
environment occurs, the wind is likely to change directions. For example, there is a two hour 
period between reactor scram and the release of radioactive material into the environment for the 
LOC sequence. There is about a 72% probability that the wind will migrate out of its original sec-
tor during this two hour time period. For slower developing sequences, such as the four hour inter-
facing systems loss of coolant accident (ISLOCA) sequence in TABLE 9-B (page 122), there is 
about a 87% probability that the wind direction at the time of the onset of the release will no 
longer be in the original sector when scram occurred. Winds will likely continue to shift during 
the release period of a severe sequence. Since the duration of the release for the SBO scenario is 
13.6 hours and 13 hours for the LOC event, it is highly likely that the radioactive plume would 
change direction more than once during either of these release scenarios. However, the release rate 
of radionuclides decreases significantly over time and the radiological importance of shifting 
wind direction is less important after the first few hours of a release.

The preferred emergency response for everyone within two miles of Indian Point is prompt evac-
uation. Since this a 360 degree response, changing wind direction is not an important consider-
ation in this innermost area. Changing wind direction is not too important beyond four miles 
either. This is because people would just go from a “stay indoors” response to a “take shelter” 
response if they became downwind. There would be ample time to take this simple response. 
However, changing wind direction has important implications for the two to four mile area and is 
one of several factors considered in optimizing the shape of the keyhole. 
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In general, changing wind directions would result in lower concentrations of radionuclides in the 
air and deposited on the ground compared to a case where the wind only blew in one direction. 
Changing wind directions would cause the ground deposition component of radiation exposure 
levels to be lower at any given downwind point, compared to a case where the wind does not 
change direction. Further, as a plume moves away because of a change in wind direction, the 
cloud shine portion of radiation exposure levels also decreases in the area that first came under the 
plume. Since the early fatality risk is very sensitive to small decreases in exposure a more accurate 
description of changing wind directions would most often lead to lower calculated early fatality 
risks. 

FIGURE 6-B Probability of Wind Shifts at Indian Point versus Hours

6.6 OPTIMIZING THE KEYHOLE RESPONSE

6.6.1 The Inner Two Mile Area

The present emergency plan at Indian Point utilizes a traditional keyhole response. This traditional 
response is a keyhole with an inner circle two miles in radius and a “wedge area” from two to five 
miles and three sectors wide. Each sector is a direction on a 16 point compass, or 22.5 degrees 
wide. The orientation of the wedge area changes as the wind direction changes. The projected 
plume direction that is displayed on computers at the power plants is frequently repositioned as 
the wind direction changes so that it remains at the center of the projected three sector wedge. 

The issue that has arisen is “Is the present keyhole shape optimum for the Indian Point site?” Both 
consequence analyses and traffic analyses developed in support of this report were utilized to 
answer this question. 
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The first area to be reexamined was the inner two miles of the present keyhole. Both this report 
and present practice have concluded that the preferred response for the two mile inner circle 
would be prompt evacuation of the entire two mile radius area unless conditions require a shelter-
ing response. Having reached this conclusion, attention turned to the wedge area. 

6.6.2 The Wedge Area 

A number of different shaped wedge areas were investigated. In the final analysis it was con-
cluded that a two to four mile wedge area with an angle of ∼170 degrees (7.5 sectors) around the 
Indian Point Site was superior to the present keyhole shape of 67.5 degrees (3 sectors). 

Several issues needed to be resolved. These include determining the outer radius of the wedge 
area, justifying the increase in the number of sectors compared to the present three sector 
approach, determining what protective actions should take place in the wedge area, and determin-
ing if protective actions on one side of the Hudson River should differ from those taken on the 
other side. 

First, the present three sector keyhole extends to five miles. However, consequence analyses have 
shown that in the area beyond four miles the preferred response for Indian Point is to take shelter, 
not to evacuate. Four miles is well beyond the range of the early health effects. The remaining risk 
beyond four miles is latent health risks; however, analyses have shown that zero latent fatalities 
are expected for those that take shelter, even if they remain in shelter for many hours. Based on 
these justifications, the outer radius of the wedge area should be four miles compared to the 
present keyhole radius of five miles. Further analytical refinements might show that a distance 
somewhat less than four miles is also acceptable.

The present keyhole wedge area is three sectors wide. As shown in FIGURE 6-B there is a signif-
icant probability that the wind will shift out of this three sector (67.5 degrees) wedge area over 
time since this only requires a shift of half the wedge width, or 1.5 sectors. It should be noted that 
during the first 24 hours of the 1979 TMI-2 accident, the wind direction had shifted such that it 
covered all 16 sectors (reference [16]). The wind direction also changed frequently following the 
Chernobyl accident.

Shifting wind directions present challenges in two different time periods. First, there is the time 
period between the issuance of a public alert and the release of radioactive material into the envi-
ronment, the pre-release time period. Second, there is the time period during which there is a 
release of radioactive material. In both time periods the wind direction is likely to change.

Since the wind direction is likely to change between the time that the public alert is sounded and 
the actual release of radioactive material begins, the question becomes “What width wedge area is 
best suited to minimize health effects in the two to four mile annulus? Should protective actions, 
such as evacuation, use a three sector wedge area whose orientation is that at the time of the 
sounding of the public alert or should the initiation of protective actions wait until the release has 
actually begun when the three sector wedge might be oriented in a different direction?” Neither of 
these choices is attractive. 
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An alternative approach is to consider a wedge area that includes more sectors, e.g., a five sector 
wedge or even a seven and a half sector wedge, both with a four mile outer radius. TABLE 6-F 
(page 38) provides some basic characteristics of 3, 5, and 7.5 sector wedges at the Indian Point 
site on the eastern side of the Hudson River. Treatment of wedge areas on the western side of the 
Hudson is discussed later. The larger the number of sectors in the keyhole the greater the probabil-
ity that the wind shift will not cause the plume to be outside of the wedge area. A five sector 
wedge eases the pre-release wind shift issue. However, the area that may need the support of 
emergency responders may start out as five sectors but over time could grow to be as wide as 7.5 
sectors as the wind shifts. There is approximately a 42% probability that the plume would be out-
side of a 5 sector wedge during a two hour time period. This estimate of 42% was based on FIG-
URE 6-B where the angle between the centerline of a 5 sector wedge to its edge is 2.5 sectors. The 
probability of a 2.5 sector shift in plume direction in two hours is approximately 42%. The proba-
bility that a plume would shift 7.5/2 =3.8 sectors in two hours is about 27%8. However, even if 
this shift did occur it can not cause new areas on the eastern side of the Hudson to be outside of a 
7.5 sector wedge. On the other hand, the wider the wedge the more people potentially involved in 
an evacuation. Increasing the wedge area to 7.5 sectors on the eastern side of the Hudson River 
only increases the wedge population by about 2.5% compared to a five sector wedge area. TABLE 
6-F shows that the perimeter of the five sector and 7.5 sector keyhole on the eastern side of the 
Hudson River are rather similar.

It is believed that, in spite of its larger area and larger population that would be evacuated, a 7.5 
sector keyhole is superior to a five sector keyhole because it is essentially independent of a change 
wind direction that continues to have the wind blow towards the east. This larger wedge area 
should make the duties of the emergency responders more straightforward by removing concerns 
that a change in wind direction would place the plume outside of the wedge area. The simplicity 
of using a 7.5 sector wide wedge should reduce the potential for confusion and the possibility of 
increased voluntary evacuation beyond four miles as a result of such confusion.

The use of a 7.5 sector wedge would reduce the likelihood of a large change in wind direction that 
started blowing in the east direction and then reversed itself and headed in the west direction. Sit-
uations with such large reversals of wind direction are less important than ones where the wind 
direction was always towards the west. This is because a plume that completely reversed its direc-
tion would be weaker than one that exhibited a constant wind direction because of the decreasing 
source term release rate over time. To illustrate this, consider a reversal in wind direction three 
hours after the onset of a LOC release. Based on the data presented in TABLE A-5 (page 142) for 
the LOC sequence, in three hours approximately 57% of the radioactive iodine would have been 
released. If changing wind directions caused the radioactive plume to head in the opposite direc-
tion after three hours both the maximum amount of iodine that could head in this new direction is 
smaller by this 57% and the rate of the iodine release would be considerably less. Downwind 
iodine concentrations are therefore less than the iodine concentrations where the wind did not 

8The probability that the wind would shift out of a specific wedge width area is derived from FIG-
URE 6-B which displays probabilities averaged over 360 degrees around Indian Point. Specific 
probabilities at particular directions would be somewhat different from these angularly averaged 
values.
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shift. Lower iodine concentrations means smaller calculated early health effects. It is of interest to 
note that if the original direction of the wind was to the west, no early fatalities would be expected 
on the western side of the Hudson River because of the distance the plume would have to travel 
usually exceeds one mile. Then, if there were a reversal in wind direction to the east after three 
hours, the size of the source term would have diminished to an iodine core fraction of about 0.05, 
so that early fatalities on the eastern side of the Hudson River would be very unlikely, even with-
out an emergency response. (See Appendix A.6) Nonetheless, the emergency response to an 
unlikely change in direction of about 180 degrees would be the same as that for a situation where 
the plume started in the eastern direction. See TABLE 6-G on the next page.

In summary, if the wedge area were increased from 3 sectors to 5 there would be a reduction in the 
probability that the wind would shift out of the wedge area in two hours from about 62% to about 
42%. Since the difference in population and perimeter length between a 5 and a 7.5 sector wedge 
is rather small and the improvement from about 42% to 27% in the wind shifting out of the wedge 
area is significant, the larger 7.5 sector wedge area is preferable.

TABLE 6-F Comparison of Several Keyholes on Eastern Side of the Hudson River.

Parameter  3 Sector Keyhole 5 Sector Keyhole 7.5 Sector Keyhole
Area, square miles ~18.7 ~18.1 ~24.0
Perimeter, miles ~22.1 ~20.5 ~22.1

Inner circle radius, miles 2 2 2
Wedge radius, miles 5 4 4

Wedge angle, degrees 67.5 (3 sectors) 112.5 (5 sectors) 168.8 (7.5 sectors)
Probability that wind 

will shift out of wedge 
area in 2 hours 

~62% ~42% ~27%

Preferred emergency 
response: inner circle 

and wedge area

Prompt Evacua-
tion

Prompt Evacua-
tion

Prompt Evacuation

Resident, employee and 
transient population in 

inner 2 mile circle

~20,000 ~20,000 ~20,000

Resident wedge popula-
tion, directions

~31,000 people, 
NE-to-E 

~39,700 people, 
NE-to-SE 

~41,200 people,
 N-to-SSE

Total population ~51,000 ~59,700 ~61,200
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TABLE 6-G Recommended East and West Protective Actions

For the same reasons presented for the eastern portion of the EPZ, the two to four mile wedge on 
the western side of the Hudson from just below Haverstraw to the Bear Mountain Bridge would 
replace the wedge area of the present keyhole approach. These two wedge areas, having the same 
inner and outer radii can be joined into a single 2 to 4 mile annulus, but with somewhat different 
protective action strategies east and west of the Hudson River, as described in TABLE 6-G. 

Initial 
wind 
direction

Preferred protective actions east 
of Indian Point

Preferred protective actions west of 
Indian Point

From the 
west

Promptly evacuate the inner two 
miles and the four mile, 7.5 sector 
keyhole area and reduce inhalation 
doses with face masks or wet hand-
kerchiefs, if proven effective.
Shelter downwind areas beyond 
four miles and cover skin. If later 
advised to, sheltered people should 
evacuate to a lower dose rate area. If 
beyond four miles and not down-
wind, stay indoors. Listen to 
instructions over the media. 

Stay indoors out to four miles. Listen to 
instructions over media. 

If wind direction later turns to the west, 
evacuate out to four miles in the keyhole 
area. Shelter in downwind areas beyond 
four miles and cover skin. If later advised 
to, sheltered people should evacuate to a 
lower dose rate area. If not downwind and 
beyond four miles, stay indoors. Listen for 
instructions over the media. 
 

From the 
east

Promptly evacuate of inner two 
miles. If between two miles and the 
edge of the EPZ, stay indoors. Lis-
ten to instructions over media. 
If wind direction later turns to the 
east, evacuate out to four miles in 
the keyhole area. Shelter in down-
wind areas beyond four miles and 
cover skin. If later advised to, shel-
tered people should evacuate to a 
lower dose rate area. If not down-
wind and beyond four miles, stay 
indoors. Listen for instructions over 
the media. 

Promptly evacuate the inner two miles and 
the four mile, keyhole area between just 
below Haverstraw to the Bear Mountain 
Bridge. Reduce inhalation doses with face 
masks or wet handkerchiefs, if proven 
effective.
Shelter in downwind areas beyond four 
miles and cover skin. If later advised to, 
sheltered people should evacuate to a lower 
dose rate area. If beyond four miles and not 
downwind, stay indoors. Listen to instruc-
tions over the media. 
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FIGURE 6-C Areas Within Four Miles of IPEC

6.6.3 Emergency Response Protective Area (ERPA) Considerations

The process of combining traffic analysis with consequence analysis provided the technical 
underpinning for determining the shape of an improved keyhole and the preferred protective 
actions within this improved keyhole. The same process, along with other input, could be utilized 
in optimizing the shape of ERPAs and the protective actions taken within them.

The shape of ERPAs in the outer zone is not critical for traffic or consequence analysis purposes. 
Therefore the design of ERPAs in areas beyond four miles from the Indian Point site might be 
largely determined by communications issues, e.g, which ERPA political or school boundaries are 
best understood by the public so that emergency broadcasts directed to people in these ERPAs 
would be most effective. The primary message to these ERPAs beyond four miles is to take shelter 
if downwind.

Within four miles on the eastern side of the Hudson River all ERPAs that are totally within the 
four mile boundary, i.e., within the recommended keyhole area, would be advised to evacuate so 
their individual boundaries are of limited significance. The possibility for issues to arise is where 
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ERPAs straddle the four mile keyhole radius. In particular, the issue is whether a whole ERPA 
should be evacuated if a portion of this ERPA beyond four miles lies in the area where sheltering 
is recommended. The risk significance of including the whole ERPA as presently configured or 
modifying the ERPA to more closely fit with the geometry of these analyses can be determined by 
the same traffic and consequence processes used later in this section. Traffic analyses can be made 
for each different ERPA shape and these different traffic patterns can then be evaluated in terms of 
their different potential health consequences. Based on these consequence results more informed 
decisions can be made on ERPA shapes in areas where present ERPA areas only partially fall into 
the sheltering response assigned to those beyond four miles.

RECOMMENDATI0N 7:  It is recommended that if differences between ERPA and com-
puter model geometries exist that they be resolved by using the traffic analysis/conse-
quence analysis tool as one of the input sources in resolving these differences. 

6.6.4 Summary of the Keyhole Analysis

An improved keyhole design keeps the present 0 to 2 mile inner area and the preferred response in 
this inner area of prompt evacuation. Improvements to the present keyhole shape are applied to 
the area beyond two miles where a radius of four miles is recommended instead of five miles and 
where a wider 7.5 sector wedge area, compared to the present 3 sector wedge area. This more 
optimum shape is the same on both sides of the Hudson River and together they form an annulus 
with an inner radius of two miles and an outer radius of four miles. Protective actions within this 
annulus differ somewhat from one side of the Hudson River to the other, as shown in TABLE 6-G. 
Some contouring of the outer boundary of the wedge area may be appropriate, similar to the con-
touring of the present EPZ to conform to governmental or school district boundaries. See foot-
notes to the Tables of Results for Putnam and Orange Counties in Section 8.3 (page 100).

RECOMMENDATI0N 8:  The present keyhole approach should be replaced by the east and 
west keyhole approach described in Section 6.6.4.

6.7 INDIAN POINT TRAFFIC ANALYSES 

6.7.1 Introduction

A series of travel time analyses have been performed by KLD Associates for the Indian Point EPZ 
using their advanced traffic analysis capability. The two most important results of the KLD analy-
ses were the identification of specific road treatments that would improve the evacuation process 
and the benefits of earlier public alerts.

Of particular interest is the time to evacuate the inner four miles surrounding the site where postu-
lated health consequences are the highest. (See Section 5.2 (page 9) for a more complete descrip-
tion of the improvements made to the KLD computer model.)

There are five main parameters that affect the time it takes people to evacuate: 1) the time it takes 
to issue the public alert, 2) the times at which different people start their evacuations after the alert   
has been issued, 3) the number of vehicles on the road, 4) the road network itself, and 5) traffic 
controls imposed on the road network.
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The time it takes to evacuate by vehicle also is a function of whether or not citizens take shelter 
beyond four miles from the site, as advised to, or if they voluntarily evacuate these outer areas. 
The number of vehicles on the road during an evacuation depends upon the number of people who 
decide to walk out of the inner two miles to predesignated buildings and later transported to recep-
tion centers by bus; the number of people transported by buses from schools, special needs facili-
ties and predesignated shelters in their neighborhoods; the number of people who take shelter for 
an extended period of time prior to evacuating and then evacuate when traffic congestion is less; 
and if employees in the area form car pools during an emergency. Finally, the number of vehicles 
on the road depends on the time of day and the day of the week and if it is summer or winter. The 
peak number of vehicles would occur during the week, during normal working hours in the sum-
mer. The number of vehicles in the EPZ during summer weekend days would be approximately 
5% less than this peak value and the number at night would be approximately three quarters of the 
peak value. The summer weekday number of vehicles is somewhat more than the winter number 
of vehicles because of the increase in transient vehicles in the area. 

KLD investigated many of the above variables. Most cases were based on peak, i.e., summer, 
midday, midweek conditions. Additionally, KLD examined different sized keyholes and potential 
traffic interactions between evacuees from the two to four mile area and those evacuating from the 
inner two miles.

KLD calculated the number of vehicles that would cross the one, two and four mile radii as a 
function of time for many different traffic scenarios as well as the time to evacuate the entire ten 
mile EPZ. The larger the fraction of initial vehicles to cross these radii in a given time period, the 
lower the health consequences. 

Of particular interest was the number of vehicles that originally were within one mile of the site 
who were beyond this radius prior to the release of radioactive material. It was assumed that it 
took a half hour to breach the containment after which a core melt sequence was initiated. The 
release of radioactive material into the environment from a LOC event was determined to be 2 
hours after the initiation of this core melt sequence. It was assumed that the public alert would be 
sounded within 1.0 hour of the initial attack on the containment. Therefore those people who were 
beyond one mile radius within the next 1.5 hours after the public alert was sounded would not be 
at a significant risk of becoming an early fatality. [See Section 9.8.2 (page 132) on Two Time 
Lines.] Even those people who still had some distance to go to reach the one mile radius when the 
release began, may not be at risk of becoming an early fatality. As indicated by the earlier scoping 
consequence studies, even that portion of the evacuating population that had not crossed out of the 
inner one mile distance at the time the radioactive plume entered the environment were unlikely to 
become early fatalities if their evacuation speeds are just a few miles per hour (walking speed). 

Consequence analyses can determine the number of early and latent health consequences as a 
function of the delay time between the loss of containment integrity and the sounding of the public 
alert. However, much can be learned on this subject first just by examining the results of traffic 
analysis. As described below, the KLD analyses also provided insights on the benefits of sounding 
the public alert sooner and the detriments of delaying this important action.

Therefore traffic analyses alone provide significant insights into potential health consequences. 
Those people who are outside of the one mile radius plus those people still within this radius, but 
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who have evacuation speeds prior to the release of radioactive material in excess of a few miles 
per hour, are at very low to zero risk of becoming an early fatality. Traffic analyses are also help-
ful in evaluating the effectiveness of strategies to reduce the risks of those people still within one 
mile of the site at the start of a release and whose evacuation speeds are very low. Among such 
strategies whose effectiveness has been evaluated with traffic analyses are the impact of traffic 
controls on segments of specific highways, the effect of sounding the public alert sooner (and 
later), reducing the number of vehicles evacuating by using pedestrian evacuation, minimizing the 
number of returning family members who work outside of the present EPZ and then rejoin their 
families to start their evacuation, the benefits of staging evacuations in the 2 to 4 mile area, and 
the value of carpools formed by Indian Point employees. Traffic analyses can quantify the effect 
for all of these strategies by comparing the percentages of the initial vehicle inventory that crosses 
the one mile radius, or other radii of interest, for different traffic strategies at a specified time after 
evacuation begins. Combinations of consequence reducing strategies can also be evaluated with 
traffic analyses. Similarly, insights can be gained about early injuries by using traffic analysis to 
determine the percentage of the original vehicles within two miles of the site that cross out of this 
radius before a release of radioactive material begins. 

Therefore, even before consequence analyses might be utilized to quantify the change in health 
effects for different traffic strategies, traffic analyses would give an early indication of which 
strategies are likely to be more effective than others. Traffic analyses have already shown that 
some strategies have limited impact while others are quite valuable. For example, for cases where 
the evacuating population has an evacuation speed of a few miles per hour or greater, then all 
additional strategies, like issuing the public alert sooner, are unnecessary in order to reach a low or 
near zero early fatality result. Such additional traffic strategies would have very little incremental 
value because early fatality consequences would already be near zero. Strategies, such as issuing 
the public alert sooner, have their maximum benefit when evacuations are at their slowest. There-
fore sorting out which traffic strategies would be most effective is best done using “status quo” 
traffic situations, Cases A_ and B1_,which are described next in Section 6.7, as points of refer-
ence. Some strategies, while not particularly useful in reducing early fatality consequences can, 
nonetheless, still be important in terms of reducing latent effect consequences. 

Having identified the comparative merits of different consequence reducing strategies using “sta-
tus quo” situations, the more effective strategies are then applied to Case C1 (See Section 6.7.3), 
to evaluate consequences.Case C1, with an assumed evacuation of 35% of the people beyond four 
miles is thought to be more realistic than Cases A_ and B1_ which assume 100% evacuation of 
people beyond four miles.

Traffic analyses are also helpful in identifying situations that may lead to higher consequences. 
For example, traffic analyses of evacuations with very short mobilization times have shown that 
the road system could be too congested to permit an adequate evacuation speed. 

Generalizing, traffic analyses are useful in identifying potential problem situations as well as 
potentially effective strategies. Traffic analyses are also capable of ranking different strategies on 
a relative basis as to which ones are most likely to reduce consequences. Strategies with a low 
ranking need not be subjected to a consequence analysis. Therefore traffic analyses can serve as a 
screen to minimize the number consequence analyses that need be performed.
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6.7.2 Integrating Traffic and Consequence Analyses

As discussed in Sections 5.2 (page 9) and 5.4 (page 14), these advanced traffic analyses were used 
as input to the advanced consequence analyses. In this report the combined MACCS2 and KLD 
analyses are designated as MACCS2/KLD to distinguish them from the results of MACCS2 scop-
ing analyses with its simple traffic movement model. 

6.7.3 Traffic Questions

The KLD analyses were directed at answering a series of traffic questions. The major questions 
that were addressed by KLD were:
1.  Assuming the extreme assumptions described in Section 3.1 (page 5), that no traffic control 

improvements had been put in place, that no administrative improvements had been made to 
alert the public sooner, that a massive evacuation occurred (100% evacuation by vehicles 
throughout the EPZ) contrary to the emergency plan and instructions given to the public by 
government leaders, and that all this took place during the peak traffic condition of the mid-
week, midday time period, what would the traffic patterns look like in the inner one, two, and 
four miles? This is a “status quo” traffic scenario and is similar to the 10 mile ETE analyses 
traditionally performed for utilities except that the time to cross specific boundaries has 
focussed on the inner four miles, not ten miles. Even though the focus of these traffic analyses 
is on the areas closer to Indian Point the evacuation of vehicles throughout the EPZ were 
accounted for. The KLD calculation of the “status quo” situation is identified as Case A_ in 
TABLE 6-H (page 46). 

2. Assuming the same situation as above, how would specific traffic controls improve the evacu-
ation speeds in the inner two miles? What is the nature of these traffic controls, where would 
they be located, and how soon after issuing the public alert should they be functional? Case 
B1_.

3. If fewer people than 100% of the EPZ population beyond four miles evacuated, how would this 
affect traffic patterns in the inner two miles? What are the effects on evacuation of the smaller 
nighttime population? Midweek, midday: Cases C1, X, Y1 and Y2 and nighttime Cases K and 
N. If a sheltering response of three hours is selected, what is the importance of the number of 
vehicles in the inner two miles? (Also see Question 7.)
Note: Case C1 is considered a more realistic evacuation response than many responses ana-
lyzed in the other KLD computer runs. Case CI considers 100% evacuation out to 4 miles in 
the keyhole area, including a one hour staging delay from 2 to 4 miles, then a voluntary evacu-
ation of 35% of the permanent resident population beyond 4 miles out to 10 miles. The 35% 
voluntary evacuation figure seems more realistic than the extreme Cases A, A_, B1 and B1_ 
which assumed 100% voluntary evacuation or the opposite extreme where everyone is 
expected to conform to emergency instructions, i.e., 0% voluntary evacuation. Although CASE 
C1 assumes a one hour staging delay from 2 to 4 miles, it was subsequently shown that this 
staging delay has no appreciable effect on results. 

4. What is the impact on Case B1_ type traffic patterns if a percentage of the inner two mile 
vehicular population did not evacuate as part of the normal vehicular evacuation but took other 
protective measures? This might occur if some people evacuated on foot, if some returning 
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family members went directly to a reception center to rejoin their families there, if some people 
delayed their evacuation and took shelter until road congestion had subsided, if some people 
were evacuated by bus, if employees at the Indian Point site formed car pools prior to evacuat-
ing or combinations of the above. Case E1 has 2.7% fewer resident vehicles evacuating the 
inner two miles. Case E2 has 7.1% fewer resident vehicles evacuating the inner two miles.

5. How does the mobilization time affect traffic patterns? (Mobilization time is the time between 
when the first vehicle starts its evacuation and when the last vehicle starts its evacuation.)
a. 100% voluntary evacuation: Cases A, A_, B1and B1_. Cases A_ and B1_ have 3 hour 

mobilization times, Cases A and B1 have four hour mobilization times.
b. 35% voluntary evacuation: Cases C1 and C5. Case C1 has a three hour mobilization time 

whereas Case C5 has a two hour mobilization time.
c. Insights on the effects of mobilization time from nighttime: Cases K and N which have 

smaller sized evacuations and three hour mobilization times. 
d. Case Z2 has a one hour mobilization time after 3 hours of sheltering.

6. How does the duration of staging the evacuation in the two to four mile early injury zone affect 
the traffic patterns in the inner two miles? Cases C1, F, and G. The staging delay times are 1,0, 
and 2 hours, respectively.

7. What do the traffic patterns look like if everyone in the inner four miles shelters for a three 
hour period after which everyone in the inner four miles evacuates within a one hour mobiliza-
tion period? This short mobilization time is based on the notion that people would be preparing 
to evacuate during their three hour sheltering period. It was assumed that just 5% of the people 
beyond four miles voluntarily evacuated. The 5% figure was based on the thought that most 
people beyond four miles who might voluntarily evacuate would have already done so during 
the three hour sheltering period. This would leave a smaller percentage of people to voluntarily 
evacuate, assumed to be 5%, once sheltering was over and evacuation of the inner four miles 
began. Case Z2.
What do these traffic patterns, evacuation speeds, and evacuation time estimates become if 
fewer vehicles evacuate the inner two miles because returning 0 to 2 mile family members are 
redirected to in-close reception centers? Case Z2E1. What do these traffic patterns, evacuation 
speeds, and evacuation time estimates become if both returning family members are redirected 
and employees at Indian Point form carpools with four people per vehicle? Case Z2E2.

8. What percentages of the initial vehicle population are beyond 1 mile and beyond 2 miles when 
the LOC source term begins to enter the environment, assuming a 3 hour mobilization time and 
that the public alert is issued 0.5 hours after the loss of containment integrity? How do these 
percentages change if more warning time is available, if less warning time is available? Cases 
A_, B1_ and C1.

9.  Were there other insights that were derived from these traffic analyses?

The questions posed above are summarized in tabular form below. Evacuation cases are separated 
from sheltering cases, Z2, Z2E1, and Z2E2, by a thick line.
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TABLE 6-H Traffic Analysis Cases

Case Evacua-
tion

Road 
treat-
ments?

Mobiliza-
tion time,
 hrs

2-4 mile 
staging 
delay, 
hrs.

 Fewer
 0 to 2 
mile 
vehi-
cles? 

