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and assesses ‘the feasibility of collecting data on a tactical nu-

SUMMARY

This research identifies the uncertain major nuclear efifects

clear battlefield to assist in claridying tnese uncertaimties.
Where collection was feasible, we evaluated the immediate and near-
term operational benefits of reducing the uncertainty., Tor uncer-
tainties that passed both tests (data collection feasibifliity and
operational benefit), we devised plans for collecting the data,

analyzing it, and disseminating the analysis -to users.

From discussions with Science Application Inc., who are vlan-
ning for underground testing, and with Stanford Research Institute,

who are planning for test readiness, the major uncertainties are:

-« Effects of low airbuxst precursor.

o Effects of blast and ground: shock from surface and
shallow underground bursts;

e Lffects of combined thermal and blast effects on
equipment; B

e Effects of dust clouds on commupications and- radar,

o Volume of fireball causing imterference to radar
and coimunications.

¢ Correlations among visible blast damage, casualties,
and- equipment damage.

% ¢ Human tesponse versus time as a function of radiation

% dose; .
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Effects of multiple injuries ¢blast, thermal, and
radiation).

Radiation from vent stem from shallow to deep subsur=
face bursts.

Adequacy of fallout prediction system,

Loss of effectiveness of U.S. -units by type as a
function of percentage of casualties,”

Same for enemy units.

Wars Involving U,S. Foxces

A

We investigated the means that are Iikely to be available for

collecting nuclear effects data in a ‘tactical nuclear envitonment

involving U.S. ‘forces. This investigation was based on curfent

organization and plans., We then analyzed (Section ITI) each of

the listed effects uncertainties to determine:

data,

The data required to dispell or reduce the uncer=
tainty.

The feasibility of collecting :the data.

The immediate operational benefits of dispelling the
uncertainty,

In six cases, it was judged feasible to collec. the pecessery

There alsso appeared to be a significant immodizte operational

benefit from reducing the uncertainty involved, "These were to:

Develop- human response versus ‘time as a function of
radiation dose.

%* - S
Percent casualtzies -that would preveint mission performance;
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Collection of data on these uncertainties requires the following

Determine efiects of mulitziple injuries to per=
sonnel.,

Determine loss of effectiwveness of U,S. units as
@ function of casualties.

Deteriine adequacy of cutrent fallout prediction
system,

Determine combined therma®l and blast effects on
aircraft,

Determine loss of effectiwveness of enemy units as
a function of casualties,

positive actions:

Issue gamma neutron dosimeters which will covef
the dose range of interest to selected troops
(e;.g., every third or fourth man), A small inex-
peiisive type is described in Section III,

Provide selected NBC personnel at all echelons

wi:th concise questionnaisffes so that, if the siitua-

tion permitted, they coulid be sent to interrogate
survivors of U,S, units who had suffered high radia-
tion doses and/or multipl~ injuries,

Develop report proceduzes from division and/or brigade
Cs to corps CBRE of casualties sustained, equipment
lost, and recent experiéfices for units declaréd combat
ineffective,

Develop division CBRC report procedures-to corps CBRE
for cases where significant fallout occurred. outside
of the predicted danger areas.

Instrument aircraft with plastic or paint sti#ip that
wifll indicate thermal exposure by change of color
and with deformation typé pressure gauge that will
record integrated pressute.
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s Develop a kst of special items to be observed and
repotted by units attacking enemy forces supported
by miclear fires. These will pertain to enemy units
becoming ineffective,

¢ Develop special questions for POW interrogators that
will seek to determine casualties and damage sus-
tained by enemy units that become combat ineffective.

¢ Prepare fiTl-in-the-blank type messages directing

changes in the service weapons employment manuals
(e.g., Army Field Manual 101-31), which could be dis-
patched to all units in the event Eindings regarding
effects uncertainties required a- change in employment
planning or procedures.

It would be advantageous to have ‘the collected data andlyzed
at the Cotps CBRE; since they are moderately close to the data
sources; this woulid also provide redundancy (there are currently
two U.S. corps in Europe). An exception is that data relating to
the vulnerability of USAF aircraft should be analyzed at the Direct
Air Support Center (DASC). TFindings on -most uncertainties should
be cross-checked amoung corps CBREs and with Army CBRE and, if they
appear valid, should be disseminated via the preplanned messages
to all TOCs, DASCs, and FSCCs involved in nuclear planning or tar-
geting. Any findings on aircraft vulnerability to combined blast
and thermal effects should also be reported to all USAF and Army

units operating, controlling, or requesting aircraft.

B. Wars Involvfgg Non-U, S. Forces

Sections IL; III, and IV of this report cover wars involwing

U.S. forces. Section V covers wars in -which the United States is

not involved, Tn :the latfer investigation we assume (1) that a
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P tactical nuclear war has been concluded between two (or more)

lesser nuclear powers and ¢2) that the United States has been al-

W
-y

lowed to send a team of observers to that nuclear arena. The ques=

tion is "Whatr could the U.S, team learn about the uncertaintiesz

. --—.

that would be of significant benefit?"

Coldection of data on many of them would require instrumenta=

W e W b e

tion that would probably not be present on foreign battlefields.
In cases where the United States is providing military assistance
to potential participants, it might be possible to incorporate

. some instrumentation in the equipment being furnished.

Howaver, even with no instrumentation some useful observations

covld be made:

e Medical officevs might provide data on tne frequency
of combined blast and burn injury and oa the typical
casualty rates. By :ithe time the U.S, team arrived
on the scene, some symptoms of radiatiopr would prob-
ably have been diagnbsed, giving approximate received
doses; hence, there might be some data on the fre- 1
quency of totel combinzd injury.

: ¢ Discussions with operational commandets and staff |
could provide data on the loss of unit effectiveness :
as a function of percentage of casualtiies. 1

e Tf the battlefield had not be~n policed and if a :
collaborating former participant would -disclose
where specific yields had been used, it might be

] possible to reconstruct the scene and glean useful

co0 data on the vulperability of certain equipment -to

' blast., Even without collaboration, an analysis of

residual neutron induced radiation could provide an

estimate of weapon yield and ground zexo (GZ).
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Priot planning would be most important in attempting to col-
lect information from someone else's .war. Hence, a study should
be made ‘to examine:

e The Iikely areas of occurrence and differing degrees

of cooperation that U.S. personnel might encounter.

o The key personnel who should be -questioned, their
attitudes toward the United States, and the questions
to be asked. ’

The number of observers desired; their qualifications,
and the required training,

. e- The instruments and other equipment needed and re-
-quirements for stockpiling.
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PREFACE

uncertainties in tactical nuclear warfare, to devise

methods for .coldecting battlafield data on thesé:uncertain-

ties and :to :propose plans and procedures for cdldecting,

i
a evaluating and -disseminating the data to important -users.
‘ 4 The work Wwas- a scoping effort which has provided: some
. ’ insights that should stimulate thoughts in this dfea. The
. views and.-€oficlusions contained in ‘this document are those
% of the authors and should not be interpreted as -nécessarily
? ! representing the official policies, either express or
' implied, -of ithe Defense Nuclear Agency or the U:. S: Government.
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I INTRODUCTION
g
2 This research. identifies the important effects of nuclear .

i uncertainties, to assess the feasibility of collecting battlefield
j data that would:-clarify or dispel those uncertainties, and where
collection of -data. from the battlefield was possible and there were
significant benefiits, to devise plans for collecting, zvalvating,
. and disseminating the data; Emphasis was placed on cases where in=
creased knowledge would result in more effective weapon employment

with the time span of a very short war,

It was assumed:‘that any interference with -the combat effort

would be prohibited, that data collection would recuire a minimim

of additional equipment, if any, and that the resources devoted.

to this effort would be austere,

Il

The original concept was to collect data on a U,S. battlefields

e

) : However, at the client's suggestion, a supplemental concept was
added-~that of what -could be learned by a team of U,S, obsetvers
visiting the scene of a. tactical nuclear war or battle that did

# ] not involve U;S. forces.
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I1 EFFECTS DATA- AVAILABLE FROM CURRENTLY
PLANNED SYSTEMS

A principal source of burst data (location and yield) wiil be

the Nuclear-Biological-Chemical (NBC) reports.l* The system based

on these reports is completely dependent on human observations made
with instruments that are usually present on the battlefield (e.g.,
aiming circles and compasses)s In Appendix A, we present an anal-
ysi:s of the inaccuracies that might be expected from this. system,
Except when there is a visiblé crater, the errors in the location

of ground zero (GZ) can be on: the order of from 100 to EOQ‘ﬁeters.*

Height of burst (HOB) will be largely unknown--reporting pro-
cedures distinguish primarily between air and surface butsts, LIf
the estimated yield is based on measurement of cloud diametex, the
error can be on the order of #50%., If based only on cloud: stabili-

zation altitude, one sigma accuracy will be about +120%, =70%.

The army is developing an automatic nuclear burst détection
system (—NBDS).2 Conceivably such a system could provide burst data

(GZ, 1OB, and yield) with sufficient accuracy to dispel certain

ﬁReferences are listed at the -end of the report.

tBy a detailed survey of neutron-induced radiation, or by careful
photo interpretation, GZ could be located to within 50 to- 100
-meters. Howevar, the basic approach in this study is to sce what
could be learned and used quickly, This concept does not permit
prolonged, costly redigestion of data.

14




effects uncertainties (e.g., precursor effects). To avoid classi=
fication of this report, the specified accuracies for burst data
from the NBDS are not given. However, these location accuracies
will not be a substantial improvement over those that might be

possible with the manual (NBC) system now in use,

The Army has radiac instruments and is developing improved
ones for monitoring fallout. The issue is generally six to eight
for company-sized units, These instruments can be used for static
monitoring or for making radiological surveys., Hence, there is
(and will be) a capability for moniitoring that will hopefully
vetify the accuracy of fallout predictions. There is also a
fountain-pen-sized dosimeter that wifll measure received-radiation
doses of up to 600 rad (tissue) gamma, either initial gamma radia-
tion or fallout. The basis of issue is two per platoon. As is
discussed later, 600 rad (tissue) gamma excludes important neutxron
radiation and does not cover the dose range needed to investigate

radiation related effects uncertainties,
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IIT EVALUATION .OF THE FRASIBILITY OF DATA COLLECTION
5 CN UNCERTAINTIES AND RESULTANT OPERATIONAL BENEFIT

In this section, we (1) list the data- required to decrease

uncertainties of effects, (2) evaluate the feasibility of collect-

A S
e oo s .-

ing that data on the battlefield, and (3) assess the operational
benefit of decreasing the uncertainty, Findings regarding uncer-

‘ tainties were considered to be of high opefational benefit--if they
could significantly change damage criteria;* The results of this

evaluation are summatized on Table 1.

