Prediction Modeling to Determine the Adequacy of
Medical Response to Urban Nuclear Attack
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Background: Government reports have persistently indicated the intent of terrorists and hostile nations
to acquire and “weaponize” nuclear materials for deliberate attack on a major US metropolitan city.

Methods: A modeling analysis of the effects of 20- and 550-kiloton nuclear detonations on the 2 major
metropolitan centers of Los Angeles and Houston is presented with a focus on thermal casualties.
Brode’s work as modified by Binninger was used to calculate thermal fluence, using thermal fractions.
The EM-1 and WE programs were used to calculate blast effects. Fallout radiation was calculated using
the Defense Threat Reduction Agency’s Hazard Prediction and Assessment Capability V404SP4 with
“urban effects” turned on. The ESRI ArcView program calculated affected populations from 2000 US
Census block-level data for areas affected by thermal effects.

Results: The population affected by a 550-kiloton nuclear weapon detonated in Los Angeles and
Houston is staggering: surviving thermal casualties are estimated at 185,000 and 59,000, respectively.
Even the 20-kiloton detonations in Los Angeles and Houston are significant: the numbers of surviving
thermal casualties requiring care exceed 28,000 and 10,000, respectively.

Conclusions: The surviving health care community postdetonation would be faced with an unprecedented
burden of care for thermal casualties. A great expansion of personnel involved in emergency burn care
response is critical. Bold, new approaches such as regionalization and predetermined medical air transport
need to be considered. (Disaster Med Public Health Preparedness. 2007;1:80-89)
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overnment reports persistently indicate the

intent of terrorists and hostile nations to

acquire and “weaponize” nuclear materials to
use in deliberate attacks on major US metropolitan
cities. In response to this threat, cities’ preparedness
efforts have largely focused on building internal surge
capacity within the existing health care infrastructure
(ie, hospitals, clinics, health departments, trauma
centers and systems). This has been built upon a
pattern of urban economic development that typi-
cally concentrates hospitals, clinics, and medical per-
sonnel within metropolitan centers.

Ironically these factors indicate the rationale for cit-
ies’ vulnerability to nuclear detonation. Damage
caused by a nuclear detonation in a major city will
result in a disproportionate loss of medical resourc-
es.2 A study of surviving medical resources following
a nuclear attack on London concluded that <20% of
hospital beds would be accessible, with some 150
candidates for each bed.?

CASUALTY DISTRIBUTION

The surge of patients competing for these diminutive
medical resources will include trauma, radiation, and
burn elements, often in combination.* These casualty

surges are daunting, and the possibility of thousands
of burn victims at one time in one location presents
unique challenges.

Burns in nuclear warfare can occur from direct ther-
mal radiation on the skin or from the ignition of
substances from direct thermal radiation. More than
90% of the burn victims of the nuclear detonations in
Hiroshima and Nagasaki in 1945 received their
wounds from direct radiation, also known as flash
burns.® Direct radiation burned exposed human skin
up to 4 km from the hypocenter.> Modern thermo-
nuclear weapons will deliver direct radiation burns
more than 10 km from the hypocenter of a 550-
kiloton detonation in a major urban area.? Experts
estimate that mortality rates approaching 100%
would result in people with thermal injuries involving
>30% of their body surface area® because of the
probable lack of comprehensive care.

NUCLEAR DETONATION

When a nuclear weapon is detonated, the energy
released is dissipated in 4 main ways: blast (40%-—
60%), thermal radiation (30%-50%), ionizing radia-
tion (5%), and fallout radiation (5%-10%), depend-
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ing upon the design of the weapon and the detonation
environment.

Blast effects from the explosion cause the most damage to
buildings: they rapidly push away the air surrounding the
buildings, creating high winds that knock them down. At 4
psi overpressure, most residential buildings collapse, causing
many injuries and deaths. Additional injuries or deaths can
result from flying- or fixed-object impact. Research suggests
that populations that are subjected to 2 to 5 psi experience
45% injuries and 5% deaths; populations that are subjected
to 1 and 2 psi are injured mainly by flying glass and debris.?