Time of 
day, time 
of week 

Comments

A_ 100% to 
10 miles, 
then 35% 
to Inter-
states

No 3 0 No Midday, 
Midweek

“Status quo” 
analysis

A 100% to 
10 miles, 
then 35% 
to Inter-
states

No 4 0 No Midday, 
Midweek

Same as A1_, 
but longer 
mobilization 
time

B1_ 100% to 
10 miles, 
then 35% 
to Inter-
states

Yes 3 1 No Midday, 
Midweek

Same as case 
A_ but with 
traffic con-
trols 

B1 100% to 
10 miles,
then 35% 
to Inter-
states

Yes 4 1 No Midday, 
Midweek

Same as B1_, 
but longer 
mobilization 
time

C1 100% to 4 
miles, 
35%, 4 to 
10 miles, 
0% 
beyond

Yes 3 1 No Midday, 
Midweek

Thought to 
be more 
probable vol-
untary evacu-
ation 
percentage

C5 Same as 
C1, but 
with 
shorter 
mobiliza-
tion time

Yes 2 1 No Midday, 
Midweek

Importance 
of mobiliza-
tion time
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Case Evacua-
tion

Road 
treat-
ments?

Mobiliza-
tion time,
 hrs

2-4 mile 
staging 
delay, 
hrs.

 Fewer
 0 to 2 
mile 
vehi-
cles? 

Time of 
day, time 
of week 

Comments

E1 Same as 
B1_

Yes 3 2 Yes Midday, 
Midweek

2.7% fewer 
resident vehi-
cles 0 to 2 
miles

E2 Same as 
B1_

Yes 3 2 Yes Midday, 
Midweek

7.1% fewer 
resident vehi-
cles 0 to 2 
miles

F Same as 
C1, except 
no staging

Yes 3 0 No Midday, 
Midweek

No staging 
from 2 to 4 
miles

G Same as 
C1, except 
longer 
staging

Yes 3 2 No Midday, 
Midweek

2 hr. staging 
from 2 to 4 
miles

K Same as 
B1_

Yes 3 0 No Nighttime Importance 
of time of 
day

N 100% to 
6.5 miles, 
35% 6.5 to 
10 miles

Yes 3 0 No Nighttime Importance 
of time of 
day

X 100% to 
6.5 miles, 
35% 6.5 to 
10 miles

Yes 3 0 No Midday, 
Midweek

Importance 
of voluntary 
evacuation

Y1 100% to 8 
miles, 
35%, 8 to 
10 miles

Yes 3 0 No Midday, 
Midweek

Importance 
of voluntary 
evacuation

Y2 100% to 9 
miles, 
35%, 9 to 
10 miles

Yes 3 0 No Midday, 
Midweek

Importance 
of voluntary 
evacuation
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Case Evacua-
tion

Road 
treat-
ments?

Mobiliza-
tion time,
 hrs

2-4 mile 
staging 
delay, 
hrs.

 Fewer
 0 to 2 
mile 
vehi-
cles? 

Time of 
day, time 
of week 

Comments

Z2 Everyone 
shelters 
for 3 
hours, 
then evac-
uation of 
inner four 
miles, 5% 
voluntary 
evacua-
tion 
beyond 4 
miles.

Yes 1 0 No Midday, 
Midweek

5% volun-
tary evacua-
tion beyond 4 
miles. Short 
mobilization 
time (1 hr.) 
after shelter-
ing

Z2E1 Same as 
Z2, but 
with 
returning 
family 
members 
redirected 
to recep-
tion cen-
ters

Yes 1 0 Yes Midday, 
Midweek

Importance 
of combin-
ing shelter-
ing response 
with redirect-
ing returning 
family mem-
bers 

Z2E2 Same as 
Z2E1 
except 
fewer 
vehicles 
evacuat-
ing inner 
two miles 
due to car 
pooling.

Yes 1 0 Yes Midday, 
Midweek

Importance 
of combin-
ing shelter-
ing response 
with redirect-
ing returning 
family mem-
bers plus car 
pooling at 
Indian Point 
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6.8 ANSWERS TO TRAFFIC QUESTIONS
1.  Question 1

TABLE 6-I provides Case A_data on the number of vehicles that cross the one, two and four mile 
radii as a function of time that has elapsed after the evacuation began. Case A_ is based on 100% 
evacuation of the EPZ with no special traffic controls or other improvements.

FIGUREs 6-D and 6-E display the evacuation speed versus elapsed time from the start of the 
evacuation for Case A_ for the 0 to 1 mile and 0 to 2 mile areas, respectively. As expected, these 
“status quo” speeds are very slow, often below normal walking speeds. 

TABLE 6-I Case A_ Vehicles Remaining within 1, 2, and 4 Miles versus Elapsed Time, Minutes

FIGURE 6-D Case A_ No Traffic Controls, 0-1 Mile Speeds

psed 
e, 
utes

0 30 60 90 120 150 180 210 240 270 300 390 41

e 
e

4099 3537 2819 2238 1979 1807 1613 1489 1174 921 595 0 0

o 
es

12781 11498 10139 8659 7693 7170 6759 6382 5923 5046 3634 227 0

r 
es

38405 35668 30871 25444 21421 19184 17130 14680 11900 8822 6327 368 44
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FIGURE 6-E Case A_ No Traffic Controls, 0-2 Miles Speeds

In the above figure the interval speed is the moment-to-moment speed within the 0-2 mile area. 
The interval speed varies over the elapsed time and the slowest or minimum interval speed during 
the total elapsed time is presented in the inset. The cumulative speed is also presented. At any 
location on the elapsed time co-ordinate the cumulative speed is the averaged speed up to that 
point in time. The lowest or minimum value of this cumulative speed is also presented in the inset. 
2. Question 2

In order to speed up the evacuation of the inner two miles around Indian Point three traffic con-
trols or special treatments were assumed to be implemented simultaneously: 
1. Converting Route 9A to a two-lane southbound road between Tate Avenue and the entry ramp 

onto Route 9 south of Maiden Lane,
2. Converting Route 9 to a two lane northbound road from the Jans Peek bridge to the juncture of 

Route 9 with Route 403, and 
3. Converting Route 35/202 to a two lane eastbound road from its juncture with Bear Mountain 

State Parkway to its juncture with the Taconic Parkway.

Other initiatives in traffic management include: 
1. Westbound Route 6/202 servicing the Bear Mountain Bridge would be available for evacuees 

crossing the Jans Peek Bridge. Eastbound movement on the Bear Mountain Bridge would con-
tinue to be “discouraged” except for emergency response vehicles, and 

2. Westbound traffic along Bear Mountain State Parkway would be diverted to northbound High-
land Avenue, thence to northbound Route 9. 

KLD analyses assumed that these traffic control actions were made operational within 35-40 min-
utes after the public alert was issued. Note that the use of “reverse laning”, making two way traffic 
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temporarily one way, is already an accepted strategy in other types of emergencies. The locations 
of these traffic control improvements are displayed in FIGURE 6-F.

FIGURE 6-F Location of Traffic Controls

TABLE 6-J provides the results of an analysis of the “status quo evacuation” but with the above 
traffic control improvements.

TABLE 6-J Case B1_ Vehicles Remaining versus Elapsed Time, with Road Treatments

lapsed 
ime,
inutes

0 30 60 90 120 150 180 210 240 270 300 310 320

ne 
ile

4079 3519 2589 2080 1566 1169 919 631 549 429 108 0 0

wo 
iles

12967 11643 9557 7219 5866 5019 4486 3765 2399 975 253 16 0

our 
iles

38170 35318 29419 22304 17751 14997 12590 9815 6289 3098 1018 482 286
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TABLEs 6-I and 6-J provide useful insights. Even in the “status quo evacuation” situation and 
assuming it takes a half hour to breach the containment, a significant fraction of the vehicles in the 
inner one mile would have already left this area by the time the LOC source term began to enter 
the environment, i.e, 2.0 hours after of the containment was breached and 1.5 hours after the pub-
lic alert had been issued, starting the evacuation process. In spite of this very crowded site, 45.4% 
of the inner one mile vehicles would be beyond the one mile radius at the time radioactive mate-
rial entered the environment and would be at much lower risk levels. [Table 6-I, 45.4% = [(1-
2238/4099)](100) where 4099 is the number of vehicles initially within one mile and 2238 is the 
number of vehicles remaining after 90 minutes or 1.5 hours]. Some 32.3% of the inner two mile 
vehicles would be, at 1.5 hours after alerting the public, too far away for their passengers to 
become early injuries.

The implementation of temporary traffic controls improves this situation. As shown in TABLE 6-
J, 49.0% of the inner one mile vehicles would be beyond the one mile radius at the time radioac-
tive material entered the environment when traffic controls are implemented, compared to 45.4% 
without traffic controls. One and a half hours after sounding the public alert, 44.3% of the inner 
two mile vehicles would be beyond this radius should traffic controls be implemented, compared 
to 32.3% without traffic controls.

The implementation of traffic controls results in more people leaving within the inner one mile at 
the beginning of a LOC release. FIGUREs 6-G and 6-H on the following page display the evacua-
tion speeds versus elapsed time for Case B1_ for the 0 to 1 mile and 0 to 2 mile areas, respectively. 
Comparisons of FIGUREs 6-D (page 49) and 6-E (page 50) of Case A_ with FIGUREs 6-G and 
6-H (page 53) of Case B1_ show the improvement in evacuation speeds due to implementing 
these traffic controls. For example, the minimum cumulative speed between 0 to 1 mile increases 
from 1.3 m.p.h. to 1.9 m.p.h. with the use of traffic controls. In the 0-2 mile area the minimum 
cumulative speed increases from 1.4 m.p.h. to 2.5 m.p.h. Later in this section consequence analy-
ses quantify the benefits of implementing traffic controls, in terms of decreases in early health 
effects.

The time to fully evacuate the inner 1, 2, and 4 mile areas is also shorter once traffic controls are 
utilized. The ETE 1, ETE 2, and ETE 4 times without traffic controls are, respectively 390, 405, 
and 415 minutes. Once traffic controls are put in place the corresponding ETE values are 305, 
315, and 325 minutes, respectively. See TABLE 6-K (page 54).
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FIGURE 6-G Case B1_ With Traffic Controls, 0-1 Mile Speeds

FIGURE 6-H Case B1_ With Traffic Controls, 0-2 Miles Speeds

3.  Question 3

If people in the EPZ beyond 4 miles from the site follow the instructions of officials during an 
emergency at Indian Point they will take shelter if downwind and not participate in the prompt 
evacuation process. As mentioned before, some of these sheltered people may experience a 
delayed evacuation. The greater the number of people who shelter beyond 4 miles, the higher the 
evacuation speeds for those who start out within four miles. TABLE 6-K on the next page uses the 
results from a number of KLD cases to display the importance of the number of vehicles within 
the EPZ that evacuate to the time it takes for everyone to clear the one and two mile boundaries, 
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ETE 1 and ETE 2, respectively, once evacuation has been initiated. TABLE 6-K also displays the 
minimum cumulative speeds within these boundaries. In all evacuation cases a mobilization time 
of 3 hours was assumed. (One needs to add 0.5 hours to the ETE results to get the time that these 
vehicles cross the one and two mile boundaries relative to the time of reactor scram and 1.0 hours 
relative to the time when the attack on the containment began).

As expected, the larger the number of people who voluntarily evacuate the slower the evacuation 
in the inner two miles. However larger evacuations are expected to be less likely to occur, particu-
larly if the public has confidence in the instructions issued by authorities, i.e., that they are too far 
away from the site to incur an early radiological health effect from the radioactive plume and that 
sheltering alone should be sufficient to prevent latent effects. 

 
TABLE 6-K Number of Vehicles that Evacuate versus Minimum Cumulative Speeds

Case Type of 
evacuation

Vehicles 
pro-

cessed 
within 10 

miles

Percent 
of total 
midday, 
midweek 
vehicles

ETE 1 
mile, 

minutes

ETE 2
 miles, 
min-
utes

Minimum 
cumula-

tive speed, 
m.p.h., 0-1 

mile

Minimum 
cumula-

tive speed, 
m.p.h., 0-2 

miles
A_ Full mid-

day, mid-
week evac-
uation to 10 
miles: 35% 
voluntary 
evacuation 

beyond. 

173,000 100 390 405 1.3 1.4

B1_ Same as 
A_, but 

with traffic 
controls.

174,000 100 300 330 1.9 2.5

Y2 Full mid-
day, mid-

week evac-
uation to 9 
miles: 35% 
voluntary 
evacuation 

beyond, 
with traffic 

controls 

158,200 91.5 280 285 2.2 2.8
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Case Type of 
evacuation

Vehicles 
pro-

cessed 
within 10 

miles

Percent 
of total 
midday, 
midweek 
vehicles

ETE 1 
mile, 

minutes

ETE 2
 miles, 
min-
utes

Minimum 
cumula-

tive speed, 
m.p.h., 0-1 

mile

Minimum 
cumula-

tive speed, 
m.p.h., 0-2 

miles
Y1 Full mid-

day, mid-
week evac-
uation to 8 
miles: 35% 
voluntary 
evacuation 

beyond, 
with traffic 
controls. 

144,600 86.8 245 250 3.1 3.5

X Full mid-
day, mid-

week evac-
uation to 
6.5 miles: 

35% volun-
tary evacu-

ation 
beyond, 

with traffic 
controls. 

136,500 84.0 230 235 3.0 3.7

C1 Full mid-
day, mid-

week evac-
uation to 4 
miles: 35% 
voluntary 
evacuation 

beyond, 
with traffic 
controls.

115,700 77.2 213 215 3.0 4.4

E1 Same as 
B1, but 

2.7% fewer 
vehicles 0-2 

miles

~173,650 ~99.7 300 305 2.1 2.6
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Case Type of 
evacuation

Vehicles 
pro-

cessed 
within 10 

miles

Percent 
of total 
midday, 
midweek 
vehicles

ETE 1 
mile, 

minutes

ETE 2
 miles, 
min-
utes

Minimum 
cumula-

tive speed, 
m.p.h., 0-1 

mile

Minimum 
cumula-

tive speed, 
m.p.h., 0-2 

miles
E2 Same as 

B1, but 
7.1% fewer 
vehicles 0-2 

miles

~173,100 ~99.4 290 295 2.5 2.8

F Same as 
C1, but no 
staging in 
the 2 to 4 

mile wedge 
area.

115,700 77.2 205 215 3.0 4.1

G Same as 
C1, but 2 
hour stag-
ing in the 2 
to 4 mile 

wedge area.

115,700 77.2 210 220 3.6 5.0

K Same as 
B1_but at 
nighttime.

133,300 73.7 190 220 39.6 15.7

N Same as X, 
but at night-

time.

95,400 57.8 180 185 39.6 19.1

Z2 Shelter for 
3 hours dur-

ing mid-
day, 

midweek, 
then full 

evacuation 
of inner 

four miles 
plus 5% 
beyond

88,200 N/A 190 210 1.7 2.5
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In addition to the traffic cases described in TABLE 6-K, a summer midday, weekend analysis was 
made, assuming 100% evacuation (Similar to Case B1_). Here the number of vehicles was about 
166,000 and the 0-2 mile minimum cumulative evacuation speed was calculated to be 6.1 m.p.h. 
The 0-4 mile minimum cumulative evacuation speed for this analysis was 8.0 m.p.h. Weekend 
speeds are higher than weekday speeds mostly because of fewer employee vehicles on the road.

The health consequences from a number of the above traffic cases were determined using the 
merged MACCS2/KLD analytical methodology. This permitted the correlation of the percent of 
the EPZ vehicles that evacuate with potential health effects. This analysis addresses questions 
about the effects of “shadow evacuation”, i.e., the potential impact on health consequences of 
large numbers of people who voluntarily evacuate during an emergency. 

Cases K and N do not require advanced consequence analyses. The nighttime populations at 
Indian Point are significantly smaller than midday-midweek populations. This and a reduced 
number of evacuating employees result in much higher evacuation speeds (See answer to Ques-
tion 5 on the importance of fewer evacuating employees.) Nighttime evacuations would preclude 
any early health effects even if 100% of the nighttime Indian Point EPZ population evacuated. 
Latent health effects in the EPZ due to exposure from plume passage would also be very small to 
zero at these high evacuation speeds. 
4. Question 4 

The impacts of a 2.7% and 7.1% decreases in the number of permanent resident vehicles evacuat-
ing the inner two miles relative to Case B1_ were examined in Cases E1 and E2. One potential 
cause of reduced inner two mile vehicular traffic would be if some residents decided to evacuate 
on foot along predesignated evacuation paths. If pedestrian evacuation results in 2.7% fewer per-
manent resident population vehicles this is equivalent to about 350 fewer vehicles in the inner two 
miles. This would be sufficient to raise the Case B1_ 0-1 mile minimum cumulative speed from 

Case Type of 
evacuation

Vehicles 
pro-

cessed 
within 10 

miles

Percent 
of total 
midday, 
midweek 
vehicles

ETE 1 
mile, 

minutes

ETE 2
 miles, 
min-
utes

Minimum 
cumula-

tive speed, 
m.p.h., 0-1 

mile

Minimum 
cumula-

tive speed, 
m.p.h., 0-2 

miles
Z2E

1
Same as Z2 

but no 
returning 

commuters 
to inner two 

miles

87,500 N/A 185 200 1.7 2.7

Z2E
2

Same as 
Z2E1, but 
with car 

pooling at 
Indian 
Point

86,900 N/A 160 185 2.1 3.0
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1.9 to 2.1 m.p.h. and the 0-2 mile minimum cumulative speed from 2.5 to 2.6 m.p.h. At a 7.1% 
reduction in the number of permanent resident vehicles evacuating the inner two miles, about 920 
vehicles, results in an improvement in the minimum cumulative speed compared to Case B1_ for 
0-1 mile from 1.9 to 2.5 m.p.h. For the 0-2 mile area this speed improvement was from 2.5 to 2.8 
m.p.h. 

It is clear that fewer vehicles in the inner two miles can have useful benefits. There are multiple 
ways to lower the vehicle count in the inner two miles in addition to people using pedestrian foot 
paths to evacuate. One way that was analyzed assumed that returning family members who work 
outside of the EPZ would be directed to go to nearby reception centers inside the EPZ to rejoin 
their families there. This would reduce the number of vehicles within two miles by about 700 
vehicles. However this strategy has a number of drawbacks including reducing the number of 
extra seats available for people without vehicles. This will be discussed more completely in the 
response to Question 7. A more attractive way to reduce the vehicle population in the inner two 
miles is to require Indian Point employees at the site to form four person car pools as they evacu-
ate, even though this means 75% of the Indian Point vehicles would remain at the company park-
ing lot. At about 800 employees on site during the midday, midweek session, a four person car 
pool per evacuating employee vehicle would reduce the number of evacuating vehicles by about 
570 vehicles. 

Note that these traffic strategies, pedestrian evacuation and Indian Point car pooling, are indepen-
dent of each other. Therefore their vehicle reducing effects are additive. These strategies need 
only be considered during midday, midweek time periods. At other times the vehicular traffic in 
the inner two miles is already low enough to achieve high evacuation speeds. A related strategy 
would be to encourage people within the inner two miles to evacuate in two waves, where the lat-
ter wave would remain in shelter until the first wave had largely evacuated the inner two miles. 
The benefits and drawbacks of a two wave evacuation of the inner two miles was not directly 
investigated.

RECOMMENDATI0N 9:  State and County officials and other local employers, especially 
those in the inner two miles, should encourage their employees to form carpools. In the 
event of a declaration of a public alert Indian Point employees should be required by 
Entergy to evacuate with a minimum of four people per vehicle during daytime shifts, 
even though this would mean that about 75% of the daytime employee vehicles would be 
left on site. Those employees who are not drivers should be taken to in-close reception 
centers within the EPZ.

5.  Question 5

The importance of mobilization time is site dependent. Long mobilization times can have opposite 
effects depending on the site population density. For high population sites long mobilization times 
would have minor effects. This is because the dominant factor in the time it takes to evacuate is 
road congestion at these sites. For low population sites long mobilization times directly affect the 
time to evacuate a given area. At low population sites the time to evacuate the inner two miles is 
approximately the mobilization time plus a few minutes. So the importance of long mobilization 
times is opposite between high and low population sites. 
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Short mobilization times also have opposite effects when comparing low and high population den-
sity sites. At a low population site a short mobilization time would result in a short time to evacu-
ate a given area. For a high population site, too short a mobilization time can result in vehicles 
introduced to the road system faster than the road system can absorb them. This can result in 
lower evacuation speeds than situations where longer mobilization times feed the road system 
more gradually. 

Case A assumed a 4 hour mobilization time and Case A_ assumed a 3 hour mobilization time. A 
comparison of Cases A and A_ show virtually the same ETEs at the 1, 2 and 4 mile radii,e.g., 380, 
400, and 410 minutes, respectively. Cases A and A_ also show virtually the same minimum cumu-
lative speeds at the 1, 2 and 4 mile radii. Therefore it matters little if the mobilization time goes 
from three hours to four hours when overall evacuation times are dominated by traffic congestion, 
as is the situation in Cases A and A_. 

Cases C1 and C5 represent situations where the assumed level of voluntary evacuation is more 
probable, 35% beyond four miles. Case C1 assumed a three hour mobilization time and Case C5 
had a two hour mobilization time. Cases C1 and C5 also showed only minor effects of mobiliza-
tion time on ETEs. Case C1 had ETEs at 1, 2 and 4 miles of 210, 210+, and 250 minutes, respec-
tively. The corresponding ETEs for Case C5 were 220, 220+, and 250 minutes, respectively, 
virtually the same as Case C1. There are differences in the minimum cumulative speeds between 
Case C1 and Case C5. Case C5 with its shorter mobilization time than Case C1, actually has a 
somewhat lower minimum cumulative speed. This is attributed to the fact that if mobilization 
times are too short the road system would not be able to absorb all newly evacuating vehicles until 
congestion eases. The KLD software treats these waiting vehicles as if they were just “stacked” by 
the road waiting their turn. This gives these vehicles a zero speed while waiting and this lowers 
the calculated cumulative speed. This implies that under some conditions seeking shorter mobili-
zation times could be counterproductive if people gave up the protection they had while in a shel-
ter for an evacuation that had stalled momentarily.

Cases K and N offer further insights. For Cases K and N the assumed mobilization time was 3 
hours, or 180 minutes. Both of these cases represent nighttime evacuations where the number of 
people evacuating is considerably less than a midday, midweek evacuation. For Case K the 1,2 
and 4 mile ETEs were 190, 220, and 250 minutes, respectively. For Case N the corresponding 
times were 180,185, and 200 minutes, respectively. Since the mobilization time itself was 180 
minutes, the time to evacuate the inner two miles in Cases N and K was essentially the mobiliza-
tion time plus a few minutes. This supports the statement made before, i.e., for sites with compar-
atively few in-close people, the time to evacuate is virtually the mobilization time plus a few 
minutes. At lower population sites shortening the mobilization times would likely reduce their 
ETEs by a comparable amount. This observation about low population sites implies that sophisti-
cated traffic analyses may not be necessary at such locations and that the time to evacuate the 
inner two miles might be accomplished just by inspection or by taking surveys of people in that 
area as to how long it would take them to get ready to evacuate or by extrapolating the calculated 
evacuation results from more populated sites. (See Section 9.5 (page 127) and FIGURE 9-F 
(page 129)).
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Cases N and K and the weekend daytime analysis all show higher evacuation speeds than compa-
rable summer midday, midweek analyses. Some of this increase in speed is due to fewer vehicles 
on the road. Most of the decrease in the number of vehicles comes from the smaller employee 
population and the smaller transient population during weekend and evening hours. These two 
populations are modeled to have a two hour mobilization time, whereas the larger permanent pop-
ulation is modeled to have a three hour mobilization time. As shown elsewhere, shorter mobiliza-
tion times at high population sites can result in adding more vehicles to the road system than the 
road system can absorb at times, resulting in a slower evacuation. Consequently, a contributor to 
the increase in evacuation speeds at night and on weekends is the reduction in the number of 
employee and transient vehicles. 
6.  Question 6

Staging in the 2 to 4 mile annulus has only secondary effects when voluntary evacuation beyond 4 
miles is around 35%. Comparisons of Case F with no staging to Case C1 with one hour of staging 
and to Case G with 2 hours of staging show little difference in the number of vehicles that evacu-
ate the inner two miles in the same time period. Therefore 2 to 4 mile staging is not recommended 
as an emergency planning strategy for Indian Point because its impact is too small.
7. Question 7 

Case Z2 identified potential problems with a sheltering response at a high populations site like 
Indian Point. A short mobilization time might occur because people would likely prepare to evac-
uate while they were taking shelter. Case Z2 therefore assumed a short mobilization time of just 
one hour. This analysis indicated that the introduction of vehicles to the road system over such a 
short mobilization time period might, at times, be greater than the road system could absorb. As 
shown in FIGURE 6-I (page 63) after a brief period of high evacuation speeds, the evacuation 
speed would drop rapidly. These low evacuation speeds were calculated even though only 5% of 
the population beyond four miles was assumed to voluntarily evacuate when the sheltering period 
was over.

Case Z2 has been compared to Case B1_ where 100% of the EPZ was assumed to evacuate over a 
three hour mobilization time. Case Z2 results indicate that sheltering may result in a subsequent 
evacuation that could lead to larger consequences than Case B1_. In Case Z2 the minimum cumu-
lative speed in the 0 to 1 mile area was calculated to be 1.7 m.p.h. whereas in Case B1_ the mini-
mum cumulative speed in the 0 to 1 mile area was calculated to be slightly faster at 1.9 m.p.h. In 
the 0 to 2 mile area the minimum cumulative speed for Case Z2 was calculated to be 2.5 m.p.h., 
the same as Case B1_. In Case Z2 the evacuation speeds begin to improve after about 130 minutes 
into the evacuation. However, if a higher percentage of voluntary evacuees than 5% were 
assumed, this speed recovery might take longer. TABLEs 6-K (page 54) and 6-L (page 62) results 
confirm that the slower evacuation speeds following sheltering in Case Z2 contribute to higher 
early health effects compared to Case B1_, although the largest effect of sheltering is to cause an 
increase in co-existence time. As described in TABLE 6-Q (page 72), at the 95% exceedence 
level, Case B1_ had 4 calculated early fatalities and 80 early injuries, whereas Case Z2 had 39 
early fatalities and 141 early injuries, mostly attributable to the longer co-existence time. These 
differences in early health consequences underscore why prompt evacuation of the inner four 
miles, if implementable, is preferred to in-close sheltering at Indian Point.
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Some of the strategies found to be useful in Case B1_ would not be effective in Case Z2, such as 
issuing the public alert sooner. Earlier warnings would not affect the evacuation process in Case 
Z2 when people begin to leave their shelters. However, further steps can be taken to reduce conse-
quences in a sheltering responses such as reducing the number of vehicles evacuating the inner 
two miles. As mentioned before, this might be accomplished by some pedestrian evacuation and 
by car pools at Indian Point. Requiring four person carpools for the employees at Indian Point 
would eliminate about 600 vehicles. Whereas Case Z2 has 35,509 vehicles in the inner four miles, 
Case Z2E1 has 34,826. This decrease was due to redirecting the 0 to 2 mile returning family mem-
bers to in-close reception centers. In Case Z2E2 further reductions were made in the assumed 
number of evacuating vehicles. The impact of car pools at Indian Point lowered the four mile 
vehicle population to 34,232. These decreases in vehicle population would occur in the inner two 
miles where such decreases would be most effective in increasing evacuation speeds. FIGUREs 6-
I and 6-J present the results of traffic analyses of evacuation speeds versus elapsed time for the 
inner one mile for Cases Z2 and Z2E2, respectively. As shown in TABLE 6-Q, the effect of fewer 
vehicles evacuating in Case Z2E2 resulted in 34 calculated early fatalities and 123 early injuries. 
Although Case Z2E2 had fewer calculated early fatalities and early injuries than Case Z2, the con-
sequences are still comparatively high because both had long co-existence times.

In-close sheltering responses longer than three hours, or voluntary evacuations greater than 5%, or 
mobilization periods even shorter than one hour may result in higher consequences than those 
found in Cases Z2 and Z2E2. Therefore in-close sheltering at a high population site should only 
be used only in situations where there are major impediments to evacuation. Efforts should be 
made to remove these impediments as soon as possible thereby minimizing the time that evacuees 
and the release of radioactive material co-exist. If the onset of a release takes a long time, such as 
the SBO sequence and certain accident sequences, the co-existence time would be shorter and the 
consequences would be smaller than the LOC release analyzed here.

Because co-existence time is such an important parameter a comparison has been made of the co-
existence times for six different situations. Results are presented in TABLE 6-L, below. In all 
cases a 30 minute period is assumed between reactor scram and the sounding of the public alert. 
The co-existence times in TABLE 6-L are for early fatalities with a range of one mile. Since early 
injuries have a range of two miles, their co-existence times would be longer, that is, equal to the 
difference between ETE 1 and ETE 2 or approximately ten minutes.
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TABLE 6-L Co-existence Times for Different Emergency Responses and Source Terms

For sheltering responses longer than 3 hours within four miles of Indian Point the co-existence 
times also would be longer for both SBO and LOC source terms.

