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January 1980
FOREWORD

The series of papers, "Nuclear Notes," prepared by the US Army -
Nuclear and Chemical Agency is intended to clarify and explain various
aspects of nuclear weapons phenomenology and usage. These papers sre
prepared in as nontechnical a fashion as the subject matter permits.
They are oriented toward an audience assumed to be responsible for
teaching or in some way evaluating the tactics and techniques of
employing nuclear weapons in a conflict situation. The dissemination of
these Nuclear Notes will hopefully provide to the US Army accurate,
up-to-date information of importance in understanding the use of nuclear
weapons on the battlefield.

The authors of the original version of this paper were CPT Martin L.
Bowling and CPT Steven W. Ader (1974) of the US Army Nuclear Agency.
Revising suthors are MAJ Joe A. Sims, Jr. and SP5 Anthony F. Portare .

(19807 of the US Arwy Nuclear and Chemical Agency. The paper reflects

" the general philosophy and methodology used in the Quadripartite
Staudardization Agreement (QSTAG) 244, Nuclear Survivability Criteria for
Military Equipment (reference 1). Comments and views of readers are
deired and should be forwarded to: Commander, US Army Nuclear and
Chemical Agency, 7500 Backlick Road, Bldg. 2073, Springfield, VA 22150.

This paper supersedes Nuclear Notes Number 2, October 1974.\
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The US Army Nuclear and Chemical Ageucy recommends that issues of
Nuclear Notes be retained and filed in a loose leaf binder. Current

issues are:

Nuclear

Nuclear

Nuclear

Nuclear

Nuclear

Nuclear

Nuclear

Nuclear

Notes

Notes

Notes

Notes

Notes

Notes

Notes

Notes

Number

Number

Number

Number

Number

Number

Numb er

Number

1
2

~ The Electromagnetic Pulse (EMP), June 1974

- The Army Nuclear Survivability Program,
January 1980 (Revised)

= The New Nuclear Radiation Casualty Criteria,
May 1975

Nuclear Blackout of Tactical Communications,
August 1976

- Rainout, December 1976

A Primer on Nuclear Weapons Capabilities,
June 1977

Collateral Damage, April 1978

Armored Vehicle Shielding Against Radiatiom,
May 1979

Local reproduction and distribution are authorized; however,
headquarters that do so are requested to maintain a record of internal

digtribution so that changes, up-dates, and corrections may be properly
disseminated.
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THE ARMY NUCLEAR SURVIVABILITY PROGRAM
WHY HAVE THE PROCRAM?

The different nature of the tactical nuclear battlefield requires a
unique approach toward insuring equipment survivability, In recognition
of this fact, the Army Nuclear Survivability Program was established to
insure that developmental items of critical Army c?uip-cnt will be able
to operate effectively on the nuclear battlefield.! The objectivea of
this program are to identify developmental items that will be critical to
mission performance in a nuclear conflict, establish mission related and
cost effective nuclear sui "ivability design criteria, incorporate nuclear
hardness by design of the equipment, test the equipment against the
specified criteria, and maintain the nuclear hardness during production
and deployment.

WHAT IS NUCLEAR SURVIVABILITY?

Nuclear survivability is the capability of a system to perform its
defined functions after exposure to specified lavels of nuclear weapon
effects. The criteria for miclear survivability are those specified
levels of nuclear weapon effects wiich a given system muat survive. The
criteria depend on the system itself, its locstion on the battlefield,
the yields of nuclesr weapons likely tc be employed near ite locatioen,
the relationship of the opersting personnel to the equipment, and the
mission of the unit using the systeam.

WHAT IS THE PHILOSOPHY?

The philosophy of the Nuclear Survivability Prograa is to insure that
equipment survives whenever enough of the personnel required to operate
the equipment remain combat effective. It is important to note that the
equipment is not being made survivable to protect the operating
personnel, as shown in Figure 1.

HOW DOES IT WORK?

Equipment snd personnel survivability is dependent upon the distance
from the point of nuclear detonation (or ground zero), as seen in Figure
2, As a practical matter, the closer to ground zero that the equipment
is expected to survive, the more severe are the nuclear environments to
which the squipment will be exposed. The more sever2 the environments,
the greater the costs, and the greater the techwological impacts on
continuing efforts to meet required operational characteristics. PFor
example, it is desirable to make sophisticated communications equipament,
which is critical to effective command and control and frequently
configured in truck-moun-ed shelters, as survivable as possible.
However, excessive nuclea- survivability requirement levels would
probably increase costs t requiring more highly sophisticated components
and could significantly degrade mobility by increasing weight. As shown
in Figure 3, the concept of providing the Army with nuclear survivable
equipment must preclude over-designing the equipment to the point where
it can survive the nuclear environment but can no longer operate in the
manner for which it was originally intended. It is also not feasible to
expect equipment that sustains a direct hit to survive. Therefore, a
methodology is required that will provide rational, mesningful, and
achievable levels of nuclear survivability ¢ iteria. Analysis has
indicated that an initial optimal goal for vcquipment survivability is to
design and build the equipment so that it will survive those levels of
effects at vhich the minimum number of crew members needed to operate the
equipment will remain combat effective for up to several days.