Thermal energy, or thermal fluence, is typically measured in
calories per square centimeter. Approximately one third of
the total energy generated in a nuclear detonation will be
emitted as heat, producing fireballs that reach temperatures
in the millions of degree Centigrade (the magnitude of the
sun).8 Thermal energy travels directly from the fireball unless
it is scattered or absorbed. The intensity and range of thermal
effects increase proportionally with weapon yield.2

At thermal fluencies above 10 cal/cm? a nuclear detonation
can start large fires in urban areas,® although there is much
debate about the level needed for mass fires.10-13 When a
nuclear weapon is detonated if the resulting fireball is below
the cloud cover, the thermal effect can double,® or in extreme
circumstances, increase 5-fold.!4 Clouds above the fireball
significantly increase the reflection of the thermal radiation,
resulting in fewer radiation “shadows” from buildings. This in
turn increases burn casualties and enhances the probability of
fire ignition. Even a few large clouds in the sky could greatly
increase the probability of local fires starting.

Prompt or ionizing radiation occurs immediately after the
detonation. Fatal doses occur at 1500 m from the blast
epicenter for 20-kiloton devices and about 2500 m out for
550-kiloton devices. lonizing radiation drops off rapidly with
increasing radii from the epicenter. These distances are
within the mass fire zone for both of the detonations in our
study.

Fallout radiation creates a conical-shaped plume that is
blown downwind from ground zero. Dispersion is greatly
affected by turbulence in the atmosphere, which in tum
mainly depends upon land use, topography, vertical temper-
ature, and wind structure.

PREVIOUS MODELS

Beginning in the 1970s, Brode worked for more than 20 years
on predicting fire damage from nuclear detonations; his later
work examined fire modeling and spread.!> Eden® looked at
progress in fire modeling and spread, including the Nuclear
Weapon Fire Start Model.'¢ In the early 1990s, funding for
nuclear fire modeling was withdrawn,® but was restarted in
the late 1990s. Around 2000, the Defense Threat Reduction
Agency (DTRA) funded fire prediction modeling with a view
to incorporating the models within a modern computer mod-

eling package such as Hazard Prediction and Assessment
Capability (HPAC).10

The intent of this study is to model the morbidity and
mortality of thermal casualties presenting from a nuclear
detonation in 2 major metropolitan cities. We concentrate
on the thermal impact on casualties that are radial from the
hypocenter, or detonation point. This study also examines
the nature and number of casualties with combination inju-
ries. We use the model of the downwind radiation plume
mainly to focus on the challenge of reaching these casualties
in these downwind areas.

METHODS

Brode’s!! work as modified by Binninger!© was used to calcu-
late thermal fluence, using thermal fractions discussed by
Northop.!” EM-118 and WE!"® were used to calculate blast
effects. Fallout radiation was calculated using DTRA’s
HPAC V404SP4,2° with “urban effects” turned on. The ESRI
ArcView program?! calculated affected populations from
2000 US Census block-level data for areas affected by ther-
mal effects.

Study Area and Size of Weapon

Two of the four largest cities in the United States, Los
Angeles and Houston, were selected. Two sizes of nuclear
weapon were simulated: a 20-kiloton tactical nuclear weapon
and a common 550-kiloton Russian arsenal weapon. A fission
fraction of 1 was assumed for the 20-kiloton device and 0.8
was assumed for the 550-kiloton device. The 20-kiloton
device was assumed to explode at 20 m above the ground, and
the 550-kiloton device exploded at 1 m above the ground;
visibilities in both cases were 20,000 m. Detonations that
occur closer to ground level cause greater thermal effects,
which are somewhat offset by lower downwind fallout radi-
ation amounts.!8

Affected Populations

Detailed daytime population distributions for Los Angeles
and Houston were not available, so US Census Bureau data
were used for both cities.22 The US Census Bureau estimates
that Houston experiences an increase in daytime population
over nighttime population of 403,313 people due to commut-
ers (the highest value of all US cities), whereas Los Angeles
has an additional daytime over nighttime population of
127,877.22 Most of these commuters work in the downtown
areas (Figs. 1 and 2). The organization HoustonDowntown
compiled detailed block-level data for the central business
district,2> which allowed us to perform daytime population
analysis for the 20-kiloton Houston scenario. For the other 3
scenarios, we used block-level Census data of nighttime pop-
ulations for analysis and referred to additional daytime com-
muters where appropriate.

