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Presenter Notes
Presentation Notes
Presentation built from the unlimited distribution presentations:
ROSS Block 5; Incident Characteristics (LLNL-PRES-703021)
Working with the Media to Save Lives in the Event of a Nuclear Detonation (IAEA Presentation, LLNL-PRES-758510)

The only change RDD release location was updated to 1600 K St for consistency.
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• Based on the Concept of Actions taken to AVOID a potential 
future exposure

• The Technical Basis of Protective Action Guides are:

1. Prevent acute effects. 

2. Balance protection with other important factors and 
ensure that actions result in more benefit than harm. 

3. Reduce risk of chronic effects. 

Public Protective Action Guidance (PAG)
Developed Primarily Based on NPP Response

Presenter Notes
Presentation Notes
It is important to understand that the PAGs are Based on the Concept of Actions Taken to AVOID a potential future exposure
The Basis of Protective Action Guides are:
Prevent Acute Effects
Reduce the Risk of Chronic Effects
Ensure That Actions Taken Result in More Benefit Than Harm
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Nuclear Power Plant Accident Planning

Data from the 2011 
Fukushima nuclear 
power plant accident

More than 4 Days

Nuclear Power Plant Accident
• Often early warning of release

(like a kettle boiling)

• Release occurs over time (often days)
with significant variability due to wind changes and 
events like explosions or pressure venting.

• Evacuation can help avoid dose from future releases, but 
must be timed to avoid active release

Hot Zone

Main Gate 
measurement

Presenter Notes
Presentation Notes
In the 1980s and 90s, most rad/nuc emergency response planning revolved around nuclear power reactor accidents.
{click}
To give you an idea of the basis of this planning, this chart shows us Data from the 2011 Fukushima nuclear power plant accident
DON’T WORRY, you don’t need to read it all!  I just want to point out a few features…
{click}
The earthquake and tsunami occurred just before 3PM on March 11.
The blue line is the dose rate measurement at the main gate.
{click} this is the 0.1 mGy/h Hot zone definition.
You can see that the first time the main gate records a dose greater than 0.1 mGy/h is 20 hours AFTER the tsunami took out all of the plant’s emergency power.
{Click}
And then it dropped back down until there was another “puff’ release at 43 hours, and again at 60 hours.
{Click}
It isn’t until 4 days that the dose rate goes above 0.1 mGy/h and stays there.

This is the fundamental assumption for western reactor emergency planning, that for Nuclear Power Plant Accident
Often early warning of release�(like a kettle boiling)
Release occurs over time (often days) with significant variability due to wind changes and events like hydrogen explosions or pressure venting.
Evacuation can help avoid dose from future releases, but must be timed to avoid active release
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Evacuation Risks

 Evacuation, especially immediate, no notice evacuation, carries significant risks to public safety.
— Traffic accidents
— Inclement weather and exposure
— Displaced population living conditions and mental health

 Vulnerable populations, such as elderly and hospital patients, are especially at risk

 These risks often far outweigh any radiation risk from low dose exposures.

111 Hurricane Rita Fatalities,
90 of these were Evacuation Related

Source: NBC News; Reported by Alexander Smith, NBC news contributor, 9/10/2013

Presenter Notes
Presentation Notes
More people have now died because of the Fukushima evacuation process than were killed in the region by the 2011 Japanese earthquake and tsunami which caused the displacement, a survey said.
Some 300,000 people evacuated their homes in the prefecture after the disaster caused multiple meltdowns at the Fukushima Daiichi nuclear plant, according to Red Cross figures.
A survey by popular Japanese newspaper Mainichi Shimbun said Monday that deaths relating to this displacement – around 1,600 – have surpassed the number killed in the region in the original disaster.
Close to 16,000 people were killed across Japan as a direct result of the earthquake and tsunami in 2011. According to the Mainichi report, 1,599 of these deaths were in the Fukushima Prefecture.
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 Shelter is often preferred at low (potential) exposures because of the risks of 
evacuation.  This has led general guidelines like:

• shelter to avoid > 1 rem, &  
• evacuate to avoid > 5 rem.

 This has led to the MISTAKEN
impression that dose mandates
which action should be taken.

 Rather it is whichever action (or combination of actions) results in the lowest 
exposure for the majority of the population and considers non-radiological risks.