In TABLE 6-Q (page 72) the results of another sheltering case are presented, Case Z3. This case is 
the same as Case Z2 except there is an assumed ten-fold reduction in the inhalation doses. If such 
a reduction is achievable then the calculated number of early fatalities in Case Z2 would decrease 
from 39 to 5 and the number of calculated early injuries would decrease from 141 to 56. Further 
reductions would be achieved if the actions described for Case Z2E2 were implemented to reduce 
the number of vehicles on the road. These results demonstrate the importance of reducing inhala-
tion doses for sheltered people. This strategy may be as or more effective than those associated 
with traffic patterns, although both strategies could be used for maximum protection, assuming 
that a ten fold reduction in the inhalation dose with the use of face masks can be substantiated.

Case Source 
term

Emergency response Co-existence time, 
minutes

B1_ LOC Evacuation 210
B1_ SBO Evacuation 66
Z2 LOC Shelter for 3 hours, 

then evacuate
280

Z2 SBO Shelter for 3 hours, 
then evacuate

136

Case Source 
term

Emergency response Co-existence time, 
minutes

Z2E2 LOC Shelter for 3 hours, 
then evacuate, fewer 
vehicles 0-2 miles

250

Z2E2 SBO Shelter for 3 hours, 
then evacuate,
fewer vehicles 0-2 
miles

106
Proprietary Information, © Copyright 2007 
page 62



RBR Consultants, Inc.
ENHANCED EMERGENCY PLANNING
FIGURE 6-I Case Z2 Evacuation Speed versus Elapsed Time, 0-1 Mile

FIGURE 6-J Case Z2E2 Evacuation Speed versus Elapsed Time, 0-1 Mile
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8.  Question 8 

Most of the calculations in this section are based on the assumption that it would take a half hour 
to cause a loss of Indian Point containment building integrity at which time there would be an ini-
tiation of a LOC release sequence. It was also assumed that 1.0 hours after the containment comes 
under attack the public alert is issued and the evacuation process begins. The possibility of having 
additional (and less) warning time is explored below. Here the benefits are determined of having 
an additional half hour and an additional one hour more than the reference situation. The detri-
ment of having a half hour less time is also examined. In this latter case containment failure is 
assumed to happen instantaneously as well as the start of a core melt sequence. One hour after 
such instantaneous events the public would be alerted. It could be argued that any event capable of 
causing an instantaneous loss of containment integrity would also be known to the public immedi-
ately, especially those people within a few miles of the Indian Point site. Therefore delaying evac-
uation for an hour after a loss of containment integrity because of a terrorist attack appears to be 
highly unlikely.

Traffic analyses are used to determine the number of vehicles that are beyond the one and two 
mile radii as a function of additional (or less) warning time. TABLE 6-M (page 65) provides 
insights from traffic analyses for three important cases: Case A_, the “status quo” evacuation situ-
ation, Case B1_ the “status quo” evacuation situation, but with traffic controls, and Case C1, a 
much more probable evacuation scenario. The numbers in TABLE 6-M are the percent of the ini-
tial vehicles in the one or two mile regions that have evacuated beyond the one and two mile radii, 
respectively.

Since the LOC sequence has been calculated to begin to release radioactive material to the envi-
ronment within 2.0 hours after the start of this core melt sequence, there are 1.5 hours between the 
alerting of the public and the beginning of the release. If an additional 0.5 hours of warning time is 
assumed, the public would be alerted at the time of scram and 2.0 hours later the radioactive mate-
rial would begin to enter the environment. If there were an additional 1.0 hour of warning, this 
would be equivalent to having the public alerted 0.5 hours before the reactor scrams. This last sit-
uation would result in having 2.5 hours between the alerting of the public and the start of the 
release and would be representative of a terrorist scenario where emergency warnings were being 
sounded well before to the initiation of a core melt sequence. Finally, if alerting of the public is 
delayed by 0.5 hours, the time between sounding the alarm and the release would be shortened to 
1.0 hours.
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TABLE 6-M Percent of Vehicles Evacuated Beyond One or Two Miles versus Warning Time

TABLE 6-M shows that the timing of the alerting of the public is very important. Gaining an extra 
half hour of warning time results in a somewhat larger benefit in Case A_ than using road treat-
ments. The gain, in terms of a percentage of vehicles that evacuate beyond one mile, is 49.0 - 45.4 
= 3.6 percent more, whereas an extra half hour of warning is worth 51.7 - 45.4 = 6.3 percent more. 
However, if these two strategies are used together for a total percentage gain of 61.6 - 45.4 = 16.2. 
If a full hour can be gained by sounding the alarm sooner then the percentage of vehicles in these 
cases that are calculated to be beyond the inner one mile goes from 45.4% to 71.3%, when road 
treatments are also in place.

Case C1 also shows higher percentages of vehicles to evacuate out of the inner one mile if warn-
ing times can be lengthened. Because of the comparatively high evacuation speeds in Case C1 
there are already very low early fatality risks. Nonetheless, a strategy of alerting the public earlier 
in postulated terrorist events is still beneficial in a Case C1 type of emergency response in that it 
would serve to lower latent fatality consequences.

TABLE 6-M also shows significant detriments if alerting the public is delayed beyond the 
assumed 0.5 hour time after reactor scram, i.e., evacuation starts one hour after scram. 

The value of having additional warning time is quantified in terms of health effects further in this 
section. However it is already clear from traffic analyses alone that early warning is a useful con-
sequence-reducing strategy. Early warnings are especially valuable at high population sites.
9.  Question 9

Another insight derived from these traffic analyses concerns “shadow evacuations” i.e, large num-
bers of voluntary evacuations contrary to instructions issued by elected community leaders. 
TABLE 6-K (page 54) showed a steady decline in evacuation speeds as more and more people 

Evacuation 
starts 1.0 
hours after 
scram

Evacuation 
starts 0.5 hours 
after scram

Evacuation 
starts 0.0 
hrs after 
scram

Evacuation 
starts 0.5 
hours before 
scram

Case A_     
1 mile

31.2 45.4 51.7 55.9

Case A_     
2 miles

20.7 32.2 39.8 43.9

Case B1_ 
1 mile

36.5 49.0 61.6 71.3

Case B1_ 
2 miles

26.1 44.3 54.8 61.3

Case C1
1 mile

38.5 50.2 63.8 76.3

Case C1     
2 miles

30.6 47.4 64.3 76.3
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voluntarily evacuated; however small improvements in the timing of when the public is alerted 
would offset larger, but more improbable, evacuations. Massive evacuations west of the Hudson 
River would not affect the evacuation of the inner two miles surrounding Indian Point. Voluntary 
evacuations that occur after the inner two miles had been fully evacuated would have no effect on 
the early fatality and early injury consequences nor would voluntary evacuations have any effect 
on nighttime evacuations. Additionally, those people beyond four miles who voluntarily evacu-
ated would have no effect on those people beyond four miles who sheltered. It is concluded that 
shadow evacuation has only a limited effect on early health consequences. The main impact of 
shadow evacuations would be on the calculated latent fatality risk.

6.9 INDIAN POINT EARLY HEALTH CONSEQUENCE ANALYSES 

6.9.1 Introduction

The starting point for the Indian Point consequence analyses was an examination of plant specific 
source terms. The objective here was to determine if any Indian Point specific source term might 
be more challenging than the LOC and SBO source terms referred to in TABLE A-5 (page 142). 
TABLE 6-N (page 69) presents the source term categories for Indian Point 3 derived from the 
plant’s Probabilistic Safety Assessment (PSA) (reference [17]). TABLE 6-O (page 69) provides 
the core release fractions of iodine, tellurium and cesium for each of these categories. Indian Point 
2’s source terms are very similar.

It is of interest to note that of the overall core melt frequency of 1.15E-5/RY, the no containment 
failure category, with its frequency of 6.30E-6/RY, contributes 55% of the total. Stated differently, 
about 55% of the core melt sequences would be similar to the TMI-2 accident in that there would 
be a negligible release of radioactive material to the environment. Although the public would be 
alerted, no emergency response would be necessary to protect the public from such core melt 
sequences. Four other categories, Early Medium, Early Low, Late Low, and Late Low-Low, have 
very small source terms, i.e., about one percent or less of the reactor core’s cesium iodide would 
escape into the environment. Such small releases are incapable of causing an early fatality. These 
four categories plus the no containment failure category represent about 71% of the core melt fre-
quency. Because of their zero or small sized releases these source term categories are not impor-
tant in terms of developing an emergency plan. Emergency plans developed to cope with larger 
releases would encompass these lesser events.

Categories 6 and 7 in TABLE 6-N, the Late High and Late Medium categories, have very long 
times, over 20 hours, between the onset of a core melt sequence and the onset of a release of radio-
active material. During this time period, based on traffic analyses and everyday experience, the 
inner four miles surrounding Indian Point would have long been emptied of people. Others 
beyond four miles who took shelter would also be out of danger. An emergency plan developed to 
meet the challenges of a more rapid release to the environment would be sufficient to cope with 
these late release categories.

This then only leaves categories 2 and 3 in TABLE 6-N, the Early High and the Early Medium 
categories. However, as shown in TABLE 6-O, the source terms in category 3 are about an order 
of magnitude smaller than those in category 2. Therefore it is category 2, the early high release 
category, that is most important in determining if it or the LOC and SBO releases would deter-
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mine an overall emergency plan that is broad enough to cover all postulated accidental and willful 
releases. Category 2 represents 8.2% of the core melt frequency.

Category 2 is an aggregate of five sequences, described in TABLE 6-P (page 70). Source terms 
and other characteristics of category 2 are derived by frequency weighting these five sequences. 
As an aggregate, category 2 falls between the LOC and SBO sequences. Category 2 has a longer 
time than the LOC release between scram and the onset of a release, but shorter than the SBO 
onset time. However, category 2 has a aggregate source term that is higher than the LOC source 
term, but less than the SBO source term. In other words, the aggregate description of category 2 
would place it between the LOC and SBO source terms. An emergency plan based on LOC and 
SBO analyses should encompass the emergency response needed to respond to this category. 

In order to achieve a deeper understanding, the five accident sequences in TABLE 6-P that com-
prise category 2 were examined more closely. These five accident sequences are described more 
fully in Appendix A.3. In keeping with present regulatory practice any sequence less frequent than 
10-7/RY would be eliminated because it is not a significant risk contributor. This would only leave 
sequence P51APB61 in TABLE 6-P. However, this sequence has a smaller calculated source term 
than either the LOC or SBO source term, has a later onset time than the LOC source term, and a 
more gradual release of the radioactive material over 21 hours compared to about 13 hours for the 
LOC and SBO releases. Therefore sequence P51APB61 is encompassed by the LOC and SBO 
source terms. If a source term screening criterion of 0.05 for the iodine core release fraction were 
used, sequence P51APB61 would also be screened out. See Exhibit A-1 in Appendix A.3,  
(page 143).

Comparisons have been made between the frequency weighted Indian Point 3 core release frac-
tions from accidents and those in the LOC and SBO terrorist scenarios. With regard to radioactive 
iodine, the frequency weighted core fraction for Indian Point 3 for accidents is 0.022. The corre-
sponding iodine core fractions for terrorist events are 0.111 and 0.274 for the LOC and SBO sce-
narios, respectively. With regard to radioactive cesium the frequency weighted core fraction for 
Indian Point 3 for accidents is 0.015. The corresponding cesium core fractions for terrorist events 
are 0.101 and 0.180 for the LOC and SBO scenarios, respectively. The tellurium releases from 
accident events is also smaller than those of terrorist events. With regard to radioactive tellurium 
the frequency weighted core fraction for Indian Point 3 for accidents is 0.015. The corresponding 
tellurium core fractions for terrorist events are 0.121 and 0.182 for the LOC and SBO scenarios, 
respectively. These comparisons demonstrate that the calculated terrorist core fraction releases are 
significantly larger than those derived for accident releases. Therefore an emergency plan based 
on assumed terrorist events at Indian Point encompasses accident sequences. This comparison of 
source terms also means that early and latent health effects from accident scenarios would be far 
smaller than those presented in this report, such as those that appear in FIGURE 7-A, (page 94).

It should be noted that TABLE 6-P lists very large releases for sequences P49APB61 and 
P40APB40. These are interfacing systems loss of coolant sequences (ISLOCA) and were ana-
lyzed with MAAP 4.0.5. This source term code does not credit the source term reductions that 
would go on in the primary auxiliary building through which this release would pass. Essentially 
these releases are treated as straight releases into the environment, which significantly overstates 
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the source terms. More realistic source terms for similar rare events can be found in TABLE 9-B 
(page 122). 

In summary, the LOC and SBO source terms encompass the Indian Point 3 source terms and 
present a bounding emergency planning analysis for this site. An emergency plan based on the 
LOC and SBO source terms would be sufficient to handle all accident releases sequences that are 
risk significant. Even if an event occurred that is less frequent than 10-7/RY (one in 10 million per 
year), the emergency response developed for the LOC and SBO sequences would be valuable in 
limiting the consequences of such an extremely rare event.

Sequences where the core iodine release fraction is 0.05 or less are eliminated because they are 
very unlikely to cause an early fatality. Sequences with small source terms need not be considered 
in developing an emergency plan because larger source terms will establish emergency planning 
zones and the protective actions to be taken therein. Justification for screening out these smaller 
releases for planning purposes is provided in Appendix A.6, (page 152). 

Accidental releases of radioactive material from Indian Point 3 are very unlikely. If they did occur 
they are expected to be less severe than the LOC and SBO releases utilized here. For those acci-
dent sequences that would take many hours before the onset of a release to the environment, a pre-
cautionary evacuation of the inner one mile would be appropriate. If further significant reactor 
degradation occurs then a full emergency response would be called for. For more rapidly develop-
ing core damage accidents, a full emergency response would be called for even though releases 
would likely be smaller than the LOC and SBO source terms. This conservative emergency 
response to smaller releases is justified because the basic emergency response recommended in 
this report recommends downwind sheltering beyond four miles and just staying indoors else-
where. This basic response is far less burdensome and more effective, than a full EPZ evacuation. 
Because burdens are far less than a massive full EPZ evacuation, a more conservative emergency 
response to smaller, but more rapidly developing, releases is justified.

A comparison of the iodine, cesium and tellurium core release fractions for the LOC, SBO and 
Indian Point 3 source terms is provided in Exhibit A-2 of Appendix A.3. The Indian Point 3 
source terms in this exhibit are the frequency weighted values derived from the data in TABLEs 6-
N and 6-O. Exhibit A-2 shows that the LOC and SBO source terms are significantly larger than 
the frequency weighted Indian Point 3 source term. This comparison supports the statement that 
an emergency plan based on the LOC and SBO source terms would encompass accidental events.
Proprietary Information, © Copyright 2007 
page 68



RBR Consultants, Inc.
ENHANCED EMERGENCY PLANNING
TABLE 6-N Indian Point 3  Release Category Source Terms

 
TABLE 6-O Indian Point 3 IPE Release Category Release Fractions9

Release Characterization Frequency
(1/RY)

Release 
Start, 
Hours

Release 
Duration, 
Hours

1 No Containment Failure 6.30E-6 0.00 35.4
2 Early High 9.43E-7 3.34 22.0
3 Early Medium 1.24E-6 2.56 22.8
4 Early Low 1.46E-7 2.75 23.6
5 Early Low-Low 0.00E+0 0.0 0.0
6 Late High 4.23E-7 20.5 36.0
7 Late Medium 2.01E-6 21.4 36.0
8 Late-Low 3.75E-7 25.3 36.0
9 Late Low-Low 5.66E-8 31.5 36.0

Release Characterization Iodine Cesium Tellurium
1 No Containment Failure 6.51E-6 2.65E-6 2.08E-6
2 Early High 1.63E-1 1.48E-1 1.47E-1
3 Early Medium 1.31E-2 1.18E-2 2.65E-2
4 Early Low 2.03E-3 1.62E-3 2.90E-3
5 Early Low-Low 0.00 0.00 0.00
6 Late High 1.17E-1 2.26E-2 4.81E-3
7 Late Medium 1.53E-2 4.30E-3 1.49E-3
8 Late-Low 1.06E-3 7.91E-4 1.23E-3
9 Late Low-Low 8.14E-4 6.96E-4 7.55E-4

9 The Indian Point 3 Individual Plant Examination also includes the release fractions for 
the noble gases, Sr, Ru, La, Ce and Ba. For emergency planning purposes these radioac-
tive species are not important.
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TABLE 6-P Sequences that Comprise Category 2

6.9.2 Advanced Consequence Analyses

Earlier in Section 6.3 (page 25) insights from scoping consequences were presented. Here the 
results of much more sophisticated consequence analyses are given where advanced KLD traffic 
analyses have been merged with advanced techniques using the MACCS2 code. As was presented 
in the traffic analysis section, a series of questions and answers describe the analysis that was per-
formed. This merged analytical capability is identified as the MACCS2/KLD analyses.

6.9.3 Consequence Questions 

The Polestar analyses were first directed at answering a series of early health consequence ques-
tions. The consequences calculated by Polestar assumed 100% public participation in taking pro-
tective actions. 
1. If a LOC release occurred at Indian Point without any emergency planning improvements rec-

ommended in this report, how many early fatalities and early injuries might be expected if this 
occurred during the “status quo” evacuation (100% evacuation of the present EPZ) situation? 
Case A_.

2. What decrease in early health effects, relative to the question above, would be achieved if traf-
fic controls were put in place according to those shown in FIGURE 6-F (page 51)? Case B1_.

3. Assuming traffic controls were implemented, how many early fatalities might be expected if 
there were a “status quo” evacuation situation and an SBO type of release? Case S1.

4. How much would health consequences decrease if there were an additional half hour of warn-
ing time? Case B2.

5. Assuming a more likely percentage of voluntary evacuation, 35% beyond four miles instead of 
an assumed 100%, what effect would this have on calculated health consequences? Case C1.

6. Repeating the situation described in Question 2, what reductions in health effects might be 
achieved by a ten-fold reduction in the inhalation dose? Case D.

7. How important is “shadow evacuation”? Cases B1_ and C1.
8. If the inner one mile around Indian Point could be cleared through a precautionary evacuation, 

how would this affect health consequences? Case B1_. How long might it take to bring about a 
precautionary evacuation of the innermost one mile? Cases B1_, C1, and D.

Sequence Frequency
1/RY

Release 
start, 
hours

Release 
duration, 
hours

Iodine 
release 
fraction

Cesium 
release 
fraction

Tellurium 
release 
fraction

P51APB61 6.95E-7 2.9 21.1 2.43E-2 1.58E-2 1.60E-2
P49APB61 7.91E-8 5.7 24.3 8.61E-1 8.53E-1 8.44E-1
P51APB40 7.72E-8 2.9 21.1 2.43E-1 1.58E-1 1.60E-2
P51APB41 4.45E-8 5.7 24.3 8.61E-1 8.53E-1 8.44E-1
P45APB40 3.39E-8 3.94 32.1 1.03E-1 8.59E-2 8.45E-2
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9. If a 3 hour sheltering response is utilized with a LOC source term, what would be the number 
of early fatalities and early injuries, assuming a one hour mobilization time? Case Z2

10.What improvements might be expected in the above sheltering case if the number of vehicles 
in the 0 to 2 mile region that evacuate were reduced? Case Z2E2.

11.Why haven’t peak consequences been presented in this report?
12.What strategies could be used to minimize latent fatality consequences within the EPZ from 

LOC and SBO releases?

6.9.4 Results of the Consequence Analyses

In order to answer the above consequence calculations a series of MACCS2/KLD computer runs 
were made for different emergency responses at Indian Point. TABLE 6-Q (page 72) provides the 
early fatality and early injury results for nine different terrorist scenario consequence analyses that 
rely on the advanced traffic analyses and advanced consequence analyses. The early health effect 
consequences presented in TABLE 6-Q are at the 95th percentile. The 95th percentile means that 
95 percent of the weather sequences result in consequences would be equal to or less than this 
number. TABLE 6-Q correlates with the traffic analysis presented in TABLEs 6-H (page 46) and 
6-K (page 54).

Not all of the traffic analyses cases were further analyzed with MACCS2/KLD. As shown in 
TABLE 6-K, evacuations at night, Cases K and N, showed very high evacuation speeds so there 
was no need to run these cases with MACCS2/KLD since their early fatality risks would be zero. 
Early injuries in Cases K and N, if any, are expected to be less than Case C1 which has a slower 
evacuation speed. 

Cases Y1, Y2, and X from TABLE 6-K also were not examined further with MACCS2/KLD. 
Their 95th percentile early fatalities would lie between Case B1_ and Case C1, i.e., between 4.1 
and 2.0. Early injuries for Cases Y1, Y2, and X would lie between Case B1_ and Case C1, i.e., 
between 58.9 and 33.4. Steps taken to reduce consequences, such as increased warning time or 
reduced inhalation doses, would further lower the early fatality and early injury results of Cases 
Y1, Y2, and X. 

TABLE 6-Q therefore presents the results of consequence analyses from the remaining traffic 
analysis cases. All of the calculated early fatality results in TABLE 6-Q are small for evacuation 
responses and are likely to be within the uncertainty band of these analyses. See Section 6.12 
(page 90).
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TABLE 6-Q Results of MACCS2/KLD Computer Runs

ase
_ to D 
ve a 3 
ur 
obiliza-
n time. 

Emergency 
response

Road 
treat-
ments

Time of 
day, week

Comments Early
 fatali-
ties, 95th 
percentile

Early
 injuries,
95th per
centile

_ Evacuate
100% to 10 miles, 
35% to interstates

No Midday
midweek

“Status quo” analy-
sis 

5 203

_ Same as case A_ Yes Midday
midweek

 Case A_ with road 
improvements

4 80

Same as case B1_ Yes Midday
midweek

Uses SBO source 
term instead of 
LOC source term

0 2

Same as case B1_ Yes Midday
midweek

 0.5 hr. more warn-
ing time for Case 
B1_

1 28

1 100% to 4 miles, 
35% to 10 miles, 

Yes Midday
midweek

More likely% vol-
untary evacuation

2 33

Same as B1_ Yes Midday
midweek

10% of the inhala-
tion dose

0 10

Precautionary 
evacuation of the 
inner 1 mile. 

Yes Midday
midweek

Precautionary evac-
uation of the inner 
1 mile. 

0 ~30

Shelter for 3 hours, 
then evacuate, 5% 
voluntary evacua-
tion beyond four 
miles, one hour 
mobilization time

Yes Midday
midweek

Importance of 
shorter mobiliza-
tion time and 
longer co-exist-
ence time.

39 141

E2 Same as Z2 but 
with fewer vehicles 
evacuating inner 
two miles

Yes Midday
midweek

Impact of redirect-
ing returning fam-
ily members plus 
car pooling at 
Indian Point on 
sheltering   
response.

34 123

Same as Z2 Yes Midday
midweek

 10% of the inhala-
tion dose

5 56
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6.9.5 Answers to Consequence Questions
1.  Question 1

The MACCS2/KLD analysis of the “status quo” evacuation situation at Indian Point resulted in a 
calculated number of early fatalities of 5.0 at the 95th percentile (Case A_) based on an extreme 
set of assumptions. This figure is a small fraction of the EPZ population of about 367,000 people. 
To get a consequence of 5.0 early fatalities, this event would have to occur during summer mid-
day, midweek, peak traffic conditions, which happens about 12% of the time. There would have to 
be a 100% evacuation of the whole EPZ, contrary to emergency instructions from government 
leaders to take shelter beyond four miles. As shown in the results of other MACCS2/KLD analy-
ses e.g., Case C1, smaller evacuations result in lower early fatality consequences. Further, even if 
a high percentage of the population beyond four miles did voluntarily evacuate, in order to affect 
the health consequences of people within four miles of the site this voluntary evacuation would 
have to take place before ETE 4, the time to evacuate the inner four miles once evacuation started. 
Late voluntary evacuation would not result in increased health effects. Total disregard of instruc-
tions issued by government leaders to take shelter, if beyond four miles, also seems unlikely.

In addition to the above, special weather conditions would have to be present during the time of 
release to get this consequence. With more favorable weather conditions, 95% of the conse-
quences in this “status quo” evacuation scenario would be smaller than 5.0 early fatalities. Lastly, 
to get this number of early fatalities, no other consequence-reducing actions, discussed below, 
would have been put into operation. With both an extremely small likelihood of this event occur-
ring and its limited consequences, the early fatality risk at Indian Point already is near zero under 
present conditions.The consequence-reducing strategies identified in this report to limit early 
health effects would also reduce latent fatality risks as well.
2. Question 2

Based on the response to Question 1, further early fatality consequence reducing steps at Indian 
Point arguably are unnecessary. However, further steps have been identified which are compara-
tively easy to implement. While these additional steps would lower the small early fatality conse-
quences still further, their main benefits would be to lower other health consequences such as 
early injuries and latent cancer effects. These additional steps would also be helpful in reducing 
the consequences of still rarer weather sequences, i.e., those less frequent than the 95th conse-
quence percentile weather scenario and in implementing the ALARA principle.

These additional steps can be taken independent of one another. Therefore several additional con-
sequence reducing steps can be taken together for an even larger reduction. In TABLE 6-Q the 
impact of the first of these additional steps, implementing specific traffic controls, is evaluated. 
Later, other consequence reducing actions are added to this first basic consequence reducing 
action and their quantified results are also provided in TABLE 6-Q.

The impact of implementing traffic controls has been determined in Case B1_. If such traffic con-
trols were implemented the number of early fatalities would decrease from 5.0 to 4.1 at the 95th 
percentile level. A larger percentage benefit from implementing traffic controls can be found in 
the early injuries. Use of traffic controls lowers the 95th percentile early injury consequences from 
203 in Case A_ to about 80 in Case B1_. 
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The early injury figures in TABLE 6-Q are for vomiting which has the lowest threshold of all the 
early injuries. Other early injuries, if they should occur, would be fewer in number than the figures 
provided in TABLE 6-Q.
3. Question 3

Case S1 is Case B1_, rerun with the SBO source term instead of the LOC source term. As 
described in TABLE A-6 of Appendix A.3, the core release fractions of the SBO source term are 
larger than the LOC source terms, but the onset of the release is later, 4.4 hours versus 2.0 hours 
for the LOC release. For the “status quo” evacuation, but with traffic controls put in place, the 
number of early fatalities at Indian Point with an SBO release was calculated to be 0.0 at the 95th 
percentile. The number of early injuries at the 95th percentile was calculated to be about 2.0. The 
importance of the later release of the SBO source term compared to the LOC source term is appar-
ent when the results of Case B1_ are compared to Case S1. Case B1_, with its LOC source term 
had, at the 95th percentile, 4.1 calculated early fatalities and 58.9 calculated early injuries whereas 
the corresponding figures for Case S1 are 0.0 and about 2.0. In this situation the smaller co-exist-
ence time of the SBO compared to the LOC release more than offsets the SBO sequence’s larger 
iodine and tellurium release fractions. 

The very low SBO consequences is a direct result of a small period of co-existence, about 66 min-
utes. By the time the SBO source term begins to enter the environment, about 234 minutes after 
the evacuation had begun, some 86% of the inner one mile vehicles would be beyond one mile.      
(See TABLE 6-K (page 54). Further, by the onset of the SBO release the speed of the remaining 
vehicles within one mile is increasing rapidly. (See FIGURE 6-G, (page 53).)

Case S1 provides another insight. Had traffic controls not been implemented, its evacuation would 
resemble Case A1_ and the time to evacuate the inner one mile would have been 90 minutes 
longer. The 66 minutes of co-existence in Case S1 with traffic controls would become 156 min-
utes without traffic controls. Additionally, the speed at which vehicles would be evacuating at the 
onset of the SBO release would be considerably slower than when traffic controls were imple-
mented. Therefore traffic controls, while somewhat useful in the LOC release scenario, are very 
useful in the SBO release scenario. If there were an SBO event, the same consequence-reducing 
strategies identified for LOC releases would be applied to a SBO situation.
4.  Question 4

Case B2 is a rerun of Case B1_ but with the assumption that there were opportunities to alert the 
public earlier, i.e., before a potential core damage sequence was initiated. This earlier warning 
time would start the same evacuation process, but sooner. In Case B2 an additional half hour of 
warning time was assumed relative to Case B1_. The result of this additional half hour was to 
reduce the 95th percentile early fatality consequence found in Case B1_ from 5.0 to 1.0. Early 
injuries were lowered from 59 to 28. If even more warning time were available, all health conse-
quences would be still lower.
5.  Question 5

Case C1 is an analysis of a more probable public response than that modeled in Case B1_. Instead 
of a total disregard of the emergency instructions as analyzed in Case B1_, Case C1 assumes that 
everyone within 4 miles of the site evacuates and 35% of the permanent residents and 100% of the 
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transient and employee populations between 4 and 10 miles evacuate. The remaining 65% of the 
people beyond 4 miles would stay indoors or take shelter, depending on whether or not they were 
downwind. Under Case C1 conditions the number of early fatalities at the 95th percentile is calcu-
lated to be 2.0, compared to Case B1_ with 4.1. With regard to early injuries the smaller evacua-
tion of Case C1 resulted in 33 early injuries while the slower Case B1_ 100% evacuation resulted 
in 59, both at the 95th percentile.

