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FOREWORD

This manual provides procedures and employment doctrine for the
employment of nuclear weapons available to the US Army and the
; Marine Corps for use against targets on the battlefield.

This manual represents a significant change from previous
editions. This version of FM 101—31—1/FMFM 11—4 (in conjunction i
with FM 101—31—2) incorporates revised nuclear weapon employment
doctrine and procedures. Major changes in the revised manuals include:

ERCRNE

SPECIAL CONSIDERATIONS. There is now a chapter on
special considerations in nuclear weapon employment.

. R

EXPECTED COVERAGE. The normally used mathematical
assurance associated with area target analysis has changed from high
assurance (90 percent) to “expected” coverage.

PRECLUSION-ORIENTED ANALYSIS. An additional targeting
methodology, preclusion-oriented method, has been developed. It
provides for employment of higher yield weapons with constraint
criteria as limiting factors. This procedure is a departure from use of
the smallest yield weapons to achieve minimum coverage.

COLLATERAL DAMAGE. Collateral damage is defined and
discussed, and collateral damage avoidance tables are included.

RADIATION CASUALTY CRITERIA. Radiation casualty
criteria have been changed. Also, radiation is recognized as the
primary casualty producer on the battlefield. The manual emphasizes
the targeting of personnel, when appropriate, rather than materiel (e.g.,
tank crews rather than tanks).

SAFETY CRITERIA. The personnel risk (safety criteria) has
been redefined. It incorporates additional considerations that have
resulted in updated safety distance tables.

PACKAGE PLANNING. Procedures are outlined for the
development of a nuclear weapon package, with emphasis on the defeat
of the overall threat, rather than the defeat of individual targets.

DEFEAT CRITERIA. Threat and target defeat guidelines have
been expanded. Broad defeat guidelines for both the offense and
defense are discussed, and the consideration of time dependence in
defeat criteria as a result of radiation effects is introduced.
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CHAPTER 1
INTRODUCTION

1—1. Purpose

This manual provides guidance to
commanders and their staffs on the
operational aspects of nuclear weapon
employment in combat operations.

1—2. Scope

a. 'The procedures presented in this
manual are concerned basically with
nuclear weapon employment by the US
Army and the US Marine Corps.

b. Guidance is presented for the
employment of nuclear weapons in the
attack of targets on or near the earth’s
surface. For guidance on the
employment of nuclear weapons in the
air defense role, see FM 44—1A; and for
the employment of atomic demolition
munitions, see FM 5—26 and FM 5—
26A.

c. The complete manual series
(FMs 101—31—1, 101—31—2, and 101—
31—3) includes the following infor-
mation:

(1) Operational considerations
in the employment of nuclear weapons.

(2) Methods of target analysis.

(3) Command responsibilities
and staff procedures in nuclear weapon
employment.

(4) The effects produced by
nuclear bursts.

() Tabular information con-

cerning target response, troop safety,

collateral damage, and preclusion of

damage for stockpile weapons and for a
family of hypothetical weapons.

(6) Pertinent portions of
STANAGs 2083, 2103, 2104, and 2111
and QSTAGs 187 and 189.

d. This manual repeats infor-
mation presented in other field manuals
only as required for clarity or con-
sistency. This manual should, therefore,
be used in conjunction with the

applicable references listed in Appendix
A.

1—3. Recommended Changes

Users of this manual are en-
couraged to submit recommendations to
improve the manual. Comments should
be prepared using DA Form 2028
(Recommended Changes to
Publications) and forwarded directly to

the Co;x;mandgr, US Army Nuclearr¢yemt ‘

Agency’ . Marine
Corps users of this manual will submit
comments to the Commanding General,
Marine Corps Development and
Education Command, Director,
Development Center, Quantico, Virginia
22134.

1—4. Organization of the Manual
Series

- The material is divided into three
manuals:

a. FM 101—31—1 provides
procedural guidance applicable to
nuclear warfare. It contains the con-
cepts for nuclear weapon employment
and the command and staff actions
required to carry out these concepts.
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b. FM 101—31—2 contains
classified operational characteristics of
nuclear delivery systems and nuclear
weapons in the US stockpile. It provides
the effects data necessary for target
analysis and items of information con-
cerning technical procedures that are
not included in FM 101—31—1 because
of their security classification. For
NATO wuse, a modified version is
published that contains information
~ similar to FM 101—31—2 that is directly
applicable to NATO.

c¢. FM 101—31—3 provides un-
classified data concerning a family of
hypothetical nuclear weapons. It
provides typical effects data necessary
for target analysis and is designed
specifically for use in wunclassified
training of staff officers and com-
manders.

d. The organization of the
-material in FMs 101—31—2 and 101—
31—3 is identical in most -cases,
although differences between the US
stockpile weapons and the family of

hypothetical weapons exist. These
differences are intentional and are
designed to protect the security of infor-
mation about actual weapons.
Proficiency in the use of FM 101—31—3
will insure proficiency in the use of FM
101—31—2.

1—5. Terms and Definitions

A glossary is included in this
manual (app F) to provide definitions of
terms and phrases peculiar to nuclear
weapon employment not included in AR
310—25 or JCS Pub 1.

1—6. Nuclear Training Exercises

FM 105—5 provides techniques and

procedures for incorporating nuclear -

weapon employment and effects into
umpire-controlled training exercises. It
may be used in conjunction with FM
101—31—2 for field training and
command post exercises.
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CHAPTER 2
EMPLOYMENT CONSIDERATIONS

2—1. Purpose

This chapter provides an overview
of significant considerations that
furnish the framework for employment
doctrine and procedures for the conduct
of nuclear warfare. Such considerations

are discussed because of the unique-

nature of nuclear warfare and the
potential for national significance of
decisions relating to nuclear weapon
employment.

2—2. Nuclear Weapons and National
Policy

a. General. National policy im-
pacts on the conduct of nuclear
operations by establishing guidelines of
use of nuclear weapons in attainment of
national goals.

b. Employment Policies. N

r/'

(1) The ultimate objective of the |

! employment of nuclear weapons is to -

'terminate a conflict at the lowest level |
of hostilities on terms acceptable to the !
. United States and its allies. i

(2) National Command Author-
ities (NCA) would be expected to coor-
dinate military and diplomatic efforts to
insure that the conditions for use of
nuclear weapons are both acceptable to
allies and in accord with national goals.

(3) To realize the overall
national purpose of the use of nuclear
weapons, military operations should be
conducted in consonance with
diplomatic actions.

¥
f

i

c. Employment Purpose. Since the
national purpose of employment is to
terminate a conflict, the employment
of nuclear weapons should serve to
demonstrate to enemy leaders that
potential losses outweigh gains if a
conflict is continued or escalated. To
accomplish this end, nuclear weapons
could be used to positively and
dramatically alter the course of battle
and preclude the enemy from achieving
his objectives. Depending on enemy
response to initial nuclear employment,
additional employment of nuclear
weapons may be required or directed. In
all cases, follow-on strikes should
support the basic purpose of decisively
terminating a conflict at the lowest level
of violence consistent with national and
allied goals.

2—3. Nuclear Weapons in Support of
Tactical Operations

a. General. The use of nuclear
weapons in support of tactical
operations requires detailed planning at
all levels. The spectrum of tactical
nuclear warfare may vary from limited
to theaterwide friendly or enemy in-
itiated use. Whatever the nature of the
nuclear use, nuclear weapons cannot be
used in isolation, but must be integrated
with the rest of the fire and maneuver
on the battlefield.

b. Nuclear Contingency Planning.
Because of the potentially grave conse-
quences of nuclear hostilities, the NCA
will probably not approve the use of
nuclear weapons until all lesser options
are clearly perceived as inadequate to
maintain the integrity of US and/or




allied forces. This means that a field
commander must keep higher head-
gquarters well informed on the
developing situation and when the time
will come, in his judgment, that he
cannot accomplish his mission without
the use of nuclear weapons. As a part of
contingency plans, a commander should
prepare in advance to integrate nuclear
weapons into force maneuver plans. He
may be required to conduct conven-
tional operations under the most
adverse conditions before nuclear
release is granted, but he must insure
that his evaluation of the risks involved
with the delay in release are made
known to his immediate commander. It
is the corps commander who will nor-
mally request the release of nuclear
weapons. Corps is the critical level in
planning for the employment of nuclear
weapons on the battlefield, although
input from division and lower echelon
headquarters is incorporated into corps
plans.

c. Nuclear Weapon Package.

Although many weapons are present in -

a corps area, an initial release can be
expected for only the numbers and types
of weapons included in preplanned
“packages” of nuclear weapons re-
quested by the corps commander. To
expedite the release of the requested
package, the corps preplanned package
will be forwarded to higher head-
quarters for tentative approval.. The
package is defined as a discrete
grouping of nuclear weapons by specific
yields for employment in a specified
area during a short time period to
support a corps tactical contingency. It
should be treated as a single entity for
purposes of request, release, and control.
Whereas the basic package is planned,
refined, requested, and controlled by
corps, division and lower echelon

groupings of weapons would be sub-
packages of a corps package. At any
given time, corps should have a
preplanned nuclear weapon package to
support each probable tactical con-
tingency; however, it would be expected
that only one package at a time would
be requested. A preplanned package
that is actually executed would be
modified for the situation that exists at
the time of employment. A sufficient
number of nuclear weapons will be
planned for each package to positively
alter the tactical situation and thus
expedite accomplishment of the corps
mission. The package will be planned
for employment in a timeframe, nor-
mally expressed in hours, during which
the corps foresees the need for nuclear
weapons to contain the developing
threat. Within the timeframe and at the
discretion of the corps commander, all
nuclear weapons will be employed in a
pulse that is a shorter timespan. The
timespan for this pulse of nuclear
weapons will depend on technical
capability, operational necessity, and
national approval. The intensity of con-
ventional firepower should not be
decreased before, during, or after the
nuclear pulse. The key to successful
nuclear operations lies in detailed
planning; coordination; and decen-
tralized, aggressive execution. A more
detailed discussion of the procedures in
the planning of a nuclear package is in
chapter 4.

2—4. Law of Land Warfare and
Nuclear Weapon Employment

a. Through the history of warfare,
a body of treaties and customs has
developed that generally represents the

collective views of the belligerents and -

tends to limit the application of ex-
cessive force and the manner in which
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force is applied to protect combatants
and noncombatants, safeguard fun-
damental human rights, and facilitate
the restoration of peace. The grouping
together of these treaties and customs is
known as the Law of Land Warfare.
The applicable laws and customs and
their interpretation are contained in FM

- 27—10, The Law of Land Warfare.

b.. Modern weapons, to include
nuclear weapons, have been measured
against the Law of War for their
applicability and wvalidity of use.
Devastation as an end in itself is not
sanctioned by the Law of War or
national policy. There must be some
reasonable connection between the
destruction of life and property and the

 defeat of the enemy’s forces. Some ab-
solute prohibitions exist, but the Law of

War is tempered by the rule of mili-
tary necessity, which justifies those
measures not forbidden and which are
indispensable for securing the complete

- submission of the enemy with the least

possible expenditure of life and
resources. The Law of Land Warfare
encompasses the use of nuclear
weapons; however, because of the poten-
tially tremendous destructive power of
these weapons, their use must be
carefully controlled. The targeting
procedures contained in this manual

‘include measures to limit damage to

populated areas.

2—5. Threat and Target Defeat Con-
siderations.

a. General. When assessing the

number of nuclear weapons required to
make a positive change in the tactical
situation and to defeat a threat, con-
sideration must be given to defeat of
individual targets composing the
overall threat. There is no simple

statement of threat and target defeat
criterion that will pertain in all cir-
cumstances.

b. Threat Defeat.

(1) A threat is considered
defeated by nuclear strikes when the
resultant force ratios are such that the

-enemy forces are halted and can be

controlled by conventional means
throughout a sufficient pause for
political channels to be utilized to ter-
minate the conflict. The planning for
threat defeat must consider the type of
units and the percentage of the threat
that must be destroyed.

(2) The planning of a nuclear
weapon package to defeat a particular
postulated threat is based on assump-
tions of the threatened area, its terrain,
available weapons to defeat the threat,
and the strategy and tactics of the
enemy. The evaluation of a proposed
nuclear weapon package, developed in
contingency planning, is based on an
analysis of the impact of the proposed
package on those critical combat units
thought to comprise the threat. The
postulated threat is adjudged to be
defeated when the predetermined
number of critical units necessary for
the threat to be defeated are attrited.
Critical combat units that might be
targeted for nuclear strikes include the
following: '

(a) Nuclear capable units.

(b) Tank and mechanized units.

(¢) Conventional artillery units.
_ (d) Other units or locations, such
as command and control headquarters,
nuclear supply points, or bridges.

c. Target Defeat. Two basic
categories pf targets are area and point.
Area target defeat criteria normally are




expressed in terms of some level
(percentage) of expected coverage of the
target area with a specified level of
materiel damage or personnel in-
capacitation. Point targets are generally
single-element materiel targets. Because
point targets are single elements or
occupy a small area in comparison to a
damage radius, only the probability
(normally 90 percent) of a specific level
of damage, moderate or severe, is con-
sidered when examining them.

(1) Fractional coverage consid-
erations. Factors to be considered in
estimating the fractional coverage re-
quirements for defeat of area targets
are:

(a) Mission of the unit being
targeted. Because of greater control
problems, coupled with the more
demanding requirements of an attack,
an attacking unit is generally more
susceptible to mission abort than is a
defending unit.