1The Department of the Army approved policy on the Army Nuclear
Survivability Program may be found in AR 70-60 (reference 6).
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LET'S GET IN THE TENT -- IT'LL }
SURVIVE NUCLEAR EFFECTS SO WE'11 i
BE SAFE THERE. !
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FIGURE 1 - ECUIPMENT SURVIVABILITY DOES NOT PROTECT PERSONNEL
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M-1 NUCLEAR PROTECTOR
(CANTEEN)

CHARACTERISTICS:

MATERIAL-LEAD WEIGHT-100 LBS
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FIGURE 3 - OVER PROTECTED?

CHARACTERISTICS OF INTEREST CuRvis

 EQUIPMENT AND NUCLEAR WEAPON
OPERATIONAL IRCTS |l ISOCASUALTY

THREAT CONSTRAINED BALANCED NUCLEAR
SOVIRNING SURVIVABNITY

ISOCASUALTY CURVE CRITERIA

T
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FIGURE 4 - GENERATION OF BALANCED SURVIVABILITY CRITERIA
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HOW ARE CAITERIA DETERMINED?

Nuclear survivability criteria are developed by using the above logic
to relate personnel casualty categories to the equipment that ias to be
nede survivable. The results of these relationships are equipwment
winerability categories. Thess categories depend on oparational and
deployment factors, particular nuclear veapon effects, and the degree of
personnel protection that the equipment inhervently provides. BEach of
these categories may be represented by drawing curves of constent
casualties as a function of range from ground tero and wespon yield.
These curves are called isocasualty curves. The wespon yield spectrum of
potential enemy use is superimposed on the isocasualty curves to
deteruine the threat constrained governing isocasualty curve. This
curve is used to predict the predominent nuclesr weapon effects for the
given spectrum of weapon yields. PFigure 4 illustrates this procedure
schematically. The discussion which follows describes the procedure in
detail.

WHAT ARE THE PERSOMNEL CASUALTY EFFECTS CONSIDERED?

Man is wulnerable to the nuclear radiation (neutrons and gamma rays),
thermal radiation, and air blast effects of a nuclear detonation.
Another effect, ihe electromagnetic pulse (EMP),2 exists but only
affects certain types of squipment, and not man. BEach of these effects,
except EMP, can create personnel casualties depending on the effects
levels and the particular operational situation (a.g., the degree of
protection that personnel osay receive from operating in a foxhole, or
tracked or wheeled vehicle). Based on a detailed analysis of the
biomedical aspects of nuclear weapon effects on personnel, the following
categories of casualty effects to personmel are considered to be the most
dominant and predictable for use in the development of nuclear
survivabilicy criteriat

Immediate transient incapacitation (ITI) to personnel from
initial nuclear radistion. ITI is a temporary condition
vhere personnel perform at 50X or less of their
preirradiation performance level. It occurs within 5
minutes after sufficient nuclear radiation is received and
can last for 30-45 minutes.

Second degree burns under chemical protective overgarment.

Injuries (producing combat ineffectiveness) due to blast
induced foxhole collapse.

Severe lung damage to foxhole occupants due to blast effects.

Injuries due to blast induced moderate Il damage to
vehicles.

Injuries due to blast induced vehicle overturn (on back).

Injuries due to solid impact of translated prone personnel.

ZA general discussion of EMP is available in reference 4.
Referewices 2 and 3 offer a detailed study of personnel risk and
casualty criteria.
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WHAT COMBIMATIONS OF PRERSONNEL AND EQUIPMENT ARR CONCGIDERED!

As previcaaly discussed, the dasic philosophy for the developmont of
muclear survivability criteria is that equipment should be made
survivable to those levels wvhere the minimum nusher of crev wembers
requirad to operate the squipment remain combat effective. This requires
that the adbove casusalty-producing categories for personnel be related
both to the particular item of equipmert and degree of personne!
protection. The wvulnerability categories which relate itaws of equipment
and degree of personnel p.otection are!

ey < pn

Personnel and equipment to be made survivable are both
exposed to the free-field nuclesr effects environment.

