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FOREWORD

This paper was written in response to 3 request to the Institute
for Defense Analyses from the Office of the Deputy Director for De-
fense Research and Engineering (Tactical Warfare Programs) for an in-
vestigation of the problems confronting military units in overseas
urban warfare, The principal response to that request is IDA Study
S-345, Promising Areas of Research and Development for Tactical Oper-

ations in an Overseas Urban Environment. This paper supplements

Study S-345.
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ABSTRACT

This paper examines nonlethal and nondestructive weapons--both
present and potential--for their applicability to military operations
in cities overseas, Classes of criteria for evaluation are suggested,
and the suitability of various weapons concepts for various kinds of
urban operations and missions is considered. The potential nonlethal
mechanisms that come under scrutiny include, among others: radiant
heating, stabbing and cutting weapons, sound, wind, vortices, animals,
plants, manipulation of utilities, light, sticky materials, nets and
snares, impact weapons, electrical weapons, and markers, Chemical
agents are judged to be uniquely applicable to almost all urban oper-
ational missions. The paper concludes that there is a clear need to
minimize destruction and fatalities in many of the overseas urban
operations in which the United States may become involved. It recom-
mends a number of areas for nonlethal and nondestructive weapons re-
search and development to help fulfill that need,
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I. INTRODUCTION

There is a widespread sentiment that less destructive and less
deadly modes of warfare offer promise as a major innovation in the
tactics and strategy of limited and low-intensity warfare, The al-
leged misuse of current capabilities, devices, and tactics is one
support for this argument., A second is the partial mismatch between
current capabilities and the objectives of pvesent and articipated
.r operations, The military may be involved more frequently, for example,
. in benign and quasi-combat roles such as disaster relief, peacekeeping
. (Ref, 1), and evacuation.

S

The observation that "nuclear weapons have made the world safe

. for insurgency" suggests a third closely related point--the continu-
ation of, if not an increase in, stability operations and multilateral
peacemaking. Future conflicts generally may have vague, uncertain,
or shifting objectives, Consequently, a more intimate interplay of
military and political goals, tactics, and implications than has been
customary may prevail, There will be both more intermingling of ag-
gressors and civilians and a greater blurring of the distinction be-
tween the two in many anticipated types of conflict., This may be
especially the case in urban combat. These points all argue for less
profligate killing and less wanton destruction of property.

The current doctrine of combat in cities or combat in built-up
areas (Ref, 2) is:

1. If possible, avoid such combat,

5 2. If such combat is necessary, proceed in a three-phase
operation: first, isolate the area; second, gain a foot-

X hold; and third, systematically clear the area,

‘ 1
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The d%ct»ine is extremely flexible aad has b2en applied to many theaters

of wap and tonapy scales of operatﬁon, and it is elastic enough to in-
tégra:e and accebt changes resulting from experience and technological
irn@vétion. Nevértheless, the current doctrine falls short of the
antic;pated military needs for the three reasons cited in the para-
graphﬁ above, The current doctrine is based upon historical experi-
ences of massed uniformed forces in conventioaal conflict, In tradi-
tional conflict, 2ities have been bypassed where possit” . In con-
tempoﬁary conflict, there may be more conflict in cities involving
irregular forces Zn unconventional missions and a high density of
civilﬁam population,

This paper, therefore, is concerned with the present state of the
art and the potential for future development of less deadly and less
destructive weapons, Some of these weapons may find their effective-
ness in unusudl and new modes of action, directecd at unconventional
or heretofore neglected objectives, . Others may rather directly inte-
grate into established functions, This paper will be limited to the
principal, primary definition of a weapon; namely, "an instrument of
offensive or defensive combat, that is, something with which one
fights." This includes devices and agents that depend on physical,
chemical, or physiological effects, The second and broader meaning
of a weapon as "any means of contending against another" embraces
such a broad range of problems and opportunities as to be beyond the
scope of this paper (Ref, 3).

The specific purpose of this paper is to review antipersonnel
mechanisms comprehensively and to a8ssess their applicability to non-
lethal weaponry in various classes of low-level military operations
in overseas cities, While this paper cannot claim to be exhaustive,
it is hoped that the relative potential applicability of various anti-
personnel mechanisms will be thrown into useful perspective.

A, RELATIVITY OF CONCEPT

To avoid misconceptions or false expectations, it must be borne
in mind that "nonlethal" and "nondestructive" are relative, not

2
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absolute terms., This point is particularly important with regard to
the term "nonlethal," It seems impossible to imagine any instrument

or any agent acting on any physiological system in a significant way
that does not have an irreducible and intrinsic risk of death or per-
manent injury, Even a child's popgun fired into a yawning mouth could
cause strangulation, It is appropriate to introduce as a general model
for thinking about nonlethal weapons the concept of effective and lethal
doses, drawn from pharmacology.

To fulfill the definition of a nonlethal agent, a chemical sub-
stance must be =ffective without in the same dose producing irrever-
sible toxicity or death. Both the incapacitdating action and the un-
wanted toxic or lethal action usually exhibit similar S~-shaped curves,
The degree of overlap of one with the other expresses the likelihood
of an undesirable toxicity.

In the example (Fig. 1), the 50 percent incapacitating dose IDgj
is measured at 10 dose units, while the mid-lethal dose LDgg is 10*
units, However, if a dose is required to be 100 percent sure of in-
capacitation (103 units), it may be seen that this same dose might
cause death in about 15 percent of its victims,

Thus, two important interpretations can be made from dose-response
relationships. The first is the "margin of safety," often called the
"therapeutic index," or the "safety index." This is the ratio of the
dose required for a 50 percent lethal effect to the mean incapacitating
dose (i.e., LD50/ID50, or in this cace 104/101, a ratio of 1000:1).

The higher the ratio, the smaller is the chance of death in the use

of an incapacitating agent. The second interpretation as to drug
safety, derived from Fig. 1, is related to the steepness of the slope
of the dose-response curve, If the curves do not rise steeply, there
is a greater probability of overlap between doses, yielding incomplete
incapacitation in some subjects and yet producing death in others., It
is difficult to conceive of drugs which would produce drastic incapaci-
tating action and yet not cause a few deaths among infants or the aged,
diseased, or debilitated members of the general population. This last
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factor of human variability in drug response is difficult to predict
except in a few instances involving widely used (or abused) drugs such
as salicylates and barbiturates (Ref. 4). The analogous argument
applies to other nonlethal mechanisms such as impact or exposure to
cold, heat, or radiation.
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FIGURE 1. An example of the possible relationship of log dose to
cumulated percentage of population responding

The lethality curve does not indicate all unacceptable effects.
There could also be a curve of irreversible or maiming effects.
Furthermore, the effective dose and lethal dose curves need not be
so clearly S-shaped., The slopes of the two curves could be different
from each other or much le.s steep,

B, SOURCES AND METHODOLOGY

As far as I have been able to determine, there is no standara mono-
graph, text, or comprehensive basic reference on nonlethal and nonde-
structive warfare or on the specific subject of nonlethal military weap-
ons, The concept of nonlethality is taken to be relative and elastic,

4
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depending upon the military circumstances and the mode of use, since
no device or technique for coercion can be absolutely free of risks

or the possibility of irreversible injury. Consequently, this effort
should be looked upon as a preliminary study of the broad pnssibilities
and ramifications of the concept of nonlethal weapons, It is hoped
that some useful conclusions have been drawn and some appropriate and
constructive recommendations made, This effort is by no means the last
word--rather, it will hopefully be the early word in a continuing,
developing discussion,

Four goals were anticipated for this study:

1. To make a broad survey of the potential applications for
nonlethal techniques in overseas urban military operations.

2. To make a comprehensive assessment of physiological
mechanisms and effects on which nonlethal weapons may be
based, and so to establish some order of priorities,

3. To make the study open-ended in two senses: (1) in that
new concepts, new approaches could be integrated into
the study without leading to 3 need for a total re-
working; and (2) in that it would invite other investi-
gators to undertake either singularly or in groups a
parallel or duplicated effort.

4, To identify some problems which could provide useful
basic guidance to RDT&E programs.

This study is a cne-man effort., Consequently, it should be
looked at not only as preliminary bt as reflecting the limitations
implicit in a one-man effort on sich a comprehensive problem, Limita-
tions of time, knowledge, imagination and analytical skill demand a
modest claim for tentativeness in this work, The reader is strongly
advised to bear this in mind. On the other hand, this one-man effort
may offer the advantage of a uniform perspective or point of view,

1. Sources

The sources of the information contained in this study include:
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A search cf the Defense Documentation Center and the
Remote Area Conflict Information Center,

® An examination of the military literature and other
standard work,

A brainstorming session,

An earlier effort to examine nonlethal weapons for law
enforcement application (Ref, 5).

e A file of information built up from eclectic sources
over a period of years.

® Industrial and safety literature.

® Discussions with military and civilian cuiliagues and
experts in various areas of physiology, safety, and
accident research,

It should be recognized that the concept of nonlethal weapons has
been most extensively discussed in the literature on the application
of incapacitating chemicals and riot-control agents to military oper-
ations., The present paper, however, goes beyond the scope of those
physiological mechanisms while at the same time narrowing intentions
as far as possible to operations in overseas urban areas,

2. Methodology

In the absence of comprehensive prior art in approaching this
problem, it was necessary to develop a means of beginning this study
that would meet the criteria of being comprehensive and open-ended.

The method I have used is one that might be called "backing and
filling," in which concepts are proposed and evaluated as to their
usefulness and are then accepted or rejected. Those accepted are

in turn played off against other concepts, and the process is repeated.
The method is described in greater detail in the individual sectiong,
Since the effort is prospective and looks at future military applica-
tions, it rﬁhs itito the difficulty of anticipating what future conflicts
would call for nonlethal and nondestructive weapons, Similarly, it runs
into the question of what techniques would be appropriate, The meth-
odology therefore relies very heavily upon conjecture, reason, and
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judgment and brings to bear only a relatively limited body of experi-
mental and hard observational data, particularly on the problems of
employment and military futures.

