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Executive Summary

This analysis seeks to “identify and illustrate the applicability of using current
casualty estimation methodologies to develop planning parameters for tactical and
terroristic threats of the use of radiation exposure devices (RED), radiation dispersal
devices (RDD), and improvised nuclear devices (IND), as well as conventional nuclear
weapons.”?

This analysis describes exemplar nuclear and radiological weapon threats; the
application of the North Atlantic Treaty Organization (NATO) chemical, biological,
radiological, and nuclear (CBRN) casualty estimation methodology for specific nuclear
and radiological scenarios; and the calculational models necessary for the estimation of the
dose, dose rates, or insult levels from these weapons. In the planning process, casualty
estimates may influence the course of action selected, the flow of personnel into the theater,
or the amount and timing of the medical assets moved into the theater. Thus, this estimate
will be of interest to the operational, personnel, and medical planners, and possibly others.

For illustrative purposes, the situation presented in this study is that a (notional)
commander has asked his staff to plan an operation by a light infantry battalion task force
(LIBN) against an enemy, or in an area, that poses a radiological or nuclear threat. The
Intelligence Staff Officer has validated this threat, without providing specifics on the type,
size, or means of delivery of the weapon. The medical planning staff refers to the NATO
CBRN casualty estimation methodology in Study Draft 3 of Allied Medical Publication
7.5, NATO Planning Guide for the Estimation of CBRN Casualties (AMedP-7.5 SD.3)? on
how to do this.

In this study, a yield of 10 kilotons (10KT) is used as the nuclear challenge. This is
reasonably within the “tactical nuclear weapon” range, is in the range that might be
developed for an IND, and corresponds to the yield of interest for national emergency
response planning. The basic nuclear challenge is a 10KT ground burst (which can be
regarded as an IND), with alternative analyses that include a 10KT low air burst.

The basic radiological challenge is an attack from an improvised radiological device
comprised of a truck-borne high explosive intermingled with 1.11x10° terabecquerels
(TBq) of the radioisotope Cesium-137 (**’Cs) which is equivalent to the radioactivity

L Institute for Defense Analyses Project Order CA-6-3079 Amendment 5, “CBRN Casualty Estimation and
Support to the Medical CBRN Defense Planning & Response Project,” signed 14 November 2013,
Subproject 3, p. 4.

2 North Atlantic Treaty Organization (NATO), AMedP-7.5(A): NATO Planning Guide for the Estimation of
Chemical, Biological, Radiological, and Nuclear (CBRN) Casualties, (Brussels: NATO, in
development).



present in a large food irradiator facility, and constitutes about 34.5 kg of *’Cs. To illustrate
alternative casualty estimates, the analysis includes a 740 TBq (147 g) Strontium-90 (*°Sr)
source; a 0.37 TBq (3 g) Americium-241 (>*1Am) source; a 10 TBq (16 g) Plutonium-238
(>*Pu) source (all of these are typical of large commercial sources); and the fallout
(residual radiation) resulting from the 10KT ground burst nuclear weapon.

A supplemental scenario is of a popular and highly visible public event that might be
considered at risk of a terrorist attack with nuclear or radiological weapons. This scenario
was used to estimate the impact of the radiological or nuclear events on civilian
populations. The selected location was Washington, DC, with an added tourist population
of 300,000 persons evenly distributed on the National Mall between the Lincoln Memorial
and 3" St., NW. The casualties for the civilian scenario were estimated without regard to
the shielding factors that might have been afforded by buildings or structures.

Ultimately, all that is required by the NATO CBRN casualty estimation methodology
for radiological or nuclear incidents is an estimate of how much radiation (whole body or
cutaneous), static overpressure, and burn is experienced by each populated icon in the
scenario. AMedP-7.5 allows the estimation of casualties without consideration of
protection, with consideration of protection, and/or with consideration of medical
treatment.

For the nuclear weapon threat against the LIBN, six different combinations of threat
and courses of action were considered. The result, in every case, is that the LIBN is
incapacitated. In the case with the least number of casualties (LOKT low air burst with
protection available), 684 of the 816 persons considered (84%) were casualties. As a result,
this unit would no longer be combat effective. To succeed at this mission, additional
courses of action (such as countermeasure missions, unit dispersal, and nuclear protective
posture) should be considered to further mitigate the nuclear weapon effects on the
battlefield, with the attendant operational, personnel, and medical planning considerations.

