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PREFACE 

This document reports work performed by the Institute for Defense Analyses for the 
United States Army Office of the Surgeon General in partial fulfillment of the task order CA-6-
2281 “Review of NATO AMedP-8 Planning Guide for the Estimation of Battle Casualties.” On 
23-25 June 2008, a meeting was held in Albuquerque, New Mexico, to reach an international 
consensus on the nuclear weapon effects human response models to be recommended for use in 
Allied Medical Publication 8, NATO Planning Guide for the Estimation of CBRN Casualties 
(AMedP-8(C)). Attached are the minutes and presentation slides from that meeting which 
constitute the record of the proceedings of that meeting. 

The authors wish to thank the reviewer, Dr. Jeff Grotte for his careful review of this 
document, and Mr. Lucas LaViolet who edited this document.    
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EXECUTIVE SUMMARY 

This paper provides a summary of and briefings from the NATO Nuclear Human 
Response Subject Matter Expert Review Conference, held at the Defense Nuclear Weapons 
School, Albuquerque, New Mexico, in June 2008. The purpose of this three-day conference was 
to review and amend a casualty estimation methodology for exposure to nuclear weapon effects 
proposed by the Institute for Defense Analyses (IDA) for implementation in a revised version of 
NATO Allied Medical Publication 8 (AMedP-8(C)). The focus of the conference was on the 
human response component of the methodology, including severity definitions, appropriate 
dose/insult ranges, and dose/insult-based physiological system symptom progressions and injury 
profiles for these effects. During the conference, these elements were discussed and amended to 
reflect the results of current scientific research and professional opinion expressed by the 
participants. 

This paper begins with a summary of the conference proceedings, followed by the eleven 
briefings presented at the conference. The first five presentations were designed to familiarize 
the conference attendees with the purpose of AMedP-8(C) and with the proposed general 
casualty estimation process. The next four briefings described the technical details of the 
development and content of the methodology’s proposed human response component for nuclear 
effects, individually and in combination. After these effect-specific briefings, the general 
casualty estimation and reporting component of the methodology was presented. The final 
briefing reviewed the consensus points developed by participants during the conference.  

This conference was sponsored by the US Army Office of the Surgeon General (OTSG) 
in its role as the Custodian of AMedP-8. 

  



 

ES-2 

 

 

 

THIS PAGE INTENTIONALLY LEFT BLANK 

 



1 

I. NATO NUCLEAR WEAPONS SUBJECT MATTER EXPERT 
HUMAN RESPONSE REVIEW MEETING PROCEEDINGS  

A. Purpose: 

The purpose of this meeting was to review the proposed human response model for 
estimating casualty effects resulting from exposure to nuclear insults – irradiation, thermal 
fluence, and static blast overpressure, focusing in particular on severity definitions and the 
dose/insult-based injury profiles for the three effects. The model is proposed for potential 
implementation in NATO Allied Medical Publication 8 (AMedP-8). 

B. Attendees: 

Canada 
CDR Ian Torrie, Health Services Operations 
Dr. Diana Wilkinson, Defense Research and Development Canada 

France 
GEN Yves Chantrelle, French Army Medical Research Center 

Germany 
COL Dirk Densow, Bundeswehr Medical Office 
Mr. Steven Hotop, ESG Company Munich 
Mr. Jakob Rieck, ESG Company Munich 

Great Britain 
LtCol David Bates, UK Surgeon General 
Dr. David Holt, Consultant to Institute of Naval Medicine 
Dr. Robert Jefferson, Medical Toxicology Center, advisor to Ministry of Defense 

(MOD) 
Netherlands 

Mr. Maarten Huikeshoven, Dutch MOD 
United States of America 

COL Craig Adams, Office of the Air Force Surgeon General 
Dr. Carl Curling, Institute for Defense Analyses (IDA)  
Ms. Misouk Choun, US Army Office of the Surgeon General (OTSG)  
Ms. Deena Disraelly, IDA 
SSgt Dixon, Defense Nuclear Weapons School (DNWS) 
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MAJ Kevin Hart, OTSG 
COL Lester Andy Huff, Armed Forces Radiobiological Research Institute 

(AFRRI) 
Mr. Michael Leggeiri, Jr, US Army Medical Research and Material Command 
Dr. Gene McClellan, Applied Research Associates (ARA) 
COL John Mercier, AFRRI 
Dr. Kyle Millage, ARA 
Dr. Eric Nelson, Defense Threat Reduction Agency (DTRA) 
Mr. Fred Scudiery, DNWS 
Mr. James Smith, OTSG  
COL Clark Weaver, J-8, Joint Chiefs of Staff, Medical Defense 
CAPT Andy Woods, US Navy Bureau of Medicine (BUMED) 
TSgt Wright, DNWS 
Dr. Robert Zirkle, IDA 