(b) Size of unit. The fractional
damage required for target defeat can
also vary for different sized units.
Because of the greater amount of in-
herent self-sufficiency in smaller units,
such as companies, they require a
higher percentage of losses before they
become combat ineffective than do
larger units, such as battalions and
higher.

(2) Area target defeat guidelines.
The following are general guidelines for
attack of troop targets:

(a) For units in the offense, an
expected coverage of 30 to 40 percent of
the target with immediate permanent
(IP) (8,000 rad) incapacitation or im-
mediate transient (IT) (3,000 rad) in-
capacitation criterion should result in
an inability of the unit to accomplish its
mission within minutes after the burst.
(See app C for detailed discussion of
radiation levels.)

(b) For units in the defense, an
expected coverage of 40 to 60 percent of
the target should result in the targeted
unit being unable to continue to defend.
The criterion used, IP, IT, or latent
lethality (LL), depends on the length of
time between the burst and the
engagement of enemy units.

(c) For larger units, such as a
battalion, with maneuver forces that
can be separated and dispersed, two of
the three unit’s maneuver forces should
be attacked to insure that the unit is

-incapable of accomplishing an assigned

mission. Company-sized units may be
attacked separately; however, a bat-
talion in an assembly area might be a
single target.

(d) Regimental-sized and larger
units would normally be divided into
smaller targets.

(e) For rear area units or units
not in a position to be committed for
some time, a less stringent defeat
criterion, IT or LL can be used. The
coverage criterion selected should con-
sider the time-dependent effects of
nuclear radiation. The evacuation of
personnel with sublethal or delayed
lethality doses may be adequate to
reduce a unit’s strength and capability
sufficiently to abort a mission. For these
reasons, use of the LL (650 rad)
casualty criterion may be sufficient for
targeting in some cases.

(3) Consideration of lesser
effects over entire target area. An area
target is attacked with a specified
coverage and defeat criterion (IP, IT, or
LL). It is important to realize that target
degradation occurs beyond the distance
where the specified radius of damage
extends. The smallest nuclear weapon
has potentially lethal effects that cover
more than a square kilometer of area.
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Also, to estimate the overall effect on a
targeted unit, the combination of effects
should not be overlooked. Each
degrading effect by itself might not
result in serious impairment of a
soldier’'s performance. However, a
soldier suffering with burns from
thermal radiation, ear drum damage
from overpressure, cuts and broken
bones from flying objects, and vomiting
from radiation sickness is not likely to
be very effective in any capacity. Hence,
when a commander requests that a
certain percentage of the target receive
a specified degree of damage, it should
be recognized that much of the
remaining portion of the target would
receive damaging effects. A more
detailed discussion of this is contained
in appendix C. (Note: Combined effects
data are not tabulated or predicted in
employment manuals.)

2—6. Collateral Damage

a. Collateral damage is un-
desirable civilian materiel damage or
personnel injuries produced by the
effects of friendly nuclear weapons.

b. While the overall goal is to limit
collateral damage, there must be a
balance between collateral damage con-
straints and military effectiveness if
operations are to be successful.
Therefore, some damage to populated
areas should be expected.

c¢. Determination of collateral
damage constraints is a command
responsibility. If collateral damage con-
straint levels are not predetermined by
National Command or Theater
Authorities, collateral damage con-
straint levels will normally be the
responsibility of a corps or higher com-
mander. Collateral damage avoidance

tables are provided in FM 101—31—2 to
assist the commander and his staff.
Incorporation of collateral damage con-
siderations into target analysis and the
use of the tables are further discussed in
chapters 4 and 5.

d. Specific techniques that can
reduce collateral damage are:

(1) Invoke civil defense
procedures. Evacuation of the civilian
population from the battlefield would
greatly reduce civilian personnel
casualties. Although this action would
be a highly effective measure, it requires
a significant civil defense effort. If
evacuation is infeasible, the friendly
populace could be warned to remain in
cellars or other shelters during periods
of conflict near their areas.

(2) Reduced yield. One can
reduce collateral damage by reducing
the yield and accepting less coverage.
Also, by using less stringent defeat
criteria, i.e., for materiel targets use
moderate damage in lieu of severe
damage, and for personnel use IT in-
capacitation in lieu of IP incapacitation,
one can achieve the desired fractional
coverage while reducing the yield or
number of weapons required.

(3) Offset desired ground zero.
After determining the areas where
damage is not desired, in some cases, it
may be possible to reduce the level of
collateral damage by offsetting the
desired ground zero and still achieve the
required damage to defeat the target.

(4) Use of multiple weapons. In
attacking a large target, collateral
damage can be reduced by dividing the
target and using smaller yields rather
than using one large weapon. This will
allow for a more discriminate use of
nuclear weapons.




2—7. Psychological Aspects of Nu-
clear Combat

Soldiers facing nuclear combat can
be expected to behave essentially as
they would under other severe combat
and stress situations. Their behavior is
affected by combat experience, training,
and leadership. Normally, the effec-
tiveness of a soldier in any combat
experience first increases as he gains
knowledge and proficiency, then begins
to decrease with continued exposure to
combat stress. Some of the specific ways
that the nuclear environment (or severe
combat) can be expected to impact on a
soldier are:

a. Apprehension. Disruption of
communications, rapid and frequent
changes in the combat situation, and
largely unknown hazards (such as
radiation injury) tend to increase ap-
prehension.

b. Isolation. Isolation is a source
of stress and reduces a man’s capacity
- for resisting the effects of other stress.
Because of the possible destruction of
large elements of a unit due to an enemy
nuclear strike, isolation may be greater
on the nuclear battlefield than in con-
ventional combat.

c¢. Fatigue. The highly mobile,
rapid, and, possibly, continuously
changing nature of nuclear combat may
result in greater fatigue than is typical
of conventional combat.

d. Cumulative Stress. The
cumulative nature of stress is probably
the most important determinant of the
rate at which psychological casualties
may occur. Because of the capability of
the enemy to deliver nuclear weapons to
any point on the battlefield, stress on
the soldier will be constantly present,
whether he is on the forward edge of the
battle area or in reserve.

2—8. Combined Nuclear / Chemical
Considerations

a. Considerations discussed in this
chapter have been concerned primarily
with the impact of nuclear weapon
employment on the battlefield. In any
conflict where the employment of
nuclear weapons to support tactical
operations is possible, the employment
of chemical weapons by a properly
equipped enemy force must be con-
sidered probable.

b. Enemy chemical weapons may
be employed to supplement, to enhance,
or in lieu of nuclear weapons. Nuclear
weapon effects on area targets, such as
reserves or support installations, may
be augmented by chemical and conven-
tional fires. Chemical weapons may be
used with conventional weapons in
circumstances where the use of nuclear
weapons might be restricted because of
operational or safety constraints. They
can be employed efficiently against
small critical installations, such as
command and control points or dis-
persed nuclear delivery units, where an
immediate response and/or long-term
effects are desirable.

c. Passive protection measures
taken to reduce vulnerability to
chemical weapon effects, particularly
unit dispersion measures and emphasis
on maintaining the appropriate
mission-oriented  protective  posture
(MOPP), can also provide some
protection from nuclear weapon effects.
Operational planning should always
address the possibility of chemical
agents being employed against friendly
forces and contain guidance on ap-
propriate defensive measures that
should be taken. i
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CHAPTER 3
COMMAND RESPONSIBILITIES AND STAFF PROCEDURES

3—1. General

Command actions and staff respon-
sibilities involving the employment of
nuclear weapons generally follow es-
tablished command and staff channels.
There are, however, some unique
aspects to the employment of these
weapons, and this chapter will outline
the procedures and techniques that are
applicable. Additional guidance on
operations involving nuclear weapons is

contained in FM 100—5, Operations,

FM 100—15, Large Unit Operations, FM
71—100, Division Operations, and
FMFM 11—1, Nuclear, Chemical, and
Defensive Btologtcal Operations in the
FMF.

3—2. Command Guidance

a. Since nuclear weapons can have
a significant influence on ground
operations, command guidance to in-
itiate  staff planning is vital. In his
initial guidance, the commander should
provide as much information con-
cerning nuclear weapon employment as
he does concerning the employment of
maneuver forces and conventional fires.

b. It is essential that the com-
mander and his staff officers have a
good understanding of nuclear weapon
effects, employment procedures,
capabilities and limitations of available

delivery systems, and combat support

requirements for nuclear delivery
systems. Technical advice and
assistance will be provided to the com-
mander and to his staff by the target
analyst.

c. Command guidance normally
consists of the following:

(1) Statement of result desired
from the employment of nuclear
weapons (i.e., halt an enemy attack,
support a counterattack, or rupture the
enemy’s defensive position).

(2) Defeat criteria, when ap--
propriate.

(3) Concept of subsequent use of
weapons if the initial effort does not
accomplish desired results.

(4) Risk commander is willing to
accept on his own troops.

(6) Criteria for avoiding
collateral damage.

(6) Intelligence collection and
target acquisition guidance.

3—3. Acquisition of Surface Targets

a. Target acquisition, which is an
integral part of the intelligence
collection process, involves detection,
identification, and location of a target
in sufficient detail to permit effective
employment of weapons. Information
gained from target acquisition can be
used for target analysis, target
refinement, and employment of
weapons. Information is collected from
all available sources and agencies.

b. The effectiveness of a nuclear
attack is enhanced by the accuracy,

" completeness, and timeliness of in-

telligence. Specific information on
target areas, such as target location,
size, shape; composition, concentration,




vulnerability, recuperability, and per-
manence or direction and speed of
movement, should be sought con-
tinual}y by all intelligence collection
agencies.

c. The commander’s initial
planning guidance provides the basis
for developing the essential elements of
information, the detailed collection
plan, and priorities for the intelligence
collection effort.

d. The primary purpose of in-
telligence on the conventional
battlefield is to provide the commander
with sufficient information on enemy
locations and probable courses of action
so that he can commit combat power at
the decisive point at the critical time.
The primary purpose of intelligence
does not change in the nuclear en-
vironment, although the commander’s
commitment of combat power may be in
the form of nuclear weapons. The in-
telligence system’s mission, then, is to
provide combat information for the
targeting of those weapons. The
limitation of any single target ac-
quisition technique demands that the
intelligence system’s collection effort be
broadly based so that combat infor-
mation for targeting can be obtained
from all available sources.

e. The intelligence collection plan
should be developed during the con-
tingency planning phase and updated
continuously throughout the operation.
The collection plan coupled with an
analysis of the terrain of interest, a
knowledge of the enemy order of battle,
and tactics should lead to the
development of a target list of areas in
which the enemy might locate assault
elements, reserves, logistic installations,
command posts, nuclear delivery units,
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or other profitable targets. This target
list can be used to determine areas
where enemy units could adversely
affect the accomplishment of the
mission or where employment could
have a significant effect on enemy
capabilities. These areas become the
focal point for target acquisition efforts.
The areas on this list must be held to a
minimum to avoid overextension of the
collection effort.

3—4. Nuclear Weapon Planning

a. The planning for nuclear
weapon employment is an integrated
effort. The target analyst must work
closely with other staff elements to
insure that plans for the use of nuclear
weapons are consistent with the overall
concept of operations.

b. Contingency planning develops
alternate tactical nuclear weapon
packages in support of the unit mission.
Each contingency plan must have the
potential for rapid modification to
provide for effective tactical
employment of nuclear weapons as the
situation develops. Contingency plans
evolve through an examination of
feasible enemy actions and associated
friendly reactions and the times and
places where nuclear weapons might be
required to prevent significant enemy
goals from being achieved. Target areas
are developed and weapons planned in
those areas that will maximize enemy
losses while minimizing collateral
damage. Available information
regarding the situation, terrain, and

civilian dispositions must be thoroughly -

explored during the planning phase and
may require preparation of multiple
plans 'to provide for various enemy

threats, attack avenues, and warning

periods. The friendly situation should
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also be varied to examine possible force
levels and unit dispositions to insure the
timeliness of nuclear package release.

¢. Nuclear contingency plans are
corps responsibilities, but contingency
planning should take place at both
corps and division levels. Corps and
division planning staffs must maintain
continuous and close liaison to insure
completeness of the plans. Corps inte-
grates division planning into the corps
plan and coordinates necessary reviews
and updates so that specific orders can
be developed rapidly from existing
plans as the situation develops. Con-
tingency plans should be provided to
the next higher command so that re-
quest and release procedures can be
expedited. General steps in the
development of nuclear weapon
packages are discussed in chapter 4.

3—5. Fire Support Coordination

Nuclear weapon packages planned
for each contingency will normally
specify target areas for engagement by
the artillery units expected to be
available. This may include division as
well as corps artillery units. As a con-
tingency plan becomes an order during
the actual attack, units to fire and firing
positions will be designated by ap-
propriate headquarters. When the
package is fired, the corps and division
fire support elements will coordinate the
firing to meet guidance in the release
directive. The fire support element con-
trolling the package must maintain
communications with the delivery unit.
A chain of succession for control of
nuclear fire will be established to
prevent loss of control resulting from
loss of a headquarters.