For the radiological weapon threat against the LIBN, five different radiological
threats were considered. Operations in a relatively recent fallout area resulted in the unit
incapacitated with 97% casualties. The *¥’Cs RDD resulted in a marginally better outcome,
of only 31% casualties, which would still result in the unit being operationally ineffective.
The use of %Sr as the radioisotope of interest produced no casualties in the estimate, nor
did excursions with 24Am or 238pu.

For the nuclear and radiological threats against the civilian population, both the 10KT
ground burst and the **’Cs RDD resulted in an extreme number of casualties: 630,512 and
374,154, respectively. The *°Sr RDD resulted in considerably fewer casualties (although
33,622 casualties is still significant) and the #*®Pu and ?**Am RDDs resulted in zero
casualties.



For a 10KT nuclear weapon threat, in none of the LIBN cases does enough of the unit
remain sufficiently effective to succeed in any operational mission. If necessary,
countermeasure missions to suppress this threat should be pursued prior to the enemy use
of a nuclear weapon. Further mitigations such as unit dispersal, heightened signal security,
and use of scouts far forward should be considered. The personnel planner recommends
that the commander consider withdrawing this unit and replacing it, in toto, after any of
the casualty-producing nuclear or radiological events. The medical requirements resulting
from these nuclear and radiological events exceed the capabilities of any single deployed
Role 3 medical treatment facility and there are no effective medical countermeasures that
could be put in place to mitigate the casualty estimates. The commander should consider
moving medical treatment or evacuation assets to the theater to address this medical
requirement.

The civilian population scenario is not specific to an operational military unit, but the
military could credibly be called in to provide consequence management support in the
response phase after the use of a nuclear or radiological device. With that mission, it is
clear that providing medical care and basic shelter to hundreds of thousands of casualties
would require more than could be available, even in the entire DOD health care system.
The total number of military personnel that would likely be called upon to provide support
could compromise operational readiness, at least for those capabilities required in response.
The senior DOD leaders, both military and civilian, must carefully balance a clear need for
medical and logistical support with the strong potential for compromising the military’s
ability to respond to other strategic requirements. The personnel recommendation that
minimizes strategic risk is to prioritize response to Reserve Component and National Guard
units proximate to the event. The medical recommendation is to initiate coordination to
facilitate the activation of the National Disaster Medical System. The combined capacity
available in the civilian, Department of Veterans Affairs, and DOD health care systems
may not be sufficient to address this requirement, and the requirement to move this number
of patients to the available facilities is also staggering. Available deployable military
treatment facilities should be used to provide triage and stabilization prior to evacuation.

In conclusion, the NATO casualty estimation methodology proved capable of
estimating the numbers, types, and timing of casualties in all scenarios. Depending upon
the scenario, the casualty estimates varied from none to 100% of the population considered.
In all cases in which casualties were present, the numbers of casualties were such that they
posed a considerable, if not catastrophic, operational problem. The methodology provides
a planner with the necessary figures to consider for tactical and terroristic threats of the use
of radiological or nuclear weapons.
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1. Introduction

In 2013, the U.S. Army Office of the Surgeon General (OTSG) asked the Institute for
Defense Analyses (IDA) to “identify and illustrate the applicability of using current
casualty estimation methodologies to develop planning parameters for tactical and
terroristic threats of the use of radiation exposure devices (RED), radiation dispersal
devices (RDD), and improvised nuclear devices (IND), as well as conventional nuclear
weapons.”® The North Atlantic Treaty Organization (NATO) chemical, biological,
radiological, and nuclear (CBRN) casualty estimation methodology presented in Allied
Medical Publication 8, NATO Planning Guide for the Estimation of CBRN Casualties
(AMedP-8(C)),* as proposed for revision in AMedP-7.5°, will be used. This analysis
describes exemplar nuclear and radiological weapon threats, the calculational models
necessary for the estimation of the dose, dose rates, or insult levels from these weapons,
and the application of the NATO CBRN casualty estimation methodology for specific
nuclear and radiological scenarios. The objective of this paper is to demonstrate the
casualty estimates resulting from the use of the NATO CBRN casualty estimation
methodology. In the planning process, casualty estimates may influence the course of
action selected, the flow of personnel into the theater, or the amount and timing of the
medical assets moved into the theater. Thus, these estimates will be of interest to
operational, personnel, and medical planners.