As was anticipated, in many cases we found that either it
would not be feasible to collect data on tlie uncertainty or that,
( given the data, ‘the tactical benefit would be small. To emphasize
| the positive aspects of the findings, the analyses of those uncer=
tainties that might be decreased with defitite tactical benefit

are presented first,

,ﬂ ! A, Human Response Versus Time as a
‘ Function of .Radiation Dose
¢ e
7 | . e o
: The uncertaintiés about human response as a function of radia=
; - f tion dose relate to what dose will incapaditate a person in what
- L time, the degree of incapacitation, and the time the person is
i
}
i
f — — e
: . . j

ri4
Pamage criteria specifies the level and type of damage that the
i planner seeks to inflict on a target,
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TABLE 1.

UNCERTATNTTES

SUMMARY OF UNCERTAINTY ANALYSES

TABLE 1.,

S DATA REQUIRED

SUMMARY OF UNCRRTAINTY ANALYSES

FEASIBILITY OF COLl

Human response versus time as a func-
tion of radiation dose.

Effects of multiple injuries (blast,
thermal, and radiation).

Loss of effectiveness of U,S. units by
type as a function of percentage of
casualties.

Same for enemy units.

Combined thermal and blast effects on
equipment,

Adequacy of fallout prediction
system,

Low airburst precursor effects.

Shock from surface and shallow -under-
-ground bursts,

‘Blast effects from surface and: shallow
underground- Bursts,

Effect of dust clouds on communications
and- radar.

Firetall volume causing interference to
radar and communications,

-Correlation between visible blast dam-

age, casualties; and equipment damage.

:Radiation from vent stem from shallow

to deep subsurface bursts,

Chronological description of impairment
experienced by a number of men who have
received a wide range of doses.

Chronological description of 'mpairment
experienced by a number of men who have
suffered a range of mixes of multiple
injuries.

Percentage of casualties and recent ex~

perience of U,S, units declared combat
ineffective.

Same as for U.S. units above.

Caloties/cmz, static and dynamic pres-
sures, and damage.

Predicted pattern versus pattern actu-
ally experienced.

Burst data (x,y,z, and yield), static
and dynamic pressures,

Burst data, velocities and accelera=
tions;

Same as for precursor effects.

Reports of interference in presence of
dust clouds, type and frequency of
equipment.

Measutements by radars of cluttered
area; reports of interference in pres-
ence -of fireball, -type and frequency
of equipment.

Counts- of -casualties, survivors, and
equipment damage with associated dis-
tances from GZ to- outer limit of vie=
ible -damage.

Burst -data and doses received at a -num-
ber of points,

17

Feasible, providing troop
with gamma neutron dosime

Feasible, with same provi
plus a survey team capabl
ing degree of burns and n
blast injuries.

Feasible--data are availa
and Div CPs,.

Feasibility is doubtful;
important and some data a
POW interrogation.

Possibly feasible, with s
mentation on selected equ

Feasible==CBRC does predi
plots actual events from
ports.

Not feasible--burst data
pressures would require i
battlefield,

Same as above.

Same as above

Feasible,

Feasible,

Feasible; however, it woy
significant manpower and
error potential.

Feasible; assuming eithej
luminescent dosimeters ol
issue dosimeter,
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[RTAINTY ANALYSES

TABLE 1. SUMMARY OF

NATA REQUIRED

UNCERTAINTY ANALYSES

FEASTBILITY OF COLLECTTON

_ OPERATIONAL BENEFLT .__ _

iogical description of impairment
fenced by a number of men who have
ed a wide range of doses.

iogical description of impairment
enced by a number of men who have
ed a range of mixes of multiple
l2s.

tage vl casualties and recent ex-
ce of U.S. units declared combac
ctive.

s for U.S. units above.

&s/cmz, static and dynamic pres-
- and damage,

ped pattern versus pattern actu-
Xperienced,

data (x,y,z, and yield), static
namic pressures.

data, velocities and accelera-

s ‘for precursor effects.

s of interference in presence of
tlouds, type and frequency of
?ent.

fements by radars of cluttered
}eports of interference in pres-
pf fireball, type and frequency
iprient.

) of casualties, survivors; and
j nt damage with associated. dis-
' from GZ to outer Llimit of vis-
Hamage,

‘data and doses received at a num-
- -points, -

Feasible, providing troops are ecquipped
with gamma neutron dosimeters,

Feasible, with same :roviso as above
plus a survey team capable of diagnos-
ing degree of burns and nature of basic
blast injuries.

Feasible~-data are available at Bde and
and Div CPs.

Feasibility is doubtful; but answer is
important and some data available from
POW interrogation,

Possibly feasible, with special instru-
mentation on selected equipment,

Feasible=-CBKC dues prediction and also
plots actual events from monitoring re-
ports.

Net feasible--burst data inexact and
pressures would require instrumented
battlefield;

Same as above,

Same as above

Feasible,

Feasihle,

Feasible; however, it would require
significant manpower and there is high
error potential;

Feasible, assuming either the thermal
luminescent dosimeters or the current
igsue dosimeter:

‘High~-could cause significant change in
damage (or targeting) criteria,

High-<same as above.

High--could significantly change tar-
geting criteria.

High--enemy unit response may differ
from U.S., response

Small to medium--effects on aircraft
could require special safety measure-
ments.,

Small to medium, in unlikeély event
‘that current prediction system is not
sufficiently conservative;

Small

Small
Small

Small--effect is transitory and reme-
dial actions are limited to those pos-
sible within existing nets;

Small to medium--chief -befiefit -would
‘be appreciation of radar blackout
probiem. Communications impact same
as ‘for dust cloud.

Small--it is doubtful that a battle-
field survey would develnp- a signifi-
cantly different correlation than one
computed based on EM-1,

Medium--would increase conifidence in
‘troop safety distances.
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incapacitated, A cause for the uncertainty is that most current
data are based on experiments with monkeys and is limited even
there. Predictions of human response based on monkey tesponse

may have significant error. A chronological description of the
impairmunt experienced by a number of men who have received a wide

range of doses is required to fill this void,

Within a troop unit subjected to or near to a nuclear attack,

there will be considerable dififerences in the doses received, be-

cause of variations in the postures of the men at the time of at-

I

tack and their distances from GZ: Even men subjected to a dose
causing immediate transient incapacitation’ (and ultimately death)

will have a period of partial recovery. At lesser doses, even

though those doses may ultimately be fatal, there may not be even

a temporary loss of capability, lence, it appears feasible to
interview men who have been exposed Lo radiation to determine the

time history of their responses,

A major limitation to such an approach is the fact that the
dosimeter now issued to troop units only reads to 600 rad (tissue)
gamma. No meutron dose is measured. Also, the basis of issue is
E two per platoon and, depending on their posture, the doses received

by the two men carrying the dosimeters might not be representative

of the entixe platoon., Because -of the variances in #ndividual ex-
posures that might occur, it would be desirable to have at least
every third or fourth man instrumented. To overcome these limi-
tatjons it would be necessary to-have dosimeters that would measure

both gamma and neutron doses and cover the dosc range of interest

o —
An early incapacitation followed by a temporary period of rccovex:y.3

18




- and to have a representative sample of men instrumented., Any

dosimeter that would permit meeting these requirements would suf-
fice, 1Lt is known that the U.S. Army has dosimeters under develop=
ment; however details as to cost, size, and range of doses read are

not known, As a matter of interest a small, cheap dosimeter used

by ERDA is described below.

morETrY L et g oahow
PR~

Based on informatjon from a radiological safety expert in ‘the
Hazards Department at Lawrence Livermore Laboratory, it would be
. quite simple and cheap (about 20¢ per dosimetexr) to equip every

third or fourth man with a -thermal luminescent dosimeter that could

read to IO4 rad (tissue). The part of the dosimeter that absotbs
o the radiation and provides the reading is a small cylinder of
) 3 special material about 1 mm in diameter and 10- mm long. This cyl-
inder could be enclosed in plastic and hung 6n a man's dog-tag chain.
Since the cost of these tiny cy'inders is insignificant, it would
. ) probably be desirable to enclose four cylinders in the plastic case,

thus making a dosimeter set consisting of:

Two dosimeters reading gamma dose<-one up to 104’and

one up to 10° rad (tissue).
. : e Two dosimeters reading neutron dose--same levels as
i above,
%
J I3
“ Supplemental equipment is needed to read a dosimeter, but it is
i . . . i
: . packageable in a size about as big as a cased typewriter and could
"—"“; (.9 - . -
- % readily be used in the field, Because the actual reading must be

taken at a site remote from ‘the wearer of the dosimeter (and be=

e R

¥
.l

cause the cost is small), it would be desirable to have replace=z

[

ment dosimeter sets available:. This would permit detaching one

set for reading and leaving a new unexposed one with the man,

oot R D20
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Given gamma neutron dosimeters, it appears feasible to collect
data on the variation of disability with time as a function of dose,
Doctrine requires that irradiated personnel continue to fight untiT
too sick to do so, Ultimately, however, the men who have received
high doses and survived, at least temporarily, may be evacuated to
an aid station or collected in a holding area, probably near an aid
station, More often than not the tactical situation may preclude
any attempt to interview survivors. However, interviewing a huge
sample of cases is probably not necessary. With some additional
training and with the provision of a questionnaire, the NBC person-
nel at company, battalion, and brigade -could be used to interview
survivors, The questionnaires would be similat -t6 the one shown
in Table 2, If data were being collected on radiation effects only,
the interviewers would have to be careful to confine their examina=
tions to men- who had suffered 6nly radiation exposure--avoiding men
suffering from multiple affecgsi* The time history of the impair=
ment experienced by a man who has suffered both burns and an initial
radiation dose cannot be used as an input to a study of the impairs
ment caused by radiation alone:. A questionnaire would be filled out
for each man interviewed and a dosimeter or a reading considered
representative would be attached to a group of questionnaires, De-
pending on the time lapse since the burst, the interview team might
need to remain at the aid station or holding area for some time to
observe and note the onset of delayed responses. The NBC personnel

*
The next part of this section-.covers collection of data on the

effects of multiple injuries, If this were done the data col-
lection would cover both radiation response and:multiple injuries.
The difficulty in finding radiation-only casualtiés suggests that
examining multiple injuries would be preferable;

20
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: 7 would return to ‘their bases, the dosimeters would be read: -(probably
f{ . at brigade), and the dose recorded on the appropriate questionnaire.
i
o TABLE 2. ILLUSTRATIVE QUESTIONNAIRE

FOR INTERVIEWING RADIATION VICTIMS

Were you ever unconscious?
1f so, do you know how long?