3—6. Joint and Combined Operations

a. Operations with combined
forces may impose additional restric-
tions on the use of nuclear weapons.
The senior US commander in a com-
bined command will promulgate
directive guidance on the use of nuclear
weapons by US forces in such com-
mands. This guidance may modify the
doctrine and procedures contained in
this manual.

b. Commanders of unified com-
mands may also publish directives that
may modify doctrine and procedures
contained in this manual. In this cir-
cumstance, the commander of the senior
Army headquarters is responsible for
determining that the modifications are
written within established policy and
insuring that all Army elements are
aware of the modifications and that
they adhere to them.

c. When US Air Force or Navy
delivery systems are used to support
Army operations, the Air Force or Navy
commander may have the final decision
concerning yields and delivery
procedure used if, in exceptional cir-
cumstances, the analysis performed by
the Army element is invalidated.
Procedures used to determine the ap-
propriate yield and desired ground zero
will conform to the doctrine and
procedures contained in this manual or
as modified by circumstances discussed
in the two preceding paragraphs. The
commander of the delivery unit will
coordinate any changes with the sup-
ported force commander through the
tactical air control center (TACC). Infor-
mation required by Army analysts for
weapon selection, such as the expected
delivery error for a given delivery

system and method, will also be fur-
nished through the TACC.
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3—7. Control of Nuclear Weapons

a. Because of the importance of
nuclear weapons in the conduct of the
battle and their limited availability, the
expenditure and resupply of nuclear
weapons must always be controlled by
the commander.

b. Nuclear weapons that are
available to the unit should be included
in fire support planning of contingency
plans. If additional nuclear weapons are
required in the contingency plans, the
basic plan should provide for making
them available.

c. The tactical commander con-
trols the distribution of nuclear
weapons by:

(1) Determining the number of
nuclear weapons that will be carried as
part of prescribed nuclear loads of
organic or attached delivery units.

(2) Directing the stockage of
nuclear rounds in special ammunition
supply points under his control and
arranging for the stockage of the ad-
ditional nuclear weapons he may re-
quire as part of the prescribed nuclear
stockage in a special ammunition
supply point not under his control.

3—8. Distribution of  Nuclear
Weapons

a. Commanders and staff officers

must continuously evaluate the

capabilities of logistic systems to

support nuclear weapon employment.
Because of their decisive character and
limited availability, the distribution of
nuclear weapons is an operational as
well as a logistic problem. Nuclear
weapon distribution is affected by:

12

g

-command.

(1) Mission.

(2) Planned weapon packages
for immediate and subsequent re-
quirements.

(3) Ammunition availability.
(4) Unit carrying capacity.

(5) Requirements to carry other
types of ammunition in the special
ammunition load.

(6) Security.

(7) Support unit transportation
capability. '

b. The nuclear ammunition
logistic system is tailored to operate in

varied operational environments. Com-

manders and staff officers concerned
with planning and controlling special
ammunition support activities must
consider the following requirements in
planning:

(1) Continuous nuclear logistic
support of tactical operations.

(2) Simplicity and uniformity in
procedures.

(3) Minimum handling of
nuclear weapons.

(4) Security of classified or
critical materiel and installations.

~c¢. Positioning nuclear weapons for
security and operational purposes may
result in a commander having more or
fewer weapons positioned in his
command than are required when
release authority is received. When
fewer weapons are positioned,
procedures must be established by
which the additional weapons can
either be obtained or fired by another
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d. Nuclear weapons are stored by
and issued to delivery units by ordnance
special ammunition units. The details of
ordnance ammunition support
procedures are contained in FMs 9—6
and 9—47.

e. Replenishment of the prescribed
nuclear load and the prescribed nuclear
stockage is accomplished by directed
issue. Because of the limited supply of
nuclear weapons and the requirement
for varying the locaticn of weapons to

‘meet the changing tactical situation,

directed replacement is most feasible. A
more detailed discussion of special am-
munition logistic support is contained
in FM 54—7.

3—9. Security of Nuclear Weapons

a. The critical nature of nuclear
weapons requires continuous attention
to security of storage sites and
movement. Commanders and staff of-
ficers must insure that adequate
measures are maintained to insure
security in depth.

b. Security of nuclear weapons in
special ammunition elements is per-
formed by military police physical
security companies. These units perform
vital security missions. They are
augmented in contingencies by reserve
forces organized within the overall
command. '

c. Security plans must be
developed based on vulnerability

analyses of the storage facilities and.

movement routes. Criticality of
munitions, extent of the enemy threat,
and availability of sensor equipment

and guard forces will all have a direct
effect on security planning. All plans
developed must provide for contingency
operations.

d. Planning considerations that
must be addressed in developing
security plans for nuclear weapons and
that may be modified for wartime
operations, as necessary, include the
following:

(1) Physical safeguards. These
include perimeter barriers, protective
lighting, and defensive positions.

(2) Access controls. These con-
trols include access rosters, entry con-
trols, adherence to the two-man rule,
lock and key control, and identification
systems.

(3) Intrusion detection systems.
These systems include sensor
employment within the storage facility,
along restricted area perimeters, and
within avenues of approach. These
sensor systems should provide for in-
teroperability to provide maximum flex-
ibility and responsiveness.

(4) Guard forces. These include
organization, screening, training, and
supervision of military police guard
forces, security alert team and backup
alert force units, and reserve augmen-
tation forces.

3—10. Warning of Friendly Nuclear
Strikes '

a. Advance warning of a nuclear
strike is required to insure that friendly
forces are not exposed to greater than
acceptable risk. For strikes on distant
enemy targets, advance warning is re-
quired only for aircraft that may be
affected by such strikes.

13




(1) Notification concerning
friendly strikes can be a time-
consuming process even when
procedures are carefully established.
Dissemination of warnings earlier than
is necessary just because the process is
time-consuming should be avoided
because it may alert the enemy to the
planned strike, with a resultant
decrease in attack effectiveness or,
possibly, a preemptive nuclear strike by
the enemy.

(2) Normally there is no re-
quirement to warn subordinate units
when the target analysis indicates that
negligible risk to unwarned, exposed
troops will not be exceeded and insuf-
ficient time exists to warn all personnel.
In this case only those personnel who
might receive more than negligible risk
for the unwarned, exposed vulnerability
conditions are warned.

(3) Aircraft are wvulnerable to
weapon effects, even low overpressures.
In addition, dazzle can be a significant
hazard to personnel flying in aircraft.
Because aircraft can move rapidly from
an area of negligible risk to one where
unacceptable risks may be encountered,
all aircraft within the area of operations
should be given advance warning
during both day and night operations.

(a) Army aircraft should be
warned through unit command nets or
airspace control stations.

(b) Air defense artillery will
report via command and control nets to
the Army air defense command post
(AADCP) the intention to engage
hostile aircraft with nuclear weapons,
stating estimated time, altitude, and
world geographic reference of the
nuclear burst. The AADCP will
transmit a warning message to its
associated tactical operation center

14

(TOC) and the sector operation
center/control and reporting center
(SOC/CRC) so that agencies may

transmit alerts to their airborne air-
craft.

(c) Warnings to Air Force, Navy,
or Marine Corps aircraft will be in-
itiated by the fire support element (FSE)
via communication links with the direct
air support center (DASC) or the sup-
porting arms control center (SACC).

(4) When low-yield weapons are
employed in dynamic situations,
operational requirements may dictate
some relaxation of requirements for
positive warning.

b. Nuclear strike warning
(STRIKWARN) messages are dis-
seminated as rapidly as possible and,
insofar, as possible, over secure
networks. For situations where secure
networks are not available, unit com-
munications-electronics operation in-
structions (CEOI) should contain
authentication procedures and encoding
instructions for nuclear STRIKWARN
messages.

| (1) The amount of information to
be encoded is held to a minimum to
expedite the dissemination.

(2) The STRIKWARNs are
broadcast in the clear when insufficient
time remains for the enemy to react
prior to the strike.

¢. Procedures for warning of
friendly nuclear strikes are outlined
below.

(1) Warning responsibilities are
as follows:

(a) Responsibility for issuing the
initial warning rests with the com-
mander executing the strike. He is

S oRens
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responsible for insuring that the subor-
dinate headquarters whose units will be
affected by the strike are informed.

(b) Commanders executing nu-
clear strikes will insure that strikes
affecting the safety of adjacent com-
mands and elements of other commands
in the vicinity that might be affected
are coordinated with these commands
in sufficient time to permit them to
disseminate the warning and to take
protective measures.

(2) Figure 3—1 shows the format
in which all friendly nuclear
STRIKWARNs will be given. Deter-

mination of minimum safe distances -

(MSD) is discussed in chapter 5.

(3) The STRIKWARN message
contains lines YANKEE and ZULU for
transmitting fallout prediction data for
surface bursts for yields of 0.15 KT and
higher. For yields of less than 0.15 KT
and for all subsurface bursts, line
ZULU INDIA is used instead of line
ZULU.

(4) When nuclear strikes are
cancelled, units previously warned will
be notified of the cancellation by the

most expeditious means possible.

(5) Unit procedures will require
that STRIKWARN messages be
acknowledged. The meaning of the
acknowledgement should be a unit SOP
item.

d. To expedite the warning
process, company-sized units should not
receive the entire STRIKWARN

message, but should receive specific -

instructions concerning protective
measures to be taken if they are in an
area of risk. The message should in-
clude: -

(1) A statement that the
message is a nuclear STRIKWARN.

(2) A brief, prearranged directive
concerning the specific protective
measures to be taken, to include, if
required, evacuation to an alternate
position. Protection requirements for
friendly nuclear strikes correspond to:

(a) DGZ to MSD 1—Evacuation
of all personnel. If evacuation is not
possible, or if a commander elects a
higher degree of risk, maximum
protective measures will be required.

() From MSD 1 to MSD 2—
Maximum protection. Maximum
protection denotes that personnel are in
“buttoned-up” tanks or are crouched in
foxholes with improvised overhead
shielding.

(¢c) From MSD 2 to MSD 3—
Minimum protection. Minimum
protection denotes that personnel are
prone on open ground with all skin
areas covered and with an overall
thermal protection at least equal to that
provided by a two-layer summer un-
iform.

(d) MSD 3 and beyond—No pro-
tective measure except against dazzle.

e. While units outside the area in
which effects may be received normally
are not sent a nuclear STRIKWARN
message, effective liaison may require
that strike data be passed to adjacent
units as a matter of procedure. Infor-
mation concerning the strikes, such as
that used to update situation maps and
portray areas where obstacles to
maneuver of friendly forces may exist,

 may also be of operational concern.
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ALFA

DELTA

FOXTROT

HOTEL

INDIA

YANKEE

ZULU

ZULU INDIA

: Code word indicating nuclear strike (target number).

4

: Date/time group of burst and date/time group after which the -

strike will be cancelled (both in ZULU time).

:GZ or DGZ (UTM grid coordinates vﬁth a minimum of 6

numerical digits).

: Indicate air, surface, or subsurface bursts.

: For all bursts:

.z _
MSD 1 in hundreds of meters, 4 digits./ vz A/ A WP DR {/
MSD 2 in hundreds of meters, 4 digits. el friw” po2 P ERs )
MSD 3 in hundreds of meters, 4 digits./;, w3k S peRs
LSD for light aircraft in flight in hundreds of meters, 4 digits.

: For all bursts when there is less than a 99% assurance of no

militarily significant fallout.

Azimuth of left then right radial lines (degrees or mils—state
which), 4 digits each.

For bursts of 0.15 KT or greater (except subsurface bursts) when
there is less than 99% assurance of no militarily significant

digits. (Use of the ZULU line precludes use of the ZULU INDIA
line.) :

NOTE: If effective windspeed is less than 8 kmph, line ZULU
will contain only three significant digits; i.e., the radius of zone -
L ’

INDIA line precludes use of the ZULU line.) A
NOTE: If effective windspeed is less than 8 kmph, line ZULU
INDIA will contain only four significant digits; i.e., the radius of

Figure 3—1. STRIKWARN message. . ) o :
T ONE L g8l A ik Sweac) #eT BE FACEEIEL  sipl SIS

‘ w, ~:' B ROSAN TALE AN wE AN Ep .
16 J{// /_///4 d d/
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3—11. Tactical Damage Evaluation

Following a friendly nuclear strike
every reasonable effort is made to
determine the damage to enemy forces
and their reaction to the attack. Post
strike reconnaissance will be planned
for each package in an operation plan
and should consider all means of sur-
veillance. This effort will also seek to
obtain information concerning residual
radioactivity, fires, and damage to
civilian facilities and the need for a
possible restrike of a target. Detailed
procedures for post strike analysis are
found in chapter 5.

3—12. Employment of Atomic De-
molition Munitions

a. Atomic demolition munitions
(ADM) may be employed in all types of
tactical operations—offense, defense,
and retrograde. They provide the com-
mander with a means to delay or
canalize enemy forces. ADM
employment is planned by the
operational staff as part of the corps
package. They are emplaced by
specially qualified engineer personnel or
other trained individuals and may be
detonated by a timer device or remote
command equipment that provides the
tactical commander with an “on-call”
capability. Because there is no delivery
error in the emplacement of the ADM,
the smallest yield necessary to destroy
the target or create the obstacle may be
used, thereby minimizing damage to the
surrounding area. For a detailed
description of ADM employment,
mission documentation, and weapon
selection techniques, see FMs 5—26 and

5—26A. ADM effects data are contained
in FM 101—31—2.

b. The atomic demolition plan
(ADP) is the commander’s summary
guidance for the employment of ADM in
his area of responsibility. The ADP is
integrated with other contingency plans
for tactical employment of nuclear
weapons to insure that the ADM
support those contingency plans.