This paper is organized roughly along the lines of the planning process. For
illustrative purposes, the basic situation presented in this study is that a (notional)
commander has asked his staff to plan an operation against an enemy, or in an area, that
poses a radiological or nuclear threat. The intelligence staff officer has validated this threat,
without providing specifics on the type, size, or means of delivery of the weapon. The
medical planning staff is tasked with estimating how many casualties might result from
this operation. They refer to the NATO CBRN casualty estimation methodology in
AMedP-8 on how to do this. The NATO CBRN casualty estimation methodology consists
of four broad steps:

3 Project Order CA-6-3079 Amendment 5, CBRN Casualty Estimation and Support to the Medical CBRN
Defense Planning & Response Project, signed 14 November 2013, Subproject 3, p. 4.

4 North Atlantic Treaty Organization (NATO), AMedP-8(C): NATO Planning Guide for the Estimation of
Chemical, Biological, Radiological, and Nuclear (CBRN) Casualties, STANAG 2553 (Brussels: NATO,
2011).

® North Atlantic Treaty Organization (NATO), AMedP-7.5(A): NATO Planning Guide for the Estimation of
Chemical, Biological, Radiological, and Nuclear (CBRN) Casualties, (Brussels: NATO, in
development).



Step 1. Describe the scenario in which personnel are expected to be exposed to CBRN
agents or effects. This is the arrangement of forces relative to the release of the CBRN
agent. This includes groups of individuals sharing a common location over time, known in
the methodology as an *“icon.” Each icon is given a unique identifier and a set of attributes
that modify the CBRN challenge, and that are used to estimate what fraction of the CBRN
challenge will become the Effective CBRN challenge

Step 2. Estimate the “effective CBRN challenge,” which is the cumulative amount or
degree of CBRN agent or effect that is estimated to actually affect an icon. Estimating the
effective CBRN challenge starts with describing the “CBRN Challenge,” the time-varying
cumulative amount or degree of CBRN agent or effect estimated to be present in the
physical environment with which icons are interacting, over the time period of interest.
Then each icon’s attributes are accounted for to modify the impact of the CBRN agent or
effect.

Step 3. Estimate the casualties, by comparing the effective CBRN challenge against
the casualty estimation parameters described in the NATO CBRN casualty estimation
methodology:

Step 4. Integrate the casualty estimate into the course of action analyses in the military
planning process.

The estimation of casualties focuses on deterministic, rather than stochastic, effects.
Deterministic effects include acute effects, which may result from internal or external
radiation exposure. The severity of these effects is directly related to the dosage (higher
dose results in a stronger effect). Stochastic effects are long-term impacts whose likelihood
increases with radiation exposure, but whose severity is independent of dose. Stochastic
effects, which occur in time increments long after exposure, are important to consider when
evaluating the overall hazard and impact of a radiological attack. Health impacts that
manifest more than a few months after exposure are not considered operationally relevant.



2. Step 1: Describe the Scenario

To illustrate the radiological and nuclear casualty estimation methodology, two
scenarios will be considered: operational military formations and domestic populations.
The threat to overseas military facilities could be similar to the domestic scenario in that
there are high concentrations of personnel in fixed facilities, but the impact of nuclear or
radiological weapons may be mitigated by increased alert and detection capabilities in
deployed locations/overseas bases.

A. Operational Unit Scenario

To estimate radiological or nuclear casualties, it is necessary to specify a scenario that
defines the number of personnel to be considered, as well as their locations and
vulnerability to the nuclear effects and radiological agents. The scenario used, designated
Scenario 1, is a light infantry battalion task force (LIBN), the same as was used in AMedP-
8(C), and is illustrated in Figure 1. The 816 personnel in the scenario are represented by
155 individual locations of interest (“icons™); it is an entirely notional force arranged as if
to guard an airstrip (represented by the white space in the middle of the icons). A complete
list of the icons, and their characteristics pertinent to radiological or nuclear casualty
estimation, is provided at Appendix A. (Note that this is an “illustrative” scenario, and does
not reflect any unit currently fielded by the U.S. military.) In addition to location and the
number of associated individuals, icon descriptions also include information that can be
used to estimate the vulnerability of its individuals to CBRN exposure of the type
postulated in the scenario. This vulnerability is determined by exposure factors—the
fraction of ambient agent an individual inhales, absorbs, or otherwise exposes himself to—
and shielding factors—passive characteristics of the individuals associated with a given
icon, such as their location within buildings of various types, which may serve to limit
agent exposure. In the illustrative scenario, both exposure and shielding factors are
considered constant over time. The casualties for the military scenario were estimated
without regard to the civilian population that might be in the location of the radiological or
nuclear event.
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Figure 1: Layout of Icons