. ) Were you nauseated or did you vomit after the attack?

How long?
Were you dizzy or unstable?

Did you notice any other specific debilitations?

I Were you burned or injured by the blast?
. In the period immediately following the attack, did you notice any
! impairment of your ability to perform any of the following func-
tions; if so, ‘how long did the impairment last?
f1.
NATURE DURATION
... FUNCTION ) OF PROBLEM __TIME _
4 ; Fire a rifle or carbine
5 B ‘ Operate crew served weapon
I & : .
H : 1 R
A . Use binoculars or other
- i surveillance device
:; . Drive a vehicle or tank
,?;_; _.f ) % Read a -map
; . i Operate a radio
4

Did you observe impairments such as the above in others?

Who and nature?

21




The questionnaires could then be analyzed to determine what

doses would cause:

_¥
SRS
-4

1
1

v o TImmediate permanent incapacitation for demanding
tasks,

¢ Immediate transient incapacitation (and time dura-
tion).

e No incapacitation,

EECK] IR nOan)
e o o

1f the sample of men interviewed was adequate, variances could also

be determined,

. : The development of reliable data on the time variance of human

capabilities as a furictiofi:of dose could have great operational

R . benefit, For -example; if it was discovered that a particular level

of iucapacitation could be achieved with 2000 rad (tissue) in con-

P e
m
-~

; trast to, say, 8000 rad -Gtissue), the yield used could be decreased
! 1 by about a factor of four, in some cases this could be achieved
: by using a smaller yield:.option within a single weapon system; in
other cases this could:-bé achieved by using a different, smaller
weapon system, Use of the smaller yield would reduce collateral
damage and would permit an: attack on targets closer to our own

troops. This would be an éxample of criteria that were too stringent;

et e A P < e

There is some uncertainty as to whether neutron doses and
; - gamma doses are equal iﬁ=ééusihg rapid incapacitation. Thus, it

is conceivable that thé ‘battlefield data collection and analysis

could show that 8000 rad: (tissue) are needed to achieve what we
. . expected to do with 3000° rad (tissue)., In this case, yield would
; have to be apprdpriateiyviﬁcreased. In all cases, given proven

data, we could operateé with increased confidence.

, 22
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In sum, the collection of battlefield data on the variation
of human response versus time as a function of dose is both fea-
sible and potentially of significant operational benefit., Accord-

ingly plans should be devised to collect, evaluate, and disseminate

such data,

B. Effects of Multiple Injuries on Personnel

To assess the potential importance of multiple injuries, a
separate analysis was made of the significance and frequency of
multiple injuries., This analysis is presented in Appendix C, 1In
this analysis we found that multiple injuries increased the prob-

ability of death, and that there would be numerous multiple in-

juries,

This uncertainty is actually an extension of human response
versus time as a function of radiation dose, In this extension
we consider blast injurieg and thermal effects (burns), as well
as radiation dose; The data required are:

o A chronological -description of the impairment ex-

perienced by a number of men who have received com-
binations of

- A wide range of radiation doses.

- A range of percentages of their bodies subjected
to second and third degree burns,

= A rarge of blast injuries (both as to type and
cause).

4 R
e Unit activity and individual posture at thé time of
attack.
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As is described in Appendix C, when a unit is subjected to
nuclear attack, it is likely :that men will be :injured by blast,
some will be burned, and some irradiated, By our doctrine we ‘tend
to target for a single effect=-blast, thermal (rarely), or radia-
tion, Considering only the one effect, we may seriously under=
estimate the ‘total damage inflicted. Hence, knowledge of multiple

injuries could give us valuable insight into ‘the real status of an

-enemy unit we have attacked or one of our units attacked by the

enemy,

In some ‘ways it may be more feasible to- collect the data -needed

to solve this uncertainty thaf it was for the previous uncertainty,
which was only concerned with- radiation dose. As we pointed out,

a time histoiy of the impairiment suffered by & man who has received
an initial radiation dose and whose body has suffered significant
burns (or whose arm iz brclienm) cannot be used- as an input to human
response veérsus time as a function of radiation dose, However, if
the collectihg team interviews an adequate number -of men whose
bodies have suffered 0%, 10%; 20%, and so on second and third: de=

gree burns (and similar varied levels of blast injury), the data

generated may dispel both uncértainties, The .data from the men with

0% burns and né blast injury will be used- to answer the -question of
impairment vetsus time as a function of radiation dose, while sthe
data from those burned and imjured by blast will help to dispel un-
certainties -on combined effects: Because we would then be measuring
percentage and:-degree of bo&y’burns and diagnosing blast injuries,
the qualific¢ations for the interview team would increase. The team

members must be able to distinguish between degrees of burns and

24
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estimate the percentage of the body that the burns cover, and -they

must be able to identify the nature and severity of blast injuwies.

Analysis and evaluation of the data collected will be somewhat
more complex than in "initial radiation only'" cases. With the data
collected hexe, one can estimate the percentage of a troop unit ex=
posed to thermal radiation as a function of unit activity and -the
variance in that percentage. Also, the data concerning 0% burn and
zexo blast injury cases can be segregated to provide answers for

questions in '"radiation only" cases.

The operational benefit would be greater than that for human
response versus time as a function of radiation dose, Given re=
liable data on multiple injury effects and on the expected petcent-
age of a unit exposed to thermal effects, we could take into ac-
count thermal effects and multiple injury effects in our targeting
and in post strike analyses. Thus; all of the operational benefits
desctibed undexr the previous uncertainty would be realized; and the

accutacy of our planning should e greatly increased.

¢. TIoss of Effectiveness of U.S.. Units as a
Function of Casualties

Probably commencing with ORO_-t-il‘-’-289,4 a number of studies ‘have
sought to determine the percentage of casualties that a unit must
suffer to cause it to lose its combat effectiveness. This ofi:ginal
study examined cases of U,S. infantry battalions in WWII and ar-
rived: at percentages of casualties for two types of offensive ac=
tion breaking points and one defensive action breaking point.

Other similar studies examined Korean and Vietnam experience and

25-




s e m— ™

arrived: at rather similar findings. TDespite the caveats in the ORO-
study, its results (slightly modified) were assimilated into U.S.
Army -targeting practices, In fact, an aura of near magic attaches

: to a casualty figure of between 30% and 40%, and few users are fa-

miliar with the source studies on whiich these numbers are based.

There are several resultant weaknesses in our targeting. AlL
of the -case histories that served as inputs te these studies in-
volved nonnuclear war, and the casualties were sustained over a
petriod: of from a number of hours to as long as two weeks. In
. contrast, casualties caused by a nuclear attack would in large
7 part be virtually instantaneous. (The realization and recognition:
of all initial or residual radiation -casualties would last for
days:) Secondly, casualties in conventional conflict are often
not ditectly associated with equipment damage (tanks being an ex-
ception) whereas most nuclear attacks that caused significant
casualties would also damage equipmént==thus increasing loss -of
effectiveness. Finally, despite the fact that the principal sourcé
study focused on infantry battalions; the 30% to 40% figure has
been -used on units ranging from platoon to theater forces; it seems
very unlikely that the criteria that defeats a battalion will also
-apply to the defeat of a platoon or a theater force, Thus, there
are major uncertainties regarding what level of nuclear-inflicted:

casualties will cause various types and sizes of units to lose

* theix -combat effectiveness,
The data required to resolve these uncertainties are:

¢ A listing of units (desigﬁétibn, type, and size)
that are declared combatrtﬁgﬁfective, the percentage

26-
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of casualties that each suffered, and a descrip-
tion of equipment damage,

o A brief description of the near-term prior expe-
rience of these units (prior casualties, exhaus-
tion, and the like).

¢ TFor each unit, -the time at which it was declared
ineffective and the time (if ever): Lthat it was
again considered combat effective,

Most of the foregoing data could be -collected from regular
reports that would be received at brigade and division command
posts. It would probably be desirable in selected cases to visit
the stricken units to verify the casualty: figures and equipment
damage, 1In the confusion of such a situation, the reporting might
well be inaccurate:. However, if the focus of the effort were on
units declared ineffective even though they had suffered less than

50% casualties, it should be possible to -collect the essential

data.

The Technical Broject Monitor suggested that a unit's break=
ing point might be ffom equipment damage as well as casualties;
However, two factors argue that this investigation should be in

terms of percentage of casualties. TFirst; there will often be a

-close correlation between percentage of casualties and damage to

equipment; hence; making the assessment in terms of casualties
does not ignore equipment damage. Second; the operational reports
conicerning the nuclear attack and the damage inflicted will tend
to be more accurate on casualties than: on: equipment--a commander's

first concern is hizs men, Therefore, the basic concept of index-

ing the breaking point to casualties is retained.
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The operational benefit could be significant. OQur targeting
criteria might be :far too stringent. 1In that case, assuming that
enemy unit response was similar ‘to ours, smaller yields could: be
used, and collateral damage and risk to our forces would be re-
duced, Conversely, if we found :that current criteria were inade-
quately low, we could use larger yields. In either case, we would
gain increased confidence in our targeting. The findings would
also provide some quasi~quantifidble data on the psychological

impact of nuclear -weapons,

D. Loss of Effectiveness of,Eﬁémy;Units as _a:
Function of Casualties -

Since an enemy unit's response to suddeny sheavy casualties
might not be simifar to that of a U.S, unit,* dit would be désirable
to thave separate data on the pefcentage of casualties that would
cause enemy units :to become combat ineffective, and for how Tong.