Case C1 had a 0 to 1 mile minimum cumulative speed of 3.0 m.p.h., but still had 2.0 early fatali-
ties. The reason that the number of fatalities was not zero was because there was co-existence 
between the last people to evacuate and the onset of the LOC release. Case C1 with a ten-fold 
reduction in inhalation doses (see below) or with an extra half hour of warning would have zero 
early fatalities at the 95th percentile.
6.  Question 6

Case D examines a potentially simple and effective consequence-reducing strategy. It is to use a 
wet handkerchief or face mask to reduce inhalation doses. As stated before, depending on the 
results of further research, up to a ten-fold reduction in inhalation doses may be achievable by 
using a wet handkerchief. The impact of reducing inhalation doses by a factor of ten is to reduce 
the number of early fatalities at the 95th percentile, relative to Case B1_, from 4.1 to 0.2, a twenty 
fold reduction. Early injuries, relative to Case B1_, were calculated to decrease from 59 to about 
10. Reducing the inhalation dose also reduces the calculated number of latent fatalities in the inner 
four miles, as shown later in this section. The use of face masks or wet handkerchiefs are unneces-
sary for sheltered people beyond four miles.

Based on these numbers the use of wet handkerchiefs or face masks may be a very effective 
means to reduce early health effects. Implementation of this consequence-reducing strategy would 
be completely under the control of the public, once the public had been informed of its benefits. If 
this protective measure is shown to be effective, it should be a generic protective measure, i.e., 
used in the inner four miles at all nuclear sites. See Section 6.3.3.2 (page 31) for a discussion of 
some effectiveness issues on the use of face masks or wet handkerchiefs. 
7.  Question 7

A recurrent issue about emergency responses at Indian Point is the effect of “shadow evacuation”. 
Here the definition of shadow evacuation is taken to be the election of people beyond four miles to 
evacuate even though they have been advised not to. Such evacuees themselves are not at risk of 
becoming an early fatality or an early injury because they are well outside of the early fatality and 
injury zones. Traffic analyses have shown that evacuations beyond the Interstates have little effect 
on the inner two miles, that evacuations on the west side of the Hudson River do not affect the 
evacuation of the population east of the Hudson River, and that shadow evacuations at night or on 
a weekend are similarly unimportant in terms of raising early fatality consequences because of 
high evacuation speeds. Shadow evacuations that occur after the keyhole area has been evacuated 
also have no important health consequences. Therefore the health impact of shadow evacuation is 
confined to the possible slowing down of the evacuation of people close to the point of release 
under midweek, midday conditions during the time period defined by ETE 4. 
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The maximum early fatality effect of shadow evacuation within the EPZ can be estimated by sub-
tracting the number of early fatalities found in Case C1 where the shadow evacuation was 35% 
from Case B1_ where the shadow evacuation was 100%. This difference is 2 early fatalities. If 
additional protective actions are implemented, such as earlier warnings and means to reduce inha-
lation doses, the importance of shadow evacuation approaches zero. A similar approach can be 
taken to estimate the maximum number of early injuries due to shadow evacuation. The largest 
impact of shadow evacuations would be the increase in latent fatality risks for people close to the 
point of release who would have somewhat slower evacuation speeds if there is significant num-
bers of voluntary vehicular evacuations beyond four miles. 

As stated before, in order for shadow evacuation to have any effect on people within four miles of 
the point of release it has to take place before people have left important distances, such as the 1, 
2, and 4 mile radii. If, in Case C1, additional voluntary evacuation beyond the 35% assumed in 
this analysis, started 273 minutes after the alert was given, this would have no impact on the small 
early fatality risk. If started 275 minutes later than the alert, shadow evacuation would have no 
effect on early fatalities and early injuries, and if started 320 minutes later, the latent fatality con-
sequences would not be affected. Note that shadow evacuation does not affect the health risks of 
those people who evacuate on foot or those people beyond four miles who take shelter. Therefore 
in order for shadow evacuation to have any increase in the latent fatality risk relative to Case C1, 
it has to go beyond the assumed 35% voluntary evacuation already assumed and be accomplished 
within the time frames identified above. Late voluntary or shadow evacuations would not have 
any radiological impact on people that already evacuated the inner four miles.

Another way to reduce the small effect of shadow evacuation is to educate the public about the 
very limited distances where early fatalities and injuries might occur and to encourage them to 
shelter or stay indoors if beyond four miles and stay tuned to the media and, if downwind. Further, 
the public should be informed that if they are beyond four miles then sheltering alone is sufficient 
to protect them from all potential health effects during plume passage. Finally, assuring the public 
beyond four miles that their areas will be surveyed for “hot spot” areas and if high readings were 
found, they would be evacuated in a timely manner, might reduce the number of people who vol-
untarily evacuated.
8. Question 8

A precautionary evacuation of the innermost one mile is particularly attractive when there is 
uncertainty that ongoing events will lead to a severe release of radioactive material. Such uncer-
tainty may occur under accident conditions where there is a high probability that an accident 
sequence will be terminated before there is a release of radioactive material. Uncertainty may also 
occur under some terrorist scenarios, such as a situation where a large aircraft has been hijacked, 
but that this has occurred some distance away and it is unknown if the hijacked plane would head 
towards the Indian Point site.

Precautionary evacuations permit a better balance between false and true alarms. Even if the acci-
dent or terrorist situation turns out to be a false alarm or one that led to little or no release of radio-
active material, only about one percent of the 10 mile population would have received a notice to 
evacuate. If the situation is not a false alarm, health consequences would have been reduced by 
evacuating a significant fraction of the people from the small high risk area in a timely manner. In 
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other words, the one percent of the 10 mile population that lives within one mile of Indian Point 
represents about 100% of the people at risk of becoming an early fatality and a precautionary 
evacuation is a strategy specifically intended to reduce their risks.

Precautionary evacuations would not be necessary for nighttime situations since evacuation 
speeds would be quite high.

As shown in TABLE 6-K, the time to completely evacuate the inner one mile, ETE 1, is several 
hundred minutes after evacuation begins, based on a three hour mobilization period. Because of 
this long time period only those sequences where there is a long delay between reactor scram and 
on the onset of a release would it be possible to completely empty this small area. Such long time 
periods are possible with certain accident sequences as shown in Categories 6,7,8, and 9 in 
TABLE 6-N (page 69). For terrorist events that evolve more slowly than the assumed one half 
hour to cause a loss of containment integrity and other terrorist events like the SBO sequence, pre-
cautionary evacuation may be fully effective.

It is possible that a wider range of sequences than these slow acting ones might still benefit from a 
precautionary evacuation. With good public support, very few people beyond one mile would 
evacuate in the early phases of this emergency and that most people in the inner one mile would 
have a mobilization time considerably shorter than three hours. This would result in evacuating 
the inner one mile more quickly and a significant reduction in all health risks.

Even if a precautionary evacuation did not completely clear the inner one mile prior to the onset of 
a release of radioactive material, it would still be very worthwhile. If actions are taken to shorten 
the time between recognizing a potential release of radioactive material and focusing an alert to 
those in the inner one mile, consequences would be still lower. TABLE 6-M (page 65) demon-
strates this where data are provided on the percent of vehicles beyond one mile as a function of the 
warning time. These traffic results are supplemented by consequence results. For example, see 
Case B2 in TABLE 6-Q for early health effects and TABLE 6-AD (page 89) for latent health 
effects.

It is concluded that precautionary evacuation is an attractive daytime consequence-reducing strat-
egy at high population sites. Precautionary evacuation should be a fundamental emergency plan-
ning strategy at Indian Point. 
9. Question 9

Case Z2 is the first of several sheltering analyses. The number of early fatalities and early injuries 
under these conditions at the 95th percentile was calculated to be 39 and 141, respectively. This 
analysis did not include the possible benefits of a reduced inhalation dose. These comparatively 
large consequences are the result of two factors: a very short mobilization time which, in turn, 
causes evacuation speeds to be slower than CASE C1 as many people try to evacuate in a short 
time span and a longer co-existence time because many people would not be evacuating prior to 
the onset of a LOC release.
10. Question 10

Case Z2E2 is a reanalysis of Case Z2 but with fewer vehicles because of car pooling at Indian 
Point and redirecting returning family members to in-close reception centers. The number of early 
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fatalities and early injuries under these conditions at the 95th percentile was calculated to be 34. 
and 123, respectively. Although there were fewer cars, Case Z2E2 only showed marginal 
improvements over Case Z2. Because Case Z2E2 was only marginally better than Case Z2, the 
strategy of redirecting returning family members to in-close reception centers is not attractive, 
especially since it would mean that more people within the inner two miles might no longer have 
a means of evacuating with their own vehicle. Therefore this strategy is not recommended. How-
ever, having the employees at Indian Point form car pools during daytime emergencies, even 
though its benefit is small, is a strategy that could be used in all sequences and should be retained. 

Case Z3 examines a ten-fold reduction in the inhalation dose both in the sheltering and evacuation 
phases.With this reduction and with car pooling at Indian Point the early fatality and injury health 
consequences are less than 4.8 and 55.5, respectively. 100% of the early fatalities and 94% of the 
early injuries would be limited to the inner one mile if inhalation doses were reduced ten-fold.

It is clear from the above analyses that evacuation generally is preferable to in-close sheltering, 
particularly at a high population site like Indian Point. However the possibility exists that there is 
some temporary impediment to evacuation and that in-close sheltering could be preferable to sit-
ting in a vehicle until the impediment was removed. As soon as these impediments were removed 
people should be advised to begin their evacuation.

The longer people remain in shelter prior to evacuating the greater their period of co-existence 
with a LOC release and the higher the probability that an SBO release, if one should occur, would 
co-exist with the evacuation of the public. TABLE 6-L (page 62) provides co-existence times for a 
number of sheltering scenarios based on an assumed 3 hour sheltering period. If longer sheltering 
periods are selected, the co-existence times would increase minute for minute.

Based on the results of Case Z3, if people do use a shelter first, evacuate later response, they 
would benefit by reducing their inhalation doses, if possible. They should also take simple mea-
sures to protect their skin.
11. Question 11

There are multiple reasons why peak consequences are not presented in this report. The most 
important reason is such extremely rare events do not affect the development of an emergency 
plan. The underlying philosophy of emergency planning is to provide protection for most of the 
people, most of the time. Such an approach, which is widely used in day-to-day non-nuclear prac-
tice, excludes extremely rare events as a planning basis. As it is, the basis of the emergency plan 
presented in this report already rests on a very unlikely set of circumstances.

With the advanced technology developed for this report it is possible to identify which weather 
scenario would produce the peak calculated consequences. Further, it is also possible to locate the 
very small area where these peak consequences would be generated. If desirable, the limited num-
ber of people in this small area could be encouraged to evacuate sooner than the three hour mobi-
lization time assumed in the traffic analysis. By evacuating somewhat sooner in this small area, 
very large decreases would occur in the calculated peak consequences. Therefore small adjust-
ments could cause large decreases in the calculated peak consequences. However, once this 
weather scenario would no longer be the cause of the peak consequences, a different weather sce-
nario would then become the new peak consequence weather scenario, albeit a smaller peak num-
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ber compared to the original peak. Again, special emergency actions could be tailored to this new 
peak to lower its consequences and so on. Such a process could lead to thousands of special cases, 
perhaps one per weather scenario at one per hour of recorded meteorological data (8760 
sequences). An emergency plan with thousands of special cases is unworkable and is inconsistent 
with general practice to utilize plans that help most people, most of the time. Therefore peak con-
sequences are not central to developing effective emergency plans. Not that peak consequences 
are not ignored either. They are used to determine the mean values of consequences where all 
weather scenarios are considered and consequences are weighted by their frequencies and then 
combined. Decision making based on mean values are superior to peak values because they are 
more stable in that they do not change significantly if there are small changes in assumptions or 
conditions. Mean values are also mathematically identified as the “expected value”. 

A second reason not to include peak consequence numbers in this report is the history of abuses 
that have been perpetrated, using peak values to frighten people. Quoting extreme consequences 
without the perspective of how likely such consequences are is a disservice. Not only are peak 
numbers subject to wide uncertainties, some earlier sensationalized peak numbers rested on 
incredible assumptions such as people standing outside for 24 hours in a radioactive rain shower. 
Responsible government leaders increasingly depend on risk analyses, not extreme consequences 
or very low frequencies, in reaching their decisions.

Independent support for the results presented in this report appears in a recent report based on 
work at the Centers of Disease Control (CDC) (reference [18]). The short range and limited scope 
of early health effects from nuclear power plant accidents that is described in this CDC publica-
tion, is consistent with the conclusions drawn here.
12. Question 12

Section 6.11 (page 81) presents the results of a number of studies on latent fatality consequences 
and identifies some useful strategies to minimize these long term consequences. 

6.10 RANKING OF EARLY HEALTH STRATEGIES

Based on the results presented in TABLE 6-Q and elsewhere, various consequence reducing strat-
egies have been ranked and presented in TABLE 6-R (page 80). This table is mostly for strategies 
for midday, midweek summer situations since evacuation speeds at other times would be quite 
high and these consequence-reducing strategies would have less value. This ranking was derived 
from examining the effectiveness of different strategies in reducing early health effects. Latent 
fatality strategies are discussed in Section 6.11. These strategies are applicable to both terrorist 
and accidental causes of releases of radioactive material at Indian Point. 

Judgement has been used when categorizing some strategies that were placed in the unimportant 
category if their implementation might be difficult to control or had negative side effects, such as 
increasing the number of people without transportation in the inner 2 miles. Four broad categories 
have been used: high, medium, low and unimportant/undesirable. Combinations of these strate-
gies, when feasible, would result in even lower health consequences.
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TABLE 6-R Ranking of Indian Point Early Health Consequence-Reducing Strategies 

High 1.If shown to be effective, encourage the use of protective measures such as 
breathing through wet handkerchiefs or face masks for the inner four 
miles. Use clothing, towels, or the like to protect the skin.

2. Improve communication protocols to alert the public near the Indian Point 
site sooner.

3. Use precautionary evacuations of the inner one mile in emergency situations 
whose likely outcome is uncertain.

4. Educate the public on the improved emergency plan, explaining pedestrian 
evacuation and the desirability to have the public not voluntarily evacuate 
if initially beyond four miles. Develop inner two mile evacuation paths for 
pedestrians who opt for this response, including a temporary shelter facil-
ity at the end of each path. Identify these paths in the Community Emer-
gency Planning booklet issued by Westchester County and on media 
during an emergency.

5. Develop clear emergency messages based in these improvements.
6. Minimize the possibility that some people may neither evacuate nor take 

shelter. 
7. Assist each family in developing its own emergency plan. 
8. If prompt evacuation is not possible, instruct people to shelter until impedi-

ments to vehicular evacuation are removed. Remove such impediments as 
soon as possible.

9.Implement traffic controls at the three locations shown in FIGURE 6-F.
Medium 1. Add an inner tier of reception centers within the EPZ, but further than four 

miles from Indian Point.
2. Predesignate the locations of temporary shelters within two miles of the site 

boundary for people who do not have means to evacuate by vehicle and 
would not evacuate on foot.

3. Assist schools and special needs facilities within four miles of the site in the 
development of specific evacuation plans.

4. Reroute buses to avoid inner two miles and to shuttle back and forth 
between the inner tier of reception centers and predesignated shelters 
within two miles of the site.

Low 1. Require daytime employee car pools at Indian Point.
2. Provide buses for passengers who parked at station stops within 4 miles of 

Indian Point and who were transported to further train stops. 
Not impor-
tant/undesir-
able

1. Stage evacuations from 2 to 4 miles.
2. Require returning family members to go to in-close reception centers.
3. Larger EPZs
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6.11 INDIAN POINT LATENT FATALITY CONSEQUENCE ANALYSES 

6.11.1 Advanced Consequence Studies

Because the early health effects were shown to be so small, efforts then concentrated on analyzing 
the latent fatality consequences. In those responses where there was evacuation, an advanced con-
sequence analysis was performed using the DoRMET consequence code using the evacuation 
model described in Appendix A.4. 

A variety of emergency responses were analyzed to determine the relationships between latent 
fatalities and emergency responses. Latent fatality consequences are presented in TABLEs 6-S 
(page 82) and 6-T (page 82) for the LOC and SBO source terms, respectively, assuming that there 
was no emergency response. In this unrealistic, but bounding analysis, it was assumed that the 
whole population from 0 to 10 miles surrounding Indian Point continued on in their normal activ-
ities for 24 hours after reactor scram as if they were completely unaware of the events occurring at 
Indian Point.

Although the increment in latent fatalities due to a release of radioactive material is small com-
pared to background rates, even with no response to an emergency, significant decreases in the 
latent fatality consequences can be achieved by taking protective actions. A modest improvement 
to this unrealistic scenario would be a minimum response where the only thing the emergency 
response accomplished was the evacuation of the inner one mile surrounding Indian Point, leaving 
the balance of the EPZ in a no response situation. If this minimum response could be accom-
plished before the onset of a release of radioactive material it would be sufficient to virtually pre-
vent any early fatalities, most of the early injuries and about a third a of the mean latent fatalities, 
with a reduction from 770 to 495 calculated latent fatalities for a LOC source term release and a 
reduction from 1117 to 822 mean latent fatalities for the SBO sequence. Latent fatality conse-
quences are presented in TABLEs 6-U and 6-V (page 83) for the LOC and SBO source terms, 
respectively, assuming this minimum emergency response. This clearing of the inner one mile 
might be accomplished by a precautionary evacuation. For many accident sequences the time 
between reactor scram and the onset of a release of radioactive material is very long, leaving sig-
nificant time to evacuate this inner one mile. By concentrating on the inner one mile, evacuation 
of this area might proceed rapidly leaving this area sparsely populated before the onset of a release 
for many release scenarios. 

Several conclusions can be drawn from these basic analyses. First, just as in the case of the early 
health effects risks, natural phenomena offer considerable protection against latent fatalities. Even 
with no response to a major terrorist event at Indian Point, the mean latent fatality consequences 
would be between one fifth of one percent to less than one third of one percent of the EPZ popula-
tion. (See TABLE 6-AD (page 89).) If the release was from a major accident and not a terrorist 
caused event, the combination of the smaller average source terms for accident events and no 
response to this event would result in latent fatality consequences about one tenth to one fifth of 
the LOC latent no response consequences for terrorist events. Second, the health consequences at 
Indian Point are highly localized and emergency responses should also be highly localized to be 
effective. Third, sites that have few people within one mile of a possible point of release automat-
ically have low early health and reduced latent fatality risks, just due to the effects of distance on 
health consequences from radiological events, having fewer people at risk and the inherent higher 
Proprietary Information, © Copyright 2007 
page 81



RBR Consultants, Inc.
ENHANCED EMERGENCY PLANNING
evacuation speeds at low population sites. Fourth, even a minimum response significantly reduces 
the small latent health risks.

TABLE 6-S No Emergency Response, LOC Source Term

TABLE 6-T No Emergency Response, SBO Source Term

Distance,
Miles 

Popula-
tion

Mean number of 
latent fatalities

90th percentile 
number of latent

fatalities

95th percentile 
number of latent 

fatalities
0-1 4,402 275 764 967
1-2 15,623 336 753 882
2-3 27,902 117 368 428
3-4 29,348 27 102 130
4-6 64,088 15 78 112
6-8 76,201 0 0 0
8-10 149,319 0 0 0

Total, 0-10 366,886 770 1509 1757

Distance,
Miles 

Popula-
tion

Mean number of 
latent fatalities

90th percentile 
number of latent

fatalities

95th percentile 
number of latent 

fatalities
0-1 4,402 295 854 1059
1-2 15,623 420 1010 1183
2-3 27,902 175 567 677
3-4 29,348 57 203 256
4-6 64,088 119 492 584
6-8 76,201 37 155 211
8-10 149,319 15 0 198

Total*, 0-10

* Note that the total number of calculated latent fatalities for the 0 to 10 mile area in 
TABLEs 6-S, 6-T, 6-U, 6-V and others is not the sum of the individual numbers in each 
annulus. The numbers in each annulus represents a particular weather scenario. For 
example, in TABLE 6-T at the 90th percentile, the weather scenario that gives rise to 
854 calculated latent fatalities in the inner one mile need not be the same 90th percen-
tile weather scenario that gives rise to 1010 latent fatalities in the 1 to 2 mile annulus. 
Because these are different 90% weather scenarios and they do not necessarily occur at 
the same time or place, they are not additive. To determine the 0 to 10 mile 90th per-
centile consequence figure, a single set of weather scenarios is used for the whole area, 
where 90% of the consequences from the other weather scenarios in this set have calcu-
lated consequences that are equal to or smaller than this result. 

366,886 1117 2337 2690
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TABLE 6-U Minimum Emergency Response, LOC Source Term

 
TABLE 6-V Minimum Emergency Response, SBO Source Term

6.11.2 The Basic Emergency Response

Although the minimum response of evacuating only the inner one mile would decrease latent con-
sequences, it still falls far short of what could and should be accomplished. As discussed before in 
Section 6.7 (page 41), the advanced traffic analysis computer program was also used as a search 
tool. The locations of a few portions of specific evacuation routes were identified that would tem-
porarily be made one way and outward bound. Implementing these traffic controls would speed up 
the evacuation somewhat and would decrease the mean number of LOC sequence latent fatalities 
from 495 to 118, based on an evacuation response described in Appendix A.4.

It is recommended that these traffic control improvements be incorporated into a basic emergency 
response for Indian Point. In this basic emergency response all the people in a keyhole shaped 
area, extending to four miles and about 170 degrees wide between two and four miles, would 
evacuate. When this response was investigated it was assumed that 35% of the people beyond four 

Distance,
Miles 

Popula-
tion

Mean number of 
latent fatalities

90th percentile 
number of latent

fatalities

95th percentile 
number of latent 

fatalities
0-1 4,402 0 0 0
1-2 15,623 336 753 882
2-3 27,902 117 368 428
3-4 29,348 27 102 130
4-6 64,088 15 78 112
6-8 76,201 0 0 0
8-10 149,319 0 0 0

Total, 0-10 366,886 495 960 1108

Distance,
Miles 

Popula-
tion

Mean number of 
latent fatalities

90th percentile 
number of latent

fatalities

95th percentile 
number of latent 

fatalities
0-1 4,402 0 0 0
1-2 15,623 420 1010 1183
2-3 27,902 175 567 677
3-4 29,348 57 203 256
4-6 64,088 119 492 584
6-8 76,201 37 155 211
8-10 149,319 15 0 198

Total, 0-10 366,886 822 1861 2244
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miles evacuated, even though analyses show that they would be well protected if they sheltered. 
The remaining 65% of the population beyond four miles were assumed to follow the instructions 
of government leaders and remain sheltered for a few hours, if downwind. 

As noted above, the mean number of latent fatalities for the LOC sequence using this basic 
response was calculated to be around 114. These calculated latent fatalities would be the result of 
exposure to radiation within the inner four miles. Analyses indicate that there would be zero latent 
fatalities among those people beyond four miles who took shelter, even if they remained in their 
shelters for eight or more hours. Further, there would be no latent fatalities among those people 
who live beyond four miles from the site and elected to evacuate.

A minimum sheltering period of 4 hours after the public has been alerted is recommended as the 
basic sheltering time for daytime evacuations. Sheltering for this duration provides sufficient time 
for most people in the inner four miles to evacuate without being slowed down by voluntary evac-
uation beyond four miles. A four hour sheltering period should provide significant time for emer-
gency responders to determine if some sheltered people beyond 4 miles need to be evacuated to a 
lower dose rate area because they initially sheltered in what became a radiation “hot spot”. This is 
the basic emergency plan recommended for Indian Point. It uses the reshaped 7.5 sector keyhole 
and traffic controls and encourages people beyond four miles to seek shelter instead of evacuating. 
(See FIGURE 6-F).

TABLEs 6-W AND 6-X on the next page provide the results of a DoRMET analysis of the num-
ber of latent fatalities versus distance for the LOC and SBO source terms, respectively, using the 
basic emergency response. Both of these tables are based on a four hour sheltering period for peo-
ple beyond four miles.

TABLE 6-W is based on the LOC source term which, because of its earlier onset of a release is 
more challenging than the SBO source term. The results of the SBO latent consequences are 
shown in TABLE 6-X. In TABLEs 6-W and 6-X a one hour time period was assumed between the 
start of an attack on the containment integrity and the start of an evacuation. 

Note that the calculated latent health effects for the SBO release would be very low, if the basic 
emergency response is implemented. These low SBO results can be compared to the values in 
TABLEs 6-T and 6-V where there was either no evacuation or just evacuation of the inner one 
mile. As recognized before, once evacuation is accounted for, there is very little co-existence time 
for SBO sequences and therefore low consequence values for both early and latent health conse-
quences.
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TABLE 6-W Basic Emergency Response, LOC Source Term 

 
TABLE 6-X Basic Emergency Response, SBO Source Term

Another subject that was investigated was the effect on latent fatality consequences of the dura-
tion of sheltering for people in the 4 to 10 mile area. As shown below in TABLE 6-Y the length of 
the sheltering time has no appreciable effect on LOC consequences. For the SBO source term 
there is no increase in the calculated number of latent fatalities through at least eight hours of shel-
tering, as shown below in TABLE 6-Z. These results support the earlier recommendation that peo-
ple beyond four miles who take shelter have ample time to remain in their shelters until the inner 
four miles are evacuated without incurring a health effects penalty.

Distance,
Miles 

Popula-
tion

Mean number of 
latent fatalities

90th percentile 
number of latent

fatalities

95th percentile 
number of latent 

fatalities
0-1 4,402 64 242 290
1-2 15,623 46 165 207
2-3 27,902 4 14 31
3-4 29,348 0 0 2
4-6 64,088 0 0 0
6-8 76,201 0 0 0
8-10 149,319 0 0 0

Total, 0-10 366,886 114 353 400

Distance,
Miles 

Popula-
tion

Mean number of 
latent fatalities

90th percentile 
number of latent

fatalities

95th percentile 
number of latent 

fatalities
0-1 4,402 15 57 91
1-2 15,623 7 24 67
2-3 27,902 0 0 0
3-4 29,348 0 0 0
4-6 64,088 0 0 0
6-8 76,201 0 0 0
8-10 149,319 0 0 0

Total, 0-10 366,886 23 78 108
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TABLE 6-Y Effect of Sheltering Time, LOC Source Term

TABLE 6-Z Effect of Sheltering Time, SBO Source Term

6.11.3  Further Improvements

In this section two further consequence-reducing improvements are investigated. The first of these 
improvements is the effect of starting the evacuation one half hour sooner. This might be accom-
plished in a variety if ways. It might take longer than the assumed half hour to cause a loss of con-
tainment integrity. The release scenario may evolve more slowly than the two hour onset of the 
LOC sequence, as would be the case for an SBO release and many accident scenarios. Addition-
ally, steps might be taken to reduce the time needed to go from identifying an event at the power 
plant to issuing a public alert. Achieving time savings in this latter manner seems quite plausible 
once it is recognized that the health risks are so localized and emergency messages should be 
focused on the innermost areas. TABLE 6-AA provides the latent fatality results with a reduction 
of one half hour on the issuance of the public warning, for a LOC sequence, assuming four hours 
of sheltering for down wind people beyond four miles. All other aspects of the emergency 
response are identical to those portrayed in TABLE 6-W. TABLE 6-AB below offers a direct com-
parison of latent consequences as a function of the time between scram and the sounding of the 
public alert.