When thermal or radiation boundaries split a block, percent-
age estimates were used to assign that block level’s popula-
tions. Populations are assigned to the respective thermal or
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A Los Angeles 20 Kt

B Los Angeles 20 Kt

Nuclear detonations for Los Angeles, with June median winds

1:130,000 | &
C Los Angeles 550 Kt

Fallout Radiation (REM) Degree of Burns 550 Kt 20 Kt
Over 550 100-200 B 3rd Degree B 38 Calscm-2 25 Cals cm-2
300-550 | 25-100 2nd Degree g 20 Cals cm-2 13 Cals cm-2
W 200-300 1st Degree 15 Calscm-2 10 Cals cm-2
* Detontation Point Airports A Government Buildings Hospitals - no psychiatric

Potential Fire Zone

radiation class based on class area within the block. People were
added to the Census block-level data, yielding a better estimate
of daytime population for the Houston 20-kiloton detonation.
We do not believe that this method offered significant improve-
ment to the 550-kiloton analysis because of the larger affected
area (155 mi®) and lack of spatial detail for the daytime data
outside the 2-mi® central business district, which is contained
entirely within the 38 cal/cm’mass fire zone. Consequently, we
performed the Los Angeles scenarios using only nighttime
block-level population data, used daytime estimates for the
entire 20-kiloton Houston scenario, and performed only limited
daytime analysis for the Houston 550-kiloton scenario.

Weather and Climate Data

The impact of nuclear detonation is strongly affected by
weather and climate. Wind direction greatly affects the re-
sulting fallout cloud. A median 3-dimensional climate model
from 30 years of data for a typical day in June for Los Angeles

and Houston was computed by the DTRA, which was sup-
plied by data from the HPAC?° program. HPAC computed
the fallout radiation impact of the 4 nuclear detonations (20
and 550 kilotons for each of the 2 cities). The data for
Houston show lighter winds and wider plumes than Los
Angeles. The directions of the plumes for the 20 and 550-
kiloton detonations for the cities are not identical because
the larger 550-kiloton fireball has a much higher dust cloud
with different associated wind directions.

Because this study focuses on the distribution of thermal
injuries rather than fallout radiation, it was necessary to use
only a typical month of data to get an idea of the size of the
part of the entire thermal circle that also includes those with
fallout radiation injuries (fallout wedge: Fig. 1B, C wedge is
to the west; Fig. 2B, C wedge is to the north and northwest,
respectively). We chose a light wind city in June (Houston)
and a medium wind city in June (Los Angeles) for modeling.
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<LV

B Houston 20 Kt

*+ Detontation Point Airports

Nuclear detonations for Houston, with June median winds

1:120,000
C Houston 550 Kt

Fallout Radiation (REM) Degree of Burns 550 Kt 20 Kt
Over 550 100-200 B 3rd Degree M 38 Calscm-2 25 Cals cm-2
300-550 [ 25-100 2nd Degree g 20 Cals cm-2 13 Cals cm-2

o 200-300 1st Degree 15 Cals cm-2 10 Cals cm-2

A Government Buildings

Potential Fire Zone

Hospitals - no psychiatric

Thermal Effects

The thermal fluences that are necessary for the 3 possible
degrees of burns were taken from Glasstone and Dolan (see
their Figs. 12.64 and 12.65).5 A fire’s possible level was taken
from the calculations of Eden,? in which 10 cal/cm? is a good
first estimate of the range out to which a mass fire could be
expected in an attack with a weapon the size of that used in
Nagasaki and Hiroshima in 1945. This would correspond to
roughly 15 cal/em? for a 550-kiloton detonation after appli-
cation of the relevant power law (see below).