The :type of data required would: be essentially the same as that

required to determine the breaking point for U:S. units.

Collecting meaningful data -on loss of effectiveness on -enemy

-units would be dizfficult, Even in the uncertain event that .S,

forces overran major enemy headquarters, there ‘would be no

At any given time in history; the combat performance and stamina
of ‘troop units vaties considefably with nationality, For éxample,
duting WWIL Wavell, with 36,000 Commonwealth- fotrces, virtually
destroyed an Italian force of 2250,000. Yet; the subsequent in-
jection of two German divisions- into that theater nearly reversed
the course of that war,




L . assurance that the pertinent records would be recovered and prop=

" e

erly interpreted. Some relevant information -could probably be

el

obtained in POW interrogations, Also, when U,S, units mounted
counterattacks supported by nuclear weapons, enemy casualties
could be estimated with some accuracy and correlated with the ef-
fectiveness of enemy opposition to the attacii, Even though the

ability to acquire sufficient data from which to form accurate

conclusions is uncertain, the cost of attempting to acquire it is

small, Some key questions could be asked by POW interrogation
teams and certain relevant matters would be in afiter-action re-

ports.

If the data wefe obtained, the operaticnal benefit would be

high because we couldd then target the -enemy with more confidence.

-

- Hence, plans should be made to collect pertinent data.

E. Combined Thermal and Blast Effects

Equipment that has been heated by thermal effects may become
more vulnerable to blast, The data required for a variety of

equipments are:

7. : e Calories/cm?
-~ i e Overpressure and dynamic pressure,
i
¥ Strips of paint on equipment or attached: pieces of plastic

that change color with heat could permit the amount of thermal

]

exposure to be determined. Crush or deformation -type gauges

iy
e

could be attached ‘to permit the reading of the total or integrated

pressure experiencedi; Damage would, of course, be observable,

29
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Again installing instruments to measure dynamic pressures would
be expensive and their durability would be questionable. However,
in many -cases the total pressure would be the phenomenon of in-
terest. Hence, collection of meaningfui data on the battlefield

is deemed feasible.

Given that data collection is feasible, what is its opera-
tional value? Most of -the ground force equipment ‘that is targeted:
for its own- sake-~-tanks, vehicles, and artillery==is- not the equip-
ment that might be seriously affected by this double exposure. The
equipment most likely ‘to be affected: is semisoft equipment--radios,
microwave repeaters, radars~-usually treated as bonus targets.
Hence; improved knowledge of combined effects on this equipment

would not be important operationally.

Ai¥ weapon systems present different problems, The high-
pexformance aircraft itself could be vulnerable té the combined
effects; However, the data collected in the case of aircraft would
tend to be negative. TIf a plane exposed to a nucléar environment
returnéd to base and the instrumentation showed ‘the thermal and
total blast exposure, we would know :that these combined levels
were not lethal, Analyses of data ffdm—surviving aircraft, com=
bined with data- on thé environments. encountered by aircraft that
were 10st, might indicate which combinations of blast and thermal
levels were lethal, If this proved :true, we might need to modify
our air -tactics to provide safety from our own bursts., In sum-
mary, full knowledge of the combined effects of thermal and blast

could change our estimatés of safety criteria for aircraft, thus
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leading ‘to some modification in tactics. Hence, the operational

benafit of these studies might be small or medium,

F. Adequacy of Fallout Prediction

Field Manual 3-22° describes what is believed to be a very
consexvative fallout prediction system. If the system operates
as intended, the areas that it predicts as hazardous will more
than encompass the arecas that are actually hazardous. (There
probably will be areas within these predicted hazardous arsas that
are safe,) However, gross -underestimation of -the yield of an
enemy weapon couldd result in underestimation of the size of haz-
ardous area, Therefore the actual performance of the system would:
need to be verified by comparing the predicted pattern wiith the

actual pattern,

The division CBRC does the fallout prediction. It also plots
actual £fallout patterns based on monitoring and survey reports
from division units., Thus; the collection of the required data

is planned for if current doctrine.

The principal benefrt of verifyimg the adequacy of the system:
would be increased confidence. 1In the unlikely event that signifi=
cant fallout was discovered with any frequency outside of the pre=
dicted hazardous area, additional buffer zones could be added

immediately, The overall benefit is judged to- Le mediums.
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#ainties include:

area affected,
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tions; and the like,
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"See Appendix A.
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e Burst location (x, ¥; and z) and yield,

¢+ Local terrain and metéorological data.

-depending on the pressurfe and surface involved,

: #ion was used to record preéssure data,

Precursor uncertainties are related to the static and dynamic
pressures associated with a: Tow air burst that generates a pre-

s cutsor wave, The data that would be required to dispeﬁﬁthe uncer-

- Knowledge that a precursor wave occurred,

e Static and dynamic pressure readings at a number
of points (adequatée sample) distributed ovet :the

J To -obtain such data would require a major, sophirsticated in-
| stfumentation effort-<fast=tasponse dynamic pressure :gauges capable
f ‘measuring pressure versus ‘time, an accurate burst -détection and

‘Ocation system, static pressure gauges, surveyed inskrument loca-

In DNA EM—-l,3 the reldability of predicted distances for peak

feliabilities for peak dynamic pressures can be from =50% to +100%,
These ;predictions
arte based on atmospheric tests where the GZ and HOB -wére known, the

yield was usually known witthin #10%, and sophisticated: instrumenta~

. - %
In contrast, errors im-data collected on the ‘battlefield can

be expected to be from 100:to 400-m in GZ location, and estimated
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yield may be seriously in error. :HOBidata}§ill show only surface
or ajxr burst. Fuxthcr, as troops are now/equipped; ‘there are no
instruments for reading any type df—pfessure. Hence, without add=
jng extensive supplementary equipment, there is no- capability to

acquixe data trat would improve our knowledge of precursor effects.

futther, instrumenting the battlefield is not an attractive con-
cept,.

Conceivably, a simple crush-iype gauge could-be built and
attached to selected equipment items. These might permit total
pressure to be estimated=~but not -dyhamic pressure alone (which is
important in precutsor effects): Any widespread:wuse of more so=
phisstd:cated instrumentation wouid@be:expensive, .sto, in generaly
the more sophisticated the instrument, the greater would be its

vulherability to damage in ordinafy. millitary usage:

In summary; expected inaccufacies in burst data and the in=
feasibility of instrumenting the ‘battlefield argue :that battlefield
data that would improve our understanding of precursor effects
could not be coliected..

In any event; ‘the operational benefit of petfect knowledge
of precursor associated effects would not be dramatiwc, Operating
wiith systems with. :fixed yield options, it is doubtful that perfect
knowledge would cause a choice of a different yield::than the one
chosen on the basis -of current kriowledge. 1llence; uincertainties

regarding precursor associated effects will not be examined furthet;
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H. Blast quzGround Shock Effects from a Surface
and Sha‘low Underground Bu1st )

The data: required to study :the :effects of a shalilow under-

ground butst -would: be:

e Knowledge that the butst -was shallow or underground,
e Locatiton of -GZ and- yield:.
» Local stefrain and meteofological data.

e Statiic and dynamic pressures (versus time?); and veloc-
ities and accelerations at a-number (adequate sample)
£ -points distributed. ovef :the aifected aréa,.

Most of the -df::cussion under Precursor Effects i aliso pertinent

‘here., Because ground shock ¥ dncluded, the requited instrumentas

‘ticn would: Be -even more complex -faccelerometers -andivelocity gauges):

Accordingﬁx;égh@Aconclusioﬁ:ﬁSEEhg same: collection of useful data:

on the battlefield would not bé - practicable.

I. Effect‘of Dust Clouds on Communlcatxcns anc Rddar

Although. it is thought ‘that -dust clouds wild .iuse some inter=
ference witth. #£adio and radar opétations, the <xtent aiu. duration of

-this intekfetence is not well gﬁdéﬁétood; The data: nheeded to ins

. R@@gﬁtS»of Fink outagess; iﬁtetﬁatences;'oﬁﬁciucters
in- the presence of nuclear -dust clouds; .afidi-their
durations,

« Type and operating frequency of a'ffe’c,t‘:e‘dié:s‘ggiﬁ‘ment-
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-oufages or interferences on links; Sofie tadars coulid measure the
si:ze and: duratdion of -the clutter=pat§h; Tf these -data were logged:
and’ assembled: at -the CBRC, they .could: Later ‘be analyzed to improve
insiight fnto the dust problem, Thus; -data collection is deemed
feasible,. 7

Since dust moves with the wind, any .problems created will be
bi@ﬁéf@oﬁi. ‘Where radio nets are teﬁ@d?aifiy%btocked SOPs should:
speciffy alternative routings (including telaying of messages). If
a fadar -operator finds a significant aiiount .of his assigned search

sector -clittered, he could report :that #o his controlling echelon;
whitch 1 turn should modify the search sectors of other radars. so
as ‘to-provide adequate coverage,

The fajor point is that :the -cunifent systems are already pre=
pated: to take remedial action when Foubles (such as equipment
outages):-occur, and they will d6j§BES§E£ dust creates ‘troubles,
Fuither, because of the temporary -mnatufe of the problem and be=
-cduse -6f possible remedial actions ‘beimg Himited to those that
can-ibe -undertaken with the equipmént xkready deployed on -the bat=
=c¢€ﬁfeid;sthere is Iittle more that could: be done. Therefore,

ncteasedi’knowledge of probleims .génetatéd by dust wikl be of small
immediate -operational benefit,
J.  Eitveball Voluweipﬂpsing,LntgkfgrencgjpgiRadar
ggggpommuniCdtlons

Nuclear £ireballs -may ‘block ‘both: radar and radio, Furthei¥s
‘MOTE; fonization and particulate -matteE outside of the visible
Eireball: may cause the volume that dmterfere s with EM: propagation:
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‘to ‘bé considerably larger than -the ¥isible fixeball., The informas

tion:-needed to increase our knowledgé base is:

L

# Méasureéments of apparent £iteball size -by radars,
preferably by vadars of -each firequency present on
the battlefield,