¢. ADM are normally employed in
areas under friendly control and are
integrated with barrier plans and fire
support plans. Guidance on integration
with these plans is included in FM 31—
10. Typical employment of ADM in-
cludes: cratering in mountainous and
unusual terrain to create a major
obstacle to enemy motorized elements;
cratering in forested areas, where

production of fires and tree blowdown
could create additional obstacles;
destruction of critical elements of high-
speed routes, such as bridges, highway
overpasses, and tunnels; and
destruction of installations, facilities,
and industrial complexes that could
have military significance if in enemy
hands. Other potential sites are struc-
tures and facilities where other methods
of destruction are not practical, such as
airfields; railroad marshaling yards;
major dams; navigation locks; and large
petroleum, oil, and lubrication in-
stallations.

d. The typical ADP must have
detailed information concerning the
target area to permit an accurate deter-
mination of the best emplacement
position and yield. A reconnaissance of
the target is required to obtain the data
needed by the target analyst and the
mission planner.

e. The commander executing an
ADM mission will normally direct the
mode of transportation to be used for

17




movement of the ADM to the target
area, and he may provide resources and
security personnel from units available
to him.

f. Because ADM are normally
detonated at or near the surface, a
fallout prediction must always be made.
The fallout prediction should be made
as early as possible in the planning
sequence to determine if collateral
damage constraints can be met and to
allow the necessary warning message to
friendly forces. After the detonation, the
fallout prediction should be revised us-
ing the actual winds that occurred at
the time of detonation as part of the
post strike analysis. Each step in
refining the fallout prediction from in-
itial planning data through post strike
analysis permits the tactical com-
mander to evaluate the impact of fallout
on current and future plans.

3—13. Operational Considerations in
Residual Radiation Areas

a. Radiation from a nuclear
detonation that is emitted after 1
minute is called residual radiation.
Residual radiation can appear as
neutron-induced radiation within a
relatively small circular pattern around
ground zero or as fallout in a large,
irregular pattern encompassing the
ground zero and extending downwind
from the burst point. Since neutron-
induced radiation is within the area
dominated by other effects, the major

emphasis will be placed on fallout. A

detailed discussion of residual radiation

and its effects is contained in appendix
B.

b. To satisfy command re-
quirements at all echelons for deter-

18

mining possible effects of residual
radiation, two procedures for predicting
fallout have been established. A
detailed fallout prediction is prepared
by units with access to meteorological
information, which is wusually dis-
seminated in the form of an NBC 3
(nuclear) message. A simplified fallout
prediction, using the latest effective
downwind message on hand, can be
prepared with the M5A2 Radiological
Fallout Area Predictor as soon as an
NBC 2 (nuclear) report is received. The
simplified prediction should be replaced
with a detailed prediction when the
NBC 3 message is received. Both of
these methods are limited to producing
only a warning sector; that is, an area
within which most of the fallout is
expected to occur.

(1) The warning sector is sub-
divided into two zones for operational
purposes. Zone I is the zone of im-
mediate operational concern. Within
this zone, exposed, unprotected per-
sonnel may receive 150 or more rad
within 4 hours after the actual arrival of
fallout. This potential for exceeding the
emergency risk dose may necessitate
immediate actions to decrease the ex-
posure of units located in this zone.
Zone II is the zone of secondary hazard.
Within this zone, exposed, unprotected
personnel should not receive more than
150 rad within a period of 4 hours after
fallout arrival, but may receive 50 or
more rad within the first 24 hours.
Outside these two zones, the total dose
should not reach 50 rad for the first 24
hours or 150 rad for an infinite time.

(2) Basic inaccuracies in fallout
prediction limit the use of these methods
to depicting only suspect areas for early
monitoring and survey or planning the
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movement of units. They are not to be
used as a basis for executing
operational moves. The prediction
methods also permit determination of
the areas outside of which friendly
troops are likely to be unaffected by the
fallout hazard. Techniques for
preparing detailed and simplified
fallout predictions are contained in FM
3—12.

c. Command decisions in any
fallout situation are based on con-
sideration of two opposing factors: the
risk of exposure of personnel to
radiation and the demands of the tac-
tical situation. At one extreme the total
energies of the unit are directed toward
keeping the radiation exposure to a
minimum, and at the other the demands
of the tactical situation are clearly
dominant, and risk consideration must
be suppressed.

(1) Radiation hazard dominant.
This situation may occur when a unit
that has been previously exposed to
radiation is approaching the emergency
risk total dose or its expected dose will
exceed the operational exposure guide.
In either case further exposure may
cause the unit to become combat in-

effective. Two general courses of action

can be considered—move from the con-
taminated area or remain in position.

(a) Move from the contaminated
areaq.

1. When air transportation is
available, evacuation from the area as
soon as possible is the best course of
action.

2. When the shielding provid-
ed by the exit means is at least half of
that available in the position (in the
absence of air evacuation means),

“—-H;

movement from the area is ac-
complished as soon as the minimum-
dose exit route can be determined.
Procedures for determining this route
are contained in FM 3—12.

3. Fallout predictions are not
sufficiently accurate to be used as a sole
basis for such moves. When a unit is
located within a predicted fallout area,
plans and preparations for movement
should be made. The decision to begin
movement is based on measured dose
rates and dosimeter readings obtained
after the fallout has begun. From such
readings the direction of decreasing
intensities and the limits of the fallout
pattern are determined. Based on this
information, a minimum-dose exit route
is selected. A method for determining
the optimum time for exit from a fallout
area is given in FM 3—12.

4. All available shielding
measures are taken within the position
until the evacuation or movement has
begun.

(b) Remain in position. When
the total dose calculations indicate that
a unit would receive a larger dose by
moving out of the fallout area than by
remaining in position, the unit remains
in place. This situation may occur, for
example, when the unit is in a well-
fortified defensive position with good
shielding and leaving the area would
require an extensive foot movement
over contaminated terrain.

(2) Tactical demands dominant.

(a) When the demands of the
tactical situation clearly govern, a unit
continues to place primary emphasis on
the accomplishment of its mission. This
situation may arise, for example, when
a unit in contact with the enemy is
being exposed to some radiation, but
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actions necessary to reduce radiation
exposure may increase the unit’s
casualties from enemy action. The unit
may, however, be able to take some
protective actions without jeopardizing
its security or its mission.

(b) The decision to shift
emphasis from mission accomplishment
to countermeasures against radiation
exposure is dependent on a capability to
predict with reasonable accuracy the
times at which critical radiation doses
will be reached. Such predictions’'can be
made when the peak dose rate at some
known time after burst is obtainable.
When this information is not ob-
tainable, it should be assumed that the
unit will be exposed to incapacitating
radiation doses unless immediate
countermeasures are taken.

d. Standing operating procedures
should provide for radiological
monitoring whenever surface bursts are
known to have occurred in the area.
These procedures should also establish
methods of assembling the information
necessary to make radiological con-
tamination charts. After these charts
have been plotted, probable dose-stay
time calculations can be performed. (FM
3—12 describes these methods and
calculations.) The commander can then
estimate the risks involved in executing
maneuvers through the area of
militarily significant fallout or
remaining in position. As a result of
this estimation, the commander may
alter his tactical plan, accept a risk of
increased casualties, or delay his
movement until the radioactivity has
decayed to an acceptable level.
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CHAPTER 4
ANALYSIS FOR NUCLEAR WEAPON EMPLOYMENT

4—1. General

a. The purpose of nuclear weapon
employment analysis is to determine
the most effective use of available
nuclear weapons. The methods dis-
cussed in this chapter can be used to
select the appropriate nuclear weapons
for use against expected and confirmed
tactical targets. The two methods dis-
cussed are the preclusion-oriented
method and the target-oriented method.

b. The preclusion-oriented method
is appropriate during fire planning,
when detailed target information is not
available. This method is used to select
a weapon based on limiting re-
quirements and an analysis of the
threat. It will be used for suspected
targets and areas that may contain
nuclear targets based on the enemy’s
tactics, doctrine, and a terrain analysis.

c. The target-oriented method is
used to select a weapon based on the
characteristics of the acquired target,
the desired effects on the target, the
delivery errors, and the limiting re-
quirements. Generally, in planning a
nuclear package the target analyst will
use a combination of these two methods,
with the use of the preclusion-oriented
method predominating. The target-
oriented method will be used for priority
targets that have been acquired and
when sufficient information is known
about the target to do the analysis. In
general, the weapons that optimize
effects while satisfying the limiting
requirements will be selected. Finally,
an important part in the target analysis
process is the assessment of damage.
This assessment is accomplished by a
post strike analysis.

4—2., Assumptions

As with most analysis procedures,
assumptions are made for certain
variable aspects. In target analysis
these assumptions are:

a. Reliability. Casualty or damage
estimation methods are based on the
assumptions that the weapon will arrive
at the target area at the desired time,
within predicted delivery error
tolerances, and that a nuclear
detonation of the expected yield will
take place. ,

b. Targets. Target elements are
assumed to be uniformly distributed
and randomly oriented.

c. Target Location Error. No
target location error (TLE) is assumed,
but the target analyst can account for
TLE in the target-oriented method if it
is known.

d. Atmospheric Conditions. The
effects of nonstandard atmospheric con-
ditions on blast, nuclear, and thermal
radiation radii of effects are not usually
considered. Cases where effects may be
significantly modified by atmospheric
conditions are discussed in appendix B.

e. Terrain. A flat surface is
assumed for all situations; however,
nuclear weapon effects can Dbe
significantly modified by extreme
terrain, such as mountains, which can
shield targets from the effects, or
valleys, which can enhance effects. No
reliable system is known for
modification of a weapon effect analysis
because of terrain considerations which
is adaptable to the methods discussed in
this manual.
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4—3. General Procedures for
alyzing Targets

An-

The procedures outlined in figure
4—1 will assist the target analyst in his
efforts to choose the appropriate
weapon systems for a nuclear strike.
They may be modified by the analyst
based on his experience.

a. Step 1. Identify pertinent infor-
mation. Frequently, some pertinent in-
formation, particularly detailed target
information, may not be immediately
available. In such cases, the analyst’s
estimate, based on his experience and
available intelligence, must be used.
The following information should be
obtained to facilitate the analysis.

(1) Target information. Target
information includes:

(a) Location, size, and shape of
the targets.

(b) Category of primary target
and, if applicable, the degree of
protection of the target against weapon
effects; e.g., personnel in tanks.

(c) Distribution of the target
elements. This is of particular impor-
tance for large targets, such-as a bat-
talion assembly area, because in-
telligence concerning the location of
subordinate elements could result in a
more effective attack of the target
complex; e.g., the use of a few small
weapons instead of one large weapon.

1. Identify Pertinent Information.

® Target information.

¢ Friendly elements and collateral
damage information.

e Terrain analysis in conjunction
with the suspected threat.

e Command guidance and stand-
ing operating procedures.

2. Methods for Target Analysis.
® Target oriented.

® Preclusion oriented.

3. Determine Suitable Weapons.
o Target oriented.
a. Initial coverage/probability.
Visual.

Numerical.
index.

b. Limiting requirements.
Troop safety.
Collateral damage.
Obstacle and damage preclusion.

c. DGZ selection.
d. Final coverage/probability.

® Preclusion oriented.

a. Limiting requirement.

Troop safety.
Obstacle and damage preclusion.
Collateral damage.

b. Eliminate unsuitable weapons.

4. Evaluate Weapon Systems and
Tactical Situation.

5. Make Recommendation.

6. Post Strike Analysis.

.

Figure 4—1. Target analysis procedures.

22

Pol et et e e L RN SN




ret,

of

get

of |

on

get
)Or-
yat-
in-
of
na
‘get
1all

' (d) Mobility of the target; that is,
the expected stay time or rate of
mov_ement of a target.

(2) Friendly element and
collateral damage . information. This

- information includes:

(a) Weapons available for plan-
ning purposes and the location of the
weapons. , _
(b) Location ~of the delivery
means. ' o ‘

(c) Location of friendly troops in
the area planned for the burst or bursts,
their degree of protection, and their

- radiation exposure state (RES). (See app

C)
(d) Location of areas containing
noncombatants and, if obtainable, their

degree of protection.

" (e) Location of structures,
facilities, or equipment for which
damage should not exceed a specified
level. '

(f) Response time of delivery
units being considered to deliver a
weapon. General planning guidance for
each delivery system is contained in ™M

 101—31—2. This planning guidance
does not take into account any ad-

ditional time required to meet release
procedure  requirements. Whenever
possible, actual response times should
be obtained from the specific delivery
unit.

(8) Terrain analysis in con-
junction with the suspected threat. A
terrain analysis must be made to
determine the most likely avenues of

~-approach, possible penetrations, and

areas where lucrative nuclear targets
should be located to support the enemy’s

operations based on his tactics and

doctrine.

(4) Command guidance and
standing operating procedures. The
following criteria should be established
by the division commander or higher
based on his analysis of the mission
requirements and the limiting re-
quirements associated with mission ac-
complishment: ~

(a) Target defeat guidelines for
the particular operation. For area
targets, the guidelines should specify
the level or casualties or damage desired
over a specified fraction of the target.
Guidelines should also be used to es-
tablish the level of assurance required
for the defeat of point targets.

