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FOREWORD

The series of USANCA papers entitled Nuolear Notes is intended to present unclassified
discussions of nuclear phenomena in layman's terms. Nuoclear Notes are a ready reference for
use by TRADOC school instructors and major command staff officers in their support of the
Army. They are intended to clarify and explain various aspects of nuclear weapon
phenomenology, and are prepared in as nontechnical a manner as possible. Information in
Nuclear Notes is appropriate for dissemination to fire planners, maneuver commanders and
staff', training astivities and service schools, and service/material organizations. Loocal
reproduction and distribution are authorized.

The principal author of this paper is MAJ Daniel F. Uyesugi of the US Army Nuclear and
Chemical Agenocy. Comments, views, and suggested additional mitigation techniques are
desired and should be forwarded to: Commander, US Army Nuclear and Chemical Agency, 7500
Baoklick Road, Bldg 2073, Springfield, VA 22150,
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FREDERICK M. GALLOWAY
coL, CE o
Deputy Commander e
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LLIST OF CURRENT NUCLEAR NOTES

The US Army Nuelear and Chemical Apency recommends that issues of Nuclear Notes be
retained and filed in a lovsa leaf binder. Current iassues are:

Nuol ear
Nuclear
Nucl ear
Nuelear
Nucl ear
Nuclear
Nueclear
Nuclear

Nuecl ear

Local reproduction and distribution mre authorized; howover, headquarters that do so are

Notas
Notes
Notea
Notes
Notas
Notes
Notas
Notes

Notes

Number
Numbher
Number
Number
Number
Number
Number
Number

Number

1

2

The Electromagnetic Pulse (FMP), .June 197H

The Army Nuolmar Survivability Program, January 1980 (Revised)
The New Nuclear Radiation Casualty Criteria, May 1975

Nuclear Blackout of Taotical Communiocations, Aupuat 1976
Rainout, December 1076

A Primer on Nuclear Weaponus Capabilities, June 1077

Collateral Damage, April 1978

Armored Vehiole Shielding Against Radiation, May 1979

Nuclear Weapons Effects Mitigation Techniques, June 1982

requested to maintain a record of internal distribution so that ohanges, updates, and
corrections may he properly disseminated.
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NUCLEAR WEAPONS EFFECTS MITIGATION TECHNIQUES

INE%ODUCTION

A n order to fight and win on the AirLand battlafield, the US must be ahle to employ
nuolear weapons decisively, and continie to fight effectively after enemy employmaent..
Survival of personnel and equipment snd recovery from injury or damapge are essential to
continued aoperations In the nuelear environment, Accordingly, the apecific vulnerabilities
of personnel and equipment must be understood and measures taken to lessen or minimize the
impact of potential nuclear weapons effects. Tn recognition of thia naed, USANCA Intends to
pibliah geveral Nuclear Notes addressing a wide range of weapons effects mitigation
techniques. Basic mitigation techniquea tor nuelear weapony hlast, thermal, ionizing
radiation, and electromagnetic pulse (EMP) effects will be summarized, and the payoffs
nasccliated with employment of each or a aombination of techniques will be diacussezﬁ\

This Nuclear Note addresses proposed mitigation techniques that oan he employed hefore,

during, and immediately after a nuolear attack. Two subhasequent notes are planned to deal
with "post attack recovery" and "eontinued operations in a nuolear environment."

WHAT ARE NUCLEAR WEAPONS EFFECTS MITICGATION TECHNIQUES?

Mitigation teohniques are proposed configuratlions and procedures for employment of
parsonnel and equipment to lessen or minimize their vulnerability to nualear weapons
effacts, These techniques are Intended to be field expedients that can be accompliahed
readily by individuals and units using only such equipment and material as are readily
available. Potential mitigation techniques may be as aimple as the use of anchors,
tiedowns, and outriggers or digging in to prevent equipment turnover; the use of tracked
vehioles as expedient overhead covar} and wetting down or companting defensive positions to
enhance radiation protection.

Mitigation techniques fall into three general cnategories! aations before, during, or
after a nuolear attack.

1. Actions before a nuolear attack aonsist of long-range planning, training, and
maintenance for operations on the nuclear battlefield and the assumption of presirike
protective postures by "strike-warned" troops.

2. Aotions during and immediately aftear an attack include an individual's immediate
aotiona to proteot himself and reduce his response to the ef'fects of the nuclear detonation.

3. Actions after the attack include recovery from the effects of the nuolear burst and
gontinued mission operatlions in the nuclear environment.