Personnel and equipment are therwmally protected in vheeled
or traczed vehicles, or in communications-electronics (C-E)
shalters.

e

Fquipment is exposed and personnel are thermally protected
in wvheeled or tracked vehicles, or C-E shelters.
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Personnel and equipment are in foxholes, or personnel are
in foxholes and equipment is exposed to the free-field
nuc lear effects environwent.
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Pcrsonnel are exposed to the free-tield nuclear effecte
snvironment and equipment is thermally protected in wheeled
% or tracked vehicles, or C-E shelters.
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HOW ABOUT AN EXAMPLE?

e,

The particular vulnerability category which is applicable for a new
item of equipment will determine which personnel casualty effect or
effects are of principal coacern. For example, it the item of equipment
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the vehicle and shelter will become crmbat ineffective.) Burns are not
considered as a casusley-producing wmechanism in this example because the
shelter wmalls will protect the crev members from thermal radiation.
These dominating personnel casualty effects can then be graphed as a

3 function of yield and range from ground zero in order to produce a

A governing isocasualty curve.

R to be made survivable is a communications device located inside a ;
S truck-wourted C-E shelter, the pertinent casualty producing eftects to {
v the operating crew (also located inside the shelter) will be irmediate :
) transient incapacitaiion from radiation and injuries due to blast induced .
: aoderate I1 damege to wheeled vehicles. (It is asasumed that if the
§ vehicle is moderately damaged or overturned on back, the crev members in

HOW ABOUT ANOTHER EXAMPLE?
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Figures 5 through 7 illustrate the relationship between personnel
casualty effects and the generation of nuclear survivability criteria.
Consider, for example, that a proposed new backpack radjo is to de made
survivable for use at battalion and lower levels. The vulnersbiiity
category for this item of equipment is "personnel and equipment both
3 exposed to the free-field nuciear effects environment." The casualty
cztegories for exposed personnel which are of interest are immediate
3 transient incapacitation, second degree burns under chemical protective
hE overgarwent, and injurieas due to blast induced aolid impact of translated
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prone personnel. These casualty categories are graphed in Figure 5 as a i
function of weapon yicld and distsnce from ground szeto to which this type
of casualty mechanism can be expected. Figure &§ shové the range-vield
combinations (diagona! shaded area) of Figure 5 at wvhich personael can be
expected to become casualties. The upper boundary of thia shaded area
(shcewn by ,the dark boundary line in Figure &) is designated as the
governing isocasualty curve and signifies the points at which the
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personnel will just remain combat effective. The basic principle of
nuclear survivabilicy (i.e., the equipment should survive whenever the
ainisum sumber of the crew members required to operate the equipment
remain combat effective) demands that the {tem of equipment be designud
to survive the muclear effects gseociated with the governing isocasualty
curve in Pigure 6.

since the item of equipment ie to bde used caly at battalion and lower
unit levele, the clear threat probadly will not include excessively
large nuclesr yis.ds. A hypothetical spactrum of threat ylelds for this
item of squipment hae bean superimposed on Figure 6 and is showm in
Figure 7 by the vortical dotted lines. Once the threat spectrum is
applied to the governing isocasualty curve, the curve is redesignated as
the threat constrained governing isocasuslty curve, since it represents
those points at vhich sufficient parsonnel will rewain combat effective
and at vhich equipment should be designed to survive based on the
expected threat yield spectrum, Balanced nuclear survivability eriteria
for air blast, tnicial nuclear radiation, thermal radiation, and DMP
paramaters are then calculated® at sach of the yield-reage points along
the threat constrained governing isocasualty curve in Pigure 7, The !
naxisum values of these parameters are specified as the muclear i
8 i survivability criteria for the propored backpack radio. H
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$These calculations are normally performed by the US Army Nuclear and
Chemical Agency using a variety of computer codes. The criteria cen also
be determined munually, however, by using refarence 1.
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The ruelear survivadbility criteria sust now be used in the materiel

) scquisition process. 1t is meither intended nor necessary :hat all
developmental {tems of equipment be made nuclear survivable. The
decision sa to whether or not nuclear survivadbility is a required

operstionsl characteristic {s made by the proponent combat developer by
snswering the following questions?

o g e

U

Will the item of equipment be used on the miclear battlefield?

rin e

1s the item of squipment critical to mission accomplishment in a

3 melesr conflict?

b Does the itewm of equipment ewist in sufficient quantities for
F timely replacement of demaged items?

i

A After the proponent combat developer has considered these questions

: (based on intended use, criticality, and replacement availabdility), a

statement of the meed for muclesr survivability is wmade in the
requirements document. Once the decision i» made to include the
requirement for nuciear rurvivadility in this document, the combat
developer requests nuclear survivability criteria from the US Army
Nuclear and Chemical Agency for inclusion in the Outline Acquisition
Plan. These criteria are incorporated into this and key documents that
lead up to this plan such as the concept formulation pactage and the

i appropriate u;t plans. The equipment is then designed and tested to the
levels stated.