Sheltering hours 4 6 8 24
Mean number of 
latent fatalities

114 114 115 117

90% exceedence 
level

353 354 356 360

95% exceedence 
level

400 401 402 405

Sheltering hours 4 6 8 24
Mean number of 
latent fatalities

23 23 23 62

90% exceedence 
level

78 78 79 218

95% exceedence 
level

108 108 109 349
Proprietary Information, © Copyright 2007 
page 86



RBR Consultants, Inc.
ENHANCED EMERGENCY PLANNING
TABLE 6-AA Benefit of Saving One Half Hour, LOC Sequence

 
TABLE 6-AB Comparison of Latent Consequences, LOC Sequence

Another potential way of lowering latent fatality consequences is to have evacuees wear face 
masks or use wet handkerchiefs to possibly reduce their inhalation doses. TABLE 6-AC presents 
an analysis of what a ten-fold reduction in inhalation doses would accomplish, assuming a LOC 
sequence and one hour between scram and the sounding of the public alert. This table also shows 
the effects of combining a ten-fold reduction in inhalation doses with a more rapid sounding of the 
public alert. Sheltering was assumed to be 4 hours long. These results are compared to the basic 
emergency response which did not have this accelerated public warning or the assumed use of 
protective actions to reduce inhalation doses.

TABLE 6-AC Number of LOC Latent Fatalities.Ten-Fold Reduction in the Inhalation Dose

0-1 
miles

1-2 
miles

2-3 
miles

3-4
miles

4-6
miles

6-8
miles

8-10
miles

Total

Mean 51 29 2 0 0 0 0 82
90% 204 110 6 0 0 0 0 277
95% 245 140 18 0 0 0 0 318

One hour between 
scram and sounding 
of the public alert

Half hour between 
scram and sounding of 
the public alert

Mean 114 82
90% 353 277
95% 400 318

Without ten-fold 
reduction in inhala-
tion dose.
Basic case with one 
hour between scram 
and sounding of the 
public alert.

Basic case with ten-
fold reduction in inha-
lation dose.
One hour between 
scram and sounding of 
the public alert.

Basic case with ten-
fold reduction in inha-
lation dose plus a
half hour reduction in 
the time between 
scram and sounding of 
the public alert.

Mean 114 32 22
90% 353 104 79
95% 400 118 92
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6.11.4 Time of Day Considerations

The latent fatality consequences presented in all of the above tables are based on releases that are 
assumed to occur under midday, midweek conditions. As noted in TABLE 6-K (page 54) the 0-1 
mile minimum cumulative speed for a midday, midweek evacuation (CASE C1) is calculated to 
be 3.0 miles per hour. However, if evacuation took place at night (CASEs K and N) the calculated 
0-1 mile minimum cumulative speed is 39.6 miles per hour. Therefore the time to drive out of the 
inner four miles would be much shorter under nighttime conditions and the number of latent fatal-
ities, for all releases should be about zero.

Although not specifically calculated for this report, evacuations during weekend time periods, day 
or night, would be appreciably faster than the basic case analysis. As a point of comparison, the 0 
to 2 mile minimum cumulative speed in the base case, CASE C1, is 4.4 miles per hour whereas 
the 0 to 2 mile minimum cumulative speed on weekends is 6.1 miles per hour. This higher week-
end speed would be sufficient to reduce calculated latent fatalities well below the mean value of 
about 114 calculated for the base case.

In summary, if the mean number of latent fatalities, assuming a base case type of response, were 
averaged over a 24 hour, seven day period, the average number of latent fatalities would be well 
below 114.

6.11.5 Comparison of Latent Fatality Consequences for Different Emergency Responses

TABLE 6-AD (page 89) compares the mean number of latent fatalities from natural background 
causes to the calculated number of latent fatalities for several different emergency responses. It 
should be noted that these are the calculated latent fatalities for the extreme LOC and SBO 
sequences. Many other circumstances exist that would lower the calculated number of latent fatal-
ity consequences to near zero values. (See Section 6.12, Uncertainties.)

It should also be noted that many of the same strategies that would be useful in reducing early 
health effects are the same ones that would be effective in reducing latent fatality health effects. 
These strategies include the use of traffic controls, precautionary evacuation of the inner one mile, 
reduced time to alert the public, and possible use of protective devices (face masks or wet hand-
kerchiefs) to reduce inhalation doses.
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TABLE 6-AD Comparison of Latent Fatality Consequences, Mean Values

Indian Point 0-10 
mile population

                                          366,866
                                      

Expected number of 
latent fatalities in 
above population 
from natural causes

                                            80,711

Type of emergency 
response

LOC, num-
ber of latent 
fatalities

% of 10 mile 
population

SBO, num-
ber of latent 
fatalities

% of 10 mile 
population

No response to the 
emergency 

770 0.20 1117 0.30

Minimum response
(Evacuate inner one 
mile only)

495 0.13 822 0.22

Basic response
(Evacuate keyhole, 
shelter 4-10 miles for 
four hours after alert, 
use traffic controls, 
one hour between 
start of attack on con-
tainment and sound-
ing the public alert)

114 0.033 23 0.006

Basic response + half 
hour between start of 
attack on contain-
ment and sounding of 
the public alert

82 0.023 N/A N/A

Basic response + ten-
fold reduction in 
inhalation dose

32 0.009 N/A N/A

Basic response + ten-
fold reduction in 
inhalation dose + half 
hour between start of 
attack on contain-
ment and sounding of 
public alert 

22 0.006 N/A N/A

Basic response + 
average accident 
source term

~11 to ~ 25 ~0.003 to 
~0.007

N/A N/A

Evacuation at night ~0 ~0 ~0 ~0
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6.12 UNCERTAINTIES

A detailed uncertainty analysis of the early and latent health risks from events at Indian Point has 
not been done in this report. However, the major variables that could affect consequence results, 
are identified below.

The following would increase the calculated consequences in this analysis relative to Case C1 at 
a 95% exceedence level: 

a. More voluntary evacuation beyond the 35% assumed in Case C1 for people 4 miles or fur-
ther from the site. (See TABLE 6-Q, Case B1_.)

b. Shorter mobilization times that lead to decreases in evacuation speeds and the effect of 
increased co-existence time. (See TABLE 6-Q, Case Z2.)

c. Less than 100% participation in the emergency response on the part of the public. (See 
TABLE 6-E (page 28)). Lack of participation includes people who fail to take shelter prior 
to getting ready to evacuate but instead remain out-of-doors, even during the release of 
radioactive material.

d. Less frequent and more extreme weather conditions than that of the 95% exceedence level.
e. Releases that enter the environment more quickly than two hours after scram, if possible.
f. The use of an extended sheltering response within the inner four miles.
g. Less protective sheltering than the typical building in the Indian Point surroundings,e.g.,   

sheltering in trailer homes.

The following would decrease the calculated consequences in this analysis relative to Case C1 at 
a 95% exceedence level: 

a. Evacuation takes place at night, on the weekend, or during winter months. Approximately 
88% of the time the traffic would be less than the summer, midday, midweek analyses traf-
fic. (See TABLE 6-K, Cases K and N.)

b. More time is available to issue instructions to the public prior to the release of radioactive 
material. (TABLE 6-Q, Case B2).

c. Inhalation doses in the inner four miles are reduced by breathing through a wet handker-
chief or a face mask. (TABLE 6-Q, Case D).

d. Some people evacuate on foot. (See TABLE 6-K, Cases E1 and E2.)
e. Fewer vehicles on the road because of employee car pools. (See TABLE 6-Q, Case Z2E2.)
f. Less than 35% of the people beyond four miles voluntarily evacuate.
g. A more favorable weather scenario. (For example, 90% vs. 95% weather scenarios)
h. Precautionary evacuation. (See TABLE 6-Q, Case Z1.)
i. Assumption of a threshold for latent fatality cancers.
j. Early health consequences are based on minimum medical treatment. Increased medical 

treatment would lower early health consequences.
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k. If the cause of a release of radioactive material into the environment was from a reactor 
accident and not an assumed terrorist event. Accidental releases are typically much smaller 
and often later than the LOC and SBO releases analyzed here.(See Appendix A.3, Exhibit 
A-2).

l. If there is no loss of containment integrity
m.  If containment integrity is lost, but at least one train of the ECCS functions
n.  If containment integrity is lost, neither train of the ECCS functions, but one of the two 

containment spray systems functions
o.  If the terrorist attack fails.

      p. Better than average shielding protection, such as in apartment buildings.

Although there are uncertainties in the calculated consequence and risk values, the overall conclu-
sion remains: health risks from radioactive releases from a major event at Indian Point are very 
small compared to background early and latent fatality health risks.
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7.0 PERSPECTIVES ON THE INDIAN POINT LATENT FATALITY RISK 

7.1 INTRODUCTION

Section 6 reported the analysis of the latent fatality consequences of a very unlikely large release 
of radioactive material at Indian Point. This section puts these consequences into perspective by 
comparing them to natural background cancer fatality figures for the same population near Indian 
Point. Three perspectives are offered: 
• comparison of probabilities, 
• comparison of consequences, 
• comparison of risks 

7.2 PROBABILITIES 

Cancer rates have been slowly declining since about 1990. Because of this, the probability that 
about 22% of the population will become a cancer fatality from background causes can be 
assigned a value of about 1.0.

This background probability of about 1.0 can be compared to the accident scenario frequencies for 
Indian Point 3 given in TABLE 6-N, (page 69). Of the nine categories listed in this table, catego-
ries 1,5,6,7, 8, and 9 would not contribute substantially to the latent fatality risk because they are 
either too small and/or their onset of release is so late that the inner four miles would have been 
evacuated. Therefore, as discussed in Section 6.9.1 (page 66), attention turned to TABLE 6-P 
which lists the larger and earlier source terms. Specifically, among the risk significant scenarios, 
sequence P51APB61 was the accident sequence that has both a large and early enough source 
term that could potentially cause latent fatalities. Its frequency is 6.96 (10)-7/RY. Assuming 20 
more years of Indian Point operation the probability of a P51APB61 type release during this time 
period is approximately 1.39 (10)-5 or about one chance in 72,000.

In a probability-to-probability comparison, natural background causes are approximately 72 thou-
sand times more likely to give rise to a latent cancer fatality causing situation than accidental 
severe releases from Indian Point over the next 20 years. 

The absolute probabilities of successful terrorist events are unknown. However conditional proba-
bilities can and have been calculated. Such analyses show that the conditional probability of suc-
cess are very small and the absolute probability is always smaller than the conditional probability. 
These conditional probabilities are not discussed in this report, however insights on plant physical 
security and emergency planning are provided in Section 9.3.4 (page 118).

In summary, the probability of having a latent fatality cancer from a release of radioactive mate-
rial from Indian Point over the next 20 years are vastly smaller than the probability of having a 
latent fatality cancer from natural, non-nuclear causes.
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7.3 CONSEQUENCES

TABLE 6-AD compares natural background cancer fatalities in the ten miles surrounding Indian 
Point to the mean value of those that might arise out of a severe release of radioactive material 
from a successful terrorist attack. A number of different emergency responses were examined. 
This comparison is shown graphically in FIGURE 7-A (page 94). For all emergency responses, 
from no response to a night time evacuation, the background number of cancer fatalities greatly 
exceeds that from severe releases at Indian Point. 

7.4 RISKS 

Risk can be defined as the product of probability times consequences. Based on Sections 7.2 and 
7.3, both the frequency and the consequences of releases of radioactive material at Indian Point 
are very small compared to natural background values. Therefore the Indian Point risk is 
extremely small compared to the background cancer fatality risk. 

An analysis of the latent fatality consequences of an accident release, specifically sequence 
P51APB61 was not performed. Sequence P51APB61 has an iodine core release fraction of 
0.0243. However the consequences of this accidental release might be approximated by compar-
ing it to the consequences calculated for the LOC release. Assuming that the consequences are 
proportional to the iodine release fractions, the mean latent fatality consequences for sequence 
P51APB61 ≈ (.0243/.111)(114) ≈ 25 where 0.111 is the iodine release fraction for the LOC source 
term and the 114 figure is the mean number of latent fatalities for 4 hours of sheltering beyond 
four miles, as shown in TABLE 6-Y (page 86). This may be somewhat conservative since the 
onset of a release in the P51APB61 sequence is calculated to be 2.9 hours compared to the LOC’s 
onset of 2.0 hours. During this additional 0.9 hours more people would have evacuated and lower 
calculated consequences would be expected, as indicated in TABLE 6-AA (page 87).

If the basic emergency plan is implemented, the ratio of background cancer fatalities to this sce-
nario at Indian Point becomes (72,000)(80,711/25) ≈ 23 million. 

These comparisons demonstrate that the Indian Point meets the NRC’s latent fatality safety goal 
by a very wide margin based on accidental releases. The latent fatality risks from Indian Point 
with the basic emergency plan in place are very small compared to the risks of latent fatalities 
from natural causes.

The risk of a latent cancer fatality from natural background causes for the population in the Indian 
Point EPZ is about 23 million times greater than the risk from releases over the next 20 years of 
radioactive material from Indian Point.

7.5 CONCLUSIONS

Indian Point risks has been compared to projected background cancer fatalities in the EPZ By all 
measures: probabilities, consequences, and risks, accidents at Indian Point are but a small fraction 
of comparable natural background figures. Although frequencies for terrorist events are unknown, 
the very small consequences from such willful events leads to the same conclusion as was reached 
for unplanned accidents.
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FIGURE 7-AComparison of Cancer Fatalities, Mean Values
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8.0 IMPLEMENTATION OF THE INDIAN POINT ANALYSIS 

8.1 INTRODUCTION

This section applies the analytical results of Section 6 to the Indian Point emergency plan. Among 
the subjects covered in this section are resource requirements, four Tables of Results, and decision 
making.

8.2 RESOURCE REQUIREMENTS

8.2.1 Required Number of Buses, 0-4 Miles

The required number of buses is based on the assumptions that no (0%) to half (50%) of the 
school children are picked up by parents and that each bus is capable of carrying, on average, 36 
pupils and 10 staff members. The validity of this 0% to 50% assumption should be checked 
against questionnaires sent to parents/schools in the affected areas. The number of required buses 
is rounded up to the next higher integer. Note that no buses are needed promptly for school evacu-
ation beyond four miles from the damaged plant. School administrators beyond four miles from 
Indian Point should follow the same instructions given to residents that live more than 4 miles 
from the site: shelter if downwind, listen to media, evacuate later if advised to and cover one’s 
skin. School buses that were first used in the inner four miles should be available to evacuate 
downwind school children whose schools are more than four miles from the site if radiation mea-
surements have determined that they should evacuate. School children and school staff not down-
wind should listen to media and stay indoors unless/until advised otherwise. No children are to be 
released on their own to return to home. Either they are to be transported to a reception center by 
bus or picked up by a parent or guardian in a timely manner.

TABLE 8-A  Number of School Buses Needed in Westchester County, 0-2 Miles

ERPA Dis-
tance,
miles

Direc-
tion

School
name

Enroll-
ment

Staff Buses
required

Buses
available

1 0.75 SSE Buchanan-
Verplank

439 75 7-13 8

2 1.8 ENE Peekskill 
MS

405 61 6-12 11

2 1.8 ENE Woodside 
ES

484 50 7-14 9

4 1.5 SSE Frank Lind-
sey ES

510 75 8-15 10

4 1.5 SE Hendrick 
Hudson

810 135 13-23 22

Total 41-77 60
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TABLE 8-B  Number of School Buses Needed in Westchester County, 2-4 miles

TABLE 8-C  Number of School Buses Needed in Rockland County, 2-4 miles

ERPA Dis-
tance, 
miles

Direc-
tion

School 
name

Enroll-
ment

Staff Buses
required

Buses
available

2 2.2 NE Assump-
tion ES

270 20 4-8 5

2 2.8 NE Hillcrest ES 470 60 7-13 9
2 2.2 NE Oakside ES 487 47 7-14 9
2 2.5 NE Park Street 

School
140 15 2-4 4

2 2.2 NE Peekskill 
HS

715 110 11-20 19

2 2.8 NE Uriah Hill 
ES

310 30 5-7 6

48 3.0 SE Croton- 
Harmon HS

357 49 5-10 10

49 3.5 E Blue Moun-
tain MS

725 120 12-21 19

49 3.2 E Furnace 
Woods ES

366 66 6-11 7

49 3.2 E  Hamier 
Seminary 

200 30 3-6 6

Total 62-114 94

ERPA Dis-
tance,
miles

Direc-
tion

School 
name

Enroll-
ment

Staff Buses 
require
d

Buses
avail-
able

30 3.2 SSW Immacu-
late Con-
ception

220 20 4-7 4

30 3.8 SW James A.
Farley

874 122 13-25 23

30 2.8 SW Stony Point 
ES

733 104 11-21 13

Total 28-53 40
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TABLE 8-D  Special Needs Facilities in Westchester County, 0-2 Miles

 
TABLE 8-E  Special Needs Facilities in Westchester County, 2-4 Miles

ERPA FACILITY NAME AMBU-
LANCE 
RUNS

WHEEL-
CHAIR VAN 
RUNS

BUS 
RUNS

1 Community Based Ser-
vices

0 2 1

2 Mt. St. Francis Convent 
and Franciscan Sisters 
Infirm.

2 1 2

2 Society Hill at Westches-
ter

? ? ?

2 Westchester Arc 0 0 1
2 Westchester Water View 

Estates
0 0 1

4 Skyview Health Care 
Center

0 0 4

4 VA Hudson Valley
Healthcare System

0 0 5

Total 2+ 3+ 13+

ERPA FACILITY NAME AMBU-
LANCE
 RUNS

WHEEL-
CHAIR VAN 
RUNS

BUS 
RUNS

8 Cardinal McCloskey (GH) 0 0 1
8 Cardinal McCloskey I.R.A. 0 0 1
8 Cortlandt Healthcare Center 3 16 2
9 Hudson Valley Hospital 

Center
18 1 2

9 Westchester DDSO 0 0 1
9 Westledge Nursing Home 5 22 1
48 Bethel Springvale Inn 0 2 4
49 Lafayette House 0 0 1
49 Special Citizens Futures 0 0 1
49 Westchester ARC-Cortlandt 

House
0 0 1

Total 26 41 15
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TABLE 8-F  Special Needs Facilities in Rockland County, 0-2 Miles

TABLE 8-G  Special Needs Facilities in Rockland County, 2-4 Miles

TABLE 8-H  Total Number of School and Special Needs Facilities Buses Required

8.2.2 Additional Buses That May Be Needed 

In addition to the buses needed for schools and for special needs facilities there may be a need for 
buses at several other locations. People within the inner two miles who have taken shelter in a pre-
designated building will require buses to come to such facilities to evacuate them. People who 
have walked out of the inner two miles and are sheltered in designated locations at the ends of 
pedestrian evacuation routes will also need bus service to take them to reception centers. Met-
roNorth passengers whose cars are parked within four miles of the Indian Point site and were not 
allowed to pick up their cars in an emergency will need buses to transport them to nearby recep-
tion centers. School buses first used to evacuate school children in the inner four miles may be 
used to transport train passengers at a later time. 

Some buses may be needed to transport people from one reception center to another. Some buses 
may be used multiple times, such as buses used to pick up passengers from MetroNorth train sta-
tions may later serve to transport people among the different reception centers. 

People beyond two miles who need public transportation in order to evacuate should proceed to 
their nearest bus stop that is along an evacuation route. This is an improvement over the present 

ERPA FACILITY 
NAME

AMBLANCE 
RUNS

WHEECHAI
R VAN RUNS

BUS RUNS

30 Sopko Apart-
ments

? ? ?

ERPA FACILITY 
NAME

AMBU-
LANCE
 RUNS

WHEEL-
CHAIR VAN 
RUNS

BUS RUNS

31 Helen Hayes Hos-
pital

9 25 2

31 Walnut Hill Apts. ? ? ?

Schools Special 
Needs

Grand 
Total

Westchester, 0-2 miles 41-77 13 54-80
Westchester, 2-4 miles 62-114 15 77-129
Westchester, total 103-191 28 136-214
Rockland, 0-2 miles 0 0 0
Rockland, 2-4 miles, total 28-53 2 30-55
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use of buses to evacuate people without other means of transportation. Using the two mile line as 
a demarcation, those within two miles without transportation would go to predesignated shelter 
and wait for their bus. People beyond two miles who do not have any means to evacuate (no use of 
a vehicle, no ride sharing, and unable to evacuate on foot) should proceed to a bus stop that is 
marked as on the evacuation route.

RECOMMENDATI0N 10:  In order to determine a more precise number of buses, surveys 
should be conducted to determine the number of people who might evacuate on foot, 
those MetroNorth passengers who would need transportation to reach reception centers, 
those people in predesignated shelters within two miles that need bus transportation to a 
reception center. Some buses would be needed to pick up people waiting along bus evac-
uation routes that are beyond 2 miles.

8.2.3 Medical Support

Based on analyses of health effects there should be very few people who would receive a high 
radiation exposure unless a shelter first, evacuate later response is necessary. It is anticipated that 
many people would act out of fear and will seek medical attention. It is important to separate those 
in true medical need from those that are fear-driven and unharmed. One simple method to deter-
mine who might get priority attention is to first determine where the person started from. 

As a first step, those people who started from distances greater than 2 miles from the site should 
have lower priority than those people closer to the site. As actual measurements of “hot spots” are 
identified, this information should be forwarded to the appropriate medical staff in order to refine 
the process of how to make a preliminary separation of those patients in actual medical need from 
those whose actions are based on fear.

Advice from the Centers of Disease Control to clinicians on dealing with releases of radioactive 
material is provided in reference 20.

8.2.4 Predesignated Shelters and Reception Centers 

Buildings within two miles of the site with good shielding characteristics should be identified and 
used as predesignated shelters for people who have no other means of evacuation. People in these 
shelters would be evacuated by bus to an in-close reception center. 

At this time reception centers are located rather far from Indian Point. However, there are benefits 
in supplementing these reception centers with a few others located between four and ten miles 
from the site. In-close reception centers are intended for people who evacuated from the inner four 
miles. Here they could rejoin returning family members who work outside of the inner four miles. 
These in-close reception centers would be monitored for radiation levels. If radiation readings 
exceed acceptable levels people in these in-close reception centers would be transported by buses 
or by personal vehicles to an outer reception center. The outer reception centers also would be for 
people who evacuate from locations beyond four miles. 

There are a number of advantages to these in-close locations of reception centers. The bus runs to 
and from predesignated shelter locations within the inner two miles to these inner reception cen-
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ters would be much shorter than driving from outer reception centers and the time to complete a 
bus run would be proportionately shorter. This means that fewer buses might be required if some 
are used for multiple trips.

Unless they provide transportation for their families, family members who work outside the EPZ 
and have families living within four miles of the site would be encouraged, but not required, to go 
to the in-close reception centers. In-close reception centers should be able to reconnect families 
more quickly than reception centers further out. Additionally, the distances between in-close 
reception centers would be considerably shorter than the present outer reception center locations. 
In instances where different family members within the inner four miles are temporarily located in 
more than one inner reception center, they should be fully reunited more quickly under this 
improved arrangement.

Reception centers should carefully log people in and out and post this information on a known 
internet site. This should assist family members in locating missing members of their families.

8.3 TABLES OF RESULTS

Four Tables of Results follow; one for Westchester County, one for Rockland County, one for Put-
nam County and one for Orange County. Each of these four New York counties has territories 
within the Indian Point EPZ.

Each Table of Results is divided into four concentric rings with Indian Point at the center. These 
rings are 0-1 mile, 1-2 miles, 2-4 miles, and 4 miles to the outer boundary of the present EPZ. 
Within each ring the potential radiological health effects are identified. Then the preferred emer-
gency response is given for each ring. These emergency responses would be the same for terrorist 
scenarios or for large releases of radioactive material from a reactor accident. 
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TABLE 8-I  Table of Results, Westchester County

TABLE 8-J  Table of Results, Rockland County

DISTANCE 
FROM INDIAN 
POINT, MILES

 HEALTH
 CONCERNS

PREFERRED EMERGENCY 
RESPONSE

0-1 Early fatalities, early 
injuries, latent effects

See Decision Tree, FIGURE 8-A 
(page 104).Use protective measures to 
reduce inhalation doses and skin doses, if 
effective.

1-2 Early injuries, latent 
effects

See Decision Tree, FIGURE 8-A. Use pro-
tective measures to reduce inhalation 
doses and skin doses, if effective.

2-4 Latent effects Use TABLE 6-G (page 39).
4-EPZ boundary Latent effects Shelter if downwind for at least four 

hours. Evacuate if advised to. Use protec-
tive measures to reduce skin doses. Listen 
to media. If sheltering is not possible, 
evacuate to an outer reception area.
Stay indoors if not downwind. Listen to 
media.

DISTANCE 
FROM INDIAN 
POINT, MILES

 HEALTH
 CONCERNS

PREFERRED EMERGENCY RESPONSE 

0-1 Early fatalities, early 
injuries, latent effects

Rockland County is not within one mile of 
Indian Point

1-2 Early injuries, latent 
effects

Use TABLE 6-G.

2-4 Latent effects Use TABLE 6-G.
4-EPZ boundary Latent effects Shelter if downwind. Evacuate later if advised 

to. Use protective measures to reduce skin 
doses. Listen to media. If sheltering is not pos-
sible, evacuate to an outer reception area.
Stay indoors if not downwind. Listen to media.
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TABLE 8-K  Table of Results, Putnam County

DISTANCE 
FROM INDIAN 
POINT, MILES

 HEALTH
 CONCERN

PREFERRED EMERGENCY 
RESPONSE 

0-1 Early fatalities, early inju-
ries, latent effects

Not applicable

1-2 Early injuries, latent effects Not applicable
2-4 Latent effects Not applicable*

* Putnam County is sufficiently far from the Indian Point site that its emergency 
responses do not require prompt evacuation of its citizens. Most of Putnam County 
lies more than four miles away from Indian Point. A small area in the southwest cor-
ner of Putnam County near the Bear Mountain Bridge is within four miles of Indian 
Point. The small number of people in this area near the Bear Mountain Bridge are 
beyond the point that early fatalities might occur. Rather than evacuating promptly, 
their initial protective action should be to take shelter, the same as for those people 
beyond four miles. Some sheltered downwind people may be advised to evacuate 
later if local radiation measurements indicate that this is warranted. Overall, the 
responses for Putnam County are the same as those recommended for Westchester 
County for distances greater than four miles.

4-EPZ boundary Latent effects Shelter if downwind for at least four 
hours, evacuate later if advised to. Use 
protective measures to reduce skin 
doses. Listen to media. If sheltering is 
not possible, evacuate to an outer 
reception area.
Stay indoors if not downwind. Listen 
to media.
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TABLE 8-L  Table of Results, Orange County

RECOMMENDATI0N 11:  The Tables of Results should be incorporated into emergency 
planning booklets distributed by each county in the EPZ and into the New York State 
emergency plan. Government leaders on all levels should communicate the recommen-
dations in the Tables of Results to the public.

8.4 EMERGENCY RESPONSE DECISION MAKING

FIGURE 8-A describes a decision tree that could be used by the government leaders when imple-
menting an emergency response. This tree should be available on a computer screen where each 
box that is the decision point at that moment is highlighted. Further, the pathway of decisions 
already taken should be illuminated along with the time that each step were taken, starting with 
box E1. This decision tree should be on display at all locations where government leaders and 
emergency responders have a need to know the up-to-the-minute decision status.

DISTANCE 
FROM INDIAN 
POINT, MILES

 HEALTH
 CONCERN

PREFERRED EMER-
GENCY RESPONSE

0-1 Early fatalities, early injuries, latent 
effects, 

Not applicable

1-2 Early injuries, latent effects Not applicable
2-4 Latent effects Not applicable*

* Orange County is sufficiently far from the Indian Point site that its emergency responses 
do not require prompt evacuation of its citizens. A very small area in the south eastern 
portion of Orange County near the Bear Mountain Bridge lies within four miles of 
Indian Point. There are very few permanent residents in this area. If there were an emer-
gency at Indian Point this small group of permanent residents should shelter, same as 
those people in the 4 to 10 mile ring. Some sheltered people may be advised to evacuate 
later if local measurements of radiation levels indicate that this action is warranted. 
There may be people in Orange County within four miles of Indian Point who are in 
Bear Mountain State Park and might not have access to shelter. These people should be 
evacuated if the wind direction shows that they are in the projected plume pathway. The 
recommended emergency responses for permanent residents of Orange County are iden-
tical to Westchester County’s responses for distances greater than four miles from the 
site.

4-EPZ Boundary Latent effects Shelter if downwind, evacuate 
later if advised to. If sheltering is 
not possible, evacuate to an 
outer reception area.
Use protective measures to pro-
tect skin. Stay indoors if not 
downwind. Listen to media.
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FIGURE 8-AEmergency Response Decision Tree
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Possible 
terrorist 
event?

What 
kind of 
event is 
this?

Plant
accident?

Attack 
con-
firmed?

Yes Yes Are evacu-
ation routes 
clear?

No Sound 
alert,
shelter 0-
miles, sta
indoors 4
10 miles

No Sound 
alert, start 
precau-
tionary 
evacua-
tion, 0-1 
mile

Clear 
evacua-
tion rout

Are evac-
uation 
routes 
clear?