Since the focus is on urban military operations, the first step
was to anticipate or organize a class of activities which we call
military operations, These range from disaster relief to the capture
or defense of a city in a conventional limited war. "Operations," as
used in this paper, are the large-scale military activities reflecting
the overall goal of a particular military task force,

The second step was to look at particular firepower missions in
a given type of operation, These are the activities that an individ-
ual trooper or a small unit might be concerned with, such as mob con-
trol, apprehension, the protection of facilities, and the denial of
an area., In other.words, this is the finer structure of & military
operation,

The third step was to attempt to relate each of the specific fire-
power missions to the various military operations, addressing the ques-
tion of whether a specific mission is likely to occur in a particular
type of operation and whether it is likely to involve firepower, Some
military missions do not involve firepower and not every mission is
associated with every operation. For example, the neutralization of
civilian facilities is not often associated with the protection of a
military facility., Similarly, the apprehension of single individuals
is not likely to be associated with defending a city or implementing
a blockade,

The fourth step was to ask whether in each specific firepower
mission a nonlethal weapon capability (of an unspecified sort) would
have dominant or major value, some significant but not dominant value,
or relatively little value. This involved & gedankenexperiment in
which a 46 by 24 motrix was prepared and each cell individually thought
about, The details of the thought process are not presented in this
paper, but the reader is invited to examine the results and prepare a
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matrix of his own for comparison, This step of the analysis provides

some assessment of the relative utility of nonlethal weapons in vari-
ous missions,

The fifth step was to move on to the concept of nonlethal effects,
where immediately one confronts the problem of what are the criteria
for nonlethal weapons., It is impossible at this stage to lay down
quantitative criteria for nonlethal weapons, The attempt to lay down
any quantitative criteria would have the effect of falsifying the
issues and perhaps stultifying research by being unduly restrictive,
It did, however, seem useful to develop what I chose to call "criteria
categories," For example, while it was not possible to say what cri-
teria should be employed with regard to the effects of a nonlethal
weapon on friendly operations, it was clear that consideration would
have to be given to new hazards generated by new weapons and their in-
fluence on speed, mobility, and morale. While it was not clear what
the limits should be on residual environmental effects of a nonlethal
weapon, it was clear that those effects would fall into at least two
categories: animate and inanimate effects., In this way criteria
categories were established, Some ten major classes or categories of
criteria are proposed, Again, this is open-ended, and additions and
modification may be made and are invited,

The sixth step was to consider what might be the bases for de-
veloping a nonlethal weapon, To do this, I examined physiological
mechanisms which might conceivably form the basis for a weapons de-
velopment, These ranged all the way from blast and foam and whips to
use of animals and the deoxygenation of the local atmosphere. The
list of mechanisms in some 26 categories was not exhaustive nor log-
ically elegant but rather was assembled in a way that seemed to re-
flect convenient thought categories. The material obviously could
be reworked along other dimensions, It is not claimed to be complete,

and new categories may be added without vitiating the subsequent
analysis.

The seventh step was to attempt to eliminate some of the mecha-
nisms, This was done by examining each of the proposed antipersonnel

8
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mechanisms against the criteria categories--note that it was not
against criteria but against criteria categories, Considering how a
particular mechanism might work or what it might involve in some cases
sometimes suggested, with regard to a particular category of criteria,
a drawback that would eliminate it from further contemplation. So,
for example, whips and the manipulation of gravity were quickly
dropped from the roster of potential weapons, This led to a shorter
list of some 19 categories of tentative potential nonlethal weapons
mechanisms (Table 6 on p, 27). At this stage, one loop of analysis
was then closed,

Next, each nonlethal weapon concept was examined for its potential
application to the proposed list of operating missions. From this was
generated some rough qualitative, semiquantitative figure of merit
largely reflecting the anticipated versatility of each weapon. For
example, the use of vortices (in the nature of smoke rings) seemed to
have some tactical versatility, Vortices are potentially applicable
to seven operating missions. Nonlethal chemicals have application in
all 28 missions (Section IV-B), The tentative figure of merit or value
developed for each of the proposed mechanisms gives only a rough order
of priority to mechanisms for subsequent development.

The remainder of the report then takes each of the 19 nonlethal
mechanisms and presents a more detailed assessment of the state of the
art and attempts to throw the potentials for useful RDTEE into some
more detailed perspective., From this flows a series of recommendations.

The reader is again cautioned and advised that this is a one-man
effort structured to be open-ended, to invite a parallel effort by the
reader, and to accommodate the introduction of new technical information
and new concepts as they become available,

C. CRITERIA FOR NONLETHAL WEAPONS

No attempt will be made to establish general quantitative or oper-
ational criteria for nonlethal weapons, since no practically useful
thresholds would be appropriate for all the various combinations of
operational missions,
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It is useful, however, to consider categories of criteria which
would influence the selection of nonlethal weapons for combat in
cities, These are laid out in some detail in Table 1, and fall into
four major groups and three minor ones:

Major Groups

1.

Versatility, that is, the extent to which a particular
nonlethal weapon mechanism is applicable under various
constraints of urban combat associated with the mission
and environmental fittingness, increments of the effect,
and environmental limitations,

The controllability or predictability of a given effect.
Safety--not only of the victims but also of the users
and friendly forces.

A very large miscellaneous group having to do with
operational considerations, including delivery,
logistiecs, unigue manpower requirements, counter-
measures, and burdens created or intensified by the

use of such weapons.

Minor Groups

1.

2.

3.

A miscellaneous group having to do with residual ef-
fects, both on people and the environment.

A group that is rather vaguely designated ¢ %image,"
It has to do with acceptability to friendly and hostile
publics alike,

Susceptibility or resistance to abuse or misapplication.

In considering any new nonlethal weapon for urban (or other)
operations, specific attention should be given to whether some quali-
tative, if not quantitative, criteria can be developed from the
categories in Table 1, Not all categories are equally applicable
to all weapons. Each potential weapon or weapon mechanism must be

considered individually.

10



IO I AR s

[P —

o

TABLE 1,

Versatility

a., of effects; possible con-
trolled increments of ap-

plication

® alone
e in combination with
other weapons

operational fittingness

¢ knockdowns
e disperse

¢ harass

e immobilize
® coerce

c.
dc

environmental fittingness

environmental dependence,
e.g., chemicals depend on
weather

Controllability - Predictability
a, coverage

® scope
® accuracy
e precision

b. intensity of effect

c. onset time of effect

d, duration of effect

e, persistence in environment
f. percent affected

Safety

a, to user

b. to victim

® troop protection
Effects on friendly operations

a, new hazards
b, speed and mobility
¢, morale

Residual effects on people

6.

10.

CATEGORIES OF CRITERIA FOR NONLETHAL WEAPONS

Residual environmental effects
a, animate
b.
Secondary hazards

Resistance or susceptibility
to abuse

inanimate

Image--effect ons
a, victim
bc

Operational considerations

various publics

4. convenience

b. delivery

e air
e vehicle
e portability

logistics burden

® storage
e handling
® transportation

manpower requirements

® numbers

e skill

e training

® judgment
e, reusability
countermeasures suscepti-
bility
g. new burdens created

® aid to victim

® mass casualties

e transport to hospital

e prison handling
e clean-up decontamination

coordination with other
operations




R TeANN et

2y

L]

at

.y

-
a

o ol

II. NONLETHAL FIREPOWER MISSIONS

The intensity of the conflict, the aggressiveness and the dead-
liness of the violence and force to be used, and the number of combat-
ants and noncombatants influences the choice of weapons and tactics.
As background to operational, organizational, and tactical choices,
and as guidance to R&D programs, it is necessary to assess the poten-
tial use of less destructive techniques,

As a first step toward this, we will compare occurrences of var-
ious firepower missions in relation to anticipated types of military
operations. Military operations are listed in Table 2 and range all
the way from show of force to capture of a city. In the narrow defi-
nition we are using, the show of force requires no use of firepower
(Ref, 7) but relies on establishing the credibility and the capability
of the use of firepower, The operations also include a number of rela-
tively benign activities such as relief and rescue and the supervision
of a plebiscite, Two operations do not necessarily occur within a
city, but on its perimeter, These are blockade and seige. One group
of missions may require a more aggressive use of forces, This group
includes civil and conventional limited war to defend, capture, or re-
capture a city.

Table 3 suggests a wide range of tactical missions in which fire-
power of some sort could bte appropriate. The likelihood of each of
these tactical firepower missions occurring in each specific operation
was assessed and the results are presented in Table 4, A shaded a—ea
indicates that the firepower mission is appropriete with regard to that
specific operation. The next step, also illustrated in Table 4, was an
assessment of the reiative importance of nonlethal weaponry with regard
to each cell of the operations-firepower missions matrix, Qualitative
judgment was made at four levels:

13 Preceding page blank
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12,
13,
14,
15,
16,
17,

TABLE 2, OPERATIONS

Show of force or show of flag
Supervision of a plebiscite

Relief

Post-disaster restoration and relief

Blockade

e land

e air

® water
Seige
Peace-keeping

Rescue

Pacification of an area (by an outside force)

Evacuation
Protection of facilities
e military, e.g., a base
® government, e.g., a quay
e civil, e.g., a refinery
Relocation of a population
Urban disorders
Urban insurgency
Urban guerrilla warfare
Civil war
Conventional limited war
e defend a city

® capture a city
® recapture a city

14
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10.
11.

13,
14,
15.

16.
17.

18,
19.

TABLE 3. FIREPOWER MISSIONS

Riot, mob, and crowd control
Countering looting
Apprehension

e single individuals
e small groups

Facilities protection against:

e sabotage
e theft

e espionage
e attack

Attack on facilities

Neutralization of facilities
Clearance of facilities

Protection of lines of communication
Protection of essential personnel

e in secure facilities
e on the street

e medical

e repair

e firefighting

e food personnel

Prisoner handling in compounds
Population movement

Curfew enforcement

Disruption of military activities
Disruption of civilian activities
Structure control--denial

e subterranean
e above ground

Area control and denial
Route contrcl and denial

e streets, highways, and alleys
e rivers and streams

Locate hidden personnel
Penetrate structures

15

20.
21.