Values roughly corresponding to those of Binninger were
applied for both single-family frame housing and multi-
story steel/concrete structures for the mass fires probable
and mass fires highly probable values in Table 1. The
550-kiloton mass fires values are 1.5 times higher than the

20-kiloton detonation according to the thermal fluence
equation Q,/Q, = (W,/W,)°!? where W, and W, are the

sizes of the 2 detonations in kilotons, and Q; and Q, are
the respective thermal fluencies.!® Thermal fluence values
for third-, second-, and first-degree burns are 7.6, 5.0, and
2.5, based on previous modeling work? and 9.4, 6.2, and
3.1 calfem? for the 20- and 550-kiloton detonations, respec-

Level of Thermal Fluence Necessary for Fires From 20-
and 550-kiloton Weapons

20-kiloton 550-kiloton
Device, Device,
Type of Thermal Effect cal/cm? cal/cm?
Fires highly probable 25 38
(Binninger)
Fires probable (Binninger) 13 20
Mass fires likely (Eden/ 10 15
Postol)
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Distance for a Given Thermal Fluence and Blast for 2 Nuclear Weapon Sizes

20-kiloton Nuclear Device
Height of Burst 20 m, Fission Fraction 1

Approximate Blast for a Given Thermal Fluence

550-kiloton Nuclear Device
Height of Burst 1 m, Fission Fraction 0.8

Approximate Blast for a Given Thermal Fluence

Thermal Fluence, cal/cm?,or Burn Intensity Blast, psi

38

20

15

25 4.8
13 29
10 2.4
Third-degree burns 2.0
Second-degree burns 1.5
First-degree burns 1.0

Distance, m Blast, psi Distance, m

4.8 3910
31 5230
2.5 5930

1300

1800

2050

2350 1.9 7250

2850 1.5 8700

4000 1.0 11,300

tively. The thermal fluence values in the mass fires highly
probable category corresponds to slightly more than 90% prob-
ability of ignition, whereas the mass fires probable level corre-
sponds to slightly more than 50% probability of ignition. The
mass fires possible category from Eden® and Postol'? would
correspond to a probability of ignition on the Binninger scale
of somewhere between 10% and 50%. With clouds present
above the fireball, radiation could double, causing 10% fire
ignition probabilities to become 50%, and 50% probabilities
to become 90% due to the log-normal nature of the fire
ignition probability distribution. Typical exposure propor-
tions of affected population actually receiving first-, second-,
or third-degree burns range from 1% to 25% of those affect-
ed,”24 with the recent National Planning Scenarios?® assum-
ing 15% as a reasonable average, which we have used in our
calculations.

Blast Effects

Blast effects were calculated using the Defense Nuclear
Agency’s EM-1 with their WE program!°for distances corre-
sponding to significant thermal events (Table 2).

Fallout Radiation Effects

Fallout radiation was partitioned into 5 classes (25-100,
100-200, 200-300, 300-550, >550 rad), generally following
the Lawrence Livermore National Laboratory’s Exposure to
Radiation in an Emergency guidelines (Table 3).26

RESULTS

The 550-kiloton attack in downtown Los Angeles resulted in
786,000 thermal casualties. Of these casualties, >185,000
burn casualties would have survived (40,700 third degree,
45,896 second degree, and 101,019 first degree). Combined
casualties totaled 237,000; 13,086 would have radiation ex-
posure <300 rem and would be more likely to survive (the 9
population figures indicated by bold type in Table 4).

The 20-kiloton attack in downtown Los Angeles resulted in
95,537 thermal casualties. Of these casualties, >28,000 burn
casualties would have survived (3231 third degree, 5765
second degree, and 20,474 first degree). Combined casualties
totaled 22,950; 997 would have radiation exposure <300 rem
and more likely survival (the 9 population figures indicated

by bold type in Table 5).