B. The Domestic Scenario

To estimate the impact of the radiological or nuclear events on civilian populations,
it was necessary to select a location for which there was available civilian population data.
The location was selected to reflect detailed population models (three arc-second
resolution, about 100m squares) and to include a popular and highly visible public event
that might be considered at risk of a terrorist attack using nuclear or radiological weapons.
The selected location was Washington, DC, with an added tourist population of 300,000
persons evenly distributed on the National Mall between the Lincoln Memorial and Third
Street, NW. The casualties for the civilian scenario, designated Scenario 2, were estimated
without regard to the shielding factors that might have been afforded by buildings or
structures.

C. Protection and Medical Care

The NATO casualty estimation methodology allows the planner to consider whether
or not physical protection is available and what level of medical care can be provided.
Medical care can include supportive care, medical treatment that is specific to the injuries
or illnesses from exposure to the CBRN agents or effects and, in the case of radiological
injuries, whether or not granulocyte-colony stimulating factor (G-CSF) treatment is



administered. Medical care is assumed to be appropriate to the injuries received. For acute
radiation injury, this is basically supportive medical care to treat the symptoms of the injury
and make the patient more comfortable. Recently, G-CSF was approved as a specific
treatment for acute radiation injury. AMedP-7.5 allows for consideration of medical care
with and without G-CSF.

Table 1 illustrates the different combinations of population, challenge, protection, and
medical treatment that are considered in the different scenarios in this analysis. Note that
this is not all possible combinations of challenge, protection, and treatment, but it is a
limited subset for illustrative purposes. The scenarios are designated to differentiate the
combinations included. “N” indicates a nuclear weapon (10 kilotons (10KT) in this case),
while “xxRDD” indicates a radiological weapon, with “xx” being the radioisotope
considered. For the nuclear weapon challenge, “Grd” and “Air” indicate a ground burst or
low air burst, respectively. “0” indicates no protection is considered, while “P” indicates
protection is considered but not medical care. “M” indicates physical protection and the
administration of medical care are considered, but not the administration of G-CSF. “G”
indicates physical protection and the administration of medical care with G-CSF are
considered.

Table 1. Nuclear and Radiological Scenarios

Medical
Population Protection Treatment G-CSF
Scenario Considered Challenge Available Provided Administered

1-N-Grd-0 LIBN 10KT-Ground Burst No No No
1-N-Grd-P LIBN 10KT-Ground Burst Yes No No
1-N-Grd-M LIBN 10KT-Ground Burst Yes Yes No
1-N-Grd-G LIBN 10KT-Ground Burst Yes Yes Yes
1-N-Air-0 LIBN 10KT-Air Burst No No No
1-N-Air-G LIBN 10KT-Air Burst Yes Yes Yes
2-N-Grd-0 Civilian 10KT-Ground Burst No No No
1-CsRDD-0 LIBN 37Cs RDD No No No
1-SrRDD-0 LIBN %0Sr RDD No No No
1-AmRDD-0 LIBN 2'Am RDD No No No
1-PuRDD-0 LIBN 2%8py RDD No No No
2-CsRDD-0 Civilian 37Cs RDD No No No
1-Fallout-0 LIBN Residual Radiation No No No







3. Step 2: Estimate the Effective Nuclear/
Radiological Challenge

In the planning process, staff officers would rely on an intelligence estimate to
identify the radiological and nuclear threats, and these would be translated into the
radiological and nuclear challenges for casualty estimation. If the planning staff does not
have the capability to estimate the effective CBRN challenge (and most do not), the staff
can “reach back” to the Defense Threat Reduction Agency (DTRA) or other agencies that
have this capability. Appendix B describes some of the technical questions and modelling
that must be addressed to estimate the effective radiological or nuclear challenge. For this
analysis, it is assumed that an intelligence estimate does not include specific characteristics
of the radiological and nuclear threat, such as yield, delivery system, or type of isotope.
This forces the planners to make assumptions about the specific type of weapon and the
resulting challenge.