Both shelter and evacuation are possible public 
protective actions

Presenter Notes
Presentation Notes
Image from the 1992 PAG Manual
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Characteristics of Different Radiological / Nuclear Events

Transportation or Orphan Source
 Generally no notice or discovered after the 

exposure occurs

 Scene control (immediate area) often 
sufficient for public safety

 Generally localized, though a few cases of 
more widespread effected when source is 
breached.

Nuclear Power Plant Incident
 Often early warning of release

(like a kettle boiling)

 Release occurs over time
(like a smoke stack, often in “puffs”)

 Evacuation effective at reducing future exposures to releases, 
but must be timed to avoid “puff” release

Dirty Bomb Event
 May be No Notice

 All material released early

 10 mSv (1 rem) area might be “a few blocks”

 Hazard comes from both breathing contaminants and direct 
radiation shine

Nuclear Detonation
 May be No Notice

 All material released at once

 10 mSv (1 rem) area can be 100 miles (10kT)

 Hazard is “direct shine” from fallout

 Highest hazard early (more than half the energy released in 
the 1st hour)
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Example RDD

• Dirty Bomb Configuration
• 5,000Ci Cs-137 
• 5Lb Explosive (~ 10 sticks of 

dynamite) 
• Weather from noon on 

February 14, 2009

• DC urban area provided for 
scale

Block 5 Module 1

Presenter Notes
Presentation Notes
We will use the Capital building for scale.
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Presenter Notes
Presentation Notes
Protective Action Guide (PAG) values for taking public protective action 
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Presenter Notes
Presentation Notes
This is a notional example as there is not a nuclear powerplant at this location.
Shown is a what would happen if the Fukushima release occurred at 1600 K St.
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NPP Early 
Shelter / 
Evacuation 
Area

10 kT IND Example

Nuclear Detonation Shelter Area
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Timing 
Comparison:

10 kt Nuclear 
Detonation

NPP Release 
(Fukushima Incident 

Source Term)
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EPA 400 (1992) Early Phase Protective Action Guides for Evacuation and Sheltering of Members of the Public

Sheltering may be the preferred protective action when it will provide protection equal to or greater than 
evacuation, based on consideration of factors such as source term characteristics, and temporal or other 
site-specific conditions.

Updating the PAG Language…

Phase Protective Action Recommendation Protective Action Guide or Planning Guide

Early Sheltering-in-place or evacuation of the public (a) 1 to 5 rem (10 to 50 mSv) projected dose over four days (b)

(a) Should begin at 1 rem (10 mSv) if advantageous except when practical or safety considerations warrant using 5 rem 
(50 mSv); take whichever action (or combination of actions) that results in the lowest exposure for the majority of the 
population. Sheltering may begin at lower levels if advantageous. 

(b) Projected dose is the sum of the effective dose from external radiation exposure (e.g., groundshine and plume 
submersion) and the committed effective dose from inhaled radioactive material. 

Protective 
Action

PAG Projected 
Dose Averted Comments

Evacuation           
(or sheltering) 

1 – 5 rem
(10 to 50 mSv)

Evacuation (or, for some situations, sheltering) should 
normally be initiated at one rem. 

EPA (2017) PAG Manual: Protective Action Guides and Planning Guidance for Radiological Incidents. 
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Fallout Example (NCR)
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2008:  Lack of Scientific Consensus on Appropriate Actions

“Avoid radioactive fallout: evacuate 
the fallout zone quickly...”

~RAND2

“Take cover immediately, as far below 
ground as possible...”
~ Ready.gov (DHS)1

Presenter Notes
Presentation Notes
Lack of Scientific Consensus
It is no wonder there is confusion at the Federal, State, and Local level on appropriate response actions, two very popular response planning guide list opposite instructions for the right action to take after a nuclear detonation.  
 
Ready.gov recommends “Take cover immediately, as far below ground as possible..”  but RAND recommends “evacuate the fallout zone quickly..”
 
We cannot afford to have this kind of conflicting guidance in the critical time period right after the detonation.
.
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 State and Local Communities:
o Few communities had plans for response to a nuclear detonation,

o There was a general lack of understanding of the response needs, and

o Uncertainty of the Federal, State, and Local roles and responsibilities

 Decisions made in the first few hours:
o Have the greatest public health and medical impact and 

o Are not likely to be technically informed
(correct actions can be counter-intuitive)

Presenter Notes
Presentation Notes
Observations on Starting Conditions
Based upon workshops that were conducted in 2008 across the United States, some observations allowed researchers to see the starting conditions  of local and state communities
 
For state and local communities:
While the slide says few, the reality is that no community had a coordinated regional response plan for the aftermath of a nuclear detonation 
On top of that, there is a general lack of understanding about what the response needs were, and the roles that the Federal, State, and Local authorities would have to play. 
Often there is a misimpression that a nuclear detonation would wipe out the response force and there would be nobody left to respond.
Many response planners assumed that a nuclear detonation response would be led by the federal government.  
Unfortunately such assumptions led to apathy in planning that could get 100,000s of people killed or injured unnecessarily.  
 