22,

23.
24.
25.
26,

27.
28.

Countering infiltration
Static defense

Strongpoint clearance--
neutralization

Countering snipers
Roof clearance
Structure clearance

Counterbattery fire
against rockets, mortars,
and artillery

Countervehicle
Countering terror
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1. Where nonlethal techniques would be of great value or
may even be the only technique to be applied, this is
indicated by an X.

2, Where nonlethal firepower could or should be a significant
factor, that cell is indicated by a diagonal line,

3. Where nonlethal firepower would have some application but
is not likely to be the dominant or significant firepower,
a dot is used.

4, 1In a few cases, nonlethal techniques seem to be inappropriate
or of rare application, This is indicated by a blank cell,

These evaluations are limited to combat in major cities, nominally
those over 100,000 in population, or in capital cities.

The point of Table 4 is by no means to define the limitations of
the use of nonlethal or lethal firepower unequivocally. Rather,
Table 4 suggests in a qualitative way the appropriateness of less
deadly techniques as a function of the type of operation., Each judg-
ment reflected in the marks in each cell is open to reevaluation,

No claim of finality is made. The overall pattern, however, seems
both sound and useful, The reader is invited to prepare his own
evaluations for comparison (Annex).

Some points should be noted with regard to both categories:
firepower missions and operations,

® With regard to firepower missions, the categories suggested
are meant to be of practical value and not necessarily to be
taxonomically elegant, nor to reflect the operations of a
particular manpower unit. The firepower missions suggested
are rather identified for their importance and there is, of
course, some overlap among them, With regard to riot, mob,
and crowd control, six relatively distinct but not necessarily
independent activities are identified. A seventh activity,
countering looting, is designated as a separate firepower
mission since it is not exclusively associated with mob activ-
ities. The concept of apprehension of single individuals

16
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: or small groups cuts across both the control of masses of

: people, where the need may be to apprehend individuals,
leaders, or a small band, and more conventional military
police operations such as curfew enforcement and facilities
protection, In protecting U.S. facilities overseas against
pilferage, one can easily precipitate a cause cél®bre and an
international incident if a fcreign national is killed, re-
gardless of the circumstances,

® Mission 6, neutralization of facilities, and mission 7,
clearance of facilities, overlap both protection of and at-
tack on facilities, but they represent missions significant
enough in themselves to merit separate attention, One could
consider, for example, in either attacking or defending a
city, that one would wish to neutralize the power plants or
the harbor facilities without destroying them,

e Mission 11, population movement, is a broad category encom-
passing not only police regulation or control of movement
in the war theater but the control of masses of refugees
following a disaster, Curfew enforcement is subsidiary to
this but presents enough special problems that it is singled

out as an individual firepower mission,

® With regard to missions 15, 16, and 17, which have to do with
the control, denial, or inter-.iction of structures, areas,
and routes, a broad range of applications is encompassed.,
One may wish to foreclose the use of the facility or route
absolutely; on the other hand, one may just wish to regulate
traffic to facilitate identification,

® Penetrating structures is a tactical mission that might be
associated with a number of other categories, but it seems
to occur ifrequently enough that separate attention should be
given to it, Similarly, neutralizing vehicles presents a
problem special enough that it can be called out for indepen-
dent consideration.

18
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With regard to operations (Tables 2 or 4), some points should be
noted. In the protection of facilities, the facilities protected can
be military, government, or civilian, As shown in Table 4, this sug-
gests different levels of aggressiveness in both defense and attack,
On a historical basis, it is questionable whether the protection of
civilian facilities alone would ever be the basis fur a military oper-
ation by U.S, forces., But such activities may be incidental to a
larger cperation, or of interest to a recipient of U.S., military as-
sistance,

o The protection of a facility for political or other reasons
may be restricted in weaponry or movement, For example, de-
fensive measures may be restricted to those measures to be
taken inside the gate of a facility, as in the Panama Canal
Zone incident where the antisniper measures were restricted
to firing by sharpshooters from within the Zone. The protec-
tion of facilities may also be strongly influenced by whether
that protection is in a friendly or hostile land, or whether
it is under relatively peaceful or wartime conditions, The
contrast between base protection measures in Japan and Vietnam
illustrates this,

® With regard to what migat be called benign operations, such
as the supervision of a plebiscite, a velief mission, or post-
disaster restoration and relief, activities involving the
potential use of firepower are likely to be extremely low in
frequency and intensity or at most to involve controlling poten-
tially panicky mobs, keeping order, or protecting temporarily
abandoned property against looting, It would be important in
such matters not to generate a new issue by the misuse or
overuse of coercion or firepower,

e The relationship of urban disorder, urban insurgency, .nd
urbar. guerrilla warfare is unclear in the literature. For
present purposes, we distinquish urban disorder from urban
insurgency as a phenomenon characterized by civil disturbance

19
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and mass actions, regardless rf its spontaneity or ide-
ological or political basis, The concept of urban in-
surgency includes some urban disorders but has as its
unique aspect an organized, systematic attempt to sub-
vert the government. The emph-sis in insurgency is on
intentions; consequently, insurgency brings to bear a
wider range of tactics and techniques than urban dis-
order alone,

Urban guerrilla warfare ac:in connotes emphasis on tactics
rather than intentions. It complements urban disorders

in representing far more aggressive levels of activity,
For present purposes, urban guerrilla warfare could be
either an accompaniment to an all-out civil war or a
behind-the-lines activity in support of aﬂfroﬁtal war,

A civil war can vary widely in method and in some cases
could be lumped in with operation 17, conventional limited
war, On the other hand, it may evolve out of insurgency,
so that the transition phase is of some importance, Lim-
ited war in cities is broken out into three distinct
operations:

1. Defending a city
2, Capturing a city
3. Recapturing a city

The presumpticn is that in defending or recapturing a city
substantially more importance will be put on preserving the
potential viability of the city as an entity than would be
the case in capturing a city. But even in capturing a city,
there may be considerable emphasis on saving people and
structures,

o i O o AT i AR M i B b 8 b N i e

The applicability of nonlethal techniques, as indicated, depends
to a large extent upon the presence of noncombatants, As the number
of noncombatants increases, both relatively and absolutely, the re-
quirements for less deadly techniques go up. One might consider a

20
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two-dimensional plot locating the various tactical missions in terms
of the mass of the conflict (the total number of combatant and non-
combatant personnel involved) and the intensity of the conflict (the
appropriateness of deadly versus nonlethal firepower).

A sit-down strike would be an example of a large-mass, low-
intensity situation, whereas a sniper terrorist attack would be an
example of a high-intensity, low-mass conflict. On the other hand,

a massed revolutionary mob in the streets would be an example of a
high-mass, moderately high-intensity conflict, Figure 2 qualitatively
relates the intensity of the conflict (the appropriateness of the ap-
plication of more or less deadly force by friendly forces) to the mass
of the conflict (the total number of people in the operational area).
Figure 2 is only qualitative and is intended to illustrate the com-
plexity of the problem, In general, it would be desirable to move

all points to the left,

It is useful at this point to consider some aspects of casualties
in urban combat.

A, CASUALTIES

While the general objective in "nonlethal" warfare is to reduce
casualties (in the sense of lethal and maiming injuries), it is often

unclear what casualties are being spoken of, They may be among 3
friendly forces, enemy forces, or civilians whose affiliations are
mixed, unknown, or even fully committed to one side or another,
Finally, they may be among neutrals or aliens such as foreign visitors,
businessmen, or embassy personnel, In many of the future actions, the :
safety of civilians, particularly when they are located in the poten-

tial field of fire, would be quite important. 1In other instances, '
casualties among aliens may have a principal significance, as in a .
rescue operation. Reducing lethal casualties among enemy forces may
have clear and practical values over and above that associated with

the general aspiration to humaneness and civility during war, For
example, the opportunity to inflict nonlethal casualties may facilitate

21
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capture and rehabilitation, promote the gathering of intelligence,
and even reduce overall violence by reducing the risks in surrender,
On the other hand, one cannot discount the possibility that nonlethal
weapons might enhance the aggressiveness of the enemy by reducing his
deadly risks, These possibilities cannot be evaluated a priori in a
generic sense, but only in terms of specific tactics, objectives, and
situations, Almost certainly, they require field observations before
a conclusive evaluation can be made,

The reduction of casulaties among friendly forces is almost al-
ways considered desirable, In fact, most of the destruction currently
associated with combat in citics during low-level conflict is directly
or indirectly a derivative of the desire to reduce casualties among
friendly forces. This is often brought about by neutralizing the
epemy position with heavy expenditures of firepower, All other con-
siderations aside, the commander will act to reduce casualties in his
own forces. It is clear that discipline, fire control, care to be
precise and certain before taking action, and deemphasis on speed can
reduce casualties among the enemy and the neutral without necessarily
impeding or frustrating the combat objective. This is brought out in
very low-level conflict situations in the United States when one com-
pares the civilian casualties in Newark and Plainfield, New Jersey,
in 1967 with the general low level of casualties in U.S. cities in
the 1968 riots. The principal cause of the relatively high civilian
casualties in 1967 resulted from inexperience, fear, and consequent
overreaction to alleged sniper fire,

The pattern of casualties varies with the particular kind of
oparation, Consequently, the emphasis on methods for reducing casu-
alties varies as a function of the military mission. As background
to the problem, the reader should consult Payne and Taylor (Ref, 8)
for a discussion of casualties in urban combat in limited war and more
conventional operations,

23
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B. METHODS OF REDUCING CASUALTIES

Within the framework of present equipment and doctrine, casualties

can be controlled or reduced by:

® The choice of tactics.

® Discipline, particularly in the control of firepower.

® Training,

® Better intelligence to earmark the target precisely.

® Evacuation to clear the field. In some situations, areas
can be evaculated, particularly if one is dealing with small
isolatec units whose routes have been cut off,

® Forewarning, which is related to evacuation, It is appli-
cable to a wider range of situations, and allows a wider
range of options to all potential victims.

® Care and meticulousness, In some situations, there is a
tradeoff between time and accuracy, or care in finaing and

hitting a target., This may reduce tne errors and, conseguently,

the accidental casualties.
® Accepting greater risks to friendly forces.