(b) Degree of acceptable risk to
friendly troops. This is normally
specified as negligible risk to unwarned,
exposed personnel. A higher degree of
risk may be specified if operationally
warranted.

(c) Degree of acceptable risk to
noncombatant personnel. This in nor-
mally a 5-percent incidence of casualties ~
at the edge of populated areas unless
otherwise specified by the corps com-
mander or higher authority.

(d) Prohibitions against creation
‘of obstacles, as appropriate.

b. Step 2, Determine Methods for
Target Analysis. The availability of
target information as determined in
step 1 will dictate which method, target-
oriented or preclusion-oriented, will be
used in determining suitable weapons.

) (1) Target-oriented. This method

is best suited for those circumstances
where detailed target information is
available. Using this method, damage
estimations will be made to determine
which weapons meet the target defeat
guidelines.
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(2) Preclusion-oriented. This
method is best suited for those cir-
cumstances where detailed target infor-
mation is not available. Using this
method, the target analyst identifies
those weapon systems that meet the
limiting requirements in the areas of the
suspected targets, along likely avenues
of approach, possible penetrations, and
areas where nuclear targets may be
located based on the enemy’s tactics
and doctrine.

(3) For the analyst to use the
nuclear weapons available effectively, a
combination of the preclusion-oriented
and target-oriented methods will most
likely be used.

c. Step 3, Determine Suitable
Weapons.

(1) Target-oriented. Selection of
weapons using the target-oriented ap-
proach consists of the following steps:

determine initial coverage or probability -

of those weapons available, consider
limiting requirements, select desired
ground zero (DGZ) to meet these
limitations, and determine final
coverage or damage probability of
weapons that meet the criteria.

(a) Determine initial coverage or
probability of damage. Depending on
the characteristics of the target, there
are three techniques of estimating
damage: visual, numerical, and index.

1. Visual. These graphical
techniques estimate coverage of noncir-
cular area targets.

2. Numerical. This technique
estimates fractional coverage of circular
area targets or probability of damage to
point targets using area or point target
graphs.
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3. Index. This technique, using
precomputed coverage tables, estimates
damage against a circular area target
when it is in a primary target category
and the desired ground zero is at target
center. Detailed explanations of the
three techniques are contained in
chapter 5.

(b) Consider limiting re-
quirements. Restrictions placed on the
employment of nuclear weapons are
referred to as “limiting requirements”
and are considered in three areas—troop
safety, collateral constraints, and the
preclusion of obstaclesfthat could in-
terfere with the tactical mission or other
operational plans.

1. Troop safety. The analyst
determines if the distance between
friendly troops and the DGZ is suf-
ficient to insure that the troops will not
be exposed to a risk exceeding that
specified by the commander.

2. Collateral damage. The
analyst determines if the distance
between the DGZ and locations con-
taining noncombatant personnel or
areas where damage preclusion has
been directed is sufficient to insure that
the specific preclusion criteria are met.

3. Obstacle and damage
preclusion. The analyst determines if
the distance between the DGZ and the
point where obstacle/preclusion has
been directed is sufficient to meet the
commander’s guidelines.

(c) Select the final DGZ. The
target center is initially selected as the
DGZ. The final DGZ may be displaced
to satisfy limiting requirements and/or
to allow for an attack of multiple targets
with a single weapon. An explanation
of the techniques for selecting a DGZ is
contained in chapter 5.
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(d) Final coverage/ probability.
When a displacement of the tentative
DGZ is made, then a revised prediction
of casualties or damage using the new
DGZ must be made. When there is no
displacement of DGZ, initial
coverage/probability becomes final
coverage/probability.

(2) Preclusion-oriented. Using
the preclusion-oriented approach, the
analyst is concerned with selecting a
weapon that meets the limiting re-
quirements in the area of the threat.
This method consists of an analysis of
the terrain and threat, determination of
the limiting requirements, and
elimination of unsuitable weapons.

fa) Analysis of the terrain and
threat. The analyst carefully analyzes
the terrain for likely avenues of ap-
proach, probable penetrations, and
areas where he suspects nuclear targets
may be located based on current in-
telligence and enemy tactics and doc-
trine. :

(b) Determination of limiting re-
quirements. The analyst applies troop
safety distances, obstacle preclusion
distances, and collateral damage dis-
tances to the area of proposed
employment.

(c) Elimination of unsuitable
weapons. Weapons are eliminated when
the limiting requirements offer no areas
for possible DGZ selection.

d. Step 4, Evaluate Weapon
Systems and the Tactical Situation.

(1) For the target-oriented
method, the weapons that meet the
guidance for each acquired target are
identified. Factors that must be con-
sidered when selecting the most suitable
weapon for a target are:

(a) The highest priority targets
should receive first consideration.

(b) Weapons and yields selected
must meet any release constraints.

(c) Retention of more effective
systems by the commander for follow-on
use should be considered.

(d) The weapon selected should
give the highest coverage for area
targets or the highest probability of
defeat of a point target while meeting
all troop safety, collateral damage, and
obstacle /Apreclusion criteria,.
Nevertheless, there may be instances
when the minimum yield weapon which
gives adequate coverage or probability
is selected. For example, minimum yield
weapons may be used to conserve
firepower or reduce both collateral
damage and obstacles to a minimum.

(2) For the preclusion-oriented
method, weapons and DGZs are selected
that will give the most complete
coverage for the proposed area of
employment consistent with the

- limiting requirements, available in-

telligence, and the tactical situation.

e. Step 5, Make Recommendation.
After the selection of suitable weapons
has been completed based on the com-
bined use of both methods, a recommen-
dation for defeat of the threat group of
targets or a target, as appropriate, is
presented to the commander. When
formulating his final recommendation,
the analyst should place emphasis on
the balance between military effec-
tiveness and collateral damage. The
recommendation should include:

(1) Weapon system. The weapon
system consists of the recommended
delivery system, weapon, and yield.

F o # a»/?(f/é
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(2) Height of burst option. The
height of burst (HOB) will be indicated
so that the significance of any possible
surface contamination can be assessed.
When the HOB for a timer-fuzed
weapon is furnished to the delivery unit,
the exact HOB in meters will be
transmitted. When appropriate, a
recommendation for utilizing or
precluding backup impact fuzing will be
made when an airburst is the primary
fuzing option.

(3) Desired ground zero. The

DGZ is that point on the surface above,
at, or below which the detonation is
desired. It is designated by map coor-
dinates.

(4) Time on target. The time of
burst is dictated by both tactical con-
siderations, such as the general concept
of employing a package, and technical
considerations, such as preinitiation.
The acceptable interval for time on
target will also be specified because of
its impact on troop warning con-
siderations and because it is an integral
part of the employment package
concept.

(5) Predicted results. If the
target-oriented method is used, the frac-
tional coverage of area targets or the
probability of achieving a specified
degree of damage or casualties on a
point target will be indicated. For the
preclusion-oriented method, the radii of
damage can be graphically portrayed
on the areas of proposed employment.

(6) Limiting requirements. The
troop safety and collateral damage in-
formation will always be presented. It
should be presented graphically, if
possible.
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f. Step 6, Conduct Post Strike
Analysis. A nuclear strike can be
deemed successful if the desired results
are achieved (i.e., enemy attack is
halted). However, the analyst can
determine the extent to which the
nuclear strike was successful or un-
successful by a post strike analysis. (See
chapter 5 for details of a post strike
analysis.)

g. Target Analysis Worksheet. A
target analysis worksheet can be locally
devised, as appropriate.

This worksheet systematically leads
the analyst through the required steps
of target analysis for nuclear weapon

systems. An example is shown in figure
4—2. ‘

4—4. GGeneral Procedures in Nuclear
Weapon Package Planning

a. The target analyst at corps and
division will be involved in contingency
planning of nuclear weapon packages
during peace and war. These plans are
developed in four distinct phases:

(1) Peacetime planning based on

(2) Wartime planning to
supplement peacetime planning based
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(83) Refinements to wartime
planning to meet changing situations
and to update package to be requested.

(4) Refinements to approved
package based on tactical situations
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b. The following steps outline a
general approach to be taken by the
target analyst in the planning of initial
peacetime nuclear weapon packages.

(1) Step 1, collect pertinent infor-
mation. This is the most important step
in the planning of a nuclear weapon
package. The gathering of information
is a staff effort, and close coordination
with all staff members is imperative.

(a) Threat analysis. In con-
junction with the G2, detailed threat
and terrain analyses are made
throughout the area to be defended.
Special emphasis will be placed on
likely avenues of approach and
employment of obstacles to canalize the
enemy to the avenues where weapons
can be used most effectively.

(b) Troop safety and collateral
damage information. In coordination
with the G3 and Gb, the target analyst
obtains all the iglformation available
about the expected deployment of
friendly troops and the populated areas.

1. Troop safety. The G3 will

provide the proposed locations of
" friendly troops in the area planned for
the bursts.

2. Collateral damage. Unless
otherwise directed by the corps com-
mander or higher authority, preclusion
of collateral damage will be based on
avoiding more than 5 percent incidence
of casualties at the edge of the pop-
ulated area. The G5 will provide the G3
with information on areas containing
noncombatants and their probable
degree of protection, if obtainable. The
locations of structures that should not
be damaged should be designated. The
number and yields of weapons in the
package depend on these collateral
damage constraints.
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(c) Tactical situation. The
nuclear package must be developed in
conjunction with the conventional fire
and maneuver plan. Of importance to
the target analyst is the location of
proposed phase lines, fixed defensive
lines, and number and type of eneny
units expected to be in the assumed
penetrations.

(d) Friendly element infor-
mation. The fire support element (FSE)
will provide the target analyst with
information concerning available Army
weapons. The G3 will determine the
composition of the prescribed nuclear
load (PNL) for nuclear delivery units.
Their anticipated locations can be ob-
tained from the FSE or the G3. The
analyst will coordinate with the Air
Force liaison officer for information on
available Air Force support. The target
analyst will work closely with the
division and corps engineers in the
development of the package.

(2) Step 2, plot the information.

Plot the data gathered in step 1 on a
map using a series of overlays.

(a) Overlays depicting
safety and collateral damage distances
should be made for each weapon system

and yield combination suitable for -

employment in areas of the postulated

-threat. In essence, these overlays will

depict areas available for possible DGZ
selection. To facilitate early planning,
the initial information plotted on the
limiting requirements overlay may be
extracted from the simplified reference

data in FM 101—31—2. In accordance

with the commander’s guidance and the

unit SOP, the appropriate minimum -

safe distances (MSD) are extracted from
the safety distance tables or calculated
from effects data. Collateral damage
avoidance radii are extracted from the
data tables and the appropriate buffer

troop -




fer

distance is added to calculate collateral
damage distances (CDD). Similarly, the
least separation distances (LSD) of
concern are extracted from the safety
distance tables or calculated from
effects data. These LSD are also placed
on the overlays, further restricting DGZ
selection. The limiting requirement
overlay depicts, for a specific weapon
system and yield combination, the area
in which that weapon can be employed.
More than one weapon system and yield
combination may be placed on. an
overlay to simplify the planning
process. '

(b) Friendly force information,
to include the assumed forward area
trace, general location of artillery units,
and subsequent defense lines, will be
plotted on the basic overlay.

(c)f
advance, assembly areas atural

obstacles will be dsptcf?& on the overlay
for an _analysis of the coverage afforded

~bythe-paeckage—

(3) Step 3, selection of aimpoints.

(a) The target analyst, in coor-
dination with the G2 and G3, selects the
aimpoints and weapon system and yield
combinations that will defeat the
postulated threat facing his unit. The
overlays discussed in step 2 will be a
valuable tool in selecting the aimpoints.
Another consideration in selecting aim-
points is the role of direct support and
general support artillery units. The
direct support artillery units should be
utilized, as much as possible, for the
aimpoints close to friendly units to
facilitate package refinements.

(b) A major consideration in the
development of a nuclear weapon
package is to insure the coordination of
conventional fire and maneuver aspects
with nuclear fires. Special emphasis
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should be placed on channeling the
enemy into low-density collateral
damage areas.

(c) The timespan for firing the
package is developed. Scheduling con-
siderations discussed in Chapters 2 and
3, FM 101—31—2, must be considered in
determining timespan for the package.
Critical elements of the timespan should
be identified to simplify refinements at
a later date.

(4) Step 4, evaluation.

(a) When the aimpoints have
been selected, the target analyst should
evaluate the package in its totality. An
approach to the evaluation is to have
the target analyst plot on an overlay the
appropriate radii of damage extracted
from the simplified reference data table
for each weapon employed. This overlay
is then superimposed on a map prepared
by the G2 which shows the assumed
location of all enemy company-sized
elements. The target analyst, using the
target-oriented methodology, makes a
damage estimate for each nuclear
weapon planned. From these damage
estimates, the G3 evaluates the defeat of
the threat by estimating total expected
enemy casualties and broken enemy
units.