Impact of Radiation on Casualties

Dose Range, rad Biological Effect

25-100 Slight decrease in blood count; minor radiation sickness

100-200 Symptoms of bone marrow damage; moderate radiation sickness
200-300* Moderate to severe bone marrow damage; serious radiation sickness
350-550** Severe bone marrow damage; extreme radiation sickness

>550

Survival

Virtually certain

Probable (>90%)

Possible:

Lower third of range, LDsg/g0
Middle third of range, LDqss0
Top third of range, LDsq/s0
Death within 24-42 days
Bottom half of range, LDggs0
Top half of range, LDgg/s0
Death within 1-21 days

LD indicates lethal dose; g represents 5% deaths in 60 days. *200-300 rad has a range of approximately LDg/so 10 LDgp/g0. **300—

500 rad has a range of approximately LDgp/g0 t0 LDggs0-
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Los Angeles Nighttime Population Affected by Thermal Radiation and Fallout Radiation in the Thermal Zone From a
Typical 550-kiloton Nuclear Detonation in June
Population by Radiation Zone (radiation in rem) Total Population,

Intensity and Characterization of Radiation and  Total Presentin  Thermal
Thermal Radiation <100 100-200 200-300 300-550 >550 Thermal Thermal Zones  Casualties*
38 cal/cm?, mass fires probable 19,5191 15,549t 17,2651 38,6631 24,285t 115,281 250,902 250,902
20 cal/cm?, mass fires possible 10267 11977 15001 10,158t  14,469% 28,350 191,524 191,524
15 cal/cm?, fires/third-degree burns 1317% 201t 1703% 59041 10,387t 19,512 156,347 156,347
Third-degree burns, 9.4 cal/cm? 17217 375% 16341 8663f 16,053t 28,446 271,353 40,703
Second-degree burns, 6.2 cal/cm? 11608 1343§ 14348 8941+ 99407 22,818 305,970 45,896
First-degree burns, 3.1 cal/cm? 1651|| 1501]| 2267|| 10,453t 6838 22,710 673,461 101,019
Total population affected by thermal 26,394 20,166 25,803 82,782 81,9721 237,117

and radiation
Total population affected by thermal 1,849,557 786,391

*100% casualties are assumed for individuals in the 15, 20, and 38 cal/cm? fire zones, and 15% thermal casualties for individuals in the first-, second-,
and third-degree burn zones; fexpectant and intensive care; tcritical care; §ambulatory care; ||monitoring.

The 550-kiloton attack in downtown Houston resulted in
257,579 burn casualties. Of these, >59,000 burn casualties
would have survived (12,098 third degree, 16,409 second
degree, 31,278 third degree). Combined casualties totaled
274,288; 48,944 would have radiation exposure <300 rem
and more likely survival (the 9 population figures indicated

by bold type in Table 6).

The 20-kiloton attack in downtown Houston resulted in
176,878 thermal casualties. Of these, >10,000 burn casual-
ties would have survived (902 third degree, 2224 second
degree, and 7087 first degree.) Combined casualties totaled
102,704; 4107 combined casualties would be in the <300
rem category with more likely survival (the 9 population
figures indicated by bold type in Table 7).

DISCUSSION

The size of the populations affected by a 550-kiloton nuclear
weapon detonated in Los Angeles and Houston is staggering:
the thermal casualties that survived are estimated at 185,000

and 59,000, respectively. Even the 20-kiloton detonation in Los
Angeles and Houston are significant; the numbers of survived
casualties requiring care exceed 28,000 and 10,000 people, re-
spectively.

The surviving health care community would be faced with an
unprecedented burden of care for burn casualties. This bur-
den would be compounded by the loss of physical (eg, hos-
pitals, clinics) and human resources as demonstrated by all 4
modeling results. In addition, the complete breakdown of
transport and communications infrastructures would further
complicate the issue.