The most promising area for a large reduction in the lethality
and destructiveness of warfare is in the development of new devices
and agents wnich offer the commander new capabilities or new tactical
and strategic alternatives, Obviously, each of the above consider-
ations (tactics, discipline, care in the operation, and evacuation
and forewarning) would be applicable to any weapon system in reducing
the primary or secondary casualties, But the major decrement in
casualties for given types of operations will undoubtedly come about
in the development of new devices and agents and, in turn, these will
lead to new concepts, new tactics, and new doctrines, In some cases,
these may be adapted to old systems; in others, entirely new systems
may be required for dealing with particular military situations.

Within the framework of new devices and agents, it is our con-
clusion that chemical agcnts hold the greatest promise for new weap-
onry for combat in cities, The basis for this conclusion will be ex-

plained in detail below.
24
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C. ANTIPERSONNEL MECHANISMS AND NONLETHAL WEAPONS

Having established some potential patterns of significance for
the employmerit of nonlethal weapons (Table 4), it is appropriate next
to consider nonlethal weapons applicable to such missions, Before
proceeding with that, however, consideration must be given to various
biological, physical, and other mechanisms which lend themselves to
antipersonnel applications and draw from this a potential range of
nonlethal weapons mechanisms,

Table 5 is a comprehensive, if not an exhaustive, tabulation of
antipersonnel mechanisms, It is from this list that nonlethal mech-
anisms will be drawn. Table 5 is not taxonomically elegant but
presents a roster which is practical and convenient for the tabula-
tion of potential weapons effects.

A number of conventional deadly mechanisms are innluded since
consideration has to be given to the possibility of using a lethal
mechanism in an attenuated cr modified mode to evaluate whether it
can be effectively employed as a nonlethal weapon,

The reader is invited to consider the antipersonnel mechanisms
in Table S preliminarily for nonlethal weapons potentialities,

The major criteria categories influencing the selection of non-
lethal mechanisms were i-:dicated in Table 1.

Of the 26 general antipersonnel mechanisms in Table 6, some imme-
diate preliminary screening can be done on the basis of the criteria
categories,

® Blast can be dismissed as a nonlethal weapon because of its
well-recognized inherent risks and because its nonlethal
effects cannot be predicted reliably. The uncertainty stems
partly from the wide variations in human tolerance to blast,
Among a dozen people exposed to pressures of 170 to 500 or
600 psi in World War I, there was one fatality at 450 psi,
In German tests on dogs during World War II, lethal over-
pressures ranged from 218 1b/sq in. at a pulse velocity of

25
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10.
11.

12.

13.

14,

TABLE 5. ANTIPERSONNEL MECHANISMS

Blast
Vortices
Mechanical impact

e bludgeons
e missiles

Foam

Snares

Whips

Stabbing and cutting weapons
Modified traction

e stick
e slip

Sound

® sonic

e subsonic

e ultrasonic
e sonic boom

Wind
Penetration

fragment and shrapnel
tacks, barbs

caltrops

arrows

injector darts

Temperature changes

flame

hot air; hot smoke
hot/cold water
radiant heat

Liquids

® hose

e pistols
e flood
® sprays

Food/water deprivation

15.

16.

17.
18.
19.

20.
21.

22,

23.

24,
25.

26.

26

Light
e bedazzlement

e temporary blindness
e induced seizures

Electricity

e shock
e ionized air

Nuclear radiation
Microwave/radar
Foreign matter in the air

e dust
e smoke

Deoxygenation of the air
Manipulation of the environment

e wWeather

e gravity

e earthquakes

e utilities
Chemicals

e lethal

e nonlethal

e stenches
e markers

Biological warfare

e infections
e toxins
e allergens

Animals
Plants

e irritants
e nettles

Psychological warfare
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TABLE 6.

TENTATIVE LIST OF POTENTIAL NONLETHAL WEAPONS MECHANISMS

1.
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10.
11,

12,

13,
14,
15,
16,

17.

18.
19,

Mechanical impact

a, Bludgeons
b. Missiles

Foam

Snares

Vortices

Wind
Stabbing/Cutting
Modified traction

a, Stick
b. Slip

Sound
Penetration

a, Tacks, barbs
b, Caltrops
¢. Injectors

Radiant heat
Liquid
a, Hose

b, Pistol
c. Spray

Light

a, Bedazzlement
b, Temporary blindness

Electrical shock
Dust /Smoke
Manipulation of utilities

Chemicals
a, Nonlethal
b, Stench

c. Markers
Biological warfare

a, Infections
b, Toxins
¢. Allergens

Animals

Plants
27
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5.2 ft/sec to 76 1b/sq in. at a pulse velocity of 38.7 ft/sec.
On the basis of comparisons of shock pressure versus average
body weight for a variety of animals, from mice to goats and
men, 50 1b/sq in., has been considered a reasonable estimate
for 50 percent lethality for a standard 154-1b man (Ref. 9).

Whips obviously have extremely limited versatility, require
trained users, and it is almost inconceivable that they could
ever find an acceptable public image (Ref. 10).

With regard to penetration weapons, fragment and shrapnel
wounds are not always lethal, but they cannot be inflicted
with controlled reliability to limit casualties to an accept-
able level., Any application that we have been able to antici-
pate could be better met by other means, The same objection
applies to arrows.

Under temperature changes, flame can be eliminated on the
basis of its high risk. The application of hot air or hot
smoke to a structure for purposes of flushing people would be
plausible in some situdtions but would be of extremely limi-
ted versatility and very dependent on internal building struc-
ture, including the availability of fire doors or windows
modifying cross currents. While the technique may be useful
in driving people out of a building by fear, the mechanical
limitations on the application make it unattractive as a
standard procedure (Ref, 11),

Hot and cold water each brings about well-known physiological
effects. The margin between achieving a coercive effect from
hot water and the temperature at which damage is done is vir-
tually zero., Pain receptors are activated at the same tem-
perature that tissue damage sets in; consequently, one could
not expect to apply hot water in a controlled fashion to
coerce people without the serious risk of injury,

Cold water in large quantities definitely produces major
physiological effects which will immohilize and arrest
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activity. This would seem to have extremely limited appli-
cations, however, because of the logistics requirements and
the need for special equipment (Ref. 12),

Food and water deprivation are standard objectives in seige,
but they are not antipersonnel mechanisms which lend themselves
to weaponization, They are rather consequences of the con-
trol of movement of personnel and resources (in urban areas),

With regard to electricity, it is reasonably well established
that the state of ionization of th: atmosphere influences
attitude; however, there is no evidence that the effect is

of any order of intensity that would have military conse-
quences (Ref, 13), Nuclear radiation seems to have no effect
applicable to tactical situations of the sort I am discussing.
Microwaves and radar are known to induce a number of physio-
logical effects varying from long-term chromosomal damage to
transient pain and headache. The present poor understanding
of the physiological effects of radar and microwaves and the
apparent intrinsic risks in their use place them beyond con-
sideration in the present context., And, as with almost all
radiation-type weapons, there appears to be an irreducible
risk of abuse (Refs., 14-21).

Deoxygenation of the atmosphere, particularly in closed
structures, could be obtainable either by combustion to
form carbon dioxide or metallic oxides or by the burning

cf sulphur to deoxygenate the air and form the choking
sulphur dioxide. The risks inherent in such a tactic,
however, seem to be irreducibly great., To bring about
oxygen deprivation rapidly enough to be useful and strongly
enough to alert the victim to the danger would so narrow
the margin of safety that deadly casualties would almost
certainly result,

Manipulation of the environment is conceptually attractive,
Such notions as the controlled induction of earthquakes at

29
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arbitrary sites and gravity modification are far beyond the
present state of the art. Even the control of weather,
e.g., inducing rain, is so uncertain as not to merit con-
sideration as a general tactical device. Manipulation of
utilities such as water and electricity may be useful,

Lethal chemicals do have reversible nonlethal effects at low
doses, The general drive in lethal chemical warfare, however,
is to find materials which are effective at very low concen-
tration, Therefore, their use in a nonlethal mode, except
under the most stringent controls, is not a feasible tactic
unless one is prepared to accept substantial casualties, The
problems of operational control and the intrinsic risks to
the victim knock this out of consideration.

Flooding may have application in some areas, but it is so
dependent on the particular city and situation that it has
no general applicability.

The induction of seizures by high-intensity pulsating light
is a phenomenon which occurs in a small percentage of the
population and can be induced in a laboratory situation,
Its development as a field weapon, however, appears to be
infeasible on the basis of the available evidence (Refs, 5,
22, 23),

Psychological warfare techniques per se are beyond the scope
of this paper. However, the effective exploitation of many
nonlethal techniques depends upc r could be enhanced sub-
stantially by appropriate psychological warfare accompaniments,
Show of force, warning, harassment, and induction of fear

are all intimately associated with the use of low-intensity
weaponry on masses of people, Even voodoo and superstition
have been exploited in wearfare; for example, in the Congo
fichting many of the superstitious natives were cajoled into
battle by convincing them that certain ceremonies would cause
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their opponents! bullets to turn to water., Other techniques,
such as the simulation of lethal effects and the use of
various lures (e.g., amnesties, bonuses, and awards), the
taking of hostages, and the induction of confusion in the
environment may have application to a variety of tactics but
are beyond the scope of this paper (Ref., 24),
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III. DESTRUCTION IN WARFARE

In general, a destruction of physical property in warfare re-
sults from one of three objectives:

1. Attacks on facilities themselves with the objective of
making them unavailable to the enemy. This may include
knocking out telephone exchanges, electric power plants,
munitions factories, road links, or almost any asset
physically essential to the war effort,

2. The neutralization of enemy personnel in a strongpoint
defense within structures is probably a more significant
source of destruction in city fighting., In general, the
visual-physical obstacles and the consequen:  risks and
uncertainties presented by structures lead to their de-

struction, but only as an incidental consequence of neu-
tralizing or killing the emplaced enemy.