# Reports of radio link outages .or interference in
the presence of fireballs, dand the -duration of
those -effects. ’

o

Type and operating frequency of daffected equipment;

The radar measurements of -the fiiteballl should be obtainable:

. i[.‘iigéy .could:-be made at the same ‘time :that wadar observations ate
] ‘bedig Made to determine ground: zegd:; Radio link outages should:

also e Feadily obtainable, HowevVek; Tadio- reports will only pEo=s

i
<

rirdé a. Measure of -the overall -severilty of the -problem; 't;hey wiflil:

s:7

ot PETmit precise -estimates of the sizé of the interference vols

*

umes=whose size will vary with:-equipfient frequency..

same as -that for dust

.of ‘the Zirebally, -the €f=

Blowdown, Personnel Casualties; and Equipment Damage

I5f sthere were an:--eshabli:shed coitelation between -damage vis=

ibie f¥om vhe air and damage not

T
i

d ]_.'y visible, ‘the accuracy of




"

ErS—

-
o

poststrike . nalysis from ah aircraft (visual or photoéﬁwbutdfbe

-enhanced,

Vi:§ible and invisible blast -damage and casualties based on ‘EM-1,

Also;, it would not refléct :Ehe -casualties caused by ilie .environment,

Visible damage to the zone -of itotal destruction -(pecple and equip=

alties may not be identi:fied: as .casualties, Tiﬁaflﬁaanth stall

of equ1pment damage, damage to structures, an¢
‘tzee blowdown,

- e Estimated counts -of -damage to -equipment associ:
ated with distances from GZ to the outer Limilt:s
of damage to structures and tree -blowdown;

DNA EM~1 has effects data on tree -blowdown, blast -damage to
Structures and vehicles; and:-damage criteria for%pg;sonﬁg% from

various cffects., Hence, a -cotrelation -could be developed: between

and to use this in poststike analyses, One shotteoming o0f such

a. caliculated correlation; a5 -opposed -to one developed by actual

survey on the battlefield; @5 that it would necessagifly #gnore

casualties arising from mulitiple effects (e.g., blast and thermal).

sich -as men hit by flying debiirs and- equipment..

Sehdza;grOund:surveyfpgtgyw§6Wﬁza swath £rom the outef iimit of

ment). However, thére are séveral difficulties. Some -casualties,

at Teast the walking woundéd.:wiilihave’beenveyagqa edi  Unless

weapons; radiation: effects will

of the blast will ‘be -confified::to a small area. ibg£df§§§off in j—
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' 7=Bfast as yield: is redu@gdésgggests:that’there would: ‘be ;problems

(R

alties, Thus, data collection seems feasible but there are signifi-
.cant possibilities of cexor.

As previously indicated; the chief operational ‘benefit of de-
veloping such a correlation would be to obtain mdre accurate post-

i sitzrike analyses based on visual observation of pliotos From an

afrcraft, However, simpiy—gyebaTting the area ¢f «devastation, or
examining photos of it, -would tend to be imprecifsé; Such a method
would lack refinement==fo% example, an air obséfVer might ot be

3 -exact about the types cf #ttees blown -down, Hence; unless ‘the cor-

igfgtions,esCQinshedﬁbyéﬁattieﬁietd:surveysa@eﬁéngrgmaticélly
PBettetr ‘than the -coxrelatdions derived from EM=l, -thé poststrike anal-
i ysis based on the formet -¢ortelation would probably be only moder-

tdes of multiple effects preclude absolute judgmenif as -to the degree

of improvement, Tf -the findings of the poststrike gnaiyéesrdo—not

i e tuch- different, Thetéfore, the operational ‘benefit of having

i { 4 correlation based on- a‘battlefield survey #s judged:‘to be small

%g=@pdefate. Since -the Fesoutces available for -collection of ef-
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dvaillable in-EM~1, ‘No- such: correlation -ddta:-a¥é ppresented in v

Wik

EM=1; yet, ‘having such: a correlation would: be -quiteé beneficial in
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3

making poststtike analyses, Accordingly, we recommend::that such

f
%

correlations be developed and incotporated into EM=d;. The correla-
tions should show -the anticipated:-effects on personnél and-equip-
4 ment as a functdon of visible damage to structures and::trees.
Different corfelations may need to-‘be developed for -diffferent wea=
pon designs, A:preliminary analysis developing such:-correlations

is presented in- Appendix B.

L. nadiation firom a- Vent Stem

.- The radiwactive debris -etuptimg from a- shallow.-6% deep under-

ground: burst .génétates an -unknowit amount of initdi:all €adiation, The

. data required to understand thirs phenomenon are:

q e Burst -data--ground zero,. -depth -of burst, and yield.
{ o Initial dose received at a -number of points at

varydmg -distances from :the stem,

The -crater would be -used to locate ground- zero. A suppressed
‘thermal £lash ‘woild indicate that £t was a subsuxface bBurst., -An
approximation:-of yield and -depth- 6f burst could be based on crater

size and depths

3 AN 2.

- eters,. the siﬁpigst method of determining the radi:aked: dose would:
w be ‘to collect -dosimeters :from-meh:who were in an -exposed: posture

at the time -of -detonation. The ¢60tdinates. of :the -fidn:-.at time of

o

‘burst (as wellll as hi:s name and:-uniit): would be attaghgdﬁto:ther

N

b dosimeter.
Fard

echelon where tthe reading -device Was located, Radidted: doses

The teading of the -dosimeters could be :doné at -the




coull'd- alsso .probably be obtained:i'by readings from fountain=pen=

sized: dosimeters, assuming ‘that :the -doses are less than :600: ad:

(tsizssued): gamma.

The chief operational benefiits from having better data: on the
infitsdal: radiation emanating from. -the vent stem of a subsurface

burst would be (1) better data. on which to base troop safety dis=-

tances,. and (2) possibly improved: ability to estimate enemy. -casu-

alities. There might be a bonus benefit of more accurate estimatdion

of collateral -damage.

Tt would require a signifdicant -humber of manshours :to--Coldect

‘the -dosimeters, record -their sources; and read:them, Efsé;:éﬁaa

P 1yzing a fresh crater -(probably by photo interpretation): to: get

‘buEst -data is not simple, In View of these costs, -the -decifsiofi to
¢ollect such data on the battlefield should be based on:ithe ex=

pected i£requency of ouxr use of subsutface bursts, Based: ofi: Ais=

cussions with SRI and DNA staff; dt is recommended:-that -fic

fo¥ colilecting -this data: be developed:
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AND: DESSEMINATION

A; fgqllection

In the preceding sec¢tion; we analyzed the feasibiflity of

and examined the posgsible operational benefit of Qﬁ§pgf¥ing—§hg

uncertainty. In this pakt of this section, we widil .develop spe-

ciific plans for data colflection on those -uncertaiméies that passed
ithe ‘tests of collection: feasibility and: operational ‘benefit, The

findings are summarizad: ofi Table 3.

1, Human. Response_Vexsus Time as_a

Tunction of Radiation Dose

After a ‘troop :unit thas suffered a nucleat attack there
probably willl be men.wlo-lidve sustained nigh=radiatiion: doses who
temporarily survive andi.canm ‘be interviewed. Ef they are -equipped

xesponse,

In many cases.-the tactical situation w 5?reglude such-

interviews, However; a: feview of thousands of -cases :i:s probably

4

At
I

St

fesponse could-be -considefably reduced. In past wats :the tactical

o

&1
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battlefield has tended to move in spasms and this may also be true
of a tactical nuclear battlefield, Thus, in the ebb and flow of
the battle there may well be opportunities for interviewing radia-

tion victims.

I1f each U.S., echelon (division to company) trained
selected NBC personnal, an interviewing team could be formed when
needed. The team could be sent to the holding area where the ir-
radiated survivors were located -to collect the dosimeters and £ill
out questionnaires (similar to Table 2) on the survivors' descrip-
tion of their response history. The dosimeters could then be read
and the dose readings could be correlated with the response de-

scriptions and forwarded to the Corps CBRE for analysis,

Summarizing, the actions required to make collection
feasible would be to:
e Procure and issue the gamma neutron dosimeters
to be carried or hung from dog-tag chains,

e Equip appropriate echelons with the devices
needed for reading the dosimeters (if required).

e Designate and train selected NBC personnel at
each echelon to act as interviewers,

2. Effects of Multiple Injuries to Personnel

Basically the same plan of collection as that described
above (for radiation) would be used for collecting data about in-

juries. Variations needed would be the following:

43




R e The 4nterview team wiflll have to be ‘tfained to
-diagnose and describe burn and blast dnjuries,

o- Because of the increased: scope, the -survey
stéams should be incikeased :to ten men--each.

The -questionnaire would:need to be expanded.

3. LOSﬁfpﬁfEffectivenesstdfiUfS. Units as a:

Function of Casualties

In :general, a unit will be declared combat ineffective
. by its superiof -echelon (possibly -on recommendation: of the unit
commander).: Whenever such a -declatation is made; ifhere will be
messages to thé brigade and divirsion TOCs stating ¢he designation.
of the unit; -the -nature of the -catastrophe, the damage sustained:
by personnel {and possibly to-eéquipment), and the -éxpected: time
of return. to some level of eéffectiveness, -Hence; what is requiréd:
‘to collect datd on -this uncettainty is that—btfgg§§=andidiyision:
TOCs forward:¢opies of -these Messages to corps :CBRE, adding a brief
' description Gf the unit's recent -experience--priof :casualties,

fatigue, and: §0--on, In cases -whéré the data séém:-abnormal, the

corps -CBRE-zafiter a suitable intérval and:duriﬁgréaiuli in- the

gction-éshQ@fd?ﬁgery~the—origiﬁg&fﬁg TOC as to-whéthér -there have

been revisions in the estimated::damage,

4, Adeﬁbacy;of'Current;?§%i6u§{BreQictiOR

A~ o p e b e T

}

i N . )
| As was-jpreviously indicated, a concern:#'s whether or not
z a predicted .pattern does in fact .cover all of -the -danger areas.

Current doctrine already pxovides for the division::«CBRC making

;
|
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fallout :predictions and plotting actual £alflout based on monitoring
and sutveys made by division:-units. Thus gheinecessary data -can ‘be
obtained:-’by simply requiring division CBRCs ‘to report to corps -CBRE
any instances where local areas of intense wxadioactivity occut out-

side of :the predicted danger zones.