Why? The critical decisions that are made in the first few minutes and hours represent the greatest opportunity for saving lives.
These decision have to be made at the local level, and
are not likely to be technically informed, and the correct actions can be counter intuitive
In addition, there was a lack of scientific consensus on what the appropriate actions to take actually were.
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10kt Ground Level Detonation Example

Blast Shockwave Damage Zone
Outer boundary may be defined by 
injuries out to ~5 kilometers (10 kt)

Blast debris 
clouds air at 
street level

Fireball rapidly draws 
material up several miles
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Radiation from Fallout 
on the Ground
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:15:30:451:001:151:301:452:002:152:302:453:003:153:303:454:004:305:005:306:0012:00
Hours :   Minutes
Day 1Day 2Day 4Day 7

~ 2  hours Cloud 
over  BWI

~ 1 hour Cloud 
Reaches Atlantic

Presenter Notes
Presentation Notes
1 hour cloud over Atlantic 
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PG Station 55
8 km from GZ

15 min

100 mGyh

(c
Gy

/h
)

Safe to leave building to 
respond after 4 hours
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15 min

High School
3 km from GZ

(c
Gy

/h
)



24LLNL-PRES-2008245-DRAFT

• Fallout Decays Rapidly (releasing more than half of its 
energy in the first hour)

• Primary hazard from fallout is exposure to penetrating 
radiation from the particles

• Fallout is not a significant inhalation hazard

• Dangerous levels of fallout is visible as it falls

• Being outside or in a car will not protect you

• The radiation penetrates through windows and
walls, but exposure decreases with distance
and intervening materials (shielding)

Key Fallout Considerations
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12 Hour Outdoor Exposure at  Cardozo HS Area: 15 GySurvival Probable   ►     Increasing Risk of Death    ►    Certain Death

Vinyl Sided
House

PF = 2 to 3

Outside
PF = 1 to 2

Brick Row
House

PF = 5 to 50

Basement
PF = 50 to 200+

Large
School

PF = 10 to 100

(Gy)  0.1    0.5      1       2       3      4     5    6    7    8   9  10  11  12  13  14  15

Presenter Notes
Presentation Notes
In this location, if you were outside for the first 12 hours, you would get 15 Gy
Now, I don’t expect everyone to know what that number means, so I’m going to color code it for you…
{click}
Survival Probable   ►     Increasing Risk of Death    ►    Certain Death

15 Gy is a very unlucky number.

But what happens if you are inside?
If, for example you were able to get into a single story wooden house..   {Click}
It would reduce your dose by a factor of 2 or 3, that would be a low enough dose that you might survive… but you would be very very sick.
{click}
But if you were able to get into a larger brick or concrete building, middle floors or basement areas, you could reduce your dose by a fact or 5 or even 50 depending on where you are.  Now your exposure is definitely survivable and you may not even get sick.
And that school we see in the background?  {click} being in the middle of that building or in the basement would reduce your dose to the point where there are no acute radiation concerns and even your long term risk of cancer would be very small
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Outdoors

150,000 people saved from
significant exposure

245,000 people saved from 
significant exposure

No significant  exposures!
280,000 saved from doses 
more than 1 Gy

24 hour exposure> 4.5 Gy 3 – 4.5 Gy 1 – 3 Gy

Presenter Notes
Presentation Notes
How Many Lives Does It Save?
 
Sandia National Laboratories conducted an analysis of the potential exposures from a variety of sheltering options for the first 24 hours after the detonation of a 10KT.  These are only fallout injuries outside of the moderate damage zone.
 
If everyone in this area just stood outside for the first 24 hours, ~280,000 people would receive enough radiation exposure to either make them sick (yellow / orange) or kill them (red). 
 
Click –PF 3 highlighted PF=3
Even if everyone went into an inadequate structure like a car or small house, 150,000 people would be saved from significant exposure levels. 
 