3. Demoralization of the enemy by so destroying his war-making
capacity that he "no longer retains the ability or the will
to wage war," Within the context of this study, strategic
warfare, and certainly strategic air warfare involving cities,
is a largely irrelevant concept more appropriate to the
destruction of Tokyo and Dresden in World War IT (Ref, 25).

A review and assessment of the efficacy of this technique
is beyona the scope of this paper,

The development of reversible nondestructive measures for neu-
tralizing facilities could, in many situations, be of value, The
development of new modes of neutralizing enemy personnel could also
lead to a major decrement in the destruction of physical assets,
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Figures 3 and 4 illustrate the destruction that may accompany
conventional small-unit operations in built-up areas. The potential

impedance of mobility and the requirements for cleanup are also illus-
trated,

The relative value of lethal and nonlethal destructive and non-
destructive techniques in the kinds of conflict discussed in this
paper may be illustrated by a four-cell matrix (Table 7). The highest
priority is on innovations in techniques, tactics, and technology that
are both nonlethal and nondestructive (i,e.,, less lethal and less de-
structive than is now conventional),

TABLE 7. PRIORITY OF NONLETHAL AND NONDESTRUCTIVE
TECHNOLOGY IN LOW-INTENSITY CITY COMBAT

Destructive Nondestructive
Lethal tertiary secondary ]
Nonlethal uncertain primary

There may be some secondary application for improved lethal tech-
niques that avoid destroying physical assets. These might be brought
to bear against small numbers of last-ditch resisters holed up in
structures, Other techniques, such as employing newly designed stubby
firearms to increase maneuverability within structures, may have some
promise. In general, however, the more lethal or destructive firepower
is beyond the scope of this paper,

Destructive but nonlethal techniques have application in special
situations, but all such techniques seem to fall outsids the scope of
personnel coercion, i.e., they are not alternatives to deadly fire-
power, For example, in the Xenya campaign against the Mau Mau, the
British removed and relocated lirge numbars of natives from the capital
city of Nairobi, They then found it necessary to destroy the shanty
towns in which the relocated natives had been living,
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Along Doang Khanh Street in Cholon, Saigon's Chinzse sectian,
blasted houses stand daserted in an ecily-mvains hrze. The
churchw o hiding place for the fate President Nao Dinli Die s
doring the 1963 coup rhat deposed him,
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£11 in all, the overshelning emphasis in firepower improvements
for military cperati . in citliec shculd be placed on far less lethal
and far less destructive techniques. Principal emphasis should be on

techniques to prohibit or deny enemy movement.

FIGURE 4. Gutted cars litter a heavily damaged street in Cholon, where
much of the house-to~house fighting flared. Fragments riddled
even the traffic sign.
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IV. PRIORITY OF MISSIONS FOR NONLETHAL,
NONDESTRUCTIVE WARFARE

Preliminary winnowing of antipersonnel mechanisms resulted in
the tentative list of potential nonlethal weapons mechanisms that has
been shown in Table 6,

Before continuing with further consideration of nonlethal weapons
mechanisms, it is appropriate to discuss more fully the kinds and
priorities of targets for which nonlethal firepower is suitable,

On the basis of Table 4, one can establish a tentative order of
importance for nonlethal weapons by assigning a figure of merit to
each tactical mission in each operational context, By assigning in
Table 4 a value of 1 to an X and a vélue of # to a slash, one can
rank the priorities of missions for nonlethal firepower as shown in
Table 8, Such ranking should be interpreted entirely in qualitative
terms,

The priorities shown in Table 8 are based solely on frequency of
occurrence as developed in Table 4 and would undoubtedly be modified
by many other considerations, such as the availability of alternatives,
the effectiveness of the nonlethal techniques, and the relative fre-
quency of various operations,

In general, the mission priorities for nonlethal weapons for com-
bat in cities are greatest where civilians ccuprise the target or
where civilians are intimately commingled with the enemy,

To a surprising degree, the major applications for nonlethal and
nondestructive weapons in combat in cities center around civil dis-
turbance and problems closely resembling those of routine police oper-

ation,
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TABLE 8, PRIORITY OF MISSIONS FOR NONLETHAL FIREPOWER
(Based on Frequency of Occurrence Only)

Riot, mob, and crowd control 11 o
Curfew enforcement 10 i
Population movement 9k L
Route control and denial 9% ;
Protection of essential personnel 9 L.
Structure control and denial 8%

Area Control and denial 8k |
Countersniper 8 ;
Apprehension 7 fo
Facility protzction 7 o
Prisoner handling 7 i
Countering looting 6 oo
Locating hidden personnel 6

Structure clearance 5% i
Roof clearance 5%
Counterbattery fire Sk »i |
Countering terror 5

Penetration of structures 4 :
Clearance of facilities 4 '
Protection of lines of communication 4 {
Neutralization of facilities 4 3
Disruption of civilian activities 3 E
Attack on facilities 3 '
Countering infiltration 2%

Strongpoint clearance 2%

Disruption of military activities 1

Countervehicle operations 1l

Static defense 3
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Nonlethal weapons seem to be at least applicable where the enemy
is aggressively violent, most willful, massed, and undiluted by the
presence of civilians (Table 4),

A, TARGETS

Possible targets for nonlethal and nondestructive weapons include
personnel, inanimate objects such as structures and machines, and
living things, both animal and plant., (The most conspicuous example
of military destruction of plant life, i.e., the Vietnam defoliation
campaign, occurred in nonurban areas.) Looking at the city as an
organism, one might consider its various control systems as targets
for selective, reversible nondestructive warfare, But these control
systems are beyond the scope of this paper,

B, OPPORTUNITIES AND NEEDS FOR NONLETHAL FIREPOWER

After the assignment of nonlethal firepower mission priorities
(Table 8), it will be appropriate to point out specific opportunities
and needs for nonlethal firepuwer,

As additional background to the point already made that the
presence or prevalence of noncombatants is a main drive requiring new
developments, other factors in urban operations should be ncted.
Crowd, mob, and riot control have a very high manpower requirement,
The provision of an overwhelming mass of troops may reduce the need
for destructive firepower by affording an intimidating force sufficient
to deter extensive mob action, Curfew enforcement, the regulation of
checkpoints, and manning barriers and barricades are also high-manpower
missions., Techniques for getting around or reducing those burdens need
consideration, Similarly, the protection of facilities, either on a
standby, low-level basis or with patrols, can require much manpower.
The ability to mobilize and move ready forces to augment the protection
of a particular site is a problem which is receiving attention in the
main report (Ref. 26), To supplement protective forces, it would be
useful to have devices that operated automatically or on command to

39




E
¥
B
4
3
t
§
¥
¢
H

neutralize intruders or to prevent their access. However, the risks
to the innocent in the triggering of such devices may be unacceptable
for many applications if deadly firepower is employed, Consequently,
the use of automatic and semiautomatic weapons and devices for protec-
tion of facilities drives toward a benign, nonlethal weaponry. Such
weapons and devices can be used more freely if they are "fail safe,"
i,e,, if they offer low risk and if their effects are reversible.

The denial of structures, the routing of people out of structures,
and techniques to prevent their moving back into structures for con-
trolled periods of time would be useful in many operat:ions,

Another class of operations closely resembles more or less routine
police apprehension problems, These include soume aspects of curfew
enforcement such as the apprehension of single violators or small
groups of violators, the regulation of population movement, the oper-
ation of checkpoints in route control, the apprehension of sneak
thieves and pilferers, and the handling of masses of prisoners,

Looting can be countered both by apprehension of looters and by
hardening the target, that is, by making access more difficult or
chancy, Countering looting strongly resembles the problems of pro-
tecting facilities,

Another quite general factor driving toward innovation ir combat
in cities is the fact that large numbers of casualties result from
conventional antipersonnel measures, These antipersonnel measures
themselves result from the commander's »eluctance to put his men at
any higher risk than he judges to be necessary to accomplish the im-
mediate tactical mission, Consequently, techniques that remove the
men from the tactical field of fire or which reduce their chances of
being exposed to fire may find major applications in city combat,

Sem? automated, remotely controlled, and robot devices could enter
the enemy field of fire to deploy nonlethal devices (or lethal ones in
some situations), to neutralize an emplaced enemy, to do detailed
surveillance, and to drive enemy and civilian personnel from structures.
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A reduction in casualties would result from the fact that the devices
could take higher risks than men alone,

Conceptually, this suggests the use of robots, man-extension sys-
tems, and semiautomated systems that would either precede the movement
of human personnel or that would replace personnel in the investiga-
tion, search, control, and denial of kuildinygs and the protection of
structures and facilities. Robots might be particularly applicable
as an alternative to reconnaissance by fire, which is the standard
technique applied in the room-by-room, chamber-by-chamber search of
a structure, In this case, reconnaissance by fire is either with gre-
nades or semiautomatic weapons., One could picture a robot dispensing

incapacitating gas, darts, or even conventional firepower in such a
situation,

Countering snipers is generally a problem subsidiary to riot and
mob control and to more aggressive city combat, In the first case,
there must be a high premium on protecting people in the same building
as the sriper from both the primary risks of firepower and the secon-
dary risks of panic and fire. Consequently, techniques for locating
snipers (the surveillance aspect of the problem) and for neutralizing
the target by nonlethal weaponry would both be useful.