Yes Is release 
imminent?

Yes Apply 
Table 6-G

No

Sound 
Alert and 
Notifica-
tion Sys-
tem

No Evacuate 
sheltered 
people in 
high radi-
ation 
areas

Shelter 0-4 
miles, stay 
indoors 4-
10 miles

Hold until 
plant situ-
ation is 
resolved

Clear 
evacua-
tion 
routes

END
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9.0 GENERIC EMERGENCY PLANNING

9.1 HISTORICAL PERSPECIVE

Nuclear power regulation today is largely a performance based, risk informed process and a pro-
found improvement over the former regulatory process largely based on deterministic criteria and 
prescriptive requirements. Calculated core melt frequencies have decreased since this perfor-
mance based, risk informed process regulatory approach was introduced, concurrent with more 
efficient use of resources at the NRC and in the nuclear industry. Today’s regulatory process is 
more transparent and coherent than its predecessor and has resulted in a much greater degree of 
safety consistency among all the regulated nuclear power plants.

This modern approach to regulation evolved over many decades and only became possible when 
advanced technology, probabilistic safety assessment (PSA), enabled the NRC, the nuclear indus-
try, and others to quantify the risk significance of systems, structures and components (SSCs), 
operator actions and initiating events at specific plants. Such quantification was an important 
advance over the earlier use of engineering judgement to qualitatively assign risk significance to 
SSCs. It can be argued that today’s regulatory processes had their roots in WASH-1400, the Reac-
tor Safety Study (reference [19]). PSA technology continued to improve after WASH-1400. In the 
years following this watershed analysis other PSA studies were conducted, such as NUREG-1150, 
which broadened the number of plants that were analyzed, the techniques used, and the data bases. 
In parallel with the development of PSA technology were greatly improved methods to calculate 
source terms and improved consequence codes.

A key moment in PSA technological development was when, encouraged by the NRC, plant oper-
ators decided to perform individual plant examinations. That event set the stage in the early 1990s 
when it was shown that risk analyses could be applied to regulatory decision making across the 
whole fleet of nuclear power plants. Further, it was shown that the use of risk analysis was supe-
rior in a number of instances to the deterministic approach then used to regulate nuclear power 
plants. For example, risk analysis precisely identified which SSCs were important to safety, which 
were not, and enabled the risk ranking of initiating events and operator actions. The use of risk 
analysis was soon joined by another significant advance in the regulatory process, the use of per-
formance based regulation which largely replaced the earlier prescriptive approach to placing 
requirements on those plant SSCs that engineering judgement had labeled as safety related. These 
two powerful ideas were then joined together to create a new regulatory paradigm: the perfor-
mance based, risk informed regulatory process extensively used today. 

As the above new regulatory paradigm received wider acceptance in the NRC and in the nuclear 
industry, it fostered even greater industry participation. Different owners’ groups established spe-
cial committees to further understand and develop PSA methodologies and apply them to specific 
issues such as the testing of motor operated valves, on-line maintenance, inservice inspection, and 
the implementation of the Maintenance Rule. These owners’ groups efforts were supplemented by 
efforts by the Nuclear Energy Institute, EPRI, the ANS, the ASME and other professional groups. 
The NRC also greatly expanded its PSA capability in this time period and used this technology in 
a number of important ways, such as using risk insights to allocate staff resources when perform-
ing plant inspections so that the more important SSCs were identified and more closely scruti-
nized. Not only were these NRC plant inspections more risk significant and efficient, they were 
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more consistent and transparent. Both the NRC and the nuclear industry also realized that this risk 
technology could also be used for dynamic plant situations, specifically configuration control, to 
avoid situations where combinations of unavailable safety equipment might temporarily reduce 
the margin between normal plant operation and the start of a core damage sequence. This new par-
adigm of performance based, risk informed regulation has led to improved safety and greater effi-
ciency.

Many of the above risk applications were based on a fundamental principle that the resources 
expended on a particular SSC should be in proportion to its risk significance. Some call this a 
graded approach to utilizing finite resources. One early application of this fundamental principle 
was in the development of a modern way to determine the testing frequencies of motor operated 
valves (MOVs). The previous deterministic approach required that all MOVs of similar design, 
typically several hundred per nuclear plant, be tested with the same frequency. The improved 
approach to MOV testing was to use risk analysis to find the risk significance of each MOV in a 
nuclear plant and then rank these MOVs according to risk. Since it was not practical to assign a 
unique testing frequency to each individual MOV, the spectrum of MOVs in the ranking list was 
divided into groups. Typically three groups were selected: high risk significance, medium risk sig-
nificance and low risk significance. Similarly risk significant MOVs were placed into the same 
broad group of valves and all MOV members in that group were assigned the same testing fre-
quency based on that group’s relative risk significance. Those MOVs in the highest group were 
required to have the most frequent testing. Those MOVs in the middle group were to be tested less 
frequently than those in the high risk significance group and those MOVs in the low group would 
be tested with the longest intervals between tests. In doing this, performance requirements were 
directly tied to risk ranking. In some risk informed applications, such as risk informed quality 
assurance, SSCs in the low risk significance group may meet regulatory requirements by using 
high commercial grade equipment, i.e, without the need for additional quality assurance require-
ments. In emergency planning “space” this would be similar to the Normal Activities Zone, dis-
cussed later, where no planned actions beyond everyday practice would be an acceptable 
emergency response for this area. This MOV risk ranking approach implemented the fundamental 
principle of expending resources in proportion to risk significance. This approach identified 
which MOVs were most risk significant and should be monitored and tested more closely, 
improved the efficiency of how resources were expended, and even provided an opportunity to 
create a new MOV data base where MOV performance might be correlated with testing interval. 
The creation of such a data base would not be possible if all MOVs were tested with the same fre-
quency, as was the case in the former deterministic process.

The regulation of emergency planning also has a deterministic/ prescriptive regulatory history. 
However this area of nuclear regulation has lagged behind the progress made on regulating SSCs 
within a nuclear power plant. One of the main reasons why emergency planning has lagged other 
aspects of nuclear regulation was that the technology to quantify the risk significance of individ-
ual aspects of emergency planning was not at hand. Until recently it was not possible to accurately 
calculate the risk significance of individual emergency actions, rank these results, and then dis-
tribute emergency planning resources in a graded manner. However this limitation has now been 
overcome. It is now possible to quantify the risk significance of virtually any emergency action, as 
explained in this report. 
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The ability to quantify emergency planning actions started as a specific effort at Indian Point and 
over time the generic implications of this effort became apparent. The structure of this report par-
allels this development by quantifying emergency actions at Indian Point and then continues on to 
provide a generic approach to emergency planning, i.e., a new radiological emergency planning 
paradigm.

Therefore the regulation of emergency planning has now reached a decisive moment quite similar 
to that which occurred in the mid 1990s when the regulation of SSCs underwent a fundamental 
paradigm shift. Not only can the deterministic/prescriptive approach to emergency planning be 
improved upon, this new emergency planning paradigm itself is a performance based, risk 
informed regulatory process. Thus the regulatory advances of the 1990s can be extended to 
include actions both inside and outside a plant’s physical boundaries in a consistent manner. The 
important benefits of improved safety and greater efficiency, that have already been observed 
inside the plant because of a performance based, risk informed regulatory process, are now 
expected to occur in the domain of emergency planning.

9.2 APPLICATION OF A NEW EMERGENCY PLANNING PARADIGM

The first application of a new emergency planning paradigm is the establishment of a risk 
informed generic geometry that draws on lessons learned from applications of the performance 
based, risk informed paradigm now in use in regulating plant SSCs. The process used to determine 
MOV testing frequencies serves as an example of the application of risk ranking and the distribu-
tion of resources according to this risk ranking. A completely parallel situation exists in emer-
gency planning. (See TABLE 9-A on the next page.) It has long been established that radiological 
risks to individuals decrease with distance from the point of release of this radioactive material. 
Using the principle of expending resources according to risk, then emergency planning should 
concentrate on areas closest to the point of release and then apportion resources with distance. 

Such a distance/resource requirement approach is not entirely new to emergency planning which 
already uses keyhole responses instead of EPZ wide mass evacuations, in the setting of finite 
emergency planning zones (EPZs), and in recognizing the benefits of low population zones. Fur-
ther, both the NRC’s early and latent fatality safety goals use finite radii to test if risk levels from 
a nuclear plant are acceptably low. Today’s advanced technology permits a more precise determi-
nation of distance/resource relationships.
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TABLE 9-A Performance Based, Risk Informed Regulation

Much like three groups of MOVs separated by two inner boundaries, it is proposed that each 
nuclear site be surrounded by three concentric areas, separated by two inner circular boundaries. 
The ranking concepts of TABLE 9-A are presented graphically in FIGURE 9-A on the next page. 

The innermost area would command the most resources and have the most detailed emergency 
planning. This innermost area would be identified as the Evacuation Zone and would be large 
enough to contain virtually all of the early fatality risks, all of the early injury risks and a signifi-
cant portion of the latent fatality risks. Prompt evacuation would be used within an advanced key-
hole shape [See Section 6.6 (page 35) and FIGURE 9-B (page 112)]. People in those areas that 
were not downwind should stay indoors and listen for instructions via the media. The outer radius 
of the Evacuation Zone would be four miles.

The middle area has much lower risk levels because only the latent fatality risk remains. Subse-
quently would require fewer resources than the Evacuation Zone. The middle area is identified 
here as the Sheltering Zone. This middle area is called a Sheltering Zone because the preferred 
emergency response in this area is to shelter if downwind or to stay indoors if not downwind. 
Prompt evacuation in the Sheltering Zone is not the preferred emergency response. However, a 
delayed evacuation of local areas might take place if there were “hot spots”.

Beyond the Sheltering Zone latent fatality risks would be sufficiently low so that no special 
actions would be required following a plant emergency. People in this outermost area could con-
duct themselves in a “normal activities” mode, i.e., as if they were unaware of any emergency 
event at the site. If, in spite of the very small risks, people in the Normal Activities Zone wished to 
shelter or evacuate, that would be their option. How to establish the interface between the Shelter-
ing Zone and the Normal Activities Zone is discussed later.

Inside the plant Inside the plant Outside the plant Outside the plant
Risk ranking of MOVs Performance 

Requirement
Risk ranking of 
Areas

Performance 
Requirement

High Most frequent testing High Prompt evacuation in 
the keyhole area of 
the Evacuation Zone. 
Stay indoors else-
where in the Evacua-
tion Zone.

Medium Less frequent testing Medium Sheltering for a few 
hours, if downwind, 
in the Sheltering 
Zone. Stay indoors 
elsewhere in the 
Sheltering Zone.

Low Least frequent test-
ing

Low No special response 
in the Normal Activi-
ties Zone
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FIGURE 9-A Risk Informed Generic Emergency Planning Geometry
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Having established the concept of two concentric circles as boundaries between different zones 
and that risk levels and resource expenditures should decrease with distance, it is now necessary 
to identify which health effects could be caused by exposure to radiation, their ranges, and which 
protective actions should be utilized to limit consequences. 

The three important potential health effects from exposure to radiation are early fatalities, early 
injuries and latent fatalities. All three health effects, per person, decrease with distance. The calcu-
lated mean range of the early fatality risk is essentially one mile and is shown as a black circle in 
FIGURE 9-A. The mean range of the early injury risk is about two miles from the point of release. 
Early injuries can occur in the black area, the inner one mile, and between one and two miles. The 
annulus between the one and two mile radii where some early injuries might occur is depicted 
with dots in FIGURE 9-A. Latent fatalities might arise from exposure to radiation during the 
evacuation process between zero and four miles from the point of release. The portion of the latent 
fatality risk that is beyond the two mile range of the early injury risk but within the radius of the 
Evacuation Zone is depicted with stripes in FIGURE 9-A. Only a portion of the striped area would 
be evacuated promptly, as shown in FIGURE 9-B. Virtually all of the early and latent fatality risks 
would be within four mile of the point of release, provided downwind sheltering is implemented 
beyond four miles in the Sheltering Zone. Down wind sheltering in the Sheltering Zone would be 
sufficient to eliminate the latent fatality risk in this zone. Therefore the radius of the Evacuation 
Zone is four miles. Those people who live beyond four miles from the site would be in the Shel-
tering Zone out to a circle whose radius is X. This radius X determines the size of the overall 
Emergency Planning Zone. The Normal Activities Zone lies beyond the circle of radius X,i.e, 
beyond the Emergency Planning Zone. At this time, X, the radius of the emergency planning 
zone, is 10 miles, based on an outdated early fatality risk distribution data. 

The selection of four miles as the Evacuation Zone radius instead of some other distance is 
intended to balance two competing factors that influence health risks at high population sites. 
Consequence analyses have shown that prompt evacuation is usually superior to sheltering, espe-
cially in areas near the point of release. Normally, this would argue for evacuation for most down-
wind people. However traffic analyses, at least for high population sites, have shown that the 
larger the evacuation radius, the slower the overall evacuation speed. The slower the evacuation 
speed, the greater the health consequences. An Evacuation Zone with a radius of four miles strikes 
a good balance between too small an evacuation area and too large an evacuation area. Downwind 
people beyond four miles to the edge of the Sheltering Zone (a distance of X miles from the point 
of release) would be advised to take shelter for four or more hours until the inner area depicted 
with dots in FIGURE 9-B was evacuated and the plume had weakened considerably. The proof 
that the choice of four miles strikes a good balance is in the quantification of the health conse-
quences, an example of which is shown in the Indian Point 3 analysis. Since all calculated health 
consequences are low, then four miles is a good choice. However, further refinements of this anal-
ysis might demonstrate that the Evacuation Zone radius that results in the minimum health conse-
quences is somewhat shorter than four miles. Applying the principle of expending resources 
according to risk level, emergency actions would concentrate on the inner four mile area keyhole 
area to keep consequences to very low values. 

The four mile radius of the Evacuation Zone is based on terrorist related source terms. If this 
radius were determined by only considering accidents it would be shorter. As can be seen in 
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Exhibit A-2 of Appendix A.3 the frequency weighted accident source terms for Indian Point 3 are 
considerably smaller than the LOC and SBO source terms. Such a small frequency weighted acci-
dent source term would not be capable of causing an early fatality based on the analysis provided 
by Kaiser in Appendix A.6. Therefore the range of the early fatality risk would effectively be zero 
miles instead of the one mile range used here. The range of the early injury risk would also 
decrease with smaller source terms. Finally, the point at which downwind sheltering would be 
implemented instead of evacuation would be shorter than the present four miles. The overall effect 
of the smaller source terms associated with severe accidents is to reduce or eliminate conse-
quences and to shrink the range over which these consequences might appear.

The nature of how evacuation is to be implemented as a function of distance from the point of 
release illustrates this new emergency planning paradigm. It is recommended within two miles of 
the point of release the preferred emergency response be prompt evacuation of everyone within 
360 degrees of the release point. Prompt evacuation of everyone this small area is consistent with 
the present emergency planning keyhole design and is large enough to encompass virtually all of 
the early health effects. (See FIGURE 9-A). Since this is a 360 degree evacuation, it is indepen-
dent of wind direction. Between two and four miles there would be a change in the form of evacu-
ation. Specifically, instead of a 360 degree mass evacuation, which is independent of changing 
wind direction, a smaller angle would be used, based on wind persistence information. This area is 
sometimes referred to as the wedge area of a keyhole. [In the case of Indian Point the recom-
mended wedge angle east of the Hudson River is about 170 degrees, approximately 7.5 sectors of 
the compass and was chosen to limit the probability that wind shifts would result in the plume 
moving outside of the wedge area. (See FIGURE 9-B). At other sites near a body of water the 
wedge area would extend to the intersections of the four mile wedge area radius with the shore 
line.] 

Therefore the nature of evacuation changes with distance, going from a 360 degree, prompt mass 
evacuation within two miles of the site, to a wedge area prompt mass evacuation between two and 
four miles but at an angle less than 360 degrees (170 degree wedge for Indian Point), to possible 
delayed evacuations beyond four miles in the Sheltering Zone for some sheltered people in “hot 
spot” areas, if any. The changing nature of evacuation with distance and the corresponding grada-
tion of required resources are consistent with a new performance based, risk informed emergency 
planning paradigm and current regulatory practice within the physical boundaries of nuclear 
power plants.
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FIGURE 9-B Evacuation Responses versus Distance 

The balancing of prompt evacuation of people within the four mile Evacuation Zone keyhole and 
sheltering in the Sheltering Zone, with possible delayed evacuation, is intended to minimize the 
overall health risks. This need to achieve this balance, particularly at high population sites, pro-
vides new perspectives on the implementation of Protective Action Guides (PAGs). The philo-
sophical basis to Protective Action Guides is the ALARA principle (reference [20]). Normally 
this principle would be applied on an individual basis where judgements are made on the ability to 
avoid one rem. However, the implementation of PAGs on an individual basis for people some dis-
tance from the plant who evacuate to avoid one rem may cause others closer to the site to have 
increased radiation exposure as larger evacuations slow evacuation speeds. A more comprehen-
sive approach to applying the ALARA principle would be a two step process. First, implementa-
tion of the ALARA principle would consider all that are at risk and take actions where reasonably 
achievable, to minimize overall exposure. Thus the first step in applying the ALARA principle is 
a societal or macroscopic one. Once the societal application of the ALARA principle has been 
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completed the second step can commence; applying the ALARA principle to individuals. In sup-
port of this more comprehensive way to apply the ALARA principle the NRC should develop 
guidance for emergency responders as to what local dose rate levels should cause emergency 
responders to instruct sheltered people to start a delayed evacuation. If this new approach to 
applying the ALARA principle is developed, consideration might be given to increasing the ultra-
conservative one rem PAG number to a more justified level and consideration should be given to 
the long term non-radiological hardships that evacuees may have to face.

9.3 OUTER BOUNDARY OF THE SHELTERING ZONE

9.3.1 Introduction

Previously, the rationale for setting the radius of the Evacuation Zone at four miles was presented. 
In this section the technical basis for establishing the outer boundary of the Sheltering Zone is pre-
sented.

Over the years there have been a number of suggestions on how to set boundaries, such as the size 
of the EPZ. A ten mile radius has been selected, which to this day serves as the nominal radius of 
EPZs at all nuclear power plant sites in the United States. This ten mile radius was chosen on the 
basis of a curve which plotted the conditional early fatality risk versus distance. This curve, which 
was based on a very large source term, bent sharply downward at about ten miles and this knee of 
the curve was then selected to be the basis of the size of the EPZ.

As source term technology advanced in the 1980s some members of the nuclear industry showed 
that by using more modern source terms the early fatality risk would have a different distribution, 
with the knee of the curve occurring at about two miles. For a time, a two mile EPZ was proposed 
on the basis of this redrawn distribution. This proposal did not achieve wide acceptance.

A two mile EPZ would be sufficient to deal with early health effects but it would have given very 
limited consideration to the longer ranged latent fatality risk due to exposure during plume pas-
sage. The results produced in this report show that the early fatality risk is inherently small and 
short ranged and the emergency planning outer boundaries should be determined by the longer 
ranged latent fatality risk. Therefore a two mile EPZ might be judged to be inadequate in dealing 
with all the potential health risks, even with today’s smaller source terms.

One option that might be used to determine the location of the outer boundary of the Sheltering 
Zone might be based on a cost/benefit analysis. A second option for setting this boundary might 
be based on some assumed latent fatality threshold value beyond which no latent fatalities would 
be expected to occur. A third option, which is recommended here, is to use the NRC’s latent fatal-
ity safety goal to set the outer radius of the Sheltering Zone.
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This interface between the Sheltering Zone and the Normal Activities Zone would then be defined 
as: the mean distance10 at which the NRC’s latent fatality safety goal would be met at a 95% 
exceedence value for the latent fatality consequences, assuming a major release of radioactive 
material and a normal activities response for 24 hours. 

RECOMMENDATI0N 12:  The NRC should use Option 3, above, for setting the outer 
boundary of the Sheltering Zone. 

9.3.2 Larger EPZs

Some people have proposed much larger EPZs than the present 10 miles, even some as large as 25 
miles. This would be a size increase of over 600% compared to EPZs with a ten mile radius. Such 
extremely large EPZs would be in conflict with a presentation recently made by NRC Commis-
sioner Jaczko who reminded his audience that the public must have confidence in the emergency 
plan. Such EPZs with huge areas and large populations to be evacuated and then cared for at 
reception centers runs counter to encouraging public confidence (reference [21]), particularly at 
highly populated sites.

Very large EPZs can be counterproductive and could increase radiation consequences. Beyond 
two miles the early fatality and early injury risks are essentially zero. Increases in the size of the 
EPZ does nothing to further decrease these very small early health effect risks. However, larger 
EPZs may encourage more people to evacuate. For high population sites like Indian Point, the 
larger the group of people that evacuates, the slower the evacuation the larger the early and 
latent11 consequences. (See TABLEs 6-K and 6-Q.) People beyond ten miles already have very 
low individual latent fatality risks so a larger EPZ radius would only decrease the overall latent 
fatality consequences by a very small amount. However, since the dose rates closer to the site are 
much higher than those beyond ten miles, slowing down evacuees near the site because of a larger 
evacuation could result in a net increase in early and latent health effects. As shown in FIGURE 9-
D (page 124) and in TABLE 6-K more vehicles evacuating results in slower evacuation speeds in 
the 0-2 mile area. It is expected that the very small benefit, if any, to people far from the plant of a 
larger EPZ would be more than offset by the detriment of slowing down in-close evacuees. Since 
it has already been established that once beyond four miles sheltering is sufficient prevent latent 
fatalities, mass evacuation offers no incremental benefit. As discussed in Section 9.3.2, an EPZ 
boundary that is established with Option 3, above, would limit people who took no emergency 
response to a latent fatality risk level that is one thousandth that of the natural background risk. 
Therefore there is no significant radiological health benefit in excessively large EPZs. 

10 Because the wind roses around a site are not uniform, the actual point at which a normal 
activities response would limit individual latent fatality risks to the NRC’s latent fatality 
safety goal would be dependent on the weather scenario at the time of release of the 
plume and the magnitude of the release. Therefore the mean distance to the Normal 
Activities Zone should be used. 

11  Although not presented here, other analyses made in support of this report show that 
calculated latent effects increase at slower evacuation speeds.
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Today there is no need to speculate as to the optimum size of the EPZ. Virtually any emergency 
planning strategy, including determining the size of the EPZ, is now subject to quantification as to 
its impact on consequences.

The strategy of encouraging full participation of the public during an emergency is likely to be far 
more effective than larger EPZs. Finite resources should be expended on those strategies that are 
most effective.

9.3.3 The Sheltering Zone Outer Boundary

When calculating latent fatality consequences it was shown that the LOC sequence was more 
challenging than the SBO sequence even though the SBO sequence has a larger source term. The 
reason for this was that in analyses involving evacuation, the timing of the release can be more 
important than the magnitude of the release, as was the case here. However, the relative impor-
tance of these two source terms is reversed when it comes to establishing the outer boundary of 
the Sheltering Zone. Since there is no evacuation, i.e., a normal activities response is assumed at 
the Sheltering Zone/Normal Activities interface, the larger SBO source term becomes dominant. 
To be very conservative the following analysis is based on the SBO source term at the 95% 
exceedence level and 24 hours of normal activities following scram. Since the iodine core fraction 
of the SBO source term is many times larger than that of sequence P51APB61 in TABLE 6-P, the 
use of the SBO source term to establish the interface distance between the Sheltering Zone and the 
Normal Activities Zone encompasses all risk significant accident sequences.

Using Indian Point as an example, data from TABLE 6-T (page 82), at the 95% exceedence level 
are taken. The area from 4-6 miles has a population of 64,088. At a lifetime cancer rate of 22%, 
some 14,099 latent fatalities are expected from background effects alone. The latent fatality safety 
goal would limit the increment in latent fatality risks to 10-3 of this number or about a 14.1 
increase due to radiological releases. At the 95% exceedence level an SBO release is calculated to 
result in 584 latent fatalities in the 4 to 6 mile annulus. In order to meet the NRC’s latent fatality 
safety goal over the lifetime of a nuclear power plant the lifetime release frequency should be less 
than 14.1/584 =.0241. Assuming a plant lifetime of 60 years, the annual frequency would be 
0.0241/60 = 0.000402 = 4.0 (10)-4/year. This means that in order that the Normal Activities Zone 
start at 4-6 miles, the release rate of a source term as large as the SBO source term and at the 
weather scenario consistent with the 95% exceedence level, must be equal to or less than 4.0(10)-

4/year.

Using this same approach and the 6-8 mile data in TABLE 6-T, a Sheltering Zone/Normal Activi-
ties Zone interface in the 6-8 mile range would require an annual SBO release rate equal to or less 
than [16.8/211][1/60] = 1.3(10)-3 /year. In the 8-10 mile range the corresponding interface figure 
is 2.8 (10)-3 /year. FIGURE 9-C (page 117) plots the outer radius of the Sheltering Zone versus the 
release probability for an SBO release that is necessary to meet the NRC’s latent fatality safety 
goal. The above release probabilities are calculated for three ranges, 4-6 miles, 6-8 miles and 8-10 
miles. These ranges are represented as two mile wide bars in FIGURE 9-C. 
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All of the above frequencies are very large compared to accident frequencies, which implies that if 
the Sheltering Zone/Normal Activities Zone interface was based on accidents alone, this interface 
could justifiably be within a few miles of the nuclear plant.
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FIGURE 9-C Sheltering Zone Outer Radius versus Probability of SBO Release

1 2 3 4 5 6 7 8 9 10 11 12

Distance, Miles

10-510-5

10-4

10-3

Pr
ob

ab
ili

ty
Proprietary Information, © Copyright 2007 
page 117



RBR Consultants, Inc.
ENHANCED EMERGENCY PLANNING
9.3.4 Emergency Planning and Plant Physical Security

Since calculated accident frequencies are far below the frequencies presented in Section 9.3.3 and 
the source terms are smaller than the SBO source term, it is assumed that willful acts of terrorism 
would be the controlling events that establish the Sheltering Zone/ Normal Activities Zone inter-
face. 

The absolute frequency of terrorist events is unknown and unknowable. However, given a descrip-
tion of a particular threat it is possible to estimate through threat analysis what the conditional fre-
quency of success is for that particular threat. The sum of all assumed successful particular 
threats, the overall conditional terrorist frequency, is smaller than the absolute frequency of terror-
ist events since the probability of the onset of a terrorist event is assumed to be 1. Obviously it is 
less than this value.Therefore decisions made on the basis of the conditional threat frequency, 
summed over all postulated threats, are conservative.

If the overall conditional threat frequency were equal to 4.0(10)-4/year, then a Sheltering Zone/
Normal Activities Zone interface between 4 and 6 miles would be consistent with Section 9.3.3. 
Conversely, if a Sheltering Zone /Normal Activities Zone interface between 4 and 6 miles was 
selected and the calculated overall conditional threat frequency was smaller than 4.0(10)-4/year, 
there would be margin between the threat frequencies controlled by plant physical security mea-
sures and emergency planning frequency criterion that established the outer boundary of the Shel-
tering Zone.

RECOMMENDATI0N 13:  As part of developing enhanced emergency planning, the NRC 
should integrate the conditional frequency results of plant physical security threat analy-
ses with the determination of the outer boundary of the Sheltering Zone.

9.4 ESTABLISHING SITE SPECIFIC EMERGENCY PLANNING REQUIREMENTS

9.4.1 Introduction

In the following sections two approaches are presented on how to determine site specific require-
ments. The first approach is more detailed and involves a series of four screening criteria. Those 
sites that do not have any sequences that exceed all four screens would end up with a generic 
emergency plan, described later. Some sites may have one or more scenarios that exceed all four 
screening criteria and these sites may be required to have additional protective features. FIGURE 
9-E (page 126) is a logic diagram that incorporates these four screens and is intended to help 
determine if a generic emergency response is sufficient or if additional protective features are 
indicated.

The second, simpler, approach utilizes many of the insights gained from the Indian Point analyses 
to help divide sites into three categories: low population sites, medium population sites, and high 
population sites. This division of sites is based on a figure of merit, the 0-10 mile population. 
Those sites categorized as low population sites would most likely use the generic emergency plan 
and those sites that are classified as high population sites would have to go beyond the generic 
plan. Medium population sites would likely have to exceed the requirements of the generic plan to 
some degree. Those medium and high population sites that have to take additional consequence 
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reducing actions may benefit by reviewing the consequence reducing actions recommended for 
Indian Point. (See TABLE 6-R (page 80)).

The detailed approach to establishing site specific emergency planning requirements is discussed 
in the remainder of Section 9.4. The simplified approach is discussed in Section 9.5.