A. Effective Nuclear Weapon Challenge

For this analysis, the task specified both nuclear weapons and improvised nuclear
devices (INDs). From a casualty estimation perspective, there is little difference, except
that the expected yields and heights of burst are more limited for an IND. A yield of 10KT
is used in the example scenario. This is reasonably within the “tactical nuclear weapon”
range, is in the range that might be developed for an IND, and corresponds to the yield of
interest for national emergency response planning.® Two different heights of burst (HoB)
will be used to compare the estimated casualties:

1. HoB = 1m, as an example surface (or “ground”) burst;

2. HoB = 129m, as an example of an “optimized” low air burst for comparison,
corresponding to HoB = 60W3,

1.  Effective Nuclear Weapon Challenge — Scenario 1-N-Grd-0: 10 KT, Ground
Burst, LIBN, All Personnel Unprotected, No Medical Treatment Considered

Figure 2 illustrates the magnitude of the radiation, blast, and thermal energies for a
10KT ground burst on the operational unit scenario, an LIBN task force.

bus. Department of Homeland Security, Federal Emergency Management Agency (FEMA), Planning
Guidance for Response to a Nuclear Detonation, Second Edition, June 2010, p. 9.



62.8 kJ/m?

50 kPa

251.2 kd/m?

Figure 2. 10KT Ground Burst on Task Force

Table 2 provides the effective nuclear weapon challenge estimated for the personnel
in the LIBN. The cells in this table are defined by the dose bands for radiation (R), blast
static overpressure (B) and thermal exposures (T) as described in AMedP-7.5. (Appendix
E includes the tables from AMedP-7.5 that define the dose bands for each casualty type.)
The upper left cell (R:<125cGy, B:<50kPa, T:<1% body surface area (BSA)) enumerates
the personnel unaffected by the prompt effects — in this case, none.

Table 2. Effective Nuclear Weapon Challenge, 10 KT, Ground Burst, LIBN, All Personnel

Unprotected

T: 1%- T:10%- T:20%- T: >

T: <1% 10% 20% 30% 30%

CHALLENGE: BSA BSA BSA BSA BSA
R:<125cGy / B:<50kPa 0 131 0 0 0
R:125-300cGy / B:<50kPa 0 72 0 0 0
R:300-450cGy / B:<50kPa 0 23 0 0 0
R:450-830cGy / B:<50kPa 0 41 0 0 0

R:>830cGy / B:<50kPa 0 19 70 82 116
R:<125cGy / B:50-140kPa 0 0 0 0 0
R:125-300cGy / B:50-140kPa 0 0 0 0 0




T: 1%- T:10%- T:20%- T:>

T:<1%  10% 20% 30% 30%
CHALLENGE: BSA  BSA BSA BSA  BSA
R:300-450cGy / B:50-140kPa 0 0 0 0 0
R:450-830cGy / B:50-140kPa 0 0 0 0 0
R:>830cGy / B:50-140kPa 0 0 0 0 163
R:<125cGy / B:140-240kPa 0 0 0 0 0
R:125-300cGy / B:140-240kPa 0 0 0 0 0
R:300-450cGy / B:140-240kPa 0 0 0 0 0
R:450-830cGy / B:140-240kPa 0 0 0 0 0
R:>830cGy / B:140-240kPa 0 0 0 0 74
R:<125cGy / B:240-290kPa 0 0 0 0 0
R:125-300cGy / B:240-290kPa 0 0 0 0 0
R:300-450cGy / B:240-290kPa 0 0 0 0 0
R:450-830cGy / B:240-290kPa 0 0 0 0 0
R:>830cGy / B:240-290kPa 0 0 0 0 4
R:<125¢Gy / B:>290kPa 0 0 0 0 0
R:125-300cGy / B:>290kPa 0 0 0 0 0
R:300-450cGy / B:>290kPa 0 0 0 0 0
R:450-830cGy / B:>290kPa 0 0 0 0 0
R:>830cGy / B:>290kPa 0 0 0 0 21