C. NONLETHAL MECHANISMS IN VARIOUS OPERATIONAL MISSIONS

Having established some priority for the importance of nonlethel
mechanisms in various operational missions (Table 8), it is now use-
ful to relate various tentative nonlethal antipersonnel mechanisms to
specific operational missions, taking into consideration some of the
target opportunities mentioned above,

Table 9 presents my assessment of the appropriateness of various
nonlethal mechanisms tc the 28 operational missions considered in
this paper. The assessment again is qualitative, The detailed con-
siderations which entered into making the many judgments in the matrix
are omitted as too lengthy for this paper. Table 9 is basically a
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POTENTTAL NONLETHAL MECHANISMS VERSUS OPE.ATIONAL MISSIONS

TABLE 9.
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bookkeeping device to assist me in making and reordering those
!I judgments. The reader may evaluate the mechanisms and the operational
missions himself to establish general confidence and concurrence in
l the conclusions presented in Table 9,
Some antipersonnel mechanisms have a wider range of applicability
l than others, If one assigns a value of 1 to each X in the cells of
: Table 9, only one nonlethal mechanism has the maximum value of 28,
l; that is, fits all operational categories. That nonlethal mechanism
is chemicals, In descending order of value, i.e., mission frequency,
! the mechanisms are:
1 vane
1 Chemicals (nonlethal) 28
I Animals 25
b Injectors 20
Sprays 20
- Markers 19
A Dust and smoke 18
; Foam 18
[ e Missiles 17
' Tacks, barbs 15
L Electric shock 15
i Stenches 14
P Slippery agents 14
. Manipulation of utilities 13
¥ Caltrops 13
- Liquid pistol 13
f Plants 13
L Biological agents 13
Bludgeons 12
T Liquid hose 11
. Sticky agents 11
Bedazzlement ' 9
- Temporary blindness 9
: Snares 8
" Vortices 8
- Wind 7
1 Stabbing and cutting weapons 7
TR Sound 6
lg Radiant heat 3
1 i A number of mechanisms in Table 9 are now under .investigation as
E‘ a part of the riot-control research program, which will be described
in some detail below, It seems appropriate at this point, however, to

make some comments about some of the mechanisms--particularly those

I 1 "




TS e e m Ren = e eE e SYTRRe Tt Vn_*mj

I Y

v v ———

L
b
with low mission-frequency scores--so that they can be set aside as
totally inapplicable or so that appropriate recommendations for their
exploitation can be made. @
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V. EVALUATION OF POTENTIAL NONLETHAL MECHANISMS

In this section, the 19 classes of potential nonlethal mechanisms
(Table 9) will be reviewed for their potential development into useful
nonlethal weapons, With regard to each, where appropriate, attention
will be given to the present state of knowledge of the physiological
consequence of the particular mechaiiism, the likelihood of striking a
useful balance between effectiveness and safety, and the tactical versa- {
tility of the weapon which might result, Where it seems possible and
useful, the relationship of that mechanism to alternative mechanisms
for achieving approximately the same tactical result will bhe con-
sidered, Again, the analysis depends heavily cn personal judgment,

As far as possible, however, the relevant considerations will be made
explicit so that the reader may draw his conclusions, From this will
result a series of recommendations for promising areas for RDTEE.

In the presentation below there is a rough ordering from the least
plausible or useful mechanisms to those which are of increasing poten-

tial application and, consequently, attractiveness for weapons develop-
ment,

A, RADIANT HEATING

Radiant heating or heat rays are now feasible with the develop-
ment of the carbon dioxide infrared laser, This cevice can easily put
out enough heat to deliver a mild flush or a severe burn at any line-
of-sight target likely to be found in city combat. Such a technique
might conceivably have application in crowd and mob control., Let us
say, for example, that playing a laser beam for 15 to 30 sec on the
target could create enough distress on the face, exposed skin, or even
the clothing to cause a person to move away. The arguments against
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this, aside from whether such a device would ever have an acceptable
image, are (1) the device is now expensive and bulky, (2) it would
have applicability to only a few mob and riot-control situations,

(3) its safety--particularly to the eyes--is not yet well enough estab-
lished that one can proceed on the assumption that risks of permanent
damage can be kept ¢mall and controlled at an acceptably low level.

The work on laser safety should be closely followed to cla.ify
developments in that area (Ref. 27, 28)., As things now stand the de-
velopment of such techniques would assume secondary priority because
of high cost, risks, and uncertain outcome; and a better allocation
of money can probably be made elsewhere (Ref, 5).

B. STABBING AND CUTTING WEAPONS

Stabbing and cutting weapons are classical military weapons and
their use in quite recent military operatiors is well known, Their
principal value in combat in cities these days is in riot control,
but they seem to Le more a weapon of tradition than that of clear ap-
propriateness, flexibility, and controlled damage. There seem to be
few mass or crowd-control situations that could not be handled better
with less risks by truncheons or various chemical devices. I see,
therefore, no need to promote research on cutting and stabbing devices
for crowd and riot control. The applicability of the bayonet is also
limited by other factors. Some people, for example, refuse to take
thz bayonet seriously (Figs. 5, 6). The recent incident in Okinawa
(Fig. 7) illustrates a cultural association with the bayonet that
appears to have made it particularly offensive (Ref. 29). 1In other
more aggressive military operations, there may continue to be some
applicability for the bayonet. I can see no RED objectives meriting
attention now, however.
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FIGURE 5. Protesters on the University of California campus at Berkeley taunt armed
National Guardsmen as they are called into campus disorders. Guardsmen
with fixed bayonets twice turned back marches of several thousand demon-
strators who were protesting police use of guns on demonstrating students (Ref. 30).

e aan ks 2 A o

o ki

FIGURE 6. Confrontation with National Guardsmen (Ref. 31). l
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FIGURE 7. MP's disperse striking Okinawans (Ref. 32).

C. SOUND

For sound, it was concluded in an earlier evaluation that
... there are no physical or physiological effects of sound useful
as bases of weapons development in crowd control., Production and
control directionally at levels that would be physically distressing
or incapacitating and which would not risk permanent injury to the
victim are the principal limiting factors on the development of a

nonlethal sound weapon,

"The application of noise for harassment, distraction, disruption
of crowds is certainly plausible and widely practiced; however, there
is a paucity of literature on the efficacy of this technique, A sys-
tematic study nf the use of noise in crowd control, therefore, would
be appropriate" (Refs. 5, 33). Nothing has transpired since this
evaluation to modify its conclusions.

D. WIND

Wind machines, basically very large fans, are now used in train-
ing parachute troops how to unharness their parachutes on landing,
Such fans may have specific application in dissemination of chemical
agents in urban areas, particularly under circumstances in which
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natural wind conditions are not favorable for dissemination, Whether
the development of the specific family of devices for use in urban com-
bat would be justified is yet an open question, inasmuch as the basic
dissemination characteristics of chemical agents in c¢ity environments
are not so sell understood that requirements can be laid down for artifi-
cial aids. Nevertheless, the possibility of using wind machines as a
field expedient or as an emergency measure should not be overlooked.

The wind generator in current use at Ft. Benning (Fig. 8) is not
a standard item of manufacture., It has never been used in riot con-
trol (Ref., 34)., Its application to riot control, besides disseminating
agents such as CS, might also be effective in raising street dust. The
wind itself, reported to be as high as 35 mph, could be a deterrent.
It nay also be feasible in colder climates to use such a device to
disseminate water droplets and simulate a chilling rain, or to dissemi-
nate marking agents over a wide area at relatively low application
rates, Preliminary field evaluations of the Ft. Benning wind generator
in a built-up area would be appropriate to estimate its efficacy im
(a) rousing and disseminating dust, (b) deployment of CS or other tear
agent, or (c¢) generation of simulated rain,

FIGURE 8. Fort Benning parachute wind machine (Ref. 35).
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E. VORTICES

Vortices, most commonly seen as smoke rings, can be generated in
quite large size and projected for hundreds of yards. The vortex is
an energy-conserving mechanism, that is, it is physically stable, As
far as weapons effects go, there is a drop in pressure across the face
of the ring. Such a force acting over a total body surface may be
enough to tumble a man, The device, therefore, may have application
to crowd and mob control, but it would be of limited tactical appli-
cation,

Vortex rings are rather easily made by the rapid passage of air
over a sharp-edged opening, A vortex generator could have two chambers,
front and rear. The forward chamber, separated from the rear chamber
by a membrane, would have an opening in its forward end. Activation
by a powder charge, a modified shotgun shell, or some other device
could cause the membrane to rapidly move forward to create a vortex.
Its size would depend on the physical parameters of the system., It
seems feasible to incorporate irritants such as tear gas or other
materials into the vortex to get a secondary effect. This could be
done by putting bulk agent in the forward .hamber. The vortex might
provide a unique and safe means for the remote and controlled delivery
of chemical agents. Ac far as I have been able to determine, no re-
search has been done on this potentially useful application (Ref. 36).

F. ANIMALS

The three candidates for employment in urban combat are horses,
dogs, and various kinds of pests such as wasps, bees, mice, rats, and
birds, The only two which seem to merit any serious consideration are
horses and dogs. The uses of small animals for harassment would not
seem to justify the expense in training, logistics, possible adverse
effects on friendly operations, the possibly unfavorable attitude of
accidental victims, or the risk of introducing an ecological hazard.

1, Horses

Horses are widely used in crowd and mob control in routine police
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work and may have value, particularly for local forces, in these ap-
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plications., Cavalry and other horse-mounted operations seem to be
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passé for U.S. forces and would have no general mission in military
service beyond crowd and riot control., They therefore do not appear
to be appropriate candidates for revival,

2, Dogs

Dogs are so versatile, so compatible with people, and have such
a distinguished record in military and police operations that their

3

more extensive application to a variety of police and military oper-
ations should be systematically investigated. Dogs have been used
- for messengers, sentry duty, patrol, tracking, surveillance, and the
location of lost and contraband items, They seem to be a near-ideal
b combination of mobile sensor-alarm and weapon, Three basic programs--

- to consider missions, to breed and select special-purpose dogs, and

“ to reevaluate current training techniques and explore new ones--are !
the essential RED requirements to put these animals on an cven more :
" effective military basis. Problems of veterinary medicine, mainte-
nance, food requirements, and disease or resistance to disease, would
become particularly critical problems in tropical and semitropical
areas, Attention to these matters would be an essential part of any
major program for military police employment of dogs. Such a program
. is recommended (Ref, 37).