C. Meeting Summary: 

The following presentations were given:  
MAJ Kevin Hart, US Army – Nuclear Objective & Meeting Overview  
COL John Mercier, US Army – Invited Presentation  
Dr. Carl Curling – General Nuclear Human Response Modeling Concepts 
Ms. Deena Disraelly – Nuclear Insult Ranges  
Dr. Robert Zirkle – Illustrative Example – Nuclear  
Ms. Deena Disraelly – Nuclear Human Response – Irradiation  
Dr. Robert Zirkle – Nuclear Human Response – Blast  
Dr. Carl Curling – Nuclear Human Response – Thermal 
Ms. Deena Disraelly – Nuclear Human Response – Combined  
Dr. Carl Curling – Nuclear Casualty Criteria  
MAJ Kevin Hart, US Army – Nuclear Review, Conclusions & Way Ahead 

D. Areas of Concurrence: 
 The following areas and topics were concurred on by the Nations during the meeting: 
 General points – maintain consistency with chemical and biological models as feasible 

 No modeling of medical intervention 
 No inclusion of battle stress cases 

 General modeling concept – human response can be estimated using specified severity 
levels as represented on injury profiles 
 Nuclear irradiation progressions concurred to with changes 

 US will review additional data, specifically as it applies to Lower GI 
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 Blast progressions (Respiratory is dominant system) concurred to with changes  
 Thermal progressions concurred to with changes 

 Dose/insult ranges are accepted as presented with the following corrections (updated 
ranges are presented below in Tables 1 through 3) 
 Radiation: updated ranges: no observable effect (NOE) range upper bound raised 

from < 0.75 Gy to < 1.25 Gy, first observable effects range now 1.25–3.0 Gy 
 Blast: no corrections 
 Thermal (Thermal Flash Burn Ranges): updated ranges: upper injury severity 

range lower bound dropped from 40 %BSA to ≥ 30 %BSA; 20–30 %BSA range 
should include 10% fatalities 

 Symptoms systems 
 Blast: Respiratory is the dominant physiological system (neglect other systems) 
 Thermal:  

 Neglect Upper GI system for all ranges 
 Neglect Immune system for ≥ 30 %BSA range 

 Symptoms descriptions 
 Remove “signs” from descriptors 
 Modify Immune system symptoms as described 
 Modify Skin (Thermal) system symptoms as described 
 Add “possible micro-hemorrhaging” to Cardiovascular system level 2 

 Human response: radiation 
 Calculate time-to-death as a function of dose 

 Utilize Intermediate Dose Program (IDP) methodology (green line) 
 Human response: blast 

 Consider dynamic effects (prone-tumbling) in addition to static overpressure 
effects for estimation of KIA 
 Utilize Drake methodology (as proposed) 

 Human response: thermal 
 No additional areas 

 Human response: combined 
 Agreement on proposed methodology for combining radiation, blast, and thermal 

(R-B-T) injury profiles 
 Casualty criteria 

 Recommended proposed casualty definitions 
 Recommendations for WIA with R-B-T severity 
 R-B-T injury profiles to be described/graphed in annex to AMedP-8(C) 
 R-B-T system injury progressions to be described/graphed in technical reference 

manual (TRM) 
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Dose Range 
(Gy) Description 

< 1.25 No observable effect in the majority of the population 

1.25 – < 3 
A slight decrease in white blood cell and platelet count with 
possible beginning symptoms of bone marrow damage; survival 
is > 90% unless there are other injuries 

3 – < 5.3 

Moderate to severe bone marrow damage occurs; lethality ranges 
from LD5/60 to LD10/60 to LD50/60; these patients require greater 
than 30 days recovery, but other injuries would increase the 
injury severity and possible death 

5.3 – < 8.3 

Severe bone marrow damage occurs; lethality ranges from 
LD50/60 to LD99/60; death occurs within 3.5 to 6 weeks with the 
radiation injury alone but is accelerated with other injuries; with 
other injuries death may occur within 2 weeks 

≥ 8.3 

Bone marrow pancytopenia and moderate intestinal damage 
occur including diarrhea; death is expected within 2 to 3 weeks; 
with other injuries death may occur within 2 weeks; at higher 
doses, combined gastrointestinal and bone marrow damage occur 
with hypotension and death is expected within 1 to 2.5 weeks or 
if other injuries are also present, patients may die within 6 days 