9.4.2 Risk Analysis versus Emergency Planning Analysis

As a first step in determining site specific emergency planning requirements it is useful to clarify 
basic differences between risk analysis and emergency planning analysis.

Although there is considerable similarity between risk analyses and emergency planning analysis, 
they have different goals and use somewhat different processes. Both risk analysis and emergency 
planning analysis are based on accident sequences, source terms, site dependent meteorology, 
populations, traffic conditions and the protective actions taken by the public and emergency 
responders. Risk analyses sum the separate risk contributions of a huge number of scenarios to 
provide an aggregate statement of the risk from a particular power plant at a particular site. How-
ever the goal of emergency planning is not to come up with tens of thousands of possible emer-
gency responses to fit the many risk sequences. An emergency plan must be simple so that it can 
be implementable and effective. In emergency planning it is necessary to condense all this risk 
information to come up with a plan that meets the needs of most of the people, most of the time. 
Simply stated, risk analyses strive to be as comprehensive as possible whereas emergency plan-
ning strives to be as selective as possible to come up with a small number of sequences that will 
encompass a very large number of potential outcomes. In order to do this, a great many sequences 
used in risk analyses must be screened out, but on a justifiable basis. Four such screens are pro-
vided below. In the material below reference is often made to Indian Point. Here Indian Point 
serves much like a pilot plant and these references are intended to provide examples.

9.4.3 Emergency Planning Screening Tools

This report provides four emergency planning screening tools. It is anticipated that any site that 
does not have at least one sequence that passes all four screens will be eligible for a generic emer-
gency plan. Those few sites, like Indian Point, that have sequences that exceed all four screens 
will likely need to use additional consequence-reducing strategies. 

Screening tools help to quickly identify which core damage sequences and traffic conditions 
should form the basis of an emergency plan. Further, they eliminate many unnecessary technical 
studies and discussions. For example, in emergency planning there is only limited need to discuss 
radioactive releases whose source terms are too small to cause early fatalities. There is only lim-
ited value in discussing source terms that would begin to release radioactive material at a time 
when most people would have evacuated beyond four miles. When sequences are screened out 
this does not imply that they are ignored. What it does mean is that they are unlikely to influence 
the development of an emergency plan. Such a plan would encompass those scenarios that were 
screened out.
Proprietary Information, © Copyright 2007 
page 119



RBR Consultants, Inc.
ENHANCED EMERGENCY PLANNING
9.4.4 The Sequence Frequency Screen

Risk analyses provide the first of these four screens. Accident sequences below a selected fre-
quency would be screened out for emergency planning purposes. This approach is consistent with 
present regulatory practice to focus on more probable events. The risk screening criterion used to 
eliminate very infrequent releases to the environment of radioactive material has a mean fre-
quency equal to 10-7/RY. Any sequence equal to or less frequent than this mean value would be 
screened out. This frequency screen was applied to the Indian Point analysis.

This screening criterion supports the principle that emergency plans should not be based on 
extremely low frequency sequences in the plant or low frequency meteorological events outside of 
the plant or their combination. It is unlikely that 100% of the EPZ population will evacuate. It is 
unlikely to experience extreme weather conditions that produce peak calculated consequences. An 
emergency plan built around extremes, or worse, a combination of improbable plant and site sce-
narios, may not be optimum or even practical across the wide spectrum of possible emergency sit-
uations. Just as in risk analysis, where low frequency sequences are screened out because they are 
not risk significant, very low frequency emergency situations are screened out because they are 
not emergency planning significant. Even if an extreme situation occurred, the emergency plan 
developed for more probable circumstances would still provide some consequence-reducing capa-
bility. The Indian Point analysis already is based on very unlikely assumptions and the use of even 
less probable events is inconsistent with meaningful emergency planning.

9.4.5 Source Term Screens

The Indian Point analysis used the LOC and SBO source terms (reference [22]). The LOC source 
term, which had a shorter time between reactor scram and the onset of its release than the SBO 
source term was the dominant source term in determining early health effects. The larger SBO 
source term was the dominant release and would be used for determining the outer radius of the 
Sheltering Zone if the Generic Emergency Planning Geometry (see FIGURE 9A (page 109)) were 
used. Using a plant’s PSA, the size and timing of the source terms of those sequences which are 
not screened out on the basis of their frequencies, would then be compared to the LOC and SBO 
source terms.

With regard to the size of the release, all sequences whose iodine core release fraction is equal to 
or smaller than 0.05 in the first three hours after the onset of a release should be screened out12 in 
that they are unlikely to cause an early fatality. If a release of radioactive material is too small to 
cause an early fatality it would also present a small latent fatality risk. Further, all source terms 
that are smaller or equal to the LOC source term can be screened out, in that the LOC source term 
would be the “controlling release” for emergency planning purposes, provided that these smaller 
source terms do not have shorter onset times than 2 hours after scram. Therefore, when determin-
ing the maximum early health effects, the source terms of most interest are those larger than the 
LOC source term and those that have an onset of release shorter than 2.0 hours after scram, if any. 
Some source terms, although having an iodine core fraction larger than the LOC source term, may 
not be more important than the LOC source term if their onset is much longer. This has already 

12 See Appendix A.6.
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been observed in the Indian Point analysis. The health effects importance of the larger SBO source 
term (iodine release fraction of 0.274) which has an onset of 4.4 hours, was less than the LOC 
source term with its 2 hour onset time (iodine release fraction of 0.111). 

Usually the magnitude of the release fractions of radioactive iodine, tellurium, and cesium in dif-
ferent source terms have essentially no impact on the radius of the Evacuation Zone if this radius 
is four miles. No source term would be so large as to cause the mean range of the early fatality risk 
to exceed four miles, the radius of the Evacuation Zone in this Fundamental Geometric Structure. 

Whereas timing is an important parameter in early health effects, source term size is the important 
factor when establishing the outer boundary of the Sheltering Zone. Since the outer boundary of 
the Sheltering Zone is determined by 24 hours of exposure in a normal activities mode after the 
onset of a release, the timing of the onset of the release does not affect the determination of this 
radius. If the SBO source term is used to set this outer radius of the Sheltering Zone, this distance 
should be large enough for all PWR sequences (see TABLE 9-B, below) and for all BWRs which 
have source terms equal to or smaller than the SBO source term and a frequency of 10-7/RY or 
larger. Those releases, if any, that are more frequent than 10-7/RY and have a larger iodine fraction 
than the SBO source term would be candidates for closer review when establishing the Sheltering 
Zone outer radius.

In the Indian Point analysis reference was made to the source terms presented in Indian Point 3’s 
PSA. It was shown that those PSA source terms more frequent than 10-7/RY did not represent 
emergency planning challenges more severe than the source terms in the extreme set of assump-
tions and this then led to the use of the LOC and SBO source terms to develop the Indian Point 
emergency plan. A similar approach could be used for other PWRs with large dry containments, 
comparing the source term information in their PSAs to the LOC and SBO source terms used 
here. However, it appears unlikely that plants with such containments would have source terms 
more challenging than the LOC and SBO source terms. This latter statement is based on the 
generic PWR source terms in TABLE 9-B.

Polestar Applied Technology has developed a table of generic PWR Accident Sequences, repro-
duced below in TABLE 9-B. A review of this generic PWR table against the frequency screening 
criterion resulted in the following: The LOCA, SBO, Induced SGTR and ISLOCA sequences 
would be screened out because their frequencies are too low, i.e., they were equal to or smaller 
than 10-7/RY. The LOCA-Auxiliary Building Release scenario would be screened out because its 
iodine release fraction of 0.01 was smaller than the suggested source term screening iodine frac-
tion of 0.05. This only leaves the spontaneous SGTR scenario, whose frequency and iodine release 
fraction were large enough to pass the initial two screens. However, based on the Polestar analy-
sis, it would take 16 hours before the beginning of the release. This last scenario would not pass 
the co-existence screening criterion, discussed in the following section. It appears likely that other 
PWRs could use of the LOC and SBO source terms in this report in order to develop their emer-
gency plan and this should encompass all of their calculated accident releases. 
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TABLE 9-B Polestar Generic PWR Accident Sequences

9.4.6 Co-existence Screening 

If no sequences exceed the source term and frequency screening criteria, then a generic emer-
gency plan, described below, could be utilized. If one or more sequences exceed these two initial 
screening criteria, then a third screening criterion, the co-existence screen, would be applied.

A powerful, but simple, thought has emerged from the Indian Point traffic and source term analy-
ses that also can be used to screen out sequences that are not important to emergency planning. 
This concept, called co-existence, has been applied to the specific analyses of Indian Point but can 
be applied to all nuclear power plant emergency plans. It is based on the simple observation that: 
In order for there to be a possible radiation induced health effect, a source of radiation of sufficient 
strength and receivers (people) must co-exist. At low population sites it should be possible to 
determine by inspection alone, or by extrapolating the results of traffic studies conducted for other 
sites, if people near the plant would be beyond four miles prior to the onset of a release of radioac-
tive material. This is especially likely for sites where there are few people within two miles of a 
potential point of release. It is unlikely that low population sites will exhibit co-existence, unless 
people there had a long mobilization period. Such long mobilization periods might occur in farm-
ing areas where time is taken to secure shelter for farm animals prior to evacuating. Once evacua-
tion did begin, the time to move more than four miles from the site would be a matter of minutes. 
Therefore, subject to limiting the mobilization time at sites with low surrounding populations, 
early health consequences, if any, at these sites would be very low or zero.

Low population sites have fewer people at risk and higher evacuation speeds than more pop-
ulated sites and therefore inherently have smaller co-existence times. Those sequences where 
it is improbable that there would be any significant co-existence within the inner four miles before 
the onset of a LOC release, should be screened out. Additionally, low population sites would 
require less time sheltering from 4-10 miles than high population sites. This is because there is 
considerably less likelihood that evacuations that initiate beyond four miles would appreciably 
slow down the evacuation of the inner four miles. Therefore sheltered people beyond four miles 
can leave their shelters in less than four hours after the initiation of evacuation in the inner four 

Accident Sequence 
Type

Frequency,
1/YR

Beginning of 
Release, After 
Scram, Hours

 Declaration of 
General Emer-
gency, After 

Scram, Hours

Iodine 
Release Frac-

tion

LOCA-Auxiliary 
Building Release

1E-6 3 1 0.01

LOCA 1E-7 3 1 0.10
SBO 1E-7 6 3 0.15

Spontaneous SGTR 2E-6 16 7 0.20

Induced SGTR 1E-8 3 1.5 0.20
ISLOCA 3E-8 4 1 0.25
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miles without concern about possibly harming others. However, an analysis should be made of the 
health consequences of leaving a shelter and then utilizing a normal activities response if the 
release of radioactive material is still ongoing.Clearly, if the time of the onset of a release is long, 
such as in the SBO sequence, it would be unwise to leave one’s shelter after the inner four miles 
had been evacuated only to then be exposed to a radioactive plume while outside of the shelter. 
Scenarios of this type emphasize the need to stay informed by listening to the media.

The co-existence principle can also be applied to medium and high population sites. For example, 
if the onset of a release is long, since virtually all of the people within four miles would have 
already evacuated. An example of this is the spontaneous steam generator tube rupture accident 
sequence listed in TABLE 9-B, there would not be any co-existence for this sequence.

In summary, a lack of co-existence can occur at low population sites because the people just aren’t 
there and at all sites for sequences which have very long time periods before the onset of a release 
and for portions of the evacuating population who are sufficiently far away at the onset of the 
release. See Section 9.8 (page 130) for a more complete discussion of the co-existence concept.

9.4.7 Evacuation Speed Screen

Unlike low population sites where it is unlikely to have appreciable co-existence in the inner four 
miles prior to the release of radioactive material, more populated sites will have co-existence 
sequences. Some of these co-existence sequences can be screened out if traffic analysis show that 
the minimum cumulative evacuation speed in the 0-2 mile region is 6 m.p.h. or more. 

At 6 m.p.h. or more there would not be any expected early fatalities, assuming full participation, 
and the number of latent fatalities would be very small. This latter statement about low numbers 
of latent fatalities is supported by Section 6.11. A 6 m.p.h. or more minimum cumulative 0-2 mile 
speed is considerably faster than Case C1 at Indian Point whose comparable minimum cumulative 
speed was 4.4 m.p.h. Yet Indian Point had low calculated latent fatality consequences for Case C1 
compared to background numbers.

This low early fatality risk at or above 6 m.p.h. is supported by FIGURE 9-D (page 124). In this 
figure several Indian Point traffic analyses results are plotted. The minimum cumulative 0-2 mile 
speed has been plotted as a function of the number of vehicles processed within the inner ten miles 
from Indian point. FIGURE 9-D plots the results presented in TABLE 6-K (page 54), specifically, 
for number of processed vehicles within 10 miles and their minimum cumulative speeds for dif-
ferent KLD cases. The letters in FIGURE 9-D, B1_,Y2,Y1,X,C1,W,K, and N identify the KLD 
cases. 

FIGURE 9-D shows two correlating lines. The line on the left with slower minimum cumulative 
0-2 mile evacuation speeds represents summer, midday, midweek peak vehicle population condi-
tions. The correlation on the right at higher evacuation speeds represents nighttime and weekend 
evacuations. The higher evacuation speeds that are calculated to occur at nighttime or on the 
weekend relative to the midday, midweek evacuation speeds are due to two effects, as explained 
in the answer to question 3 in Section 6.8 (page 49).
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FIGURE 9-D Minimum Cumulative Speed versus Number of Vehicles
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About 2.0 early fatalities were calculated for Case C1, with its minimum cumulative 0-2 mile 
evacuation speed of 4.4 m.p.h. at the 95% exceedence level for a LOC source term and a three 
hour mobilization time. Case C1 had about 115,700 vehicles evacuate, out to 10 miles. Case B1, 
with about 174,000 vehicles, was calculated to have 4 early fatalities at the 95% exceedence level 
and a minimum cumulative 0-2 mile speed of 2.5 m.p.h. Extrapolating these two data points, zero 
early fatalities would be expected at minimum cumulative evacuation speeds of about 6 m.p.h. in 
the 0-2 mile area. This corresponds to about 80,000 vehicles that would evacuated between zero 
and ten miles during the midday, midweek time period for the LOC source term and a three hour 
mobilization time. The approximate number of people from 0 to 10 miles during midday, mid-
week conditions that corresponds to about 80,000 vehicles is about 197,000, based on 2.4713 per-
sons/vehicle data. As a first estimate, those sites that have 197,000 or fewer people within ten 
miles of the point of release could likely use a generic emergency plan. 

The 6 m.p.h., 80,000 vehicle figure is a first approximation based on Indian Point specific analy-
ses. These values might be refined using the results of other ETE studies, already completed, of 
other sites to determine the relationship between the minimum cumulative evacuation speed from 
0 to 2 miles and the number of vehicles. 

If one or more of the remaining scenarios represent situations where the minimum cumulative 0-2 
mile speed is less than 6 m.p.h., these scenarios should be analyzed further with the DoRMET 
code, or an equivalent code, to determine the latent fatality consequences. If these health conse-
quences are judged to be too high, then remedial actions should be considered. FIGURE 9-E is a 
sequence screening diagram which incorporates all four screening criteria.

13 This is the ratio of people/vehicles used by KLD in these analyses for permanent resi-
dents.
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9.5 OVERVIEW OF EMERGENCY PLANNING NEEDS

In Section 9.4 a detailed screening process was discussed which can be used to separate sites that 
might use a generic emergency plan from those that might require additional protective features. 
In this section a simplified approach is suggested on determining which sites may be able to use a 
generic emergency plan and which sites may need traffic analysis and consequence analysis to 
determine if additional protective measures are necessary. This simplified approach is based on 
population levels within the inner 10 miles.

The relationship between site population density and the level of required emergency planning 
analysis is portrayed in FIGURE 9-F (page 129). It is suggested that a low population site be 
defined as one where the 10 mile vehicle population is less than 80,000 or about 197,000 people 
within ten miles of the point of release. At this population level the minimum cumulative 0-2 mile 
evacuation speed is likely to be in excess of 6 m.p.h. At these speeds little or no early health 
effects are anticipated and latent effects for those that evacuate would be very small. For sheltered 
people beyond four miles the latent effects should be zero. Therefore applying the generic emer-
gency response to a low population site should result in near zero consequences even with large 
releases of radioactive material.

A medium population site would have a midday, midweek ten mile vehicle population between 
80,000 and 115,000 or about 197,000 to 284,000 people. The value of 115,000 vehicles was cho-
sen to match the vehicle population of Case C1. The emergency response requirements in Case C1 
exceeded generic emergency plan requirements because it was based on the use of traffic controls 
to help keep health consequences low. Based on the results provided in TABLE 6-W (page 85), 
the mean latent fatality consequences are calculated to be 114. Since the consequences in TABLE 
6-W were based on Indian Point a medium site should have smaller consequences provided it 
takes consequence reducing actions similar to implementing traffic controls as was done in Case 
C1. High population sites would then be sites which had a 10 mile vehicle population in excess of 
115,000, i.e., greater than about 284,000 people. Only two sites would be classified as high popu-
lation sites using this criterion, one of which is Indian Point. Consequence-reducing strategies 
have been identified for Indian Point and equivalent ones may be considered for the other high 
population site. 

A review of the 0-10 mile population of all the nuclear sites in the US was conducted to estimate 
how many fall into each of these three population categories. Data on 29 sites plus Indian Point 
are provided below.
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The following 0-10 mile populations were presented in NUREG/CR 6525, REV.114 (reference 
[23]): 

TABLE 9-C 10 Mile Populations at Various Nuclear Sites

Of these 30 sites, 28 would be classified as low population sites, one as medium and one (Indian 
Point) as high, based on the proposed definitions above. This NUREG site population analysis 
was then extended to include all other nuclear power plant sites. Using population criteria of 
197,000,197,000 to 284,000, and greater than 284,000 to separate these sites into low, medium, 
and high, respectively, about 91% of the sites would fall into the low category, 6% in the medium 
category and 3% in the high category. Although these percentages might change somewhat with 
refined analyses, that would not affect the conclusion that the great majority of sites falls into the 
low population category.

Since many sites fall into the low population category and detailed information now exists for a 
highest population site, Indian Point, and since the methodologies and Fundamental Geometric 
Structure utilized here are generic, it suggests that the process of enhancing emergency planning 
could proceed rather rapidly.

FIGURE 9-F expresses the above analyses. Here the low population sites, about 91% of the sites, 
should be able to justify the use of the generic emergency plan without sophisticated traffic or 
consequence analyses. Placing such sites into the low population category might be accomplished 
just by inspection or perhaps by extrapolating the results of existing site analyses to support the 
conclusion that the minimum cumulative 0-2 mile evacuation speeds would be in excess of 6 
m.p.h. Figure 9-F indicates that some traffic analysis, perhaps merged with the MACCS2 code, 
would be useful in identifying one or more consequence-reducing actions. If such consequence-
reducing actions were used to supplement the generic emergency response, then the health risks 
from these medium sites would also be near zero during the time of plume passage. With regard to 
the two high population sites, the most challenging one, Indian Point has now been analyzed and 

14  Indian Point was not included in this NUREG.
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the consequence-reducing supplemental protective actions have been identified. The other high 
population site could refer to the Indian Point strategies and adapt them to that site.

FIGURE 9-F Overview of Emergency Planning Needs

9.6 APPLICATION OF THE ALARA PRINCIPLE 

The early and latent health consequences from releases of radioactive material at Indian Point are 
quite low. Even without implementing various consequence reducing strategies, both the early and 
latent fatality safety goals would be met. Since Indian Point meets the NRC’s safety goals it seems 
certain that all other nuclear plants would likewise meet these goals. 

The justification for going beyond just meeting the early and latent fatality safety goals is based 
on the ALARA, as low as reasonably achievable, principle. Even though the status quo situation 
at Indian Point meets the NRC Early and Latent health safety goals, the ALARA principle might 
indicate that simple, low cost, yet effective consequence-reducing actions should be taken. An 
example of this is implementing the traffic controls, previously discussed. Applying the ALARA 
principle to low and medium population sites should also be considered, however because the 
consequences are already so very low, the scope for applying the ALARA principle at these sites 
is less than at high population sites.

In FIGURE 9-E (page 126), Box 10-I asks the question “Are health consequences acceptable?” In 
answering this question, application of the ALARA principle should be considered. See Section 
9.2 (page 107) for additional discussions of the ALARA principle.
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9.7 A GENERIC EMERGENCY PLAN

FIGURE 9-E displays how four screens can be used to determine overall emergency planning 
requirements at any nuclear site. In FIGURE 9-E the generic emergency plan is identified by a 
capital G enclosed within a circle. Those sites which can not use the generic emergency plan alone 
would supplement this generic plan with additional consequence-reducing strategies.

The generic emergency plan would use the Fundamental Geometric Structure with an inner Evac-
uation Zone of four miles where most resources would be expended, followed by a Sheltering 
Zone which would extend out to the Normal Activities Zone. In the event of a public alert a 360 
degree prompt evacuation would be used for the inner two miles, unless sheltering was first used 
because of impediments to evacuation. From two to four miles there would also be a prompt evac-
uation, but restricted to the angle set by the keyhole. In the case of Indian Point this angle was 
about 170 degrees, or 7.5 sectors. For other sites the wedge angle would be set by the shape of the 
surrounding body of water. The angle should be wide enough to encompass the population 
between two to four miles from the point of release and along the shore line. If the site is inland, 
but along a body of water like a river or lake, use a 2 to 4 mile response similar to that in TABLE 
6-G.

The Sheltering Zone would start at four miles and continue until the inner boundary of the Normal 
Activities Zone. The requirements of the inner boundary of the Normal Activities Zone should be: 
that an individual who continued for 24 hours at this boundary in a normal activities response 
mode would have a risk level within the NRC’s latent fatality goal, should there be a successful 
terrorist attack that leads to the release of radioactive material. (See Section 9.3.3 (page 115).) 
Unless local measurements of radiation levels indicate that sheltered people should be evacuated 
because of “hot spots”, people in the Sheltering Zone should remain sheltered until they are 
advised that most of the people in the inner four miles had been evacuated and that the radiation 
from the plume had decreased to the point that it would be acceptable to leave their shelters.

Regardless of the site population density or the choice of evacuation or sheltering, everyone 
within four miles of the point of release should take protective measures to reduce inhalation 
doses, if face masks or wet handkerchiefs are proven to be effective. People should cover their 
skin as much as practical if in the downwind area.

People in the Evacuation, Sheltering and Normal Activities Zones should stay tuned to the media 
for further information and instructions. 

Other aspects of a Generic Emergency Plan, such as the resources needed, can be adapted from 
the Indian Point analyses.

RECOMMENDATI0N 14:  The NRC should establish a process by which emergency 
responders would be able to determine if outdoor radiation levels are sufficiently high 
that sheltered people beyond four miles should be advised to start a delayed evacuation.
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9.8 CO-EXISTENCE INSIGHTS 

9.8.1 Historical Insights 

FIGURE 9-E sheds light on a number of consequence results, some from actual accidents and 
some from calculations of hypothetical events. With regard to actual accidents, neither TMI-2 nor 
the Chernobyl accident produced early fatalities among the public (reference [24]). In the case of 
TMI-2 the containment remained intact and the release of radioactive material was far too small to 
cause an early fatality and calculated latent effects were very small. A TMI-2 scenario would not 
pass the source term screening criterion. With regard to the Chernobyl accident, a great deal of 
radioactive material was released to the environment. However, the graphite fire lofted this radio-
active material to great heights where winds further dispersed the radioactive material over large 
areas. The public near Chernobyl did not evacuate, yet no early fatalities among this group were 
reported. This is because high levels of radiation and the public did not co-exist in the same loca-
tion. It has been reported that plant personnel were not even able to measure significant amounts 
of radioactive material in the surrounding area during the time that the graphite fire was burning. 
There were, however, special instances of co-existence at Chernobyl and a significant number of 
early fatalities where this co-existence occurred. Co-existence at Chernobyl occurred when a heli-
copter flew through the near vertical radioactive plume and co-existence occurred when brave 
firemen went on the site and were heavily exposed, particularly those who battled fires from the 
reactor building roof. At Chernobyl there was effectively no co-existence of the public that would 
give rise to early injuries during the graphite fire release period. There have been radiation related 
injuries from the Chernobyl accident, such as thyroid cancers, but these predominantly did not 
occur from exposure during plume passage. These injuries have largely been caused by drinking 
contaminated milk and occurred long after the plume passage period was over. Food interdiction 
in the United States and elsewhere would prevent a similar occurrence in the event of a large 
release of radioactive material. The largest public health concern from Chernobyl has been long 
term effects, which have now been shown by a United Nations twenty year retrospective on this 
accident to be appreciably smaller than originally calculated. In summary, neither the TMI-2 nor 
Chernobyl accident had much co-existence during the time of plume passage and this is reflected 
in the measurements of actual health consequences.

With regard to hypothetical consequences two reports are interesting: NUREG-1150 and the San-
dia Siting Report (NUREG/CR-2239), specifically the large consequence scenario in the adden-
dum of the Sandia report. In NUREG-1150 it was assumed that 5% of the public did not take any 
protective actions. As detailed in TABLE 6-E, virtually all of the calculated early fatalities are 
attributable to the non-participating 5%. In effect, NUREG-1150 had a “forced” co-existence 
when it assumed that 5% of the public did not participate. If NUREG-1150 had selected a non-
participating percentage of 0.5%, the calculated early fatality consequences likely would have 
been ten times smaller. With regard to the extreme number of early fatalities calculated in one sce-
nario associated with the Sandia Siting Report, it was assumed that a very large source term (the 
SST-1 source term) was rained upon a large population who stood outdoors unprotected for 24 
hours in this hazardous situation. The combination of a large source term and a 24 period of expo-
sure maximized the co-existence, resulted in a very large calculated number of early fatalities. 
These large consequences are based on a virtually impossible scenario.
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Earlier consequence models assumed a “puff release” of radioactive material, i.e., a rapid release 
of radioactive material. Such an assumption resulted in calculated early health consequences that 
were overstated and inconsistent with the characteristics of releases that are now known because 
of the development of source term technology. Releases of radioactive material take time to 
develop and then enter the environment over an extended period. To further compound this, 
“puff” releases minimize the consequence reducing effects of changing wind directions. Thus the 
“puff” release assumption increased the co-existence time as it would “catch” more people during 
their evacuation.

The calculated early health effect consequences from releases of radioactive material following a 
hypothetical terrorist attack that drains a spent fuel pool is another co-existence issue. Such hypo-
thetical events do not represent a special challenge to any emergency plan. Except for brief peri-
ods of time when the spent fuel is first placed into the spent fuel pool, there is no significant 
amount of iodine or tellurium because of the comparatively short half lives of these radioactive 
sources. Even when spent fuel is initially added to the pool typically only one third of the reactor 
core’s spent fuel is transferred at a time, thereby limiting the iodine and tellurium added to the 
pool by a factor of three. This newly added iodine and tellurium continue to decay once in the 
pool. Therefore people and a significant iodine/tellurium source term from the spent fuel pool 
could not co-exist, except for brief periods of time, and then only if there are plausible mecha-
nisms to cause a large fuel cladding fire in a drained pool.

Another, more recent, issue that bears on co-existence is the concept of a “fast breaking” accident    
which the NRC has determined is not credible. In general, meltdown events can not be fast break-
ing events because the inherent heat capacity of the reactor core and the surrounding structural 
members which require time to reach a condition where radioactive material would begin to be 
released to the containment. More time would be needed to overcome containment integrity and 
begin to release radioactive material to the environment. The LOC and SBO sequences analyzed 
in this report assumed a loss of containment integrity in just one half hour, immediately followed 
by the initiation of a core melt sequence. In a number of aspects the extreme assumptions made in 
this analysis encompass the postulated fast breaking accident.

9.8.2 Two Time Lines

FIGURE 9-G (page 135) displays two time lines. Line 1 describes the sequence of events inside 
the plant site boundary. Line 2 describes the sequence of offsite events where the emergency plan 
is implemented. When these two time lines are integrated they accomplish two objectives. First, 
they clarify why certain sequences are not important in determining the structure of an emergency 
plan. Second, they give guidance as where to look to develop consequence-reducing strategies. 
Numerous examples of both of these applications of the integrated two time lines are presented in 
Section 6.