. G. BIOLOGICAL WARFARE

Biological warfare agents may be considered to be of three types:
. (1) nonlethal infectious diseases; (2) toxic materials, that is, poi-
sons (exotoxins) produced by organisms and otherwise handled as chem-
ical agents; and (3) allergens, materials which induce allergenic re-
sponses, In terms of low-level warfare, infectious biological warfare
; agents--even those of the nonlethal type--seem to have extremely limi-
ted application. They could be introduced as a known threat to in-
terlopers in facilities protection, to enfeeble an enemy entrapped in

strongpoints, where firepower is undesirable, or wirere a seige can
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bé laid for a few days or more. Such situations may seem to be un-

usual, Nevertheless, they do represent problems for which biological

agents nay have some potentially useful applications, By and large,
however, the effort of RED development, deployment, and logistics, as

well as the strong public antipathy to such weapons would suggest that
the development and weaponization of agents for these specific purposes

would not be worthwhile since alternative methods, particularly chem-
ical methods, are available for achieving the same objectives,

H. TOXINS

Toxins, particularly staphylococcus enterotoxin, the common non-
lethal food poison, have a similar range of potential applications in
facilities protection, attacks on strongpoints, area and structural
denial (where the threat of exposure to a toxin might be sufficient
to proscribe entering) as the infectious organism., In all cases, the
applications are useful and feasible and overlap the application of
chemicals, Similar remarks hold true for allergens, but their appli-
cation may be somewhat different in that the allergenic response may
have three functions:

1. Deterrence through fear of the effect.

2. Debilitation and harassment because of the effect,

3. Marking and identification by any flare or any other
symptom uniquely associated with that allergenic response.

The application of allergens, even though of biological origin,
is so remote from the conventional categories of biological warfare
as to be subsumed either under chemical warfare itself or under the
concept of marking. The principal need at this point is to determine
whether allergans uniquely perform a role not already met by alterna-
tive means of marking.

I. PLANTS
Plants may be effective in three militarily useful roles:

1. The plants themselves may provide barriers to movement.
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2., The plants may contain irritants. Poison ivy plants
would augment the effectiveness and the threat of a
plant barrier.

3. Plants may be a source of barbs and nettles, to be har-
vested and used as an irritating or harassing agent, If i
left in place on the plants or placed on other plants,
barbs and nettles can induce itching and can be used as
a means of introducirg other foreign materials, If har-
vested and disseminated as separate items, they are
another means of chemical agent dissemination,

It is by no means clear that plants would have any practical ad-
vantage over concertina-wire fences, chemically treated stakes, or
cther barriers, But the uses of plants in all three of these roles

merit further attention to answer that question. Obviously, the use
of growing piants implies static missions such as the protection of
facilities., It would hardly require more than minimal organization,
horticulture, maintenance, safety precautions, and environmental com-

patibility. The risk of an ecological disaster because of the intro-
duction of a hardy, environmentally compatible plant should be a major
consideration in any anticipated use. By and large, it would seem i
best to limit applications to indigencus material to avoid this last

risk,

Natural nettles and barbs may be imitated with either solid or
hollow fiberglass, Irritants may be incorporated in these barbs,

J. MANIPULATION OF UTILITIES

Electricity, illuminating gas, and water are the principal utili-
ties in use in cities. The manipulation of electricity, particularly
to moderate crowd and mob behavior, is, at most, worthwhile for tac-
tical purposes, As far as I have been able to determine, no systematic
observations of the influence of lights on mass behavior have been
made, Similarly, the influence of regulating electric lights on the
enforcement of curfews has not been systematically reported, although
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it is a widely held opinion in domestic as well as in military policing
that lights discourage criminal activities (Ref., 38). Manipulations of
gas and water are probably without value as nonlethal tactics.

K. LIGHT

Intense radiation can blind, bedazzle, or heat the eye, The
application of bright lights to bedazzle the eye and reduce dark
adaptation is practical, The achievement of maximum dark adaptation
may take several hours. It is 60 percent completed in 5 min, and
virtually completed in 20 min, It may therefore have some applica-
tions in controlling mobs and crowds in making any organized effort
on their part more difficult, This effect, of course, would be over
and above any incidental annoyances caused by bright lights, flicker-
ing, flashing, or other manipulated phenomena,

For practical purposes, to achieve a transient blindness safely
requires the creation of an afterimage, the familiar phenomenon noted
after looking at a photoflash., To achieve illumination on a scale
large enough to make it difficult for one to "look around" the blot
in the visual field may not be realizable, although efforts in this
direction merit some support.

Bedazzling devices as hand-held weapons for the protection of
facilities may have some application in temporarily blinding, be-
dazzling, or disorienting people approaching a checkpoint, curfew
violators, or interlopars into a restricted area., It is not clear
whether these potentially useful applications can be achieved with-
out substantial new risks to the user,

L. STICKY MATERIALS

Sticky materials would be of use in certain tactical situations,
provided that

® Friendly forces will not come into contact with the
materials,
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‘- Sticky materials might serve not only as semipermanent obstacles

e The materials will not present a major cleanup problem in
the restoration to normal use of areas to which they have
been applied, and ]

® The potential victims will not be sO numerous as to create
a major health, cleanup, or handling burden,

The use of sticky materials in urban military operations thus
seems to be most appropriate for three purposes (Ref. 39):

1, The protection of facilities, Semipermanent sticky
materials might be applied to fences or fence tops and to
proscribed areas and routes,

2. Control of mobs, Sticky materials ahead of a mob might
impede its movement without creating a major cleanup
problem,

3. Denial of vantage points to snipers, Sticky materials
might be applied to likely sniper perches,

the way barbed-wire fences do, but they might also be included in re-
motely or automatically activated devices to be directed at a particu- i
lar target on signal, 2

While it is conceptually clear that there are numerous potential
applications for sticky materials in the denial and control of move-
ment, and while it is technically possible to prepare extremely sticky
materials, it is not clear that they can be prepared, handled, and
applied with the speed, effectiveness, safety, and convenience that
would be necessary in low-level combat. Nevertheless, modest research
in this area should be funded to explore the feasibility of formulating
low-cost materials for these special applications.

From a technical point of view, the critical questions are those
of; developing a deliverable formulation; field and shelf life;
physical cleanup, neutralization, or removal; personnel safety; clean-

up of victims and users; and modes of application (Ref, 40),
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M. NETS AND SNARES

Nets and snares have some potential application both to control-
ling mass behavior and to the apprehension of individuals. The use of
nets to round up segments of a mob has been reported. Although pro-
posed, no application has been made of dropping nets and snares on
crowds to slow them down or immobilize them., This particular tech-
nology may achieve some emphasis with the increased availability of
helicopters, The application of nets to the apprehension of single
individuals has taken a step forward with the invention of the hand-
held net caster that works within a range of 20 ft (Fig. 9). Nets
may be practical for apprehending individuals, but nonlethal chemical
projectors would seem to be more satisfactory and flexible for that
purpose (Ref, 41),

N. IMPACT WEAPONS

Nonpenetrating impact weapons are probably the most commonly used
and the second most important class of police weapons, Little atten-
tion has been paid to their military applications, and that has been
directed largely at military police functions and riot control,

Increased urban conflict overseas, especially low-level conflict
involving mixed military and civil populations, will, as a premise
of this paper, entail a wider use of nonlethal weapons, Impact weap-
ons have a potential for filling the needs of such conflict and merit
research and development, This should be directed primarily at deter-
mining physiological and physical boundary conditions on the risks and
effects of impact in traditional and new military missions,

The two principal classes of impact weapons (Tables 9 and 10)
are (1) missiles, including modified shotgun charges and special
bulléts, and (2) bludgeons, truncheons, and other hand weapons, in-
cluding nightsticks, riot-control sticks, blackjacks, and brass
knuckles,

The Hong Kong riot-control police have a device which shoots pro-
jectiles resembling short pieces of fluted broom handles. These move
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fast enough that they whistle, and slowly enough that they can be
seen coming., The knowledge of the sharp crack and bruise that they
inflict and the warning of the whistle are reported to be very effec-
tive in breaking up a crowd (Ref. 44).

A variety of other concepts have been investigated, Most of them
involve modifying bullets or projecting missiles of somewhat larger
size to achieve knockdown, knockout, or neutralization by impact., In
generai, these devices have not been well received because they fall
in the middle ground between deadly “orce and really low-risk, non-
damaging, nonlethal force (Ref, 45).

The principal targets of concern over the safety of such devices
are the head, the eye, and the torso., In general, any impact to the
eye involves a risk of blinding that cannot be eliminated., Such a
risk could only be controlled or governed by the probability of impact,
the orientation of the target (whether he is running away from or
coming at the user), the intentions and accuracy in aiming the weapon,
and the design of the impacting device, General experiences show that
no reliability can be ascribed to the ability of the user, unless he
is a sharpsh: . ‘er, to fire selectively at parts of a human target.

The risk of eye injury from any missile is therefore unavoidable, even
when the user is disciplined and trained,

With regard to nonlethal injuries from impact to the body, rela-
tively few systematic data are available, Therefore, it is difficult
to lay out a system of operational or developmental guidelines. In
one set of experiments, cylinders of butyl rubber 7 in, long, 1-7/16
in, in diameter, and loaded with mass to a gross weight of 210 grams
were fired at goats, 1In general, the impact damage fell in three
categories (Ref. 46):

e Tmpacts at less than 25 meters per second (69 joules of
energy or balow) produced only slight or diffused hemorrhage
with no measurable free blood flow and no lacerations,

® Tmpacts at velocities greater than 25 meters per second but
less than 35 meters per second (less than 130 joules) gave
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mixed results, producing damage at all velocities in this
range as serious as laceration of major internal organs or
as minor as slight hemorrhage, Free blood was still not
found,

Impacts greater than 35 meters per second consistently re-
sulted in laceration of major internal organs, severe
hemorrhage, and measurably free blood flow up to 850
millimeters,

These experiments with goats only suggest that impacts with a
mass and consistency of this sort would have to be kept below a ve-

locity

of 25 meters per second to avoid causing internal injuries to

their targets.

Other experiments to develop a device called a "tether gqun"--
essentially a b1l fired against a target--found that a stunning blow
could not be delivered without risk of serious injury to the internal

organs

of the target,

Risk of injury to the head is in general even greater (Ref. 47).
Holbourn, in his extensive studies of physical injury to the skull,
has shown that (Ref, 48):

s

The adult skull is very rigid and unless fractured does not
change shape. But the brain, although not easily compressed,
is easily displaced (as by intracranial hemorrhage) and Je-
formed (as by twisting and strains),

The brain, the circulating blood, and the cerebral spinal
fluid are all of about the same density. They all tend to
move together when the head is suddenly moved (or decelerated)
along a straight line by a direct impact. Only a mild "pile-
up" occurs under the force of impact and a mild "rarefaction"
on the opposite surface (contre-coup).