Table 1. Radiation Dose Ranges 
 
 
 

Insult Range 
(kPa) Description 

< 50 No observable effect in the majority of the population 

50 – < 140 Eardrum rupture in 50%; threshold lung damage; threshold 
gastrointestinal damage 

140 – < 240 Burdening level lung damage in 50%; burdening level 
tympanic membrane rupture in 90% 

240 – < 290 Burdening level lung damage in 90%; lethality in 10% 
≥ 290 Lethality in ≥ 50% 

Table 2. Static Overpressure Blast Insult Ranges 
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Insult 
 Range 

(%BSA) 
Description* 

< 1 No observable effect in the majority of the population** 

1 – < 10 1st, 2nd and possible 3rd degree burns; electrolyte imbalance; 
pain 

10 – < 20 Upper GI discomfort; 1st, 2nd and possible 3rd degree burns; 
electrolyte imbalance; increased pain 

20 – < 30 
Upper GI discomfort; 1st, 2nd and possible 3rd degree burns; 
fluid loss; decreased renal blood flow; compromise of the 
immune system; pain; lethality in 10% 

≥ 30 

Upper GI discomfort; 2nd and 3rd degree burns; hypovolemia; 
decreased renal blood flow; shock resulting from blood 
pressure decrease; cardiac distress; toxemia; multiple organ 
failure; lethality in ≥ 50% 

* Estimation of burn lethality is approximate 
** <1%BSA may include a larger area of 1st degree burns 

Table 3. Thermal Fluence Burn Surface Area Insult Ranges 

E. Recommendations/Next Actions: 
 Based on this meeting, the following additional tasks were recommended: 

1. Participants –  
 Provide supporting documentation, studies, & references as available 
 Review Irradiation (Lower GI and Immune particularly), Blast, and Thermal 

injury progressions with National subject matter experts (SMEs) (responses 
requested by 22 July 2008) 

 
2. OTSG/IDA – 

 Incorporate comments as provided for revised versions of read-aheads 
 Prepare updated injury progressions and profiles for National reviews 

 Send updated profiles out for review (responses requested by 8 July 2008) 
 Take Thermal (Flash Burn) injury progressions to ISR/USRAIR for review 
 Incorporate National comments as provided for updated profiles 
 Update the dose/insult ranges as discussed 
 Update the system symptom severity descriptions as discussed 
 Update the injury progressions and profiles as noted 
 Notations to be added to document: 

 This document is for use for human response modeling and casualty 
estimation purposes only; it is not to be used for operational, logistical, or 
diagnostic purposes. 

 Purpose: Revise the purpose statement to include “casualties uniquely 
occurring” 

 Severity definitions:  
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 These severity definitions are to be used for modeling purposes 
only; they are not to be used for operational classification of 
personnel in real-world situations 

 Symptoms descriptions proposed for use in AMedP-8(C) are not 
the same as those used in AMedP-8(A) 

 Insult description: Describe thermal fluence as “flash burn” for clarity of 
cause and effect 

 Correct skin thickness (from nm to µm) 
 Limitations (Limitations section must be included up front) 

 The physiological systems considered in the modeling of injury 
progression are not all inclusive and not the sole potential 
mechanisms for injury; certain additional casualties may occur due 
to other injuries or injuries to other physiological systems 

 Eye injuries are not included in the physiological systems modeled 

F. Meeting Notes: Presentations were given by MAJ Hart, COL Mercier, Dr. Curling, Ms. 
Disraelly, and Dr. Zirkle. 

 
1. COL Mattox, Commandant of DTRU – Welcome 

 
COL Mattox welcomed participants, noting that he was honored to be in attendance 

especially because he had served three years on the staff of the Supreme Command, Allied 
Powers Europe. He discussed the importance of STANAG 2553 and outlined the challenges 
faced by the participants in helping address the issues raised by nuclear incidents. He closed by 
thanking participants and wishing them luck with the meeting.  
 

2. MAJ Kevin Hart – Meeting Overview and Objectives, Introduction 
 

MAJ Hart began by outlining the meeting objectives, then briefly outlined the casualty 
estimation concept and discussed the foundations of NATO’s casualty estimation methodologies. 
The starting point of the human response model follows the outputs described in SD.2 – i.e., the 
required outputs of a dispersion model, specifically the numbers and location of people, their 
disposition, the doses and insults they are exposed to. He pointed out that there are several 
assumptions and constraints associated with the models and that keeping these in mind over the 
coming days would be important. 
 