(b) A separate estimate should

be made for collateral damage. The G5
should prepare an overlay displaying
all population centers, showing the
centers’ physical limits and population.
This overlay is used in conjunction with
the radii of damage overlay prepared by
the target analyst to make estimations
of collateral damage. Measures of
collateral damage could be estimates of
potential civilian casualties and the
percentage of* structures subJected to
moderate damage.
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(c) Step 4 is completed when the
appropriate balance between military
effectiveness and collateral damage has
been achieved to the commander’s
satisfaction. The package is then iden-
tified by the number of nuclear weapons
required, their associated yields, the
timespan required, and the area for
which the package is planned.

c. After the enemy attack has
begun, additional packages may be
required and developed by the methods
indicated above. The contingency
packages are evaluated against the
actual threat as in step 4. All infor-
mation concerning new areas of ex-
pected penetrations and priority enemy
targets should be included in the revised
plans. When new packages are
developed or previous packages are
revised, they should be forwarded to the
next higher command to facilitate
release procedures, when required.

d. Fire planning is a continuous
dynamic effort. During the conventional
defense, refinements to a nuclear
weapon package should be made. These
refinements include all elements of in-
formation in the package and are based
on new developments in friendly and
enemy situations. The status of friendly
weapons and delivery systems is es-
pecially critical during this period.
Refinements that affect the number of
weapons required and the delivery units
available, as well as major
developments in the other elements of
the plan, should be furnished to higher
headquarters to facilitate release
procedures. In steps 2 and 3 of
peacetime package planning, the infor-
mation plotted on the overlays is ex-
tracted from the simplified reference
data in FM 101—31—2. This infor-
mation is ideal for the initial planning
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of a nuclear weapon package. But once 1
the package is planned in general terms
and more information becomes
available to the target analyst (such as
ranges from delivery systems to aim- ‘
points, time on target, which phase line
will be occupied at execution time, or
better enemy information), he will use
this additional information and the
detailed data tables to make final ad-
justments and refinements to the 1
package. Aimpoints are adjusted to
maximize the - effectiveness of the ﬁ
weapons based on all sources of in- - |
telligence that provide information on
the actual enemy situation and the size = |
of the actual threat facing the @
command. g

e. After release of a package,
refinements should continue up to the
time the weapons are fired. Aimpoints
may be adjusted to incorporate the
latest intelligence. Weapon yields may
be adjusted accordingly. . to match
revised constraints and target damage
requirements. The CDD may be refined
to correspond to the changing situation.
These refinements are critical in
package employment planning if the
enemy attack is to be halted. Only the
last hour’s efforts of all staff elements
will insure the match of delivery
systems, weapons, and targets.

f. During the planning of the in- §
itial nuclear weapon packages, it must §
be kept in mind that subsequent E
packages might be required. Tentative &
plans should be formulated for subse- &
quent packages to counter such E
situations as an enemy reinforcement |
and continuation of conventional efforts §#
or an enemy nuclear response in the §
battle area or theater. In this sense, the
post strike analysis of the initial §
package is critical if subsequent §
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packages are to be timely and adequate.
In addition to determining information
of the specific strikes, the intelligence
collection efforts must be intensified to
detect failure of the initial pulse to
terminate the conflict. In this event,
continuous planning for such con-
tingencies will enable the corps or
higher commanders to respond to post
strike situations in the least amount of
time.

4—5. Data Used for Target Analysis

The data used for target analysis
are obtained from FM 101—31-—2,
Effects Data Manual, which contains
the effects data for stockpile weapons.
FM 101—31—3 contains unclassified
data which are organized in the same
manner as FM 101—31—2, but contains
data for hypothetical weapon systems.
The manuals are organized into seven
basic sections as follows: A description
of the composition of the manual and
weapon system information; coverage
and safety distance tables for low air-
bursts; coverage and safety tables for
surface bursts; atomic demolition
munitions tables; collateral damage

avoidance tables; weapon effects tables;
and the charts and graphs used in the
analysis procedures.

a. The first two chapters contain
data concerning the criteria used to
construct the tables in the later chapters
and information pertaining to weapon
system capabilities, yields, fuzing, and
typical system response times.

b. The coverage tables contain
personnel data for the three personnel
target categories: exposed personnel,
personnel in foxholes, and personnel in
tanks. Each of these personnel
categories is further divided into

degrees of incapacitation—immediate .

permanent, immediate transient, and
latent lethality (app C). Materiel
damage categories listed are moderate
damage to wheeled vehicles, tanks, and
towed artillery. For example, figure 4—3
shows the coverage table for exposed
personnel (latent lethality) for a system
whose delivery errors are range
dependent. The table consists of two
parts: the section that lists the weapon
effectiveness for different radii of the
target and the section that lists the radii
of damage and accuracy data. Use of
these sections will be discussed in
section II of chapter 5.

EXPOSED PERSONNEL

LOW AIR

EFFECTIVENESS

RANGE  so0 600 700 RA&%!)US 0F90EARGE1;00

0 1300

2000 .96/.98 .93/.96 .85/.88 .51/.55 .41/.43 .29/.32 .21/.22
3000 .96/.98 .91/.96 .85/.87 .52/.56 .41/.43 .30/.32 .20/.22
4000 .96/.98 .91/.95 .85/.87 .53/.56 .41/.43 .30/.32 .20/.22
5000 .96/.98 .91/.95 .84/.87 .53/.57 .41/.43 .30/.32 .20/.22
6000 .96/.98 .91/.95 .81/.86 .53/.57 .41/.43 .30/.32 .20/.22
7000 .95/.97 .91/.94 .80/.85 .55/.57 .41/.43 .30/.32 .20/.22
8000 .94/.96 .86/.92 .75/.83 .54/.57 .41/.43 .30/.32 .20/.22
9000 .92/.96 .78/.88 .68/.78 .53/.56 .37/.41 .28/.32 .20/.22
10000 .88/.94 ,71/.85 .61/.75 .50/.55 .36/.40 .26/.31 .18/.21

COVERAGE TABLE

(Distances in meters)

1T -2y
- LATENT LETHALITY
BURST
PROB ACCURACY DATA
MIN  EXPT
1500 RD RD CD90 CEP HOB PEH
.09/.12 460 526 80 38 49 9
.10/.12 458 532 93 44 59 12
.10/.12 454 532 99 47 59 12
.10/.12 447 538 111 54 69 14
.10/.12 448 540 128 62 82 17
lo/.12 42 540 141 73 90 19
S10/.12 434 538 176 86 101 22
L08/.11 420 520 205 100 116 26
.06/.11 400 490 234 115 132 30

Figure 4—3. Typical coverage table.
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c. The safety distance table con-
tains safe separation distances that
must be maintained to insure that the
appropriate safety or preclusion criteria
are met. The table (fig 4—4) consists of
the troop safety section, which contains

minimum safe distances (MSD) to
insure the safety of personnel, and a
preclude section, which contains least
separation distances (LLSD) to preclude
damage to materiel or to preclude the
production of obstacles.

SAFETY DISTA

{Distances in

TROOP SAFETY (M S D)

UNWARNED WARNED WARNED
EXPOSED EXPOSED PROTECTED

RANGE NEGe MOD® EMER NEGe MODe EMER® NEG+ MODs EMER
2000 1200 1200 1000 1200 1100 1000 1000 900 800
3000 1200 1200 1000 1200 1200 1000 1000 1000 900
4000 1300 1200 1100 1200 1200 1100 1000 1000 900
5000 1300 1200 1100 1300 1200 1100 1100 1000 900
6000 1300 1300 1100 1300 1300 1200 1100 1100 1000
7000 1400 1300 1200 1300 1300 1200 1200 1100 1000
8000 1400 1400 1200 1400 1400 1300 1300 1200 1100
9600 1500 1400 1300 1400 1400 1300 1400 1300 1103

16000 1500 1500 1433 1509 1500 1400 1500 1300 1200

*Nuclear radiation effects are significant. If troops have history of

NCE TABLE SHORT RANGE CANNON
meters) 1 KT )—,,?L/

------- PRECLUDE (L SD)=--=-nn=

MOD LT LT ACFT IN FLIGHTY WILDLAND
DAM DAM OBSN OV-1B  FOREST FIRES

FIXED TO UTIL ASLT CARGO BLOWDOWN CLASS CLASS
BRG BLDG HEL HEL HEL DECIDCONIF 1 v

200 1200 1400 1500 1200 500 400 800 500
200 1200 1400 1500 1200 600 400 800 600
300 1300 1400 1500 1200 600 500 800 600
300 1300 | 1400 1500 1200 600 500 800 600
300 1400 1400 1500 1200 600 500 800 600
300 1400 1400 . 1500 1200 600 500 800 600
399 1500 1400 1500 1200 700 500 900 600
300 1600 1400 1500 . 1209 700 500 900 600
100 1600 1400 1500 1300 700 500 900 600

previous exposure, consult Figure 5-24 for modification of risk radii.

Figure 4—4. Typical safety distance table.

d. The ADM chapter contains data
primarily concerned with the effect of
airblast against various materiel
targets and structures. Several tables

are included to show radii of effects for
overpressures, for safety of personnel
from the governing effect, and for
cratering. c

{Distances in

PERSONNEL [INJURY
[ 5% incidence |

COLLATERAL DAMAGE AVOIDANCE TABLES

MODERATE DAMAGE TO FACILITIES
[ 5% incidence ]

SHORT RANGE
o) CANNON 1 KT-5}

THERMAL IGNITION
[ threshold level ]

NOTE: Personnel injury normally governs collateral damage constraints.

1
SINGLE ~ SINGLE  LIGHT
STORY ~ STORY  STEEL RAIL NEWSPAPERS
IN  FRAME MASONRY INDUST FIXED ~ ROAD ~ WOOD &
HOB  URBAN RURAL  OPEN BUILDING BUILDING BLDG BRIDGES EQUIP SHINGLES DRAPES DEBRIS = HOB
600 640 800 1070 1330 690 230 0 [} 500 810 870
570 : 650 810 1080 1590 710 260 90 0 520 ¢ 820 870
540 670 820 1090 1630 740 300 160 0 550 830 890
510 680 840 1090 1640 760 330 200 0 560 840 900
480 690 850 1100 1640 780 360 230 o] 570 850 910
450 710 970 1100 163C 980 440 270 0 580 860 910
420 710 990 1120 1610 990 470 300 0 600 870 920
390 730 990 1130 1580 1000 620 480 0o 610 870 920
360 740 1000 1130 1550 1010 640 500 0 620 880 930
330 750 1000 1130 1520 1000 630 530 . 10 630 890 940
300 750 980 1140 1480 980 610 520 ©240 640 900 950
27¢ 760 950 1140 1430 950 590 500 360 650 910 950
240 760 920 1150 1380 920 570 480 390 650 910 960
210 770 910 1150 1330 890 560 470 390 660 910 970
180 770 910 1160 1270 860 540 450 3%0 670 910 970
#150 770 910 1160 1210 820 510 430 390 670 920 970
120 770 210 1160 1150 780 490 410 390 680 920 980
90 760 900 1160 1090 750 470 400 390 680 920 980
60 750 890 1140 1020 700 440 380 380 680 910 960
30 740 880 1030 960 650 420 360 360 600 810 860C
1 700 840 920 900 610 400 %30 320 520 720 770

Preset or typical HOB

Figure 4—5. Typical collateral damage avoidance table.
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e. The collateral damage
avoidance tables (fig. 4—5) provide
guidelines by listing radii to be used to
avoid undesirable civilian materiel
damage or personnel casualties
produced by the effects of friendly
nuclear weapons.

f. The effects tables (fig 4—6)
contain radii of damage, radii of
preclusion, and radii of safety. These
radii are portrayed as a function of
height of burst for a particular delivery
system and yield. To give the target

analyst additional flexibility, a table is
included in chapter 1, FM 101—31—2,
that lists multiplication factors which
convert severe damage radii to
moderate damage radii.

g. The last chapter of the effects
data manuals contains graphs used for
the numerical method of damage es-
timation, the comparable targets table,
the radii of vulnerability table, and
various tables relating to operations in
residual radiation areas.

e PRECLUDE s

EFFECTS TABLES

(Distances in meters)
msssssssssssness SAFETY RADI

SHORT RANGE
CANNON 1 KT 5

EFFECTS TABLES (Distances in meters)

1-PSI MOD FOREST WILDLAND UNWARNED WARNED WARNED
BLOWDOWN FIRES EXPOSED EXPOSED PROTECTED

OVER-  DAM 1 i i

PRES" FlXED CLASS CLASS e »a e an Lad oo

SURE  BRG DECID CONIF 1 \'% NEG  MOD EMER NEG  MOD EMER NEG  MOD EMER  HOB
1860 [4] 0 0 1110 550 2040 1900 1070 1120 1000 830 1210 780 620 600
1880 [4] 3] 0 1110 570 2050 1900 1070 1130 1010 . 840 1460 1140 640 570
1880 0 V] 0 1120 580 2050 1910 1090 L1140 1020 860 1570 1180 650 540
1890 0 [4] [ 1130 600 2060 192¢ 1100 1140 1040 860 1580 1210 670 510
1860 o] 0 0 1140 620 2060 1920 1110 1150 1040 870 1580 1330 690 480
1840 0 0 0 1140 630 2060 1520 1110 1160 1050 890 1580 1350 690 450
1810 0 650 0 1150 640 2070 1920 1120 1170 1060 900 1560 1360 710 420
1770 0 730 0 1160 650 2070 1930 1130 1180 1060 900 1540 1340 720 390
1740 4] 730 0 1170 660 2070 1930 1140 1180 1070 910 1510 1320 720 360
1690 0 730 480 1170 670 2080 1940 1140 1180 1070 920 1480 1290 730 350
1640 o 720 510 1180 680 2080 1940 1140 1190 1080 930 1440 1260 740 300
1590 Q 700 470 1180 690 2090 1940 1140 1130 1080 930 1390 1220 750 270
1530 250 680 480 1180 690 2090 1950 1150 1200 1090 930 1350 1180 760 240
1470 240 650 440 1180 700 2090 1950 1150 1200 1090 930 1290 1140 760 210
1400 230 620 410 1190 700 2090 1950 1160 1210 1100 936 1290 1100 760 180
1340 230 590 400 1190 710 2090 1950 1160 1210 1100 980 1180 1040 760 150
1270 230 560 380 1190 710 2090 1950 1160 1210 1100 930 1120 990 760 120
1210 230 530 360 1200 720 2040 1950 1170 1210 1100 930 1060 930 760 90
1140 230 500 340 1180 700 2060 1920 1140 1190 1090 920 LG0O 880 740 60
1090 210 480 340 1070 630 1890 1760 1040 1070 1010 300 930 830 720 30
1000 200 450 330 950 550 1730 1600 930 1020 970 860 870 790 690 1