Combined Casualties

The generation of a radiation plume following nuclear
detonation would ensure that a “wedge” of the circular
distribution of thermal casualties would experience high
levels of radiation exposure as well (Figs. 1B, 1C, 2B, 2C).
In the 550-kiloton Houston simulation, the number of
surviving thermal victims would decrease significantly be-

Typical 20-kiloton Nuclear Detonation in June

Los Angeles Nighttime Population Affected by Thermal Radiation and Fallout Radiation in the Thermal Zone From a

Population by Radiation Zone (radiation in rem)

Intensity and Characterization of

Thermal Radiation <100 100-200 200-300
25 cal/cm?, mass fires probable 11567 Ot 11141
13 cal/cm?, mass fires possible 3471 152+ 138t
10 cal/cm?, fires/third-degree burns 789% [0} 3%
Third-degree burns, cal/cm? 0t 47% 3
Second-degree burns, cal/cm? 318 6§ 0§
First-degree burns, cal/cm? 239|| 519|| 152]|
Total population affected by thermal 2249 724 1410

and radiation
Total population affected by thermal

Total Population,
Radiation and  Total Presentin  Thermal
300-550 >550 Thermal Thermal Zones  Casualties*

21897 64791 10,938 19,181 19,181
305+ 3839t 4468 30,566 30,566
194+ 6201 1606 16,320 16,320
32% 322t 404 21,538 3231
329% 172t 538 38,433 5765
1495% 25911 4996 136,493 20,474

4544 14,0231 22,950
262,531 95,537

*100% casualties are assumed for individuals in the 10, 13, and 25 cal/cm? fire zones, and 15% thermal casualties for individuals in the first-, second-,
and third-degree burn zones; fexpectant and intensive care; tcritical care; §ambulatory care; ||monitoring.
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550-kiloton Nuclear Detonation in June

Houston Nighttime Population Affected by Thermal Radiation and Fallout Radiation in the Thermal Zone From a Typical

Population by Radiation Zone (radiation in rem)

Total Population,

Intensity and Characterization of

Thermal Radiation <100 100-200 200-300
38 cal/cm?, mass fires probable 5599+ 19831 43307
20 cal/cm?, mass fires possible 16447 1699t 32487
15 cal/cm?, fires/third-degree burns 217% 1313% 27861
Third-degree burns, 9.4 cal/cm? 2715% 20421 4244+
Second-degree burns, 6.2 cal/cm? 62538 30858 55368
First-degree burns, 3.1 cal/cm? 10,195|] 5414|| 9460||
Total population affected by thermal 26,623 15,536 29,604

and radiation
Total population affected by thermal

Radiation and  Total Presentin  Thermal

300-550 >550 Thermal Thermal Zones  Casualties*
20,479t 34,3107 66,701 82,225 82,225
18,3451 19,328t 44,264 77,017 77,017
9272t 8428t 22,016 38,912 38,912
12,539% 14,2827 35,822 80,657 12,098
13,990% 67607 35,624 106,993 16,049
37,110% 76821 69,861 208,520 31,278

111,735 90,7901 274,288

594,324 257,579

*100% casualties are assumed for individuals in the 15, 20, and 38 cal/cm? fire zones, and 15% thermal casualties for individuals in the first-, second-,
and third-degree burn zones; Texpectant and intensive care; tcritical care; §ambulatory care; ||monitoring.

cause of this high degree of combined effects. Combined
casualties with the most improved survival rates are the
first-, second-, and third-degree burn zones with radiation
<300 rem, which would account for 7300 thermal casu-
alties in the 550-kiloton detonation.

The lower proportion of combined casualties in Los Angeles
is interesting and is primarily due to weather conditions that
narrow the scope of dispersion of the radionuclide contami-
nants relative to that which occurred in Houston in these
simulations. As a result, there were 4 times the amount of
combined casualties in Houston (4107 combined casualties)
compared with Los Angeles (997 casualties) in the higher
survival category of <300 rem for 20-kiloton detonation.
Using the schematic for triage care categorization, the 20-
kiloton detonation for Los Angeles also showed the high
proportion for expectant/critical care with 19,305 and 2698,
respectively.