 He discussed the development process and the potential process for implementation. He 
anticipated that for NATO planning purposes, there would be a requirement to work with the 
people currently working on SABERS or MEDIC to build an implementation capability.  
 

The stated purpose of the document is for medical planners to get what information they 
need: medical casualties and battlefield effects, resources, etc. If the document can be used for 
other purposes as well, all the better, but really the end-state customer is the medical planner. 
 
 He closed by reviewing the meeting agenda. 
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3. COL John Mercier, US Army – Invited Presentation – Human Response to Nuclear 
Weapons: Hiroshima as a Case Study 

 
 COL Mercier was invited to present his work studying human response to the nuclear events 
in Hiroshima. He began by describing the scenario – 16 KT air burst with essentially no fallout 
and 255,000 people. Although he pointed out that the casualty estimates are largely dependent on 
which report is being read, approximately half of the population became casualties and 
approximately half of the casualties were fatalities, a large fraction of whom died within the first 
few days. A large fraction of hospitals was destroyed, and doctors and nurses became casualties 
themselves. 
 
 He showed pictures of the affected regions both before and after detonation, and 
described the devastation. He also examined regions where people were saved by shadowing or 
other protective effects. 
 

He then described the quantitative definitions and methods of injury resulting from each 
of the primary insults.  He further suggested that translational effects could potentially be 
estimated using modern-day data (i.e., motorcycle accidents, etc). He then detailed the 
methodology for estimating casualties currently used in the combined injury program (i.e., 
performance-based estimations). 
 
Questions by participants included: 

- Had any of the people in Hiroshima been bombed before? 
o No. That was one of the strategies, to leave a couple cities untouched to prove 

the bomb. Tokyo was fair game – there were more deaths from incendiary 
bombings than in Hiroshima. 

- Do you know what fraction died of secondary infection? 
o Malnutrition was an issue even before the bombing. Following infections, 

almost all of the 2nd and 3rd degree burns became infected, but most of those 
survived. 

 
 Participants suggested that policy consideration and other factors—including lack of 
food, water, and shelter—determined the final fatality values and may have resulted in 
overestimations of the direct-effect nuclear fatalities. 
 

4. Dr. Carl Curling – General Nuclear Human Response Modeling Concept 
 

Dr. Curling laid the foundation for the remainder of the meeting, describing the 
development of the AMedP-8 SD.3 document, the general human response modeling concept 
proposed for use in the document, associated definitions, model assumptions, and model 
limitations. The proposed human response models are described by injury profile maps – based 
on an explanation of symptoms severities over time, which are combined to build injury 
progression maps. The objective of the document is to estimate the status over time of some 
personnel exposed to some CBRN agent. To focus on nuclear, it is the number of people who are 
expected to be wounded or killed as a result of radiation dose and/or blast or thermal insult. 
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The model does not look at certain medical casualties – those who are psychological 
casualties although they may be expected to seek medical assistance or those who died or are 
injured as a result of secondary effects.  
 
Questions by participants included: 

- Why are we concerned with people who are being killed? As a doctor, I lose interest 
in my patients once they die unless they’ll result in a lot of paperwork. Who will use 
this? 

o It’s a requirement per AJP 4-10. AJP 4-10 says you will report out killed in 
action (KIA), wounded in action (WIA), and died of wounds (DOW). Where 
it comes in for the medical planner, it’s part of the risk assessment/decision-
making process. 

- Is the assumption of no medical treatment consistent with the chemical and biological 
models? 

o Yes. 
- What’s the conversion from psi to kPa? 

o 6.89 kPa to 1 psi. 
- With mild severity, could you have a degradation of your ability to perform your 

tasks? 
o Certainly. Severity definitions are ambiguous, but it’s unclear how severe the 

injury is or how long the personnel are lost for. 
- Are you using these numbers purely for the modeling purposes? 

o Yes. They are only intended for modeling purpose. 
- Are we counting injuries from collapsed buildings? 

o That falls into the category of higher-order effects. While some of these 
higher-order effects might be examined, building collapse is not one of them. 

- What are higher-order effects? 
o Secondary (missiling), tertiary (whole-body translation), quaternary (building 

collapse, etc.)… 
- What is thermal fluence? 

o Radiant energy in cal/cm2 or J/cm2. 
- Can we be assured that the planners will be told to look elsewhere for guidance on 

battle stress cases (BSCs), and others? 
o We can certainly put that in the document. 