Sudden rotation of the skull is more gradually imparted to
the cerebral spinal fluid and the brain, Wwhile this inertia
is being overcome, the rough interior of the skull-cum-dura
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drags along the surface of the brain and stretches, even
tears, its arachuoid and perforating vascular tetherings.
The rate of change counts most,

s,

The risks from rotational injuries appear to be the greatest when
the blow is less severe than that required to crack the skull, Simpson
describes these shears, illustrated in Fig. 10, as follows (Ref. 49): %

(a) Rel=tive twist |
of skullfover/
membranes,

and
(8) Membranes/
over/brain,
and
{¢c) Braiy on
bram

EXYIPFINry

SUIDL)S 4BIST

FIGURE 10. Effect of force F on movable head, causing linear (L)
and rotational (R) strains (Ref. 50).

¢ Only when it is free can acceleration/deceleration and rota-
tion (shear) strains develop: the latter cause by far the
more serious harm, Not only does the skull chafe over the
surface of the brain; the brain undergoes the sort of twisting
that you feel when you tighten a roll of paper in the hands,
each lamina twisting over that beneath, stretching, shearing,
tearing the tissues from the surface to the very core, The
brain stem is especially liable to harm as the spinal column
fixes it, acting as the pivot on which the head rotates.
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® These shear strains operate irrespective of the skull being
fractured. Membrane tears causing hemorrhages and surface
or deep contusions of the brain occur without fracture in
about three-quarters of all fatal cranial injuries.

¢ "Contre-coup™ can be explained on these physical principles.
It is a form of brain injury in which an equally--even some-
times more--pronounced surface bruising of the brain is found
exactly opposite the site of impact as under the blcw itself,
The whole surface of the brain suffers chafing injury, but
this tends to be accentuated by piling-up of the brain under
impact and rarefaction (with stretching of pial vessels and
arachnoid tetherings) over the opposite surface, Oceipital
impacts may thus cause grave injury over the frontal lobes,
left-sided blows, right-sided physical signs.

Welch, in his long-term follow-up of over 100 head injuries, points
out that the mechanical and accelerative forces alter both the gray and
white matter of the brain (Ref., 51), These changes vary in reversi-
bility and manifest themselves in the conscious state in numerous
changes: both retrograde and anterograde amnesia, electroencephalo-
graphic changes, and changes in neurological, psychological, and
vocational statuses,

Even the mildest trauma in the brain may induce irreversible
damage, Frequently the effects are not noticed until a numbey of
traumatic insults accumulate, The clearest-cut example of this is
punch-drurkenness, a familiar consequence of a boxer's accumulated
head injuries, The bulk of evidence now supports the proposition that
every substantial blow to the head does some irreversible damage, at
least at the micro level, and that risks of serious, permanent injury
are cumulative (Ref, 52).

While it would be fairly straightforward to get useful, quantita-
tive data on skull fracture, the most serious problems of concussion
and neurological damage will be most difficult to model. Concussion
and neurological damage will undoubtedly be functions of the mass,
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shape, consistency, and velocity of the missile and the portion of
the skull impacted,

Rayne and Maslen (Ref, 53) have reviewed skull fracture from the !
point of view of designing protective helmets., Some salient portions %
cf their results are summarized in Figs. 11 and 12.

Curve 1 in Fig. 11 shows results obtained by Gurdjian et al. for
skull fracture in cadaver heads dropped onto hard flat surfaces, Com-
parable results have been obtained by workers in France and Germany.

In these tests the area of impact was small, probably about 2 sq in,
Cadaver skulls ave believed to be slightly more liable to fracture than
living ones, Hence, since even an inefficient helmet will spread the
load over a much greater area, this curve is undoubtedly pessimistic 1
for any one wearing a helmet. It may therefore be reasonable to sug-
gest that this curve could be taken as a limit for helmet performance
in protection against skull fracture, if one recognizes that it em-
bodies a moderate factor of safety,

facsas of survival after accidental or suicidal falls from heights
up co 175 ft have been recorded by de Haven and Snyder, who have calcu-
lated the average accelerations from the depressicns made in the im-
pdcted surface, These impacts were obviously made on various parts of
the body, though 21 persons out of the 137 cases recorded landed head
first. From these data and others, several authors have compiled sur-
vival and fatal curves referring to the whole body, Curves 2 and 3 in
Fig, 11 have been adapted from Thompson and Kornhauser and Gold.

Figure 11 also shows a number of points labeled "tolerable." These
have been taken from various sources, and in this context "tolerable"
means anything from "thé subject endured without complaint" to "causing
no permanent injury.,"

Tt has been suggested by Holbourn and others that the principal
cause of concussion is angular displacement of the brain within the
skull, It is clear that almost all linear impacts will cause angular
movement of the head unless the neck muscles are deliberately used to
hold the head rigid, There appears to be no published data on allowable
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FIGURE 11. Human Tolerance to Impact Acceleration ( Ref. 53)
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angular acceleration, however, and it was therefore decided to find
out at least what sort of accelerations dare tolerated in normal activ-
ities, Parker analyzed a number of newsreel pictures of dancers,
skaters and boxers, frame by frame, High-speed film taken from above
as a ballet dancer pirouetted and as a youth turned his head sharply
through 180 deg have also been analyzed. Results are shown in Fig. 12,
While the relevance of these results to the onset of concussion is not
immediately apparent, it is at least plain that the relationship be-
tween tolerable angular acceleration and time is logarithmically
linear.

The level of linear impact likely to cause concussion has been
estimated by various authors as between 15 and 25 ft/sec change of
velocity for short impacts, A mean value of 20 ft/sec is plotted in
Fig. 11, curve 4,

In addition to the work going on in military laboratories on the
influence of injuries to the skull, mostly penetration injuries, there
is an effort under C.E. Bowman of the Department of Theoretical and
Applied Mechanics, University of Illinois, on the mechanisms of head
injury. He is evaluating stress injury by birefringe. ce patterns de-
veloped on impact of a gelatin-filled plastic skull. Particular at-
tention is being paid to sheer stress, acceleration, and cavitation
(Ref, 54).

Bowman's and Janssen's two-dimensional modeling of the human head
is based on a detailed review of the neurophysiological and modeling
work in this field. Their approach could be of major significance in
any impact weapons RED program, especially when extended to a three-
dimensional model (Ref. 54).

Other modeling and simulation work expressly focused or impact
injuries in auto accidents has been carried on at Cornell Aeronautical
Laboratory (Ref. 55), As far as I can tell, none of the modeling work
there or elsewhere has addressed the specific issues of the design of
impact weapons or the effects of such weapons,
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The applications in which impact weapons would be most appropriate
ares mob and riot control; the apprehension of single individuals,
say, during protection of facilities against theft; a variety of quasi-
police and military police functions, including action against curfew
violators; and prisoner handling., But the use of impact weapons seems
by and large inappropriate, since they imply a risk that is unnecessary
ir. view of the present and potential availability of alternative weap-
ons, particularly chemicals. On the other hand, the availability of
modified shot for shotguns or other firearms may present a powerful
logistics argument in giving more flexibility to material otherwise
available in the field. It is difficult at this point to weigh the
value of these alternatives, The variety of nonlethal, allegediy non-
lethal, and minimum-damage shot (including salt, rubber bullets, weighted
rubber bullets, and blobs of various sorts) available for use in shot-
guns, 38's, and other modified weapons should be evaluated systemati-
cally to better define their safety limits as functions of missile mass,
shape, velocity, and consistency (Ref. 56)., The weight of the evidence
on this point suggests, however, that the risk intrinsic in impact weap-
ons is unnecessary if appropriate chemical weapons can be fielded.

There seem to be no functions or missions for impact devices that
cannot be carried out as well or better by chemical weapons at an in-
trinsically lower level of risk of injury. The universal availability
of firearms in the military, however, suggests that the exploitation
of damage-limiting impact projectiles merits further exploration, from
logistics considerations.

1. Bludgeons and Truncheons

The riot stick and nightstick are so well established as impact
weapons that attention must be given to improving them (Ref, 57).

New developments are continually being proposed (Ref, 43), but,
as previously noted, nothing substantial in the way of systematic data
gathering or evaluation has occurred, For example, a recent report in
the New York Times indicates that modern versions of the medieval mace
have been proposed for police application., The "mace-like device is a
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short steel rod with a short length of heavy metal chain at one
end,..to be swung like a golf club at the ankles of people in unruiy
crowds™ (Ref, 58).

The nightstick carried by military police is lighter in weight
and less damaging than that used by many civilian police. Nevertheless,
a systematic study of the effects of various materials and designs of
nightsticks would be a valuable undertaking., The establishment of
medically and tactically sound standards in this matter would be use-
ful in minimizing damage and maximizing effectiveness,

Careful consideration should be given to the feasibility of em-
ploying a breakaway baton--one which, if used too vigorously or improp-
erly, would break apart, A proper balance between achieving a breaking
strength that would be damage limiting and maintaining sufficient
strength to withstand the stresses of normal use may not be feasible,
Attention should also be given to the use of anisotropic material so
that the club would have strength when used in one direction but would
be relatively weak when used in the other, For example, if a club
made of such material were used too vigorously in a slashing stroke
it would be likely to break, but it would not break if used in a prod.
A detailed study may show too close a margin between the strength re-
quirements for proper and routine use and the breaking strength that
would limit damage. In any case, improvements in the design of the
nightstick and allied weapons are possible and desirable, as is the
establishment of design standards.

While it is obviously difficult to gather field data on the
physiology of head injuries, some interesting work along this line has
been done in telemetering the effects of head impacts during football
games, An extension of this work to head injuries from truncheons may
be quite straightforward (Ref. 59).

0. ELECTRICAL WEAPONS

Electrified devices are in use in both military and police situ-
ations. The electrified cattle prod has inspired the development of
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