The exact effect of the combination of radiation and

thermal injury on mortality in humans is unknown,® there-
fore, it is difficult to give a definitive recommendation on
the severity of the interaction of these 2 types of injuries
on enhanced mortality. In animal studies it has been
shown that as little as 25 rad given to animals with 20%
burns resulted in significantly increased mortality over
thermal injury alone.?” Likewise, 4 Gy of total body irra-
diation, which is 20% lethal in animals, resulted in 90%
mortality in animals with 15% surface area burn, which
was nonlethal by itself.28 The high mortality of burn
patients from the 1945 detonations over Hiroshima and
Nagasaki was also difficult to explain based solely on
thermal injury.*

Expansion of Mass Casualty Burn Care Personnel

These modeling results demonstrate the need for an expan-
sion of properly trained personnel and for external regional-
ization outside any city to meet this extreme challenge.
Consideration should be given to training ancillary discipline

Daytime Houston Population Affected by Thermal Radiation and Fallout Radiation in the Thermal Zone From a Typical
20-kiloton Nuclear Detonation in June
Population by Radiation Zone (radiation in rem) Total Population,

Intensity and Characterization of Radiation and  Total Presentin  Thermal
Thermal Radiation <100 100-200 200-300 300-550 >550 Thermal Zones  Thermal Zones  Casualties*
25 cal/cm?, mass fires probable 99021 4618t 81501 37,1561 25,221% 85,047 156,463 156,643
13 cal/cm?, mass fires possible 20371 1571 571 1741 56t 647 5636 5636
10 cal/cm?, fires/third-degree burns 119% 301 941 327t 4817 1051 4565 4565
Third-degree burns, cal/cm? 2357 691 3501 475% 980t 2109 6018 902.7
Second-degree burns, cal/cm? 244§ 104§ 271§ 860+ 23417 3820 14,827 2224
First-degree burns, cal/cm? 1213|| 440|| 1181 4061% 3135t 10,030 47,245 7087
Total population affected by thermal 11,916 5418 10,103 43,053 32,2141 102,704

and radiation
Total population affected by thermal 234,754 176,878

*100% casualties are assumed for individuals in the 10, 13, and 25 cal/cm? fire zones, and 15% thermal casualties for individuals in the first-, second-,
and third-degree burn zones; fexpectant and intensive care; tcritical care; §ambulatory care; ||monitoring.
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groups such as pharmacists, dentists, and veterinarians to
provide care. Survival rates could be increased if ancillary
health personnel and citizens in support roles were properly
trained in limited but strategic roles such as burn triage,
debridement of wounds, and administration of ameliorative
short-term care.

Infection is another major problem in the treatment of burn
victims, as are other communicable diseases that would pro-
liferate after nuclear attack.2-3! The expanded ability to
provide proper wound debridement that would be enabled by
the expansion of appropriately trained medical personnel,
and followed by the appropriate pharmaceutical intervention
to prevent subsequent infection would significantly increase
mass burn victim survivability. A security support role for these
personnel would include protecting patients and marking the
burn victim treatment site with a distinctive flag for further
treatment as additional resources become available. Emergency
community clinics would need appropriately trained staff, pro-
tected by local volunteer law enforcement personnel, such as
Volunteers in Police Service’?and
the Medical Reserve Corps.?

The high probability of inner-
city target areas means that there
would be a remarkably high per-
centage of casualties who are mi-
norities. Using block group data
for Los Angeles, the 20-kiloton
thermal effect area is 70% His-
panic and other minorities and
30% white, whereas in Houston,
60% are mainly Hispanic and/or
black and 40% are white.?* It is
essential that training of addi-
tional health care providers be targeted at minority groups
who actually reside in these high-risk areas in the inner cities.

Monitoring Internally Displaced Populations

Among the issues related to all mass casualty medical care in
the event of a major catastrophe is the thousands, or poten-
tially millions, of people who would be displaced from their
homes (ie, internally displaced citizens, or IDCs) for lengthy
periods or who may require quarantine. These people would
need shelter, food, potable water, nonfood items, and basic
health care such as immunizations or medicine. Sufficient
security must be provided to protect them from theft, black-
market activity, and physical and sexual assault, all of which
reach alarming rates during crisis situations.