- Would it be prudent to put something in to say that planners should account for some 
additional percentage of casualties due to effects not modeled? 

o MAJ Hart suggest that it should go into AMedP-7 as the capstone document; 
we can put it in here as well. 

 
Participants indicated that it may be possible to standardize medical care for 

incorporation at a later time based on the forthcoming revision of AMedP-6.  
 
 Participants discussed the importance of battle stress cases and the possible problems 
posed by neglecting these. These have been excluded for bio and chemical agents; in order to be 
consistent, they will not be modeled for nuclear or radiological events. 
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 Participants discussed additional symptoms that might need to be included, and suggested 
erythemic and neurological effects following irradiation exposure as examples. Dr. Curling 
pointed out that the model does consider cerebrovascular symptoms and that by the time 
neurovascular symptoms manifest themselves, other physiological effects have caused the 
individual to seek medical attention. 
 
 Participants suggested that they would anticipate respiratory symptoms following thermal 
exposure. The researchers indicated that data do not exist to support the inclusion of respiratory 
effects from burns except in the case of flame burns which are not considered as prompt nuclear 
effects but rather as secondary effects. 
 
 Participants expressed concerns that modeling definitions could be confused with triage 
categories. MAJ Hart indicated that the only way such confusion could arise would be if the 
NATO tool requires output in triage categories. Participants requested that a note be included 
that the profiles and definitions are only to be used for presumptive modeling purposes. 
 
 Participants then continued discussing the definitions, asking whether legal definitions 
should be included. There was disagreement regarding whether tumbling, missiling, and other 
effects are direct or indirect effects. 
 
 Participants raised concerns about the utility of a document that had significant 
limitations, particularly as battle stress cases may be a significant fraction of the total casualties. 
The concern is that there may not be a good way to implement many of these issues. Participants 
suggested that the impact may be scenario dependent; cohesiveness of the unit has a huge impact 
on the psychological effects. 
 

5. Ms. Deena Disraelly – Nuclear Insult Ranges  
 

Ms. Disraelly discussed the nuclear insult ranges for irradiation, static blast overpressure, 
and thermal fluence, as well as the derivation of the ranges and the burn surface area calculation.  

 
Questions by participants included: 

- How do we get to 12% bare skin from hands and face? 
o It’s not clear how this number was determined, but possibly derived assuming 

that shirt sleeves were rolled up. 
 
 Participants suggested that at less than 2 Gy, individuals are not expected to need medical 
care. 
 
 Participants requested to revisit the irradiation ranges during the human response brief. 
Participants additionally requested to change the thermal fluence ranges; they suggested 
collapsing the 30–40% burn surface area and >40% burn surface area bands; move 10% fatality 
to 20–30% band.  
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Participants also discussed uniform type and whether it was necessary to include that 
factor. Ms. Disraelly explained that a new threshold value could be entered into the calculation to 
account for different uniforms. 
 

6. Dr. Robert Zirkle – Illustrative Example – Nuclear  
 

Dr. Zirkle walked through an illustrative example, describing the series of clinically 
differentiable dosage bands, each of which has signs/symptoms dosage maps associated with it, 
as well as the injury profile map which gives an overall example of how disease severity changes 
over time. Further, there are criteria set by the user which describe the personnel status and the 
times under consideration – i.e., time to reach a medical treatment facility, evaluative time 
period, reporting time, total time, etc. The inputs are exposures, and the estimation of casualties 
follows a process to determine KIA, WIA, and DOW as applicable. Additionally, he walked 
through a number of specific examples to demonstrate how the model works. 
 

7. Ms. Deena Disraelly – Nuclear Human Response – Irradiation 
 

Ms. Disraelly reviewed the nuclear irradiation model assumptions and then presented the 
symptoms, as well as the symptoms progressions and overall injury profiles over time for the 
irradiation human response model. Additionally she discussed methods for incorporating time-
to-death as a function of radiation dose. 

 
Questions by participants included: 

- At some point, are we going to capture all the gaps or model limitations in one place? 
o In the document, we would note all the limitations.  

- Are we complicating things by having Upper GI and Lower GI – why both? 
o Combined methodology broke them out this way (Upper GI and Lower GI); 

symptoms manifested in these two systems – don’t track at same time or 
achieve same level of severity.  Separating allows us to map symptoms 
(nausea/vomiting and diarrhea) separately.  