In Line 1, Point 0 represents the time when an attack on the containment begins. Point 1 represents 
the time when containment integrity is lost and the reactor is scrammed and a core melt sequence 
begins. (In actuality the scram would most likely begin once the containment came under attack.) 
In most analyses in this report it is assumed that it takes one half hour to cause the containment to 
lose containment integrity, i.e., the difference between Point 1 and Point 0 is one half hour. Point 2 
is the time when the Alert and Notification System is activated and evacuation begins. In most 
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analyses in this report Point 2 is assumed to occur one hour after the start of the attack on the con-
tainment, i.e., one half hour after reactor scram. Point 3 represents the onset of a release of radio-
active material into the environment. For a LOC sequence this is 2.0 hours after Point 1, and 4.4 
hours after Point 1 for an SBO sequence. Point 4 represents the time when the release has effec-
tively ended. Point 4 is calculated to occur 13.0 hours after Point 3 for a LOC sequence, and 13.6 
hours after Point 3 for a SBO sequence.

Line 2 starts at Point 0 when an attack on the containment begins, the same as in Line 1. Point A is 
the time when the reactor scrams; the same as Point 1 in Line 1. Point B is the time when the pub-
lic receives instructions via the Alert and Notification System and evacuation begins. Point B is 
the same as Point 2 in Line 1. In between Points 0 and B a number of steps are taken starting with 
the utility declaring an on site general emergency, followed by notification of state and local gov-
ernments, followed by a period of time during which these local governments decide on a course 
of action and finally the issuance of instructions via the Alert and Notification System. 

As stated above, the starting time for evacuation in Line 2 is Point B. The elapsed time to com-
plete the evacuation of the inner one mile is ETE 1. ETE 1 is the sum of the mobilization time, the 
time between when the first person within one mile of the site starts to evacuate and the time when 
the last person within this area starts to evacuate, plus the time for this last evacuating person to 
cross over the one mile boundary. In Line 2 this is equivalent to the time of Point D minus the time 
of Point B. Similarly, ETE 2, ETE 4 and ETE 10 are the elapsed times for the last evacuating per-
son to cross the two, four and ten mile boundaries, respectively, as measured from the start of 
evacuation at Point B. ETE 2 is the time difference from Point E minus the time of Point B. At 
Point F everyone has evacuated the inner four miles and at Point G everyone has evacuated the 
inner ten miles. Consequently, ETE 4 = Point F - Point B, and ETE 10 = Point G - Point B.

These two time lines are fundamental to co-existence. As stated before, health consequences are 
minimized when the co-existence time is minimized. The further Point 3 on Line 1 is to the right 
the smaller the co-existence time. For example, the co-existence time for the inner one mile is 
Point D on Line 2 minus Point 3 on Line 1. If this subtraction is zero or negative there is no co-
existence in the inner one mile and therefore no early fatalities. The SBO sequence, with its long 
time between sequence initiation and the onset of a release has a Point 3 far to the right on Line 1. 
Because of this the amount of co-existence for this large release is quite limited as are its health 
consequences. Therefore one application of these two time lines is to rule out sequences which 
have long time periods between the start of the sequence and the onset of a release to the environ-
ment.

The other application of these two time lines is in the identification of consequence-reducing strat-
egies. Any strategy that causes Point D to move to the left, i.e., occur sooner, reduces the co-exist-
ence time. One such strategy would be actions taken to sound the Alert and Notification system 
sooner. This might occur if the process by which public warnings concentrate on people near the 
site. The warning process should not be delayed by seeking approvals from officials whose man-
dates lay outside of Westchester County, in the case of Indian Point. It may be worthwhile to 
examine if time could be saved by directly conveying emergency warnings to the Town of Cort-
landt in Westchester County. Another strategy to move Point D to the left is to speed up evacua-
tion. An example of this would be the implementation of traffic controls at specific road locations. 
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A third example is the use of precautionary evacuation of the inner one mile. This might be partic-
ularly valuable in situations where a plant comes under attack and there is more than the assumed 
half hour delay to overcome containment integrity.
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FIGURE 9-G Two Time Lines

Line 1

0 1 2 4

Attack 
Begins on
Containment

Start of 
Core Melt 
Process

Alert 
Sounded, 
Evacuation 

Release Ends

Line 2

B0 C D E F G
Legend:

             0 = Point 0 = Attack Begins on Containment

             A = Point 1 = Start of Core Melt Sequence

             B = Point 2, Evacuation Starts

             C = Time when last person initiates his evacuation

             C - B = Mobilization time

              D = Time when inner one mile is completely evacuated, D - B = ETE 1

              E = Time when inner two miles is completely evacuated, E - B = ETE 2

              F = Time when inner four miles is completely evacuated, F - B = ETE 4

              G = Time when inner ten miles is completely evacuated, G - B = ETE 10

Co-existence Time* for Inner One Mile = D - Point 3 
Co-existence Time* for Inner Two Miles = E - Point 3
Co-existence Time* for Inner Four Miles = F - Point 3
Co-existence Time* for Inner Ten Miles = G - Point 3
        * If Negative, Set Equal to Zero.

3

Release Begins

A
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10.0 NEXT STEPS

A number of actions might be considered by the NRC:

10.1 TECHNICAL STEPS
1. Review and comment on this report.
2. Verify that most sites are low population sites where the early and latent health risks during 

plume passage are very small and a generic emergency response is appropriate. This verifica-
tion might be achieved in a variety of ways such as: 
A. Utilize the simplified approach described in Section 9.5 (page 127) to identify low, 

medium and high population sites, or
B. Perform a survey of traffic analyses already completed for many sites. Attempt to correlate 

ETE 1,ETE 2, ETE 4 and ETE 10 and their associated 0-2 mile minimum cumulative evac-
uation speeds to a traffic figure of merit, such as the size of the surrounding population or 
population density per square mile of road system within 10 miles of the plant site. Sepa-
rate sites into low, medium, and high population groups where any site that has a 0-2 mile 
minimum cumulative evacuation speed of 6 m.p.h. or higher without traffic control 
improvements would be classified as a low population site. Any site that had a 0-2 mile 
minimum cumulative evacuation speed between 4.5 and 6 m.p.h. might be considered a 
medium population site, and 0-2 mile minimum cumulative evacuation speeds less than 4.5 
m.p.h. might be consider a high population site, or

C. Perform detailed traffic analyses of a number of representative sites and compare conclu-
sions to FIGURE 9-D.

3. Review means of issuing emergency warnings to the in-close public more rapidly in events that 
might release radioactive material to the environment comparatively quickly. Require the use 
of precautionary evacuations in medium to highly populated sites so to strike a good balance 
between avoiding unnecessary large evacuations and minimizing consequences in an actual 
release situation.

4. Verify the effectiveness of face masks, taking into account losses in effectiveness due to a poor 
fit of the mask and the characteristics of the radioactive material to be filtered out, i.e., whether 
in gaseous or particulate form and whether in organic or inorganic chemical form.

10.2 POLICY STEPS 
1. Review the implications of these very low calculated health consequences on the whole regula-

tory process.
2. Utilize the concepts in this report in Rulemaking and in establishing a new emergency planning 

paradigm.
3. This report uses the Commission’s Safety Goals extensively. This return to these original regu-

latory fundamentals may reduce or eliminate the need for surrogates such as CDF and LERF in 
regulatory decision making. In effect, the analyses presented here are directly applicable to 
Level 3 analyses where such surrogates are unnecessary. For example, LERF is defined in Reg. 
Guide 1.174 as the frequency of those accidents leading to significant, unmitigated releases 
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from containment in a time frame prior to effective evacuation of the in-close population such 
that there is the potential for early health effects. The definition of LERF relies on several 
unquantified terms and is therefore subject to a range of interpretations. By contrast this report 
evaluated the early health effects on in-close populations from very large unmitigated releases 
from the containment in a very short time frame and accounted for evacuation in an advanced 
manner. Therefore the process here is far more specific and less subject to interpretation. Based 
on the analyses presented here the potential for early health effects is at or near zero, especially 
at low population sites. In light of this conclusion the usefulness of LERF in decision-making 
may be very limited and should be re-evaluated, especially as in Reg. Guide 1.174 it deter-
mines which permanent changes to a plant’s licensing basis are acceptable. 

4. Improve the application of the ALARA principle by creating a modern version of Protective 
Action Guides. These PAGs would put first emphasis on actions that reduce the exposure of all 
who are at risk, and later on reducing the exposure of individuals, unless this causes harm to 
other individuals. Take into consideration the non-radiological hardships on people evacuated 
out of low dose rate areas. Work with the EPA to reevaluate the use of a one rem PAG.

5. Shift periodic traffic analysis from ETE 10 type analyses to determining ETEs closer to the 
plant site boundary, i.e., evaluate ETE 1,ETE 2 and ETE 4 and de-emphasize ETE 10.

6. Establish a criterion/ methodology for determining the boundary between the Sheltering Zone 
and the Normal Activities Zone, e.g., integrate plant security conditional probabilities of a suc-
cessful terrorist attack with the latent fatality safety goal and the outer boundary of the Shelter-
ing Zone.

7. Establish a decision making methodology and criteria for emergency responders on when to 
advise sheltered people beyond four miles to leave their shelters and evacuate.

8. Review whether the present nominal 10 mile EPZ boundary should be replaced with a Shelter-
ing Zone outer boundary.

RECOMMENDATI0N 15:  The NRC should review the technical and policy steps in Section 
10 for possible implementation.
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APPENDIX A: SUPPORTING DATA AND ANALYSES

A.1 POPULATION DATA 

TABLE A-1 Case C1 Population

Direction 0-1
mile

1-2
miles

2-3
miles

3-4
miles

4-6 
miles

6-8
miles

8-10
miles

Sum

N 354 1632 10050 212 12248
NNE 322 835 3220 1861 1403 7641
NE 4983 13662 5771 7780 8243 4976 45415
ENE 1208 3241 4846 4360 8250 11287 12771 45963
E 1870 750 792 1722 1826 2868 13076 22904
ESE 401 1585 108 502 499 849 7003 10947
SE 649 2170 5638 2541 5924 9105 27045 53072
SSE 189 1029 501 304 4332 22310 28665
S 85 369 7978 7544 19861 35837
SSW 551 3064 17673 10730 21933 53951
SW 2146 4263 5072 7230 3477 22188
WSW 760 366 1312 604 3166 6208
W 14 17 552 58 641
WNW 3 9756 9759
NW 171 17 4871 769 5828
NNW 2618 1498 1503 5619
Sum 4402 15623 27902 29348 64088 76201 149319 366886
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Direction 
wind is 
coming 
from.

Direction 
wind is 
going to

N S
NNE SSW
NE SW
ENE WSW
E W
ESE WNW
SE NW
SSE NNW
S N
SSW NNE
SW NE
WSW ENE
W E
WNW ESE
NW SE
NNW SSE
Total ----
Hrs/Yr. ----
Cumula-
tive Hrs

----

Cumula-
tive%

----
A.2 WIND PERSISTANCE DATA15 

TABLE A-2 Wind Persistence Data for 1995

15 Meteorological data records the direction that the wind is coming from, i.e., blowing 
towards Indian Point. Consequence analyses uses the direction that the wind is blowing 
to from Indian Point or 180 degrees different from the meteorological data.

 1
 HR

2 
HRS

2 
HRS 4 HRS 5 HRS 6 HRS 7 HRS

8 
HRS

9 
HRS

10 
HRS

11
HRS

12 
HRS Total

282 85 32 21 8 6 2 0 2 0 1 1 763
444 164 50 31 10 5 8 4 4 1 0 0 1260
496 161 73 30 10 7 2 2 1 1 0 0 1298
340 69 23 6 4 0 0 0 0 0 0 0 591
238 29 2 0 1 0 0 0 0 0 0 0 307
202 30 7 1 0 0 0 0 0 0 0 0 287
242 38 7 3 0 0 0 0 0 0 0 0 351
372 94 29 22 6 3 0 1 0 1 1 0 812
355 97 46 21 7 6 3 0 1 2 0 0 892
161 30 10 1 1 1 0 0 0 0 0 0 266
87 11 3 3 0 0 0 0 0 0 0 0 130
67 15 1 0 0 0 0 0 0 0 0 0 100
94 22 4 4 0 0 1 0 0 0 0 0 173
145 51 15 8 2 2 0 1 1 0 0 0 363
201 41 26 8 5 4 1 3 1 0 1 0 493
204 51 19 9 6 2 2 2 0 1 0 0 481
3930 988 347 168 60 36 19 13 10 6 3 1 8567
3930 1976 1041 672 300 216 133 104 90 60 33 12 ----
3930 5906 6947 7619 7919 8135 8268 8372 8462 8522 8555 8567 ----

45.9 68.9 81.1 88.9 92.4 95.0 96.5 97.7 98.8 99.5 99.9 100. ----
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Directio
n wind is 
coming 
from.

 
 

Direction 
wind is 
going to

N 3 S
NNE 4 SSW
NE 3 SW
ENE 2 WSW
E 1 W
ESE 2 WNW
SE 1 NW
SSE 3 NNW
S 4 N
SSW 2 NNE
SW 1 NE
WSW 1 ENE
W 1 E
WNW 2 ESE
NW 2 SE
NNW 1 SSE
Total 4 ----
Hrs./Yr. 4 ----
Cumula-
tive hrs.

4 ----

Cumula-
tive%

4 ----
TABLE A-3 Wind Persistence Data for 1996

1
HR

2 
HRS

3 
HRS 4 HRS 5 HRS 6 HRS

7 
HRS

8 
HRS

9 
HRS

10 
HRS

11 
HRS

12 
HRS Total

66 103 43 15 11 7 4 1 3 3 2 0 973
31 153 60 30 13 9 6 4 2 1 0 0 1258
89 107 36 7 4 2 0 1 1 0 0 0 788
29 25 7 8 1 1 2 0 0 0 0 0 357
93 35 4 2 0 0 0 0 0 0 0 0 283
00 17 8 2 0 0 0 0 0 0 0 0 266
97 31 8 1 0 1 0 0 0 0 0 0 293
67 89 23 14 12 6 1 1 1 2 1 0 821
52 130 55 21 5 8 0 3 1 0 0 1 1079
56 57 8 6 1 1 0 0 0 0 0 0 429
51 18 3 0 0 0 0 0 0 0 0 0 196
41 19 0 0 0 0 0 0 0 0 0 0 179
78 34 16 6 3 0 0 0 0 0 0 0 333
49 45 11 8 2 0 1 1 0 0 0 1 441
32 47 20 13 7 5 4 1 1 0 0 0 548
94 38 14 6 1 4 0 0 0 0 0 0 365
225 948 316 139 60 44 18 12 9 6 3 2 8609
225 1896 948 556 300 264 126 96 81 60 33 24 ----
225 6121 7069 7625 7925 8189 8315 8411 8492 8552 8585 8609 ----

9.1 71.1 82.1 88.6 92.1 95.1 96.6 97.7 99.3 99.3 99.7 100. ----
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Direction 
wind is 
coming 
from.

Direction 
wind is 
going to

N S
NNE SSW
NE SW
ENE WSW
E W
ESE WNW
SE NW
SSE NNW
S N
SSW NNE
SW NE
WSW ENE
W E
WNW ESE
NW SE
NNW SSE
Total ----
Hrs/yr. ----
Cumula-
tive hrs.

----

Cumula-
tive%

----
TABLE A-4 Wind Persistence Data for 1997

 1
 HR

2 
HRS

3 
HRS

4 
HRS 5 HRS

6 
HRS

7 
HRS

8 
HRS

9 
HRS

10 
HRS

11 
HRS

12 
HRS Total

429 104 40 18 13 11 6 2 0 0 1 1 1041
440 125 54 31 15 11 4 5 2 1 0 1 1225
299 64 13 10 3 1 2 1 0 0 0 0 549
147 10 3 1 1 0 0 0 0 0 0 0 185
123 12 4 2 1 0 0 0 0 0 0 0 172
78 11 2 0 0 0 0 0 0 0 0 0 106
112 13 1 2 0 0 0 0 0 0 0 0 149
326 73 23 12 3 5 3 0 0 0 1 0 666
523 134 59 17 7 6 2 1 1 2 0 0 1158
270 56 17 4 0 0 0 0 0 0 0 0 449
227 18 3 1 0 0 0 0 0 0 0 0 276
195 22 5 1 1 0 0 1 0 0 0 0 271
213 35 13 2 4 2 0 0 0 0 0 0 362
249 58 20 8 7 3 0 0 3 0 0 0 537
318 75 33 11 11 6 2 1 1 1 1 1 766
274 52 25 7 4 1 1 1 1 0 0 1 543
4223 862 315 127 70 46 20 12 8 4 3 4 8455
4223 1724 945 508 350 276 140 96 72 40 33 48 ----
4223 5947 6892 7400 7750 8026 8166 8262 8334 8374 8407 8455 ----

49.9 70.3 81.5 87.5 91.7 94.9 96.6 97.7 98.6 99.0 99.4 100.0 ----
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A.3 CORE RELEASE DATA AND SHIELDING FACTORS 

TABLE A-5 Core Release Data

TABLE A-6 Shielding Factors 

The shielding factor is defined as the ratio of the dose received when sheltered to the dose that 
would be received if outdoors. In the case of the ground shielding factor while evacuating, a value 
of 0.5 is used because half of the radiation emitted from ground shine is directed into the ground. 

STATION BLACKOUT

Segment

Start 
time, 
hrs

End 
time, 
hrs Core fraction, iodine

Core 
fraction, 
cesium

Core 
fraction, 
tellurium

One 4.4 5.5 1.61E-1 1.06E-1 7.00E-2
Two 5.5 8.0 9.60E-2 6.51E-2 1.61E-1
Three 8.0 18.0 1.70E-2 8.82E-3 1.40E-2
Total 
release

N/A N/A 0.274 0.180 0.182

LOSS OF COOLANT

Segment

Start 
time, 
hrs

End 
time, 
hrs Core fraction, iodine

Core 
fraction, 
cesium

Core 
fraction, 
tellurium

One 2.0 3.0 2.90E-2 2.90E-2 4.50E-2
Two 3.0 5.0 3.40E-2 3.40E-2 5.80E-2
Three 5.0 15.0 4.80E-2 3.80E-2 1.80E-2
Total 
release

N/A N/A 0.111 0.101 0.121

Ground Cloud Inhalation Skin
Sheltering 0.2 0.6 0.33 0.33
Normal 
Activities 0.33 0.75 0.41 0.41
Evacuation 0.5 1.0 1.0 1.0
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EXHIBIT A-1 Indian Point 3 Category 2 Sequence Descriptions

• P51APB61

The initiating event is a steam generator tube rupture with a subsequent failure to isolate the rup-
tured steam generator. This failure causes the eventual depletion of the Refueling Water Storage 
Tank inventory through the unisolated steam generator. With containment sumps bypassed, emer-
gency core cooling recirculation flow is not possible and core damage results.

• P51APB40

This sequence is similar to P51APB61, except that the reactor coolant system pressure is at a 
medium level, (between 675 and 2235 pounds per square inch, absolute).

• P50APB41

The initiating event is an interfacing system loss of coolant accident in the primary auxiliary 
building. The breach is equivalent to a large loss of coolant opening. Because of the break size and 
location, isolation is not possible. As a result, water lost from the reactor coolant system does not 
return to the containment sumps and long-term recirculation core cooling is unavailable. Core 
damage and a bypassed containment result.

• P49APB61

This sequence is similar to P50APB41 except that no stuck open power operated relief valves are 
assumed. Reactor pressure is greater than 675 pounds per square inch, absolute, at the time of 
reactor vessel breach.

• P45APB40

The initiating event for this sequence is an assumed internal flood inside the control building at 
the 15-foot elevation. The flood fails the 480-Vac safeguard buses and results in a plant blackout. 
Core damage ensues at high reactor coolant system pressure with no alternating current power 
available for the duration of the event. 

EXHIBIT A-2 Comparison of Accident and Terrorist Source Term Core Fractions

Indian Point 3, 
frequency weighted

LOC SBO

Iodine 0.022 .111 .274
Cesium 0.015 .101 .180
Tellurium 0.015 .121 .182
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A.4 LATENT FATALITY ANALYSIS METHODOLOGY

As discussed before, calculated early health consequences are so small that the use of the 
MACCS2 code is sufficient and therefore the main benefit of the DoRMET code is in the calcula-
tion of latent fatality consequences.

At this time the DoRMET code is still under development. Today this code can accurately calcu-
late latent fatality health consequences incurred by people while sheltered and by people who use 
a normal activities response. DoRMET today uses more finely divided source term data, separat-
ing the release into many more segments than MACCS2 does and also uses a different weather 
scenario every half hour instead of every hour, as MACCS2 does. DoRMET today is also capable 
of summing up consequences from many separate DoRMET runs by grouping consequences, all 
at the same weather scenario. DoRMET then proceeds to do this for each weather scenario to get 
an overall description of consequences versus the frequency. DoRMET can also accommodate 
many different evacuation speeds in a single analysis. Therefore the DoRMET computer code 
already has many advanced features relative to the MACCS2 code. However, at this time DoR-
MET can not fully utilize the traffic data that KLD analyses generates for time dependent traffic 
down specific pathways as people evacuate. When completed the DoRMET code should be able 
to calculate latent fatality consequences by accurately calculating the effects of exposure to radia-
tion of evacuees moving down specific paths at variable speeds as determined by the KLD traffic 
analyses. Then the DoRMET code would sum these consequences along all of these evacuation 
paths to get an overall statement of latent fatality consequences per traffic scenario.

In lieu of this more advanced version of the DoRMET code, the following approximate and con-
servative approach has been used which makes considerable use of the KLD traffic results. While 
use of the final version of the DoRMET code is preferable to this approximate approach, the 
approach described below is a significant advance over using the MACCS2 code as it was used in 
the scoping analyses. Case C1 was used as the basis of this approximate analysis.

The evacuation of the inner four miles around Indian Point was modeled as three concentric rings, 
0-1 mile, 1-2 miles and 2-4 miles. The starting point for evacuees in the 0-1 mile circle was at the 
midpoint, or the 0.5 mile distance. Similarly, the starting point for evacuees within the 1-2 mile 
annulus was at the midpoint 1.5 mile distance and at the 3.0 mile distance for those that evacuated 
from the 2-4 mile annulus. In each of these three areas the evacuation was divided into seven 
waves of people. Each wave started at a specific time and ended at a specific time and evacuees in 
each wave were assumed to start their evacuation at the midpoint time of that wave. People were 
assumed to be sheltered up to the time they started to evacuate. The starting and ending times for 
each wave is given in TABLE A-7, as well as the midpoint time. One exception to this table is 
wave 7, from the 2-4 mile area, which started at 210 minutes and ended at 260 minutes with a 
midpoint time of 235 minutes.

The number of people evacuating in each wave and from each of these three areas was different 
and was determined by utilizing the KLD traffic analysis results. The initial number of people in 
each of these three areas for Case C1 was known. KLD’s traffic analysis gave the number of vehi-
cles that left each of these areas as a function of time, shown in TABLE A-8 (page 146). The num-
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ber of people leaving any one of these three areas in a specific wave was assumed to be 
proportional to the number of vehicles that left during this wave from this area.
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TABLE A-7 Seven Wave Time Description, Case C1

 
TABLE A-8 Vehicles Within Indicated Area versus Elapsed Time, Case C1

KLD also presented speeds at ten minute intervals for each area. An arithmetic average was found 
of these ten minute speeds for each wave, for each area. See TABLE A-9, (page 146).

 
TABLE A-9 Average Speeds, M.P.H., versus Elapsed Time, Case C1

It was then assumed that each wave, as it left its original area, would then join the same wave 
departing from the next area further from the site and assume the same speed as the wave in that 
area. For example, Wave 3 departing the 0-1 mile area (at 0.5 miles) at an elapsed time of 95 min-
utes, would travel at 2.0 m.p.h. until it was at the midpoint of the next area (1.5 miles) at which 

Elapsed 
time,
minutes

WAVE 
1

WAVE 
2

WAVE 
3

WAVE 
4

WAVE 
5

WAVE 
6

WAVE 
7

Start of 
wave

0 50 80 110 140 180 210

End of 
wave

50 80 110 140 180 210 230

Mid-
point

25 65 95 125 160 195 215

Elapsed 
time, 
minutes

0 50 80 110 140 180 210 230

0-1 mile 4041 2671 2177 1684 1105 515 49 0
1-2 
miles 

12753 9523 7412 5253 3526 1649 221 0

2-4 
miles 

36131 28684 22265 15930 10921 4721 1922 734

Elapsed 
time, 
minutes

WAVE 1 WAVE 2 WAVE 3 WAVE 4 WAVE 5 WAVE 6 WAVE 7

0-1 mile 21.1 9.6 2.0 2.0 2.1 3.8 40.2
1-2 
miles 

32.2 4.0 3.3 3.2 3.3 5.0 27.4

2-4 
miles 

27.6 12.0 9.1 6.7 6.7 6.4 19.4
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time its speed went to 3.3 m.p.h. Following this, Wave 3 traveled at 3.3 m.p.h. until it reached the 
midpoint of the next area at 3.0 miles at which point it traveled at 9.1 m.p.h. from that point on. 
For that portion of Wave 3 that starts from the 1-2 mile area (starting at 1.5 miles and an elapsed 
time of 95 minutes) its initial speed is 3.3 m.p.h. until it gets to 3 miles, the midpoint of the 2-4 
mile area, at which time its speed increases to 9.1 m.p.h. The 2-4 mile portion of Wave 3 has a sin-
gle speed of 9.1 m.p.h.

With this approximation there are 7 waves, each of which starts in the 0-1 mile area, and acquires 
different speeds as it moves radially away from the site. The number of evacuees in each wave 
increases as it moves radially away from the plant. Each DoRMET final result is the summation of 
21 separate DoRMET calculations (7 Waves times 3 areas). However, Wave 1 (Inside thick border 
as shown in TABLE A-10 (page 148)) does not add very much to the total number of latent fatali-
ties because it would be beyond four miles prior to the onset of either a LOC or SBO release.This 
is an example of a lack of co-existence on a portion of an evacuation. For Wave 7 it is unimportant 
to calculate the exposure while evacuating because the speeds would be high. Wave 7 (inside dou-
ble line border) can be treated as a sheltering response until evacuation begins. The sheltering 
duration for Wave 7 is taken as the midpoint evacuation time, 215 minutes for Wave 7 departing 
from the 0-1 and 1-2 mile areas, and 235 minutes for Wave 7 departing the 2-4 mile area.

These various tables have been condensed into one input table. TABLE A-10 represents the case 
of a LOC release with 1.0 hours between scram and the start of the evacuation. Similar tables were 
developed for the SBO latent fatality analysis and for the LOC analysis with 0.5 hours between 
scram and the initiation of evacuation.
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TABLE A-10 Latent Fatality Evacuation Model
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FIGURE A-1 Case C1, 0-1 Mile Speeds

FIGURE A-2 Case C1, 0-2 Miles Speeds
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FIGURE A-3 Case C1, 0-4 Miles Speeds
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A.5 PERCENT MORTALITY VERSUS DOSE

FIGURE A-4 Dose Response Curve
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A.6 SOURCE TERM SCREENING

Sequences where the core iodine release fraction is 0.05 or less are eliminated because they are 
very unlikely to cause an early fatality. Sequences with small source terms need not be considered 
in developing an emergency plan because larger source terms will establish emergency planning 
zones and the protective actions to be taken therein.

This source term screen is based on earlier work by Kaiser (reference [25]). According to Kaiser, 
if the average of reactor core release fractions for volatile fission products (iodine, tellurium and 
cesium) is about 0.10 or less, early fatalities would be extremely unlikely and evacuation to avoid 
life or injury threatening doses would not be needed beyond two miles from the plant. Kaiser took 
the average of the iodine, tellurium, and cesium core release fractions. Kaiser’s work is based on 
an assumed evacuation speed of 10 m.p.h. which is higher than most Indian Point traffic results. 
However, Kaiser pointed out that, at an average core release fraction of 0.05, even more pessimis-
tic situations, e.g., lower evacuation speeds, would still lead to very small or zero mean number of 
early fatalities. Kaiser’s work is further simplified here by using an iodine release fraction of 0.05 
during the first three hours of a release as the source term screening criterion. FIGURE A-5, 
reproduced from Kaiser’s work, shows the sensitivity of the mean number of early fatalities to the 
source term magnitude. For purposes of comparison, the average core fraction for iodine, tellu-
rium, and cesium for the LOC source term in the first three hours of release is about 0.078. There-
fore one expects near zero early fatalities at Indian Point for this sized release. This expectation 
has been borne out for Indian Point with very few early fatalities, even at the 95th exceedence per-
centile. Releases smaller than this LOC release are unlikely to result in higher consequences or a 
different emergency plan, unless they enter the environment more quickly than a LOC release.

One always has the option of not using the source term screen to see if a different emergency plan 
would result from this, but this could considerably enlarge the scope of work. Although this 
screening criterion is based on early fatality consequences it is applicable to latent fatalities as 
well.
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FIGURE A-5 Sensitivity of Early Fatalities to Source Term
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