Click –PF 10 highlighted PF=10
If everyone goes into a “just adequate” shelter like a shallow basement, 245,000 people (out of 280,000) would be saved from significant exposure.  Also, of the 40,000 remaining exposures, they are in the “sick, but not dead” category.  This is why PF=10 is considered adequate.
 
Click –PF 50+ highlighted
Finally, if everyone could get to the core of an office or an underground basement, there would be no significant exposures to deadly radiation levels.
 
Slide Transition –Animation begins 
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Presenter Notes
Presentation Notes
Optimum Shelter/Departure Example
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Optimum Shelter Departure 
Example (Cardozo High School)

Informed Evacuation Route

Example Protection Factor 
PF= 50 (98% shielding)

0.2 Gy Inside Shelter after 2 hours

0.5 Gy Exposure during  
informed evacuation

0.7 Gy Total Exposure
(shelter+ evacuation exposure) 

(Note: Most of the shelter locations 
within school would exceed PF 50) 

(c
Gy

)

Analysis of fallout exposure for this Shelter and Evacuation Path: 

Shelter in School 25 hours followed by informed evacuation

Presenter Notes
Presentation Notes
Optimum Shelter/Departure Example
 
Click –Informed evacuation route map appears
Most people in the Dangerous Fallout zone will likely receive some exposure to fallout; this is unavoidable. However, knowing how long to shelter and the direction to evacuate can significantly lower the exposure. 
This example presumes an informed evacuation.  This example presumes an informed evacuation. In this case the best possible route out of the area is West across Rock Creek Park. Unfortunately the victims in this area would not know that without outside help as other routes (away from the blast to the North) would look just as viable, but result in much higher evacuation exposures.
 
Click –School example appears
This graph shows the total radiation dose received by someone sheltering inside a School with a protection factor of 50 (98 percent shielding). Dose rates will continue to rise depending on how long the person remains inside the School. 
 
Click –Dose rate during evacuation appears
The orange on the graph represents the additional exposure the person would receive while trying to evacuate the area at the time specified.
 
Notice how high the evacuation dose is if they where to leave in the first hour.  That is because they are trying to evacuate while the radiation levels are highest outside.
 
Click –Total dose rate appears
In this example, by waiting four hours to evacuate (the optimum departure time in this case), the person receives the lowest possible dose of radiation. 
 
Although there is an apparent minimum dose around four or five hours, the slight increase of exposure with this is minimal compared with the hazards of early evacuation.
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Poor Shelter
Small House  (PF=2-3)

Marginal Shelter
2-3 story
Stand Alone
Residential
(not incl basement)

Adequate Shelter
Adjacent Brownstones,

2-4 story office
 or apartments 
buildings

1.5 Hr
3.5 Gy

Effect of Shelter Types on 
Departure Time and Dose

4 Hr
1.7 Gy

5 Hr
1.3 Gy

PF = 5 - 50
(not incl basement)

1 R = 1 cGy

Presenter Notes
Presentation Notes
Optimum Shelter Departure Time Depends on Shelter and Evacuation Route
 
Click – PF 3 example appears
When to evacuate a shelter depends on how much protection a person is getting from the structure, and how long it will take an average person to complete the evacuation route. Knowing the answer to both of these is crucial to creating informed evacuation routes. 
 
In this example, the wood frame house offers poor protection. Although it does reduce the outside exposure by a factor of three, it is still not enough to warrant staying in the structure for very long. In fact, if the opportunity arises they should consider moving to a structure with more shielding.
Inadequate Shelter (2-3 story) Stand Alone Residential (not incl basement) might only offer a PF =7, which would have an optimized evacuation of 4 hours 
Although Brownstones offer PF greater than 10 in the middle floors or English basement,  a PF of 10 (adequate shelter) was considered for this analysis and resulted in a 5 hour departure time. 
NOTE: whether you wait for 5 hours or three days, the difference in exposure is slight compared to the dangerous evacuation doses you would receive in the first few hours.
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• Although a useful for Nuclear Power Plant accidents, evacuation is not 
an appropriate public protection measure for Nuclear Detonations.

• National protective action guidelines have been updated

• 100,000s of casualties can be significantly reduced through proper 
action (both individual action and leadership)

• The first hour most critical, a prepared local response community is 
needed (a prepared public would also be helpful)

• Public Protection Strategy: Early, adequate shelter followed by delayed, 
deliberate evacuation

Key Findings
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