- Don’t all the data include persons who have been treated? 
o No, not all cases; some are and some are not.  In Hiroshima and Nagasaki, for 

example, radiation injuries simply received primitive care.  
o Additionally, the IDP data did not include the “School” data from Hiroshima. 

The widespread applicability of the school data, however, has been questioned 
because of its specific concentration of young females. 

- Is there any reason to go over 100 Gy? 
o No reason, as the individual has already been turned to ashes by that point.  

This value was included in the graphs simply to compare with the tail of the 
Upton Curve; no reason to represent it in the document. 

 
Participants discussed time-to-death methodologies. One participant indicated that 

Radiation-Induced Performance Decrement (RIPD) was used to determine, if a person is going to 
die, the time at which they die; it had not been used to predict whether a person dies. Participants 
suggested that the IDP equation was simpler and seemed to be correct. 
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 Participants expressed concern that the time-to-death equation might eventually be 
incorporated into AMedP-6; researchers assured that this was not the intent. 
 
 Participants concurred that the IDP method of calculating time-to-death was a reasonable 
approximation for incorporation into the proposed methodology. 
 

8. Dr. Robert Zirkle – Nuclear Human Response – Blast  
 

Dr. Zirkle reviewed the nuclear blast model assumptions and then presented the 
symptoms, as well as the symptoms progressions and overall injury profiles over time for the 
blast human response model. The proposed model currently focuses on static overpressure 
effects. Additionally, however, he discussed methods for potentially incorporating higher order 
effects (i.e., whole body translation) and the resulting injury and lethality curves. He discussed 
the issues associated with incorporating this method of injury – orientation, yield dependence, 
environment, angle of impact, etc, then proposed a methodology for incorporating a prompt 
lethality curve. 
 
Questions by participants included: 

- What’s the conversion factor from psi to kPa? 
o 6.89 kPa to 1 psi. 

- How would this fit into the concept that we’ve been discussing? 
o It fits with respect to how time-to-death is calculated for radiation and may 

change the estimate of KIA. 
- What this is saying is at a low yield, you need a high blast overpressure to get a 

sufficient dynamic pressure? What’s happening with radiation and thermal? 
o Below 3KT, radiation is dominant; above 3KT, radiation drops off quickly. 

KIA alone would underestimate casualties. 
 

Participants discussed the utility of incorporating translational effects and how they 
should be incorporated if the group determined that the proposed methodology for doing so was 
the correct approach. Many participants recommended leaving it out. The final consensus of the 
group, however, was to include only the lethalities as a function of an initially prone posture and 
decelerative tumbling so as not to underestimate KIAs. 
 
 Participants also agreed that lung injury was the primary physiological mechanism for 
blast injury. 
 

9. Dr. Carl Curling – Nuclear Human Response – Thermal 
 
 Dr. Curling reviewed the nuclear thermal fluence model assumptions and then presented 
the symptoms, as well as the symptoms progressions and overall injury profiles over time for the 
thermal fluence human response model. 
  
Questions by participants included: 

- If you introduce electrolyte imbalance – this is definitely a sign; so why not include 
granulocytosis and lymphopenia into radiation? 
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o This is just a descriptor of the injury, not injury profile representations. 
 

Participants indicated that there are eye, face and hand concerns. The only thing to do in 
those cases is to intubate to protect the airway from obstruction. This table is for whole body; if 
you have >20% burns, some of this will concern the face.  
 
 Participants recommended using flash burn vice thermal insult range; removing thermal 
insult mitigates confusion about the combination of flash and flame burns. Later in the 
discussion, participants concurred with using the phrase “thermal fluence.” 
 
 Participants discussed the impact of burns on hands and eyes as observed in Hiroshima 
victims; others indicated that some effects were due to pre-existing conditions of starvation and 
malnutrition which impacted the injury manifestations. 
 
 Participants discussed burn progression; there was some disagreement among participants 
about whether second degree burns could progress to third degree burns if left untreated. The US 
delegation suggested that burn injury profiles be reviewed and modified by burn experts and then 
resubmitted to the Nations for comment. 
 
 Participants recommended removing “partial thickness” from the description of “mild” 
skin burns. They suggested that a second degree burn is not going to be self-care; rather, the 
patient will go into the medical system and stay until the burn is healed.  
 
 Participants recommended the removal of the Upper GI physiological system from the 
thermal “flash burn” model.  
 
 Participants discussed the symptom progressions and injury profile maps in detail and 
made recommendations for changes. 
 