5. :Combined Thermalnand Blast Effects.
on Alrcraft -

Does ‘thermal exposure weaken airciaft components :£o- the

point where their resi:stance to blast is signifficantly reducéd? To

} answet :thits question, the plan developed: im-ithis report is £6- in=
: strument aircraft with a. séxip (paint or plastic) that will change
= z color witth thermal exposife and a deformation type gauge that witkl
j measufe :total pressure; When a plane retu¥fis to base after béing
. { exposedisto- a nuclear envitonment, this instfumentation woulid be ex-
I s amined: Tf -there were :positive readings -they would be -takei:.and
) ? reported ‘together with: any damage noted-zthe U.S. Air Force :prob-
; ably feporting to the DASC :(and possibly numbered Air Forced: and
% thevAfﬁy:Eo>corp$ CBRE, The instrumentation would then be fgﬁiaced;
i ’% These feadings would: show what combinations ¢f effects willl ot
l {E i ‘kill the aircraft. i
-
% 63  Loss of Effectiveness of EnemgﬁUnlts as a
T Function oﬂwgéfgg}tles
;! To explore the -uncertainty about ithe breaking point -of
B -eneny uniits as a functiom: of casualties; -the -¢ollection con 1cept
is to--use POW interrogations and after-action reports from U UsiSs
| 45.




e m

T T
L

3
H
i
H
£
i
3

H }

¥

A

y

}

.
]
:

+

,

.

M

i

<y

H 4

H e

- ;

bases. Because of -¢communications, famif

wunits ‘that have attacked: enemy forces witth :nuclear fire SUppoOLt..

The actions required%§0ﬁppgvide for such:.a: collection are to:

* Develop: special questions for POW interro-
gators :that will probe thig point--e.g.,.
How ‘matiy; casvalties did youf -unit take?
Was it dthen out of action? How long?

o Develop: a Tist of items -to-ibe -observed
and reported by units exploiting nuclear
8., estimated nuclear -casualties
in enefiy- units. overrun, estimated equip-
ment damage, and effectiveness of enemy
resistance,

el
1.’

And1y51s and Dlssemlnatlon

From -the reportimg :procedures alrea described, it wi

parent that it is planned -to have most -6f ‘the data: analyzed:at corps

«CBREs,. This echelonwas selected for séverdl reasons., Tt dirs far

wWatd also simplfﬁiesfgﬁﬁmqnicatiqns, ‘Piitting the responsibifliit

at -corps level, rather i&than at field army: Tével, also provides

some redundancy -(i.es; ‘there are two UsSs -Corps in NATO). Findlly,

€he staff at ‘the -¢0fps -CBRE should be somewhat larger than at -divi-

sion and should thus‘have a better capabiflf’ty for making the .anal=

y.sis.

One -exception i!§ :the analysis -of -ddata--concerning the combined

-effects of thermal fadiation and blast -on: aircraft., That pottion-

.of ‘these data that felates to USAF airceaft will originate .at USAF

arity with the probilem;
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and proprietary irxterest, these data should be analyzed at the
DASC. The Aty ppﬁgidﬁtgg_ghgggéggmbined'effects data should -be
analyzed at the corps :GBRE; however, a knowledgeable army aviatot
from the corps aviation: section should either assist or supervise

the analysis..

When a corps:CBRE makes a. finding concerning an uncertainty,
it should be cross .checked -witth an adjacent corps CBRE and wiith
the Army CBRE to make -certain: that there are not conflicting find=
ings, If there are mo- conflbicts and the Army CBRE approves, -the
findings should ‘be immediately disseminated,. TFindings on those
uncertainties ‘that pektain primarily to ground targeting should:
go to all staff elements imvolved in nuclear plamning or targeting;,
mnamely all T0Cs, DASGS; and FSCCs, TFindings on uncertainties fes
lating to army aircraft vulnérabilities should go to all army avigs
‘tion units and -to::€hose TOCs and FSCCs -that may request or control

army aviation .eleménts:

Similatly; wheti & DASC ‘has findings on USAF aircraft vulners=
ability, it should:-¢foss check with another DASC and:-the TACC:
With no conflict; afidwith TACC approval, the finding should: be

reported to all aix bases and all TACPs, (TACC will probably te-

To-the -extent :possible; the findings should be anticipated:
and plans should:'be made -to -make appropriate -changes in doctrine.
These could:be in:Ehe iormiof—éhange pages to service ‘weapon--em=
,ptoyment'manUéfSééaﬁggi Axmy. FM: 101-31), However, in a battle

area. it would- probably: be mote expeditious +to have prepared

&7




I-in-the-blank type messages which could be sent at .once to all
dnterésted headquarters; éEXQmpiES are:
“Battlefield data indicates that _ rad «(tissue)

are required to causé immediate transitory incapaciita-
‘tion,"

4 "Experience thus far imdicates that the infliction

f of . % nuclear -casualties on a . size:
%? infantry unit will caiise loss of combat effective
SN in: the attack,"
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V' PAGLICAL NUCLEAR WARS WITHOUT U.S. ENVOLVEMENT

It was suggested: by the client that the fisEst :tactical nuclear
war might be one in which U.S., forces are not iﬁi}oifled. There are
already enough lesser nuclear powers to give -ctedence ‘to -this -pos-
sibilatys aﬁdvnqmerous proliferation studies suggest that there

will -be mote,

Duriiig ithe .conflict, some useful obsétvations might be made

‘ance satelldites--the progress of -the ‘war;. where battles

by suxveif

o ! were; andsnumbers of weapons. After tie .conclusion: of the war, a

ki

. : number of &ittuabkions might prevail:
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whitch at least one is friendly to-:the Unitted:
States; such as an Israeli=Arab wat..

-« The dnterchange occurred between powers; fione of
: - whom are friendly, but U.S. personnel fiight gain

! Postwat access, for example, in a: "peacckeeping"
o etcy force' role.

LoAra.

: . ® Ik 45 an- iaterchangé in whixch neither power is

+
- i >

i
PR

equipment and €6-insert some instrumentation before -the war, It

mi:ght also-‘be -possible to enter the battlefield witthin hours or

days aftef ithe nuclear interchange. In -the second:-situation, it
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but -entey: might be -possible within -a--useful time after the battle.
In the thixd: situation, data could:be -obtained: only through use
of rémote sensing techniques, such as;dioﬁes, cameras, satellites,

or radio-monitoring.

Por -the purposes of this report;. :the -question is "What could
obsefvets who were permitted on scené Leatn that would benefit our
knowledge of nuclear effects uncertamntl,g 7" Reexamining Sec-
tion IV, in which we developed ptaﬁs-i@t data collection on un-

certainties in a situation where the United States was involved,

i€ 1is @Vident that many of the .collection plans entailed some in=

strumentation--dosimeters and -deformation: gauges, Manifestly -thesé

coul

However, if the United States.

was providing military assistar+n to-one of the rarticipants, it

-could furnish aircraft equipped with deformation gauges and thermal

T allowed -to interview medixcdl G6fficers, outr observers might

t dinteresting data on the frequentcy -of -combined: effects injuties;

ge
If sufficient :time had elapsed befoté .our observers' arrival, and:

4if it ‘Was--within the competence -0f ithe: fiedical corps of the countty;

-ﬁédféé% nfficers might ‘have diaghéé

treceived, Thus it might be

'ThégﬁéﬁigﬁtS—might~bc from the -medical: officer"s own forces, -6T
POWS,.

from symptems what approximate:




possible to get quite useful data on the frequency -of various com-

bined effects. Also, medical officers might be able to furnish

good descriptions of the :total casualty situation:within units

‘that had been hit--the -total picture might be mofe interesting

and important than its parts;

If allowed, discussions -with operational comfnanders and staff
mifght furnish valuable insight on -unit losses of -effectiveness with
casualties. After a unit was hit, suffering X petcent -casualties,

dixd :€he survivors panic of fight on? How effective was their re-

It would: also be intéresting to visit the battlefields, It

is doubtful that they woulld have completely poliéed: -the battle

area, and much of ‘the damaged: equipment would sti#lil be in place,
Tf a collaborating fofmeﬁ;@atticipantrwouldfpgovfdg data on -what

yields were used where; and: at what height of ‘bugst, it might be

possible to reconstruct -€hie battle scenc. An ai photo would show

the Location of the dereliirct equipment relative :to :«GZ; and a ground
suxvey could record- the -damage. Such,a,surveyvcog¥4%produce ex-
-cellent data on the vulnéBability of the equipment present. These
data would be particuiaﬁiy interesting if the damaged-equipment -had

‘been furnish d by a potential U.S. enemy or if it ‘was equipment of

e e —
*
1
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H
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si:stance?
-
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UsS; manufacture that hadifiot previously been: tested in a nuclear

-envixronment,
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Thetmal, and possibly neuisfon, shadows might permift -estimating

‘hefght -of burst. All of this, of course, assumes iffee access to

-the *battle area.

To a great extent out abildty to obtain useful information
firom ~ non-U,S, tactical nuclear war would depend:-on ithe effective-
mess of our prior planning} Tt would be valuable :£0: make a study
QXthning:

o- The likely areas. whére :tactical nuclear wars withs

out U.S, involvement ‘miight occur and, for -each- area,

‘the probable rules :that would govern U.Ss -observer
access to data;

L 2

The key commanders and:medical officers vilio- should
be interrogated,. 4if :possible, and their :po i
leanings to include :their attitude toward::the
‘United States,

‘» The questions that should be askes of key partici=
pants,

| @t

The number and ‘typés 6f observers and equipmient
‘that it would be -désirable to send to each:-0f the
potential areas, 'based -on the anticipated:access
to data rules,

o The training requitéd £or candidate -observets..

¢ The instruments and:-other equipment that shguld: be
stockpiled and:-whérte:
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Appéﬁdix A
BURST DATA BASED:-ON- NBC REPORTS
. *
The—Af@YenucIear burst reporting system is~§gsfghed to pro-
vide information for determining @) the time of -detonation, (2)
the location:-of GZ, (3) an estimate -of yield, and: «(4&)- whether the

burst is %ikely to produce fallout. These data are :useful inputs

to the assessnment of the impgggegf'nuéiear weapons: -on:-current

pally by artifldlery units based:-on: observations and:-méasurements
of the nuclear cloud at certainiitimes after detonation. In this:
section a:‘bEief analysis of the -methods -employed- .aid ‘the precision:

with which :thée information -can:'be reported: Wwiid ‘be made..