2.  Effective Nuclear Weapon Challenge — Scenario 1-N-Grd-P: 10 KT, Ground
Burst, LIBN, All Personnel Protected, No Medical Treatment Considered

In order to consider the protection provided by vehicles, structures, or emplacements,
the same nuclear incident scenario can be used, but modified to include protection factors
associated with each icon in the scenario. AMedP-7.5 suggests radiation shielding
protection factors’ and thermal transmission values.® Blast static overpressure protection is
not modeled; the suggested value for the blast shielding protection factor in AMedP-7.5 is
“1."% These factors are included in the unit description in Appendix A.
Table 3 provides the effective nuclear weapon challenge estimated for the personnel in the
LIBN when protection factors are considered. The upper left cell (R:<125cGy, B:<50kPa,
T:<1%BSA) enumerates the personnel unaffected by the prompt effects — in this case, 71.
Note that considering protection had a considerable influence on the distribution of burns:
330 personnel were without significant burns (in the first column, “T<1%BSA) where

" AMedP-7.5, SD.3, Working Copy, Table 2-7, 26 October 2015, 2-10.
8 AMedP-7.5, SD.3, Working Copy, Table 4-47, 26 October 2015, 4-70.
% AMedP-7.5, SD.3, Working Copy, Table 2-8, 26 October 2015, 2-10.



previously all unit personnel had been burned. The impact of radiation protection was less
striking, with 33 personnel moved into the lowest dose range (R:<125cGy) but only 7
personnel moved out of the dose ranges and died of wounds (DOW) (R:450-830cGy and
R:>830cGy).

Table 3. Effective Nuclear Weapon Challenge, 10 KT, Ground Burst, LIBN, All Personnel

Protected

T: 1%- T:10%- T:20%- T: >

T:<1% 10% 20% 30% 30%

CHALLENGE: BSA BSA BSA BSA BSA
R:<125cGy / B:<50kPa 71 94 0 0 0
R:125-300cGy / B:<50kPa 9 47 0 0 0
R:300-450cGy / B:<50kPa 7 7 0 0 0
R:450-830cGy / B:<50kPa 7 41 0 2 0
R:>830cGy / B:<50kPa 123 16 57 33 43
R:<125cGy / B:50-140kPa 0 0 0 0
R:125-300cGy / B:50-140kPa 0 0 0 0
R:300-450cGy / B:50-140kPa 0 0 0 0
R:450-830cGy / B:50-140kPa 0 0 0 0
R:>830cGy / B:50-140kPa 64 0 0 0 99
R:<125cGy / B:140-240kPa 0 0 0 0 0
R:125-300cGy / B:140-240kPa 0 0 0 0 0
R:300-450cGy / B:140-240kPa 0 0 0 0 0
R:450-830cGy / B:140-240kPa 0 0 0 0 0
R:>830cGy / B:140-240kPa 50 0 0 0 24
R:<125cGy / B:240-290kPa 0 0 0 0 0
R:125-300cGy / B:240-290kPa 0 0 0 0 0
R:300-450cGy / B:240-290kPa 0 0 0 0 0
R:450-830cGy / B:240-290kPa 0 0 0 0 0
R:>830cGy / B:240-290kPa 1 0 0 0 3
R:<125cGy / B:>290kPa 0 0 0 0 0
R:125-300cGy / B:>290kPa 0 0 0 0 0
R:300-450cGy / B:>290kPa 0 0 0 0 0
R:450-830cGy / B:>290kPa 0 0 0 0 0
R:>830cGy / B:>290kPa 0 0 0 0 21
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3.  Effective Nuclear Weapon Challenge — Scenario 1-N-Grd-M: 10 KT, Ground
Burst, LIBN, All Personnel Protected, Medical Treatment Considered

The same nuclear incident scenario can be used to consider the impact of medical care
on the casualty estimate, but the injury profiles (severity over time) must be modified to
account for medical care. Consideration of medical care does not change the amount of
exposure to any agent or effect, but does change the outcome of that exposure. AMedP-7.5
(see Appendix E) provides instructions for modifying the outcomes of exposure to whole
body radiation, blast static overpressure, and thermal fluence, respectively. Note that the
dose ranges considered without medical treatment are modified in AMedP-7.5 for Whole
Body Radiation and Thermal Fluence, and that results in a modification of the ranges
considered in the effective challenge tables. Table 4 illustrates the effective nuclear weapon
challenge estimated for LIBN personnel with consideration of protection, and the ranges
of those exposures appropriate to the consideration of medical care.