Detailed instructions for laying out and extending housing/
camps have been devised by the United Nations High Com-
missioner for Refugees, the Norwegian Refugee Council, and
others.35-37 Protocols can be established to allow for high
volumes of burn patients to be triaged and treated without
having a verified burn unit.?® Systems to track large numbers
of IDCs and refugees exist in many countries outside the

Survival rates could be
increased if ancillary health
personnel and citizens in
support roles were properly
trained in limited but
strategic roles . . .

United States and are administered by such United Nations
agencies as the Office for the Coordination of Humanitarian
Affairs and the High Commissioner for Refugees. These
systems need to be adapted and be made ready for use in the
event of an urban nuclear attack.

Adaptations of Pharmaceutical Stockpile Properties
A strategic national stockpile has been developed for radio-
logical events,® and a similar stockpile for mass casualty
burns must be developed. Pre-positioning stockpiles of nar-
cotics for use in mass burn care and training community
workers would aid in the treatment of the thousands of
victims of an urban nuclear attack, who otherwise would not
receive these critical medications (especially for burn treat-
ment) until much later. In the anticipated target areas, it
could be useful to further develop plans for housing and
secure stockpiles of narcotics for use in a nuclear attack.
Narcotics are currently stored at hospitals and many clinics,
and these efforts could be significantly expanded, although it
must be borne in mind that hospitals may be hard to access
in a crisis because of their concur-
rent health care delivery func-
tions. In addition, these sensitive
supplies could be stored at police
stations, where significant security
already exists.

Preparation for a nuclear event
will require the development of
a procedure for dispensing nar-
cotics in the most efficient man-
ner to serve mass burn casualties
in crisis conditions. It will also
be necessary to address legislation
concerning record-keeping, access
to medications, and Health Insurance Portability and Account-
ability Act regulations. Training programs for community pre-
paredness to enact these changes in pharmaceutical interven-
include first aid courses, cardiopulmonary
resuscitation, pain assessment, medication administration, inci-
dent command, and radio communications.

tions would

Regional Mobilization of Medical Resources and
Personnel

In most high consequence events, and especially in a nuclear
attack, medical personnel ingress and patient egress from the
affected areas in urban environments will be severely con-
strained along land routes by panic evacuation; hazardous
chemical, biological, or radiological conditions; building and
road rubble distortions; and security and/or quarantine re-
strictions. The need to transport medical personnel from
outside areas into the affected urban areas would be severely
restricted, especially in the first hours and days after an event,
when medical care is most needed, especially for burn care.
Certain categories of equipment, such as ventilators, will also
be in short supply.4041
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Many of these difficulties could be overcome with air trans-
port and medical evacuation capabilities, if adequate landing
and response areas were established in advance of a crisis.
Medical air evacuation, when quickly rendered feasible, can
be the best means of getting large numbers of patients with
critical medical needs to distant medical facilities. The
United States has the most extensive large airplane transport
fleet in the world, which demands its incorporation into a
credible urban medical transport response to high-conse-
quence events.

The optimal operational locations for air transport exist in
the “horseshoe” areas of Figures 1B and 2B. Limited air
transport resources could be concentrated where the most
treatable patients are and yet protect health care workers. A
key element in all of these considerations is protecting re-
sponder personnel from radiation.*?

Limitations

As with any model, there are many sources of uncertainty
with regard to input parameters. This is particularly true in
the complexities of a city landscape. In this study, effort was
made to use the most accepted input parameters and vali-
dated models to produce the results herein.

CONCLUSIONS

It is imperative that cities consider the catastrophic health
consequences of a nuclear detonation and create plans that
will account for such an extreme challenge. It is hoped that
these 4 models have provided appropriate insight into the
extreme challenges faced when responding to such a high-
consequence event.
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