1.  Location:
Burst Tocation can be detéfmined by two ways: -map inspection:

I B s s ) P
and intersection, If a ¢rater exists and can-be seen, map or

* . - i L
FM 3-12' §pecifies that a reporting unit must usé -the NBC-1 re-

—popt'fot@§§3;this~conforms%tgﬁghg nuciearfpaftzéf’STANAG 2103.

T1nter$ec;t§gr;rd_:s essentially .a form. of topographié Survey that
constructé: -a- location by uging azimuthal observations from
several known locations.

e
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aerial photo inspection will permit -the fixing of ‘thé location
quite accurately :Gi.e., *50 metéfs). In the caseé -that may prove
‘to be more common, when the burst is an air burst with:-no -crater,
‘the GZ will be located by intersection on the cloud::stem. In
‘this case the -stem of the nucleaf -¢loud is observed; and azimuths
are read from. several locations: The intersection:-of :the rays

from the observer locations provides a location of :GZ.. The pre-
which the observation points are located, the accutacy -with which
the angles ate -ateasured, and :the .ability of différent observers
‘to define a.-common aiming point -on::the stem, There %§=also;an—
inherent -efrof due ‘to the fact :Ehat .observations .canhot be made

until aftef -Ehe blast wave passés -tlie observer. This may result

in delays -on:ithe order of 10 ito: 30: seconds, durifgwhich. time
the stem moves with the wind.. Intefsections based::on: feadings
from surveyed:‘baselines of known:-difection could: bé -quite accu-
rate-=on ‘the -6fder -of +10 metexrs plus errors due to+wind movement

of the stem: and:-errors due to-different aiming :poinEs on-the stem.

tions and: u§ifig- a magnetic azimith Teference willli ‘be less precise.

In summary; it would be unwise ito-expect overall 1ocation accu-

racies ‘better :than- 100- to 400:-meters.

A Yequifement when constructing a location by dntersection

is ‘that all observers must -be itaking measurements -on::the same

cloud stem; -6thérwise -gross errors can result, 4In::a §ituation

in which multiple detcnations. afe -encountered, sigliting at the

wrong cloud: wifl result in a -number of false locations;

56




A
Womkomk y

H
1

T TSN

[

T e

v

S it b I, T O

e

JMWMWM*

£o0r alr bursts may -not be -quan

Although errors in location:-of a-nuclear detonation -car:

Iy be large, in time -the T1dcation could conceivably be
fiked -with adequate precision based:-on location of the cratet or
other .centroidal indicators in:#he -distribution of damage afd:

induced. radiation. MHowever, considering the time urgency dinvolved,

‘the ITimited human resources avaiflable for such investigations, and

‘the inherent confusion of war, :the practicability of doingééhfs

on: ithe battlefield is very doubtful,

2;  Aif or Surface Burst

The operatlonal,technlque £0or -determining if the detofiation-

occutred in the air (creating a fallout free condition):-0f mot 4§

‘based -on- visual inspection: of the cloud stem. Observation:-of a

thick; dense stem connected tg:ithe mushroom -¢Toud is -indicative

of a sutface burst. TIf, howeveE; ‘the cloud is not connected:to

thé stem, an: air burst is indicated: -Observation of a--throwout;.

an- inspection of ‘the crate¥ at a Jater time, or downwind residual

fad#ation -can: indicate -that a:-surface or mear surface (above -of

below) burst occurred. In gefegal; :the actual height of ‘BUESE

ied: by visual observation: More-

oVeL; night or reduced visibifli:

ailr -or surface burst.

35 Yleld Lstlmate

Estimates of yicld are based on known, empirically determined

stabilizations of ‘heiglits. and: di:ameter. Visible measute

o
IH»
‘o
‘s

ments are made -of cloud diameter -at five minutes and*cibudﬁﬁgighg




at approxiiiately :ten minutes after -detonation. Thiss Tatter time

should ensute :that the cloud-thas ascended to its stabilization

: height.

height and -di:ameter measuremefits are based on a:-measurcement of a.

subtended afigle and an estimated: observer distances From these

two measurements, ¢loud height and-width are -caléulated.

\ based on cloid properties. Emperical relationships relating cloud:

, : top, bottom; and diameter to Fi:¢ld have been:-déveloped. -One such:

& } U.S. atmosphetic tests.® These provided :the basi
}

graphs used: iby :the Army for ydeld prediction 4in

summary of :these data is preseiited in Figure A= in:-which cloud:

‘top, bottom; and--diameter rélationships are indicated as a func:z

‘by ‘the shaded: area in ‘the figufe.

The generfal relationships in:Figure A-l are ithose -of -power

W

—curve§~wfghﬁEBE—cloud:propettyg@fpportionak to- & :fractional -power -

of yield within ranges of yieids. In -the data; yield: was known

to ¥10% -of Tess; scatter in:thc -cloud data accounts .for the -un-

certainties dindicated: by -the -eTror bauds.

It s ioteworthy that the functional relationships change

for -the -cloud: stabilization: altii:ude -data between:the yields of

/ : 2 and 20 KT This—sitdation.fgfgﬁiy'inrpaft:expkginedvby;che' !
é altitude -of :€he tropopause. Eor high yields, :testing was conducted
H 58 -
1 )¢

i
=
I S - _ e p— . — - — ___ _ - _




¢
!

s
R e LA R o

oy

A AR R N W i 0%

" !
AL e o

e

HEIGHT ~kiloleet

HEIGHT =kilofeet

HEIGHT - kilofeel

\
!
,

YIEED~KT

59:

10

‘FIGURE -A-1. -CLOUD:PARAMETERS:

RTIEE R]