SEVERE DAMAGE

SHORT RANGE CANNON 1 KT ]
L~ )

SURFACE missites  HELICOPTERS  pap 6q TRACKED RAILROAD

T0 AIR & R';:ggg’:)” &  OPEN  VEMICLES BOX
SUPPLY LT CON  RADAR FLAT

HOB FIXED FLTG DEPOTS EXPO RVTTD TVLG ERECT TRANS OBSN EQUIP ANT EXPO SHLD LOCO CARS
600 0 0 1} 0 0 0 0 1} 0 0 0 0 o o 0
570 0 i} 0 0 0 0 [ 0 0 0 0 [ 0 [} 0
540 0 0 0 0 0 0 o 60 0 0 0 0 0 (4 0
510 0 0 0 0 0 0 120 130 0 0 0 0 0 0 0
480 0 [ 0 0 0 0 170 170 20 0 0 0 0 o 0
1450 0 4] ] 0 0 o] 210 210 780 0 0 0 0 0 Y
420 0 0 [} 0 0 0 240 250 780 0 0 0 [ [ 0
390 0 4 0 60 0 0 270 2906 770 0 590 0 0 0 0
360 0 [ 0 100 0 [ 460 450 760 0 630 [ 0 0 0
330 0 0 0 130 [ 0 490 440 730 0 640 0 0 0 0
300 0 0 o 150 20 i 490 430 700 (4 630 0 0 0 [
270 0 0 0 170 50 0 480 420 680 70 620 0 0 [ [}

240 [ 0 0 190 70 0 460 410 650 120 590 0 0 [ 0
210 0 0 0 200 100 110 400 380 620 150 570 0 0 0 /0
180 0 0 10 .4 210 120 140 420 370 580 170 550 0 50 0 110
150 0 120 40 210 130 160 410 340 560 190 530 60 90 0 130
120 110 130 60 210 140 180 390 330 530 200 510 100 100 20 10
90 110 130 80 210 160 . 190 370 310 500 230 450 120 100 60 140
60 110 130 90 200 150 190 350 300 480 210 450 130 90 - 70 180
30 100 120 20 190 130 170 340 290 440 200 430 120 90 80 130
! 50 100 50 180 130 150 310 270 420 180 400 90 90 60 10

** Nuclear radiation effects are signifi . If troops have history of previous exposure, consult figure 5-23 for modification of risk radii.
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HOB

600
570
540
510
480
450
420
390
360
330
300
270
240
210
180
150
120

90

30

HOB

600

—PERSONNEL CASUALTIES_—-—-ﬂ

0 P E N IN EA R TH
EXPOSED FOXHOLES APC'S TANKS SHELTERS
1 [ 1 L L

IMMED IMMED LAT IMMED IMMED LAT IMMED IMMED LAT IMMED 1MMED LAT IMMED IMMED LAT
PERM TRAN LETH PERM TRAN  LETH PERM  TRAN  LETH PERM TRAN LETH PERM TRAN  LETH
0. 300 570 0 0 340 0 250 520 0 40 410 0 0 0
100 330 580 0 0 370 0 280 550 0 130 440 [ 0 0
160 @ 350 - 600 0 60 400 100 = 310 560 0 190 460 0 [ 0
200 ® 370 620 0 130 420 160 » 340 580 0 230 480 0 0 0
240 400 630 0 180 440 200 ¢ 370 590 0 260 490 [} 0 100
270« 420 640 0 220 460 230 ¢ 390 610 100« 270 510 0 0 1n0
300® 440 650 20w 250 480 260 * 410 620 1400 310 520 0 0 200
3102 450 660 100e 270 480 290 @ 420 630 180¢ 330 530 0 0 230
340+ 470 680 140w 300 500 300 % 440 640 210% 350 550 0 0 250
350% 480 690 1800 310 510 330w 450 650 230« 370 560 0 0 270
370 490 690 200 330 520 340 = 460 650 260« 380 570 0 60 290
380 * 500 700 230+ 340 530 350 ¢ 470 660 2709 390 580 0 110 300
390% 510 700 2408 360 540 370 480 670 290¢ 410 580 0 130 320
400 @ 510 710, 260 370 550 370 « 480 680 300e 410 590 30 160 130
410% 520 710 2708 370 550 380 490 680 3008 410 590 70 170 340
4610 @ 520 710 270 & 370 550 380 @ 490 680 30e 420 590 100 190 340
410 520 710 270 ¢ 370 550 380 ¢ 490 680 310« 420 590 1o 200 340
410e 520 710 270 # 370 550 380« 490 670 310 410 580 120 200 340
410e 510 700 270 % 370 540 370 480 660 3108 410 580 120 200 40
3908 soo 690 260 ¢ 3¢,o 520 370 » 470 650 3oo~ 400 560 120 190 320
360 ¢ 230 » 310 440 610 520 100 160 290

_PERSONNEL CASUALTIES_ -MODERATE DAMAGE- wSEVERE DAMAGE 8

Mum-sty wooo FRAME 2nd DEGREE
BRICK APTS BUILDINGS BURNS
| ] 1
IMMED IMMED LAT IMMED IMMED LAT SUMMER  WINTER
PERM TRAN  LETH

260 540 280 280 530 0 0
0 300 550 340 340 550 0 0
110e 320 570 400 400 570 0 0
160 @ 350 580 450 450 280 0 0
200« 370 600 510 510 600 9% 0
240® 390 620 560 560 620 140 0
270 410 620 610 610 620 190 70
340 430 640 640 640 640 220 130
480 480 650 640 640 650 240 160
500 500 650 630 630 650 270 200
500 500 660 620 620 660 280 220
480 480 670 610 610 670 300 240
470 480 680 590 590 680 310 260
440 490 690 570 570 690 330 270
420 500 690 550 550 690 340 280
410 500 690 530 530 690 340 290
390e 500 690 510 510 690 350 300
3904 500 680 500 500 690 350 300
380e 490 670 490 490 670 360 310
370 480 650 480 480 660 320 270
3506 440 620 440 440 620 280 240

« Subtract 100 meters from the 8, 000 rad RD to obtsin the approximate 18,000 rad RD.
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340
400
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Figure 4—6. Extract of typical effects table.
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CHAPTER 5
DAMAGE ESTIMATION TECHNIQUES

Section |. DAMAGE ESTIMATION CONCEPTS

5—1. General

In conventional fires, weapon ef-
fects on the target result from firing many
rounds and allowing the inherent dis-
persion of those rounds to distribute the
effects over the target area. In nuclear
fires, generally, only a single weapon is
used on a target. Consequently, it is
necessary to have methods of es-
timating weapon effects on the target so
that the best use can be made of the
nuclear weapons available. Because of
the inherent dispersion of any delivery
system and the variability of target
response to nuclear weapon effects,
estimation methods must be based on
probability considerations. As a result
of computer calculations, some of the
data tabulated in FM 101—31—2 are to
the nearest meter. One should not
attach a false sense of exactness to
these data, either as to their reliability
or need for precise calculation. In fact,
many of the field calculations per-
formed with these data may be rounded
off to the nearest 10 to 50 meters with
little or no operational impact. However,
for ease of understanding, the
calculations in the following
paragraphs are done without rounding
and without regard to the uncertainties
associated with the data extracted from
FM 101—31—2. The relationship of
probability to delivery error of artillery
pieces is discussed in detail in FM 6—
40.

5—2. Effects of Horizontal and Ver-
tical Accuracy

In chapter 4 it was pointed out that
a basic assumption for all damage
estimation procedures was that the

weapon would function at the rated
yield and within the established ac-
curacies of the delivery system. Because
of this assumption, any damage es-
timation analysis will be affected prin-
cipally by the delivery accuracy of the
system. If many rounds are fired at
some aimpoint under identical con-
ditions, the impacts of the rounds would
form a pattern around the aimpoint
called a dispersion pattern. This dis-
persion of rounds is characterized by a
higher percentage of small misses or
deviations from the aimpoint rather
than larger deviations. The distribution
of the dispersion, called a normal dis-
tribution pattern, follows the laws of
probability. This gives the target
analyst the ability to predict probability
of not exceeding some particular miss
distance; e.g., 60 percent of the rounds
will land less than 100 meters from the
aimpoint and 40 percent will land more
than 100 meters from the aimpoint.

a. Horizontal Delivery Error. The
shape of the dispersion pattern will
vary among delivery systems, generally
ranging from elliptic shapes for
cannons and free flight rockets to cir-
cular shapes for guided missiles and
bombs. For damage estimation pur-
poses, elliptic dispersion patterns are
mathematically converted #to ap-
proximately equivalent circular dis-
persion patterns. Two terms are used to
express circular horizontal dispersion
patterns. They are circular error
probable (CEP) and circular distribution
90 (CD90). The CEP and CD 90 data
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have been tabulated for each weapon
system and are in the accuracy data
portion of the coverage tables in FMs
101—31—2 and 101—31—3.

(1) Circular error probable. By
definition, 1 CEP represents the radius
of the circle within which a weapon has
a 50-percent probability of arriving. A 2
CEP circle includes approximately 93.75
percent of the rounds fired or bombs

dropped. These relationships are shown

in figure 5—1.

acep
99 99+%

Figure 5—1. Circular pattern—normal distribution.

(2) Circular distribution 90. The
CD90 represents the radius of a circle
within which 90 percent of the rounds
will fall. Stated another way, a round
fired at an aimpoint has a 90-percent
assurance of falling within the area of
the circle described by the CD90 radius
around the aimpoint. The CD90 is used
in the high assurance damage es-
timation methods to insure a 90-percent
probability of obtaining at least a
specified amount of fractional coverage
or damage. CD90 can be calculated by
multiplying the CEP by a factor of 1.83
(CD90 = 1.83 CEDP).
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b. Vertical delivery error. The ver-
tical error for all weapons is measured :
in the vertical plane in terms of . .
probable error in height-of-burst (PEH). .
A PEH is the vertical distance above :
and below the desired height of burst .
within which a single round has a 50-
percent probability of detonating. The
distribution pattern for height of burst
errors is assumed to be normally dis-
tributed about the desired height of |
burst. The relationship between the §
burst distribution pattern and the PEH
is shown in figure 5—2. The PEH
associated with each weapon system §
has been tabulated and is included in §
the accuracy data portion of the §
coverage tables in FMs 101—31—2 and
101—31-=3.

o |
v
£
e

) [ 29
T 7%

1 16%

PEH { --2<——5% Desired Height of Burst
25%

T 16%

7%

[ 2%

4 -

Figure 5—2. Vertical distribution pattern.

5—3. Concept of Damage

a. When a nuclear weapon is burst &
over a target, a typical response is as }
shown in figure 5—3. As can be seen
from the figure, all target elements near §&
the burst point receive at least the &
defined level of damage. As the distance §
from the burst point increases, a larger §
number of target elements, indicated by §
circles rather than dots, do not respond §
in the specified manner; that is, a i
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the desired damage. At some distance
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Figure 5—3. Relation of radius of damage to damage
and casualty pattern.

b. The radius of damage (RD),
which is indicated in figure 5—3, is
defined as that distance from the burst
point at which a target element has a
50-percent probability of receiving the
specified degree of damage; or, in the
case of personnel, half the personnel at
that distance will respond in the
manner described by the specified
casualty criterion. Because of
variability, some target elements inside
the RD escape the specified degree of
damage. Variability of response is dis-
cussed in appendix D. The elements
that do not respond in the desired
manner inside the RD are ap-
proximately balanced by those that
respond in the desired manner outside
the RD circle.

ce determined

c. The RD is a distan
for every weapon -and is dependent on
the type of target, the yield of the

weapon, the damage or casualty
criterion, and the HOB of the weapon.