WHAT 1P THE W.CLEAR SURVIVABILITY CRITERIA CANNOT BE ACHIEVED?

The initial balanced nuclear survivadbility criteria specified in the
Outline Acquisition Plan are both vational and meaningful, but still wmay
not be achievable because of complex techmological deaign considerstions,

operational degradation (e.g., increased weight resulting in decreased
wobility), and expense.
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1f thic is the case, then the critaria wust be modified. NHowever,
this cannot be determined for an item of equipment prior to the
development cycle. In other werds, until the developing coatractor
sctually attewmpts to reach the levels spacified, he caunot tell how much
it is going to cost or how difficult it will be to reach that level.
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Should one of the specified levels require modificstion, some of the

3 remaining levele may have to be modified to maintain the proper balanced
1 relacionship of weapon effects. In order to accomplish this process, the
developer must answer two questions: first, vhat levels can be mer, and

1 secondly, what the cost (dollar and operational) versus hardness
3 tradeoffs are.

PP IRSCE T )

; At this point, the materiel developer must request a waiver in
{ accordance with AR 70-60 from the Nuclcar Survivability Committee. This
committee is tha only authority espowersd to modify nuclear survivability
criteria; the materiel duveloper does not have this athority. For
turther information on the procedure for modifying criteria, contact the

U8 Aray Nuclear and Chemical Agency, 7500 Backlick Road, Bldg 2073,
Springfield, VA 22150.
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2 A gensral discussion of considerations in determining what
should survive is available in reference 6.




THE COLDEN RULAS.
To insure that the Army Nucles. Survivability Program is successtul,
all of the followving precepts must Se strictly observed: ]
Nuslear survivability criteria are developed for materiel and not g
for personnel. i
3
Nuclear survivability criteria are based on the philosophy that ; i
the equipmant should survive whenever encugh of the personnel 1
required to operate the equipment resain combat affective. H 4
- 4
Nuclear survivability criteria for equipment are hased on the i j
r lavals of effects that are associated with personnel casualties :
; and the personmel-equipment velationship. 'f
%
f g Nuclear survivability criteria consist o nuclear weapon effects ]
] ; parameters (i.¢., initial nuclear radiastion, air blast, thermal i 5
F ¥ radiation, and EMP) which are balanced to the threat constrained 3
: + {system sperific) governing isocasualty curve. ;
E % The need, or lack of need, fir muclesr survivability must be H !
% stated in the requirements document. : i
b § The criteria provided for the Outline Acquisition Plan are the
e, 3 initial balanced criteria and may have to be refined due to
& technical, operational, or economic reasons.
* 1 Tradeo ff analyses of initial balanced criteria should be H
ii‘ conducted from a balanced nuclear survivability standpoinc. H
; : !
: % Requests for wmivers of nuclear survivability criteria must 4 )
X T be addressed to the NMuclear Survivability Committee in accordance : 1
3 with AR 70-60. 3
: WHAT IS THE STATUS AND WRAT IS EXPECT®D? 3
1 : The Army Nuclear Survivability Program, which originated some vears 7,‘;
’ ago, vas elevated to the mainatream of equipment development activities i
by the issuance of AR 70~-60, Sep 1977. To date, there are few systems :
that have been fielded vith balanced muclear aurvivadbility. There are a :
b i large number of developmental systems, however, that currently have
] ¢ nuc lear survivability criteria in their design specifications and are 3
= being deaigned to survive on the battlefield. in addition, nuclear ]
survivebility vetrofit ia being given to a limited number of slready i
E fielded systems. The ramification of this "gearing up" of the Army “
3 Nuc lear Survivability Program is that the current generation of equipment % !
E associated with the force structure will be mixed with respect to nuclear . i
. survivability. It is conceivable that muclear survivable equipment may ; j
? be temporarily dependent on unhardened equipmeat for effective system : i
§ operation. By understanding and supporting this program, howsver, you ’ %
wvill help insure the nuclear survivubility of future equipment so that 3 1
: the evolving Army is able to operate «ffectively in a nuclear environment. !
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