LI

L




in--equitorial areas.Wheéte -the tropopause i#§ -customarily at an

E altitude of 54,000 0 :60;:000  feet, A high yield model for yields

greater than 2 KT 18- jpostulated for predi@éihg;st@bflizatioﬁ alti-

studes. Other testing:was -done at the Nevada:itést site where the
‘tropopause is at 33;000::to 40,000 feet. Aviiodol for yields less.
than- 20 KT is suggesSted..

~~~~~

i£0- 20- KT are accomiodatéd in-practice in €the field -manual by use
-0f a nomograph solution: The functional -tEansition between the
two yield relationships is shown in Figyre A=ls. This relations

ship is embedded: if::the xiomograph in FM: 3=ili2

and: appears to

minimize -the :predicEion. error.

b

There are -CUEVES that permit yield: jpFedictions based: on-
-€loud: diameter at varying times after detonation, Cloud: diametet

at five minutes aftef -detonation:is buiflt ifito- :the mnomograph:

' -solution found ifiEM: 3=:12.%

In comparing :the :fiomograph solution: €0 -éstimating weapon:

yield: with the body -of -experimental data, a large variance exists:

Yield -predictions :basédi-on. cloud stabilization heights for alil

-¢louds stabilizing Between: 14,200 and: 35;000: £t -(corresponding £o

2 KT and: 20-KT ¥espectively): showed: a standard deviation -of +IL3%

and -57%. TFor example; according -to-FM: 3=42 a: feasured: -cloud:

stabilization- heiglit -6f 20,000 £t corrésponds. sto- 10- KT; howevet;.
a-weapon yield: of 4330 21.3 KT could *have jproduced: this same

o

ki3 ) 7, 7 e . e a: 3 L
This is a one=gigma-estimate--a 08% -confidence band, if distribu=
‘tion- were normals.
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Variabillity to a lesser degfee results from the prediction-

of yield based on cloud diametek. When comparing the prediction:

modeil: in: M 3-12 with measurements -of -the five-minute cloud:

diameter from atmospheric testifg; a standard deviation of +58%

fa
w

and =377 was found to be present for yields greater than 2 KI.
From a cloud -width corresponding o :that of a 10 KT weapon thete

is a-Ome-sigma uncertainty range 0f 6.3 to 15,8 KT.

In. an operational context, both:-measurement errors and.-pie=

diction--exrors must be considered: A measurement -error, f£oE

example; -of 10% in.-cloud. stabilization altitude or diameter -appedrs

‘tance estimates, and local windi.conditions. This 10% efrof in:
altitude or in diameter transkates to a yield error of 44% O 267%
respectively., Considering ‘the jpEeviously established -preciwsion:
of sthe :ptediction model, standafd:-deviations -on yields devéloped:
£Fom: measurements of cloud propetkies can be +120% and =70% hased:

f-:¢loud: ctabilization altitude; and: +60% and -45% based: -on:

dizameters In -terms of :the 10:KT .ekample -previously illustrated;

the -one=sigma- band for prediction s 3 to 22 KT based on stabidiza-

K :hough: the nomograph indicates #hat yields may be caleulated

£6- 1 KT; the error associated wifth:.predictions at 1 KT was found
ito:'be -eXcessive.
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Appendix B

CORRELATTON. BETWEEN. VISIBLE BLAST ‘DAMAGE, CASUALTIES,
AND- ‘EQUIPMENT DAMAGE

As was discussed in- the main body -of the report, it would: be

useful to establish correlations between: virsible blast damage,.

;personnel casualties, a@d equipment damage for -use in -tactical

-damage assessmefit -OF post-strike anaiysgSE The concept is:--that

an- observer might quitkly iacatify the Eimits of various types

6f blast damage and :that, from -this intéliliigence, a fairly accus

Fate estimate could be made as ‘to what happened to people aid:

-equipment in. ceftaii. areas. The -concept d's .pertinent both to- a

factical damage asséssment -of the effecks of a friendly stiike -on-

-enemy forces and: to- an -evaluation of damage inflicted: by an.-efefy

strike -on our own forces.

A good way :to implement the concept would be to ‘have :the -0bs
server airborne. Aloft he could quickly:-discern the limits.-of

various types of damage and denote -these -on- a- map- or photé==of e

.could actually photograph: the area: of damage. ‘For assessments.

over enemy ‘territory a drone with: a TV -0F pliotographic camersa:
could be used. Thé damage most readifly detected by an aiy ob=
server is estiinated:to be tree ‘blowdown: and:-damage to structureés.

Iight or moderate -damage. In some cases the might detect damage

to vehicles, -but it -would be unwae:g9=d§pg§déon=this, (The
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from DNA: :EEM=. Eigure B-1 shows ‘the radii of severe and: mo

vehicles are Tkély to‘have been concealed before the att <Kis:

The marked map--of -photo-would. be delivered to the TOC, whefe

-~

Alternativedy, a ground survey party could be used. The
chief weakness dn ‘this would be inability to bound :the damage atea:
in a reasonable ‘time., As will be developéd later, identifying
the outer limits. of itypes of -damage is critical to :the azcuracy
of the post-stiilke analysis. However, if a ground survey: pacty
were ’use:d?: %tfhéf-_g -if_\i?ght ‘be additional indicators such- as -antefina

Sué¢h. a -eoBEelation: can be fairly easily developed -using -data

. mm
163

yderate

%
tree ‘blowdown -andi 5000 rad: for personnel in:the -open and: ifi: &

forest. Flgure B2 shows. similar radii for moderate and:-sévere

damage to-frame and: brick buildings, for 5000- and: 150:Fad: o ex=
posed -personnel; and: for casualties to;persons:dgefﬁg~dggg%

tumbling ¢auséed: by:«€he blast. Figure B-3 shows radifi £oE

levels of da_gg #0: sélected equipment and various. radiati

to personnel,.

] : ”Nuclear Weapons Employment," Febggg;y 1963;.
aseds -on: :DNA Eﬁ-l.
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DISTANCE ~ feet

5000-RAD_

PERSONNEL

PERSONNEL EXPOSED:N:

CONIFEROUS:EQOREST

BLOWDOWN-MODERATE

BLOWDOWN=SEVERE

‘MODERATE BLOWDOWN:=RESULTS:IN- 10%- OF STE

"SEVERE -BLOWDOWN=RESULTS- IN -60-T0370.%=0F~

NOTE: CURVES:ARE DEVELOPE
RELATIONSHIPS -THAT=CA

YIELD - KT

ETWEEN-VARIOUS-NUCLEAR-EFFECTS

JES- TO-EXPOSED--PERSONNEL
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Erom the curves in Eiguges B=1 :through B-3 ofie .can-extract

radidi for various effects. fot -selected yields. To ’sﬁgbrish the
desitedi-correlations it is -enviisaged:-that -cookie cuttet type

templates -would be prepated: §howing -the -circles enc1031ng ‘various

types -of visible damage and:

and. equipment damage—cfiteﬁfég éﬁfggfezB;4—pteséh§s-égghﬁggﬁgtates
for asi0€KE and a 1-KT wedpons Note that a family»éﬁzégchftem=
plat és~woa1d be -needed;. bccagse g;fyieid shrinks Etggg%ggndsfto:

£alil: .G

»effect,glylng ‘the best :cové fggg, say severe -treé ‘blowdown: He

émplate whose -outet :Girdle :for severe

tree blowdown most nearly matched: :the outer limits of €his .effect

as ‘Shown: on ‘the map-or photos With the template €hus: posit

‘he would: see the various. damage -Chifteria--circles: 4n

Then, based: on-his knowledge of enemy OF ¢

in ‘the damage aréa;. he Hould: -make ‘his :po§fs

ithe -citcles enc1081ng.sglgggedvgasualty
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Appendix €

‘ESTIMATES -OF THE SIGNIFACANCE AND FREQUENGY
: OF MULTIPLE INJURIES

e P gy,

The &asudlty .producing -efivifoniients resuitiﬁg:i;bmfa nuclear

s

-explosion::tend: to overlap to»@§i¥iﬁg-degrees,edégeggiﬁg:on:the
yield and ofhet factors associated:with target .and: -employment

f 7 conditions; The .nature -of -casualties will Vatys; A-detailed

descripticii:-6f fatalities. and: dfijuries resulting FEom

- @ nuclear

. explosioit:-¢an show the influence -of nuclear +a d;ggiéﬁ thermal

acceptable safety .criteria foF frlendly forcess in-the former

case, -the -¢oncept -of destroyin

g:-or meutralizing a Specific target

is also xelated to delivety and: a- statistical assutance -of successs

Moreover,. ‘the prediction: of -efiéhy casualties 4§ prime arily based:

on: ‘the ddentification of a -single -uclear effect afd human re=

14 _ i e
’é sponse.. This. approach. -to-:the analysis is consefvative and: fails:
%

£

‘to- suggest sthe -impact on- the target -of additionali i ifijuries and:

fatalities. developed in othef Fesponse modes aiidi by other nucleat
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effects.. AEEﬁoughéthe effects of nucleaf Wéapons cam:-extend much.

£urther, in an operat10na1 ugage troop- safety criteria provides a.

.operations. Thi's range of injuri

i's figure

i1, various zéﬁgg, as indicated: in- Figute: C—1, In th

yxgpiterfgagig'in Zone~£%§§ﬁd?those

The symbols

appendi%: ate explaxne&»&n-Table Gzt

ns- Wwho -were -eXpt

B8 sEigures. cauld e

- .effect foF 1@‘ yields;. but blast

rmal -effects- :Eof ¢ heﬁhfghégaiigias,

W)'
"Ui
n
.
B
Ll
o
=4
rt
I(D\
u:m

«could: ‘be deyeloped for .oEher :pOSLUrEss The :CULVES:

: gfg ets 1s such :that ‘the populatlon mayébe ‘best répresented: by:éa
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TABLE.G=ili, LEGEND. KEY*FOR FIGURES IMN: APPENDIX C

Thermal effects

245% incidence of 1st degree bukis

SA iIncidence of -2nd: -degree bufﬁi

Qs (31.8) '50% incidence of 2nd: degree burns. -to 31.8% of body area
- iifnder summer uniforms-

:i%%?1€ﬁ¥¢63 56% iﬁcidenée 6£u2ﬁdédegree bufns. to 41.6% of body area

‘ER: -2:.5% 255% incidence Of -¢ardrum- ruptufe

=
=

10 )]
o
Wy
P
)i-'

incidence -0f €asualties from-mirssiles.

WVien - 1@7 incidence -Of casualties fEcm-decelerative tumbling
50 r 5 -
at 76 ft/s velocity

50% incidence: of Ities: £E6m: lung :coEi:apSié;ééue ‘to:

-ovetpressure at

Zone;boundarles

‘NR: fegligible risk

[PV
'

il ER: ‘emergency risk

F fatalities

- IF immediate transfent 3000 £ady AP,
incapacitatiow
_ T4
: i




Response may be generalized.. FHgure C-1 suggests five Zones
E : - ==

for the investigation: of personnel: .casualties: As stated above;

within Zone I are petsoniel who have ‘been exposed to .at least :the

operaticnal «casualty level: Persofinel in all -6Ehet zones démot

meet this..cEiteria; h@ggygn, Zone 2 jpersonnel dﬁéw&ﬁpectediﬁofbe

fatalities :eventually (within- 90 daysi). The people ‘within: Zone 3

-+ The population in Zone 4 is basedagﬁagﬁergencyf§r§k—criteffa;

nucleat operations. :polis

The people in: Zone 5- afe -exteriof &6 it

N
R AR S S P

b s

o

~¢asuafﬁie$~greeposs 1@ The -othef fatality pféduc1ng Tesponses==-

-decelerative tumbling: and second: -degree burns oﬁagfgateg%théﬁg

- 31..8% of :Ehe body fof exdmple--willll -occur but afe -subordinated to

the :nucleaf fadiation: feésponse. Yields below 1

Jow incidence -of injury--other -than.«iiclear radization. HoweVer;

at yields. gFeater than: 10-KT, blast and thermal ¢ffects contEibute

‘to-:the :casudlty stress dn the zone: :Of interest io-plannets Wifll
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The occurrence of various types of multiple injury was tabu-

r e

lated from an analysis of the Hiroshima data.® The inability of

T
- -

the analysis to account, in Table C-3, #or a significant fraction
of the injuries at certain ranges points up the tentative nature
of the analysis. The most common occurrence of multiple injuries
to persons in tLhe open was thermal and nuclear radiation injuries.
Bear in mind that injured, as used here, does not include eventual
fatalities., ZLack of a significant occurrence of multiple injuries
including severe blast appears to result from the greate  atality
¢ ‘ rate among this group because of the additional thermal or nuclear

radiation exposure.

h; ‘ 2,  Influence of Protection Posture

Data is also available from the Hiroshima cross section for
' injuries and fatalities to various segments of the population
found within a protective structure., The most protective posture
exhibited in the data is for seismic reinforced concrete buildings.
This protection approximates the blast protection of military

tanks, £ allowances in the Hiroshima data aré made for differ~

E: " . ences in nuclear radiation sources and transmission factors, the
: - | effects of nuclear radiation should be comparable to the -ase of
' modern weapons and the protection afforded by tanks. The influence
éj“"“ ' of this protective posture is to decrease the incidence of casual-
e

ties at a given distance, as shown by the comparison of Figures
S | C-4 and C-6; Blast and nuelear rediation become the dominant
i casualty producing mechanism and as shown in Table C-4, multiple

injuries océcur as a combination of moderate blast injuries with

34
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either moderate or severe levels of nuclear injury. The absence
of multiple injuries that include severe blast injuries suggests
that, when severe blast is associated with either a moderate or
severe nuclear radiation injury, the results are fatal. This
latter conclusion is supported by an observed high first day

fatality rate of 70% for the total population,

3. Conclusions

The nature and occurrence of multiple exposures to nuclear
cffects is sufficient to warrant a high priority to the collection
of these data in the event of nuclear combat. Two levels of
interest are specified. First, for operationally defined casual-
ties there is a need to understand the occurrence of various
casualties and the synergistic effects of two or more injuries.
This will be useful to understanding target defeat criteria and

to a possible redefinition of nuclear targeting procedures.

Second, it is clear that between the military sure kill and
sure safe criteria there is a wide range of possible injuries.
These casualties will influence the utility of the concept of
bonus damage. Moreover, with respect to friendly forces, a
better understanding of these injuries will assist in an under-
standing of short-term combat capabilities, unit replacement

policies, and hospital loads.
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