10. Ms. Deena Disraelly – Nuclear Human Response – Combined 
 

Ms. Disraelly reviewed the nuclear combined model assumptions and then presented the 
symptoms, as well as the methodologies for combining irradiation, blast, and thermal fluence 
injury profile maps to estimate the human response. She reviewed the updated dose and insult 
ranges, incorporating the recommended changes. 
 
 Participants concurred on the presented dose and insult ranges and descriptions. 
 
 Participants again discussed that they would like the opportunity to have National burn 
experts review the thermal fluence symptom progressions and injury profiles and would provide 
comments. 
 

11. Dr. Carl Curling – Nuclear Casualty Criteria 
 
  Dr. Curling presented the methodology for using injury profile maps to estimate 
casualties and other personnel status and discussed multiple levels of detail that could be 
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considered. He recommended the specification of casualties by insult and severity level (i.e., 
mild radiation injury with moderate blast injury) at time of casualty presentation. 
 
Questions by participants included: 

- How does the planner calculate the number of casualties? 
o Casualties are summed. 

- You’re assuming that for each icon, each person in that icon gets the same exposures, 
at least for planning purposes? 

o That’s true, although the calculation of shielding can alter that. 
- It’s unclear why you feel the necessity to reduce the output at this point in time when 

we haven’t described the user interface. Why are we making this decision now rather 
than at time of implementation? 

o We could write the document to the minimum standard and that is certainly a 
reasonable suggestion. We were trying to come up with the most reasonable 
suggestion – the base rate and the types of injuries. We want to include the 
information the planners need to make their estimate without information they 
don’t.  

- How will the symptom progressions be provided in the technical reference manual? 
o We will provide the minimum amount needed to draw the curves (reference 

points), but tables will be available to MAJ Hart. 
- I assume the TRM will be available to those who participate in the process. 

o Of course. MAJ Hart intends to make it available but does not want to run it 
through a standardization process. 

 
  Participants requested that underlying symptom progressions be available even if not 
directly in the document. Progressions will be made available in the annex of the document or in 
the technical reference manual. 
 
 Participants concurred with inclusion of RBT injury profiles in annex and recommended 
including WIA with RBT severity. They also requested symptom progressions be included in the 
technical reference manual. 
 

12. MAJ Kevin Hart – Nuclear Review, Conclusions and Way Ahead 
 
MAJ Hart concluded the meeting by thanking participants and reviewing the areas of 
concurrence and taskings. (The areas of concurrence and the taskings are listed earlier in this 
memo.)  
 
The updated injury profiles and their underlying symptom progressions, with recommended 
changes incorporated, which were concurred to by the meeting participants, are shown in Figures 
1 through 40 below. After approximately 100 hours, the time-component portion of the profiles 
should be neglected for doses in excess of 5 Gy as indicated by the “SS” marks on the injury 
profiles. Profiles should be followed up to the calculated time-to-death. KIA or DOW due to 
whole-body radiation dose should be determined by time-to-death calculations only. 
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Figure 1. Upper GI Symptom Progression for  

Whole-Body Radiation Dose Range 1.25 – < 3 Gy 
 

 
Figure 2. Lower GI Symptom Progression for  

Whole-Body Radiation Dose Range 1.25 – < 3 Gy 
 

 
Figure 3. Cardiovascular Symptom Progression for  
Whole-Body Radiation Dose Range 1.25 – < 3 Gy 
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Figure 4. Immune Symptom Progression for  

Whole-Body Radiation Dose Range 1.25 – < 3 Gy 
 

 
Figure 5. Injury Profile for  

Whole-Body Radiation Dose Range 1.25 – < 3 Gy 
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Figure 6. Upper GI Symptom Progression for  

Whole-Body Radiation Dose Range 3 – < 5.3 Gy 
 

 
Figure 7. Lower GI Symptom Progression for  

Whole-Body Radiation Dose Range 3 – < 5.3 Gy 
 

 
Figure 8. Cardiovascular Symptom Progression for  

Whole-Body Radiation Dose Range 3 – < 5.3 Gy 
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Figure 9. Immune Symptom Progression for  

Whole-Body Radiation Dose Range 3 – < 5.3 Gy 
 

  
Figure 10. Injury Profile for  

Whole-Body Radiation Dose Range 3 – < 5.3 Gy 
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Figure 11. Upper GI Symptom Progression for  

Whole-Body Radiation Dose Range 5.3 – < 8.3 Gy 
 

 
Figure 12. Lower GI Symptom Progression for  

Whole-Body Radiation Dose Range 5.3 – < 8.3 Gy 
 

  
Figure 13. Cardiovascular Symptom Progression for  

Whole-Body Radiation Dose Range 5.3 – < 8.3 Gy 
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Figure 14. Immune Symptom Progression for  