Table 4. Effective Nuclear Weapon Challenge, 10 KT, Ground Burst, LIBN, All Personnel
Protected, Minimal Medical Treatment Considered

T: 1%- T:10%- T:15%- T:20%- T:30%- T:
T: <1% 10% 15% 20% 30% 45% >45%
CHALLENGE: BSA BSA BSA BSA BSA BSA BSA

R:<125cGy / B:<50kPa 71 94 0 0 0 0 0
R:125-300cGy / B:<50kPa 9 47 0 0 0 0 0
R:300-450cGy / B:<50kPa 7 7 0 0 0 0 0
R:450-680cGy / B:<50kPa 7 34 0 0 2 0 0
R:680-830cGy / B:<50kPa 0 7 0 0 0 0 0
R:830-850cGy / B:<50kPa 0 0 0 0 0 0 0
R:>850cGy / B:<50kPa 123 16 22 36 33 43 0
R:<125cGy / B:50-140kPa 0 0 0 0 0 0 0
R:125-300cGy / B:50-140kPa 0 0 0 0 0 0 0
R:300-450cGy / B:50-140kPa 0 0 0 0 0 0 0
R:450-680cGy / B:50-140kPa 0 0 0 0 0 0 0
R:680-830cGy / B:50-140kPa 0 0 0 0 0 0 0
R:830-850cGy / B:50-140kPa 0 0 0 0 0 0 0
R:>850cGy / B:50-140kPa 64 0 0 0 0 85 14
R:<125cGy / B:140-240kPa 0 0 0 0 0 0 0
R:125-300cGy / B:140-240kPa 0 0 0 0 0 0 0
R:300-450cGy / B:140-240kPa 0 0 0 0 0 0 0
R:450-680cGy / B:140-240kPa 0 0 0 0 0 0 0
R:680-830cGy / B:140-240kPa 0 0 0 0 0 0 0
R:830-850cGy / B:140-240kPa 0 0 0 0 0 0 0
R:>850cGy / B:140-240kPa 50 0 0 0 0 0 24
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T: 1%- T:10%- T:15%- T:20%- T:30%- T:
T: <1% 10% 15% 20% 30% 45% >45%
CHALLENGE: BSA BSA BSA BSA BSA BSA BSA

R:<125cGy / B:240-290kPa
R:125-300cGy / B:240-290kPa
R:300-450cGy / B:240-290kPa
R:450-680cGy / B:240-290kPa
R:680-830cGy / B:240-290kPa
R:830-850cGy / B:240-290kPa
R:>850cGy / B:240-290kPa
R:<125cGy / B:>290kPa
R:125-300cGy / B:>290kPa
R:300-450cGy / B:>290kPa
R:450-680cGy / B:>290kPa
R:680-830cGy / B:>290kPa
R:830-850cGy / B:>290kPa
R:>850cGy / B:>290kPa

o
o
o
o
o
o
o
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4. Effective Nuclear Weapon Challenge — Scenario 2-N-0: 10 KT, Ground Burst,
Civilian Population, All Personnel Unprotected and Without Medical
Treatment

The civilian population scenario is included as an illustration of the casualty
estimation process as it might be used for planning a response to a domestic incident. This
scenario could be regarded as a “National Security Special Event,” where a large number
of people are attending an event in the middle of a city. In this case, there are 300,000
people (“tourists”) in the park-like area in the center of the city in addition to the population
of the city. Because large metropolitan areas extend beyond the range of effects of a 10KT
nuclear weapon (or IND), only people within 5 km of the detonation are considered. In this
scenario, protection is not considered, as there is no capability to estimate what protection
would be available to a large civilian population pursuing diverse activities both indoors
and outside. Medical care is not considered, although it could be. Given the number and
extent of casualties, it is difficult to imagine being able to collect, transport, triage, and
treat the estimated number of casualties without significantly adjusting the method of
delivery and type of care available.