5—4. Prediction of Damage to Tar-
gets

a. Best results can be achieved
against a target by locating the desired
ground zero (DGZ) at target center. This
centers the RD of the weapon over the
target. Additionally, the desired HOB is
as close as possible, while still

precluding fzallout, to the HOB that

~ gives the largest RD against the target.

b. In generzl, delivery errors will
reduce the damage caused to a target. A
burst occurring at the outer limits of the
horizontal dispersion pattern will cause
the center of the weapon effects to be
offset from the DGZ and might result in
a substantizl decrease in the damage to
the target. Vertical delivery errors
might cause the actual HOB to differ
from the desired HOB and may result in
a smaller than optimum RD. All nuclear
weapon delivery systems have
associated delivery errors, and these
errors must be taken into account in the
estimation process. The damage es-
timation procedure for an area target
consists of determining the fraction of
the target covered by the RD. There are
two methods of congidering the effect of
delivery errors on area target fractional
coverage—the expected coverage
method and the high assurance method.
The expected coverage method is the
preferred method. Wwith the high
assurance method, the target analyst
determines that weapon system that
will have a 90-percent assurance of
achieving at least a minimum fractional
coverage of the target. This approach
results in a conservative statement of
the weapon’s effect and should only be
used when a single target is of a critical
nature. Expected fractional coverage is
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the sum of the product of all possible
fractional coverages times their
probability of occurring. This approach
results in the best estimate of the effect
that the weapon will have on the target.

ya
c. In estimating the damage to a
point target, the analyst is not con-

cerned with the percentage of the target

that will be covered by the damage .
circle. Rather, he is concerned with the -

probability
weapon will inflict the desired level of
damage or casualties on the target
element. A high assurance (P = .90) is
normally sought.

Section Il. TARGET-ORIENTED METHOD AND PRECLUSION-ORIENTED
METHOD

5—5. Damage Estimation for Target-

Oriented Method

a. General. This paragraph dis-
cusses the determination of both ex-
pected and high assurance coverage by
the use of the visual, numerical, and
index damage estimation techniques.

b. Visual Technique.

(1) Introduction. The visual
technique of damage estimation may be
used for any shape target and is the
only damage estimation technique that
can be used to analyze area targets that
cannot be equated to a circle (i.e., the
long axis is greater than or equal to two
times the short axis). The visual
technique consists of estimating the

fraction of the target covered by the RD

while considering the effect of delivery
error.
for -

(2) Procedure
estimation—expected coverage.

(@) To perform the estimate, an
expected RD and CEP must be ob-
tained from the appropriate coverage
table. Figure 5—4 illustrates a typical
coverage table. The target analyst
selects the appropriate coverage table
based on target category, target
response, delivery system, yield, and
HOB option. The parameters in figure
5—4 are exposed personnel, latent
lethality, short-range cannon, 1 KT, low
airburst. For range-dependent systems,
he enters the table at the nearest listed

damage

that the effects of the

{Distances in meters) 1K1 5 15/
EXPOSED PERSONNEL - LATENT LETHALITY
LOW AIRBURST
EFFECTIVENESS PROB ACCURACY DATA
RADIUS OF TARGET MIN  EXPT

RANGE  soo 600 700 800 900 1000 1300 1500 RD RD CD9 CEP HOB PEH
2000 .96/.98 .93/.96 .85/.88 .51/.55 .41/.43 .29/.32 .21/.22 .09/.12 460 526 80 38 49 9
3000 .96/.98 .91/.96 .85/.87 .52/.56 .41/.43 .30/.32 .20/.22 .10/.12 458 532 93 44 59 12
4000 .96/.98 .91/.95 .85/.87 .53/.56 .41/.43 -30/.32  .20/.22 .10/.12 454 532 99 47 59 12
5000 .96/.98 .91/.95 .84/.87 .53/.57 .41/.43 .30/.32 ,20/.22 .10/.12 447 538 111 54 69 14
J 6000 .96/.98 ,91/.95 .81/.86 .53/.57 .41/.43 .30/.32  .20/.22 .10/.12 448 540 128 62 82 17
7000 .95/.97 .91/.94 .80/.85 .55/.57 .41/.43 .30/.32 .20/.22 .10/.12 442 540 141 73 90 19
8000 .94/.96 .86/.92 .75/.83  .54/.57 .41/.43 .30/.32  .20/.22 .10/.12 434 538 176 86 - 101 22
9000 .92/.96 ,78/.88 .68/.78 .53/.56 .37/.41 .28/.32  .20/.22 .08/.11 420 520 205 100 116 26
10000 .88/.94 ,71/.85 .61/.75 .50/.55 .36/.40 .26/.31 ,18/.21 L0671 400 490 234 115 132 30

Figure 5—4. Typical coverage table. . _ e COLER ArE
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range, unless the range is halfway
between two listed ranges, then the
worst case is used, i.e., smaller RD. (e.g.,
reference fig. 5—4; if the range is 7,300,
the expected RD of 540 and CEP of 73
are extracted, corresponding to an entry
range of 7,000. If the range is 7,500, the
expected RD of 538 and CEP of 86 are
extracted, corresponding to an entry
range of 8,000.) For range-independent
systems, the entry argument for the
coverage table is yield (enter with yield
and CEP for bombs). The analyst places
the expected RD and CEP on the ap-
propriate circular map scale template as
shown in figure 5—5.

Template Center

Figure 5—5. Expected RD and CEP as would be
drawn on circular map scale template.

(b) The analyst selects a point
on the circumference of the CEP cir-
cle and fixes this point on the DGZ.
The circular map scale template is then
rotated about this point to evaluate the
effect of horizontal error (vertical error
has already been considered in the
determination of the -RD), and the
analyst estimates the fraction of the
target covered by the RD as the
template is moved around the DGZ.
Fractional coverages are estimated in
several different orientations and the
average of these values is taken. Nor-
mally, values of four equally spaced
positions are sufficient. This approach
obtains the most realistic fractional
coverages for very irregularly shaped
targets since it does take into account
the effect of missing the DGZ in
different directions.

(3) Procedure for damage
estimation—high assurance coverage.
The data required for the high
assurance coverage estimation are the
RD minimum and the CD90. The use of
the minimum RD accounts for
variations in HOB and the use of CD90
accounts for variations in delivery error.
The analyst selects a point on the
circumference of the CD90 circle and
fixes this point on the DGZ. The circular
map scale template is then rotated
about this point to evaluate the effect of
horizontal error (vertical error has
already been considered in the
calculation of the RD). The analyst then
estimates  the fraction of the target
covered by the RD as the template is
moved around the DGZ. Although 90
percent of the rounds will land on or
inside the CD90 circle, the analyst has
no way of knowing which part of the
circle the round will land in. For this
reason, the template is moved until the
orientation that gives the least frac-
tional coverage of the target is obtained.
This is the fractional coverage selected
for high assurance (f90). This procedure
insures attaining at least the coverage
estimated. Figures 5—6 and 5—7
demonstrate the procedure. In figure 5—
6, approximately 50 percent of the
target area is covered by the RD. In
figure 5—7, only about 30 percent of the
target is covered. The value used for the
90 coverage estimation is, therefore, 30
percent.

Target \

Probable Minimum RD

. (’QZZ?

epee
TENOLAS
O eR

4..“7

Figure 5—6. Coverage estimation using circular map
scale template—maximum coverage.
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Figure 5—7. Coverage estimation using circular map
scale template—minimum coverage.

(4) Procedure for damage
estimation—desired ground zero dis-
placed from target center. Because of
limiting requirements or when at-
tacking multiple targets with a single
weapon, it may be necessary to displace
the DGZ from the center of the target.
In such casef the procedure discussed in
paragraph 5—5b(2) or (3), above, is
followed using the displaced DGZ as the
reference point from which to offset the
circular map scale. The type of coverage
desired (high assurance or expected)
will determine which set of RD and
delivery error values to use.

¢. Numerical Technique for Area
Targets.

(1) General. The numerical
technique of damage estimation can be
used to estimate fractional coverage for
targets which are circular or equatable
to a circle. Two area target graphs are
contained in FMs 101—31—2 and 101—
31—3 for this purpose—an area target
graph (expected coverage) for expected
value target coverage determination
and the area target graph (high
assurance coverage) for 90-percent
assurance calculations. These graphs
are reproduced as figures 5—8 and 5—9,
respectively. Each graph consists of a
family of curves that represents
different fractional coverages. The frac-
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tional coverage for a target depends on
the radius of the target, the radius of
damage, and the delivery error. To
consider all three variables, two of them §
must be “normalized” by dividing them §
by the third variable. In this case, it is
the radius of the target. On the left side |
of each graph is a curve labeled Dis-
placed DGZ which is used when the
DGZ is not at target center. Although §

only expected techniques are discussed,
the techniques described in the

following paragraphs apply to both the §

expected graph or high assurance
graph. When using the expected graph,
the expected RD and the CEP will be

used. When using the high assurance |
graph, the RD minimum and CD90 will |

be used.

(2) Procedure for damage es-
timation, DGZ at target center.

(a) Enter the appropriate
coverage table with the range and ex-
tract the expected RD and the CEP.

(b) Compute the ratios RD/RT §

and CEP/RT.

(c) Enter the expected area

target graph with the RD/RT ratio |
value on the vertical axis and the §
CEP/RT ratio value on the horizontal |
axis. The curve on which the two entry |
ratios intersect is the expected frac- -
tional coverage (f). If the intersection is |
interpolate §
between curves to determine expected

between curves, linearly

fractional coverage.

(d) Example problem (fig. 5—10): |

Given: RT = 800 meters
RD =600 meters
CEP = 100 meters
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Figure 5—8. Area target graph—expected coverage.
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RT

"Find: The expected fractional coverage

Solution: RD _ 600

RT 800 70
CEP 100
RT 800 1%

Read the fractional damage curve
at the intersection of the two graph
entry values on the expected coverage
area target graph. The intersection of
the values falls mid-way between the .50
and the .60 fractional coverage curves.
Therefore,

) Procedure /for damage es-
timation, DGZ displaced from target

center.

(a) peat/steps (a) through (c¢)

(c) Measure the horizontal dis-
tance from d/CEP\value on left vertical
DGZ curve on the

(d) Apply this distance
horizontally and to the right of the
point of intersection of the RD/RT and
the CEP/RT ratios. Read the new frac-
tional coverage. This is the coverage
obtained with the displaced DGZ.

(e) Example problem (Fig. 5—
11):

Given: RT = 800 meters
RD = 600 meters
CEP = 100 meters
Displacement distance d = 300
meters

Find: The expected fractional coverage
with the DGZ displaced.

Solution: First, determine the fractional
coverage without the displacement, us-
ing the technique described in the
preceding paragraph.

RD 600

RT 800 "0
CEP _ 100 _

RT 800 125

f (without displacement) = .55
Determine the d/CEP value

300
d/CEP = 100 - 3.0

Measure the distance from the left
vertical axis of the graph to the dis-
placed DGZ curve, using as the entry
value for the vertical axis the value
calculated for d/CEP; in this example
3.0. Apply the measured distance from
the point of intersection of the RD/RT
and CEP/RT values horizontally to the
right and read the expected coverage f =
42 for a displaced DGZ of 300 meters.

(4) Procedure for calculation of
the maximum allowable displacement
(dmax) fo the DGZ.

oF

(a¢) Enter the appropriate
coverage tables with the range and
extract the expected RD and the CEP.

(b) Compute the ratios RD/RT
and CEP/RT.

(c) Enter the expected area
target graph with these two ratios to
determiner the fractional coverage
without displacement.

(d) Measure the horizontal dis-
tance from the intersection in (¢),
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= 125

Neep

above, to the fractional damage curve
representing the minimum desired
coverage. (If the minimum desired
coverage is greater than or equal to the
fractional coverage determined in (c),
above, the DGZ cannot be displaced.)

(e) Using the measured distance
from (d), move the measuring device up
the left vertical axis (RD/RT) of the
graph until the distance between the
vertical axis and the displaced DGZ
curve matches the distance on the
measuring device. Read the d/CEP
value from the vertical scale.

(f) Solve for dmax by mul-
tiplying the d/CEP value obtained in
(e), above, by the CEP. This product is
the maximum distance that the DGZ
can be displaced from the target center
and still achieve the desired fractional
coverage.

(g) Example problem (fig. 5—12):

Given: RT = 800 meters
RD =600 meters
CEP = 100 meters
Minimum coverage f = .30

Find: The dmax, or maximum dis-
placement, that can be made of the DGZ
and still meet the minimum coverage
requirement.

Solution: First, determine the fractional
coverage without a displacement, using
techniques described above.

RD

RT - S5
CEP _
ﬁ' =.125
T=55

Measure the horizontal distance
from the point of intersection (f = .55) to
the curve representing the minimum
coverage desired (for this example, f =
30). Using this measured distance,
move up the RD/RT axis until this
distance coincides with the horizontal
distance between the vertical axis and
the displaced DGZ curve. The point of
coincidence is the d/CEP value.

d/CEP = 3.8

dmax = 3.8 X CEP = 3.8 X 100 = 380
meters

(5) Target coverage. If the high
assurance area target graph is used to
determine target coverage, a target
coverage can be determined for other
than a 90-percent assurance by using
the probability scale on the high
assurance target graph. :

(a) Compute the ratios R%;nd
CD90,/ 07~

(b) Enter the area target graph
with the ratio values determined in (a),
above. The point at which these two
entry ratios intersect is the fractional

coverage for a 90-percent assurance of
success.

(c) On the probability scale
located in the lower center of the graph,
measure the distance between the index
at 90 percent and the desired assurance.

(d) Apply the distance obtained
in . (c), above, horizontally and in the
same direction, to—the—peint—of in-
tersectt Ufﬁw%f Fye 027, /z”u/x:'ll [EﬂE ‘E,P;f ,o/v.a
W'caﬂ/ﬁf //;'/ RS ECT7 2V

VE

(e) Reag e fractional coverage,
which will be expressed as a percentage
of coverage for the desired degree of
assurance.
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Figure 5—12
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