Whole-Body Radiation Dose Range 5.3 – < 8.3 Gy 
 

  
Figure 15. Injury Profile for  

Whole-Body Radiation Dose Range 5.3 – < 8.3 Gy 
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Figure 16. Upper GI Symptom Progression for  
Whole-Body Radiation Dose Range > 8.3 Gy 

 

  
Figure 17. Lower GI Symptom Progression for  

Whole-Body Radiation Dose Range > 8.3 Gy 
 

  
Figure 18. Cardiovascular Symptom Progression for  

Whole-Body Radiation Dose Range > 8.3 Gy 
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Figure 19. Immune Symptom Progression for  
Whole-Body Radiation Dose Range > 8.3 Gy 

 

  
Figure 20. Injury Profile for  

Whole-Body Radiation Dose Range > 8.3 Gy 
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Figure 21. Injury Profile for Blast Insult Range 50 - < 140 kPa* 

*Blast injury profile follows the Respiratory symptom progression. 

  
Figure 22. Injury Profile for Blast Insult Range 140 - < 240 kPa* 

*Blast injury profile follows the Respiratory symptom progression. 

  
Figure 23. Injury Profile for Blast Insult Range 240 - < 290 kPa* 

*Blast injury profile follows the Respiratory symptom progression. 
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Figure 24. Injury Profile for Blast Insult Range > 290 kPa* 

*Blast injury profile follows the Respiratory symptom progression. 
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Figure 25. Cardiovascular Symptom Progression for  

Thermal Insult Range 1 - < 10 %BSA 
 

  
Figure 26. Immune Symptom Progression for  

Thermal Insult Range 1 - < 10 %BSA 
 

  
Figure 27. Skin Symptom Progression for  

Thermal Insult Range 1 - < 10 %BSA 
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Figure 28. Injury Profile for  

Thermal Insult Range 1 - < 10 %BSA 
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Figure 29. Cardiovascular Symptom Progression for  

Thermal Insult Range 10 - < 20 %BSA 
 

  
Figure 30. Immune Symptom Progression for  

Thermal Insult Range 10 - < 20 %BSA 
 

  
Figure 31. Skin Symptom Progression for  

Thermal Insult Range 10 - < 20 %BSA 
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Figure 32. Injury Profile for  

Thermal Insult Range 10 - < 20 %BSA 
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Figure 33. Cardiovascular Symptom Progression for  

Thermal Insult Range 20 - < 30 %BSA 
 

  
Figure 34. Immune Symptom Progression for  

Thermal Insult Range 20 - < 30 %BSA 
 

  
Figure 35. Skin Symptom Progression for  

Thermal Insult Range 20 - < 30 %BSA 
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Figure 36. Injury Profile for  

Thermal Insult Range 20 - < 30 %BSA 
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Figure 37. Cardiovascular Symptom Progression for  

Thermal Insult Range > 30 %BSA 
 

   
Figure 38. Immune Symptom Progression for  

Thermal Insult Range > 30 %BSA* 

*Immune symptoms are neglected in the ≥ 30 %BSA Thermal Insult Range. 

 

  
Figure 39. Skin Symptom Progression for  

Thermal Insult Range > 30 %BSA 

0

1

2

3

4

0.1 1 10 100 1000
Time Post-Exposure (Hours)

Se
ve

rit
y

0

1

2

3

4

0.1 1 10 100 1000
Time Post-Exposure (Hours)

Se
ve

rit
y

0

1

2

3

4

0.1 1 10 100 1000
Time Post-Exposure (Hours)

Se
ve

rit
y



 

31 

  
Figure 40. Injury Profile for  

Thermal Insult Range > 30 %BSA 
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A. Nuclear Human Response Review Overview and Objectives – Briefing 
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B. Human Response to Nuclear Weapons: Hiroshima as a Case Study – Briefing 
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E. Illustrative Example: Nuclear – Briefing 

 



 

88 



 

89 



 

90 



 

91 



 

92 



 

93 



 

94 



 

95 



 

96 



 

97 



 

98 



 

99 

 

 



 

100 

 

 

 

THIS PAGE INTENTIONALLY LEFT BLANK 

  



 

101 

F. Proposed Nuclear Human Response Model – Irradiation – Briefing 
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G. Proposed Nuclear Human Response Model – Blast – Briefing 
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