The civilian population scenario considers 1,116,207 persons (300,000 “tourists” and
816,207 “residents™) distributed at 17,497 different locations in a roughly circular area 5
km in diameter. The 300,000 persons are distributed evenly in 11,943 separate 10 m
squares in the (approximately rectangular) notional event area, and 816,207 are distributed
in 5,554 separate areas, each approximately 1 km square, consistent with the estimated
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population of the metropolitan area. The point of detonation of the nuclear weapon (ground
zero) is adjacent (less than 20 m) from one edge of the event area. Table 5 provides the
effective nuclear weapon challenge estimated for the civilian personnel. The upper left cell
(R:<125cGy, B:<50kPa, T: <1% BSA) enumerates the personnel unaffected by the prompt
effects — in this case, 485,695, or about 44% of the considered population.

Table 5. Effective Nuclear Weapon Challenge, 10 KT, Ground Burst, Civilian Population, All
Personnel Unprotected and without Medical Treatment

T: 1%- T:10%- T:20%- T:>

T: <1% 10% 20% 30% 30%
CHALLENGE: BSA BSA BSA BSA BSA
R:<125cGy / B:<50kPa 485,695 179,466 0 0 0
R:125-300cGy / B:<50kPa 0 49,511 0 0 0
R:300-450cGy / B:<50kPa 0 17,395 0 0 0
R:450-830cGy / B:<50kPa 0 34,080 0 0 0
R:>830cGy / B:<50kPa 0 9,776 30,813 52,484 58,997
R:<125cGy / B:50-140kPa 0 0 0 0 0
R:125-300cGy / B:50-140kPa 0 0 0 0 0
R:300-450cGy / B:50-140kPa 0 0 0 0 0
R:450-830cGy / B:50-140kPa 0 0 0 0 0
R:>830cGy / B:50-140kPa 0 0 0 0 105,696
R:<125cGy / B:140-240kPa 0 0 0 0 0
R:125-300cGy / B:140-240kPa 0 0 0 0 0
R:300-450cGy / B:140-240kPa 0 0 0 0 0
R:450-830cGy / B:140-240kPa 0 0 0 0 0
R:>830cGy / B:140-240kPa 0 0 0 0 34,338
R:<125cGy / B:240-290kPa 0 0 0 0 0
R:125-300cGy / B:240-290kPa 0 0 0 0 0
R:300-450cGy / B:240-290kPa 0 0 0 0 0
R:450-830cGy / B:240-290kPa 0 0 0 0 0
R:>830cGy / B:240-290kPa 0 0 0 0 9,332
R:<125cGy / B:>290kPa 0 0 0 0 0
R:125-300cGy / B:>290kPa 0 0 0 0 0
R:300-450cGy / B:>290kPa 0 0 0 0 0
R:450-830cGy / B:>290kPa 0 0 0 0 0
R:>830cGy / B:>290kPa 0 0 0 0 48,623
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5.  Effective Nuclear Weapon Challenge — Scenario 1-N-Air-0: 10 KT, Low Air
Burst (HoB = 129m), LIBN, All Personnel Unprotected and without Medical
Treatment

A variation of the nuclear casualty scenarios considered above is to change the height
of burst of the weapon from the ground surface to an altitude that increases the range of
blast and thermal effects. This could be considered a military attack with a more
sophisticated nuclear weapon that includes fusing to control the detonation at a specific
altitude. Rather than consider all permutations of protection and medical care, the first case
will be without consideration of protection. This is equivalent to all of the unit personnel
standing in the open, out of their vehicles, buildings, or emplacements. The protection
afforded by the uniform is considered, though, to estimate the severity of burns resulting
from exposure to the thermal fluence from the nuclear detonation. Table 6 provides the
effective nuclear weapon challenge estimated for the personnel in the LIBN. Note that with
a 129m HoB, compared to a surface burst, the significant change is that all personnel
receive severe burns (in the rightmost column, T>30%BSA), rather than an even
distribution across most of the thermal exposure columns.

Table 6. Effective Nuclear Weapon Challenge, 10 KT, Low Air Burst (HoB = 129m), LIBN, All
Personnel Unprotected

T: 1%- T:10%- T: 20%- T:>

T:<1%  10% 20% 30% 30%
CHALLENGE: BSA  BSA B