Ideally, each of the potential injury producing and equipment damagling mechanisms
assoclated with nuclear effects (e.g., foxhole/fighting position ocollapse, overpressure,
vehicle turnover, debris, tree blowdown, initial radiation, EMP, ground shook, thermal
radiation, fires, and fallout) ahould he examined and mitigation techniques ocompiled. The
nature and effectiveness of ench mitigation technique will depend strongly on the situation
considered; 1l.e., the nucleur environment, proteotion available, unit mission, and aspecifin
hardness of the equipment affected. The selection of mitigation teahniques contained in
this note is by no means ocomprehensive. Tt is intendad to be the beginning of a liat of
fleld sxpedlent techniques that users should expand und tallor to individual and unit needs.

WHAT NUCLEAR FFFECTS ARE OF CONCERN?

Before addressing methods to minimize personnel and equipment vulnerability, it is
important to understand how nunlear weapons effeots cause personnel casualties and materiel
damage in order to mitigate realistinally the effeots of enemy nuolear detonations.

Nualear woapona effects may be classifled aa initial and residual, Figure 1 1llustrates
the partitioning of energy from a typleal flssion weapon. 1Initial effects oocur in the
immediate area within one minute at'ter a detonation and are most impartant to the commandar
since they will create peraonna! nasualties and materiel damage within the timespan of the
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currant operation. The principal initial casualty producing effects are blaat, thermal
radiation, and initial nualear radiation. Other initial effeots (electromagnetic pulse
(FMP) and translent radiation effacta on almctronics (TREE)) affeot only eleotrical and
alectronic aquipment and require protention of one's own equipment from the effects of both
aneny and friendly weapons employment. Residual effects, {,e., fallout, are primarily of
long term intersst but, under certain circumstances, may also have serious impact on succesa
or fajlure in the Immediate hattla area.

THERMAL

TTIAL RADIATION  RESIDUAL RADIATION

- SO A

FIQURE 1. ENERQY PARTITION FOR FISSION WEAPONS.

HOW WILL THESE KFFECTS CAUSE INJURY OR DAMAGE?

The air blaat from these burats will overturn and crush equipment, collapse lungs,
rupture eardruma, hurl debris, tumble personnal, and oollapse foxholes., Thermal radiation
will sot fire to combustible materials, result in flash blindress ar burns of the ayas, and
cauge personnel oasualties due to skin burns, Nuclear radiation will affeot eritical
hiological mystems by damaging oells which are componenta of all parts of the body. This
radiation damage may cause headaches, nausea, vomiting and diarrhea that ia generally called
"radiation siokneas." Although nuclear radiation ia the dominant ousualty producing effect
for low yield tactioal nuolear weapons, othur initial effects may produce aignificant damage
and/or cusualties depending on the weapon type, yield, burst conditions, and the degree of
personnel and equipment protection. Figure ? shows typical radil of "dominant® effeots at
casualty levels (CAS) and safaty levels (SAF) for nominal 1 KT and 10 KT fission weapons and
further {llustrates the range differance due to degree of protection of various targsts.

For example, personnel in tanks would receive 3000 rads at a distance from ground zaro where
exposed personnel would receive 8000 rads.
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Tn addition to thermal and blast damage, electrical and eleatronicn equipment may be
upaet or permanently damaged by FMP. This FMP {a a broad f'requency spectrum vradio pulse of
elootromagnetic enargy that lasts for leas than a second after the burst, 1ts frequenay
range extends from extramely low (ELF) into the ultra-high (UHF} frequencies, with much of
Ity enargy conaentrated in frequencv rangen (hiph frequency (HF) into UHF) emploved by Army
tactical communiocationa equipment. Tt {8 of oconcern because the damage and npset it causes
can oceur at distances from the burst far beyond where other nuslear weapons effects produce
negligible or no damage. I‘or example, vulnerable electrical and electronic equipment could
he damaged by EMP at ranges up to 5 km from a 10 KT surface burst and hundreds of km from a
aimilar high nltitude burat, FMP damape occurs benause voltagen and currents, far in exceas
af aafe levels, are induced In conductors and may burn out aomponenta and equipment in the
same manner as a near miss lightning bolt aan oause a circuit breaker to trip. A more
detailed teahniecal disoussion of EMP effacts iy contained in Nuclear Notes Number 1, "The
Eleotromagnetic Pulse (EMP),.®

More detailed technical discussions of nuolear weapons effects are contained in DA
Pamphlet $0-3 nnd FM 101-31=1; these effeats are also the subject of Nuolear Notes Number 6,
"A Primer on Nuclasat Weapons Capabilities."

WHAT CAN BE DONE BEFORE A NUCLBAR ATTACK?

An enemy nuolear attack will probably acome with little or no warning, and you can axpect
to be warnad of a plannad nuoclear strike by friendly forces only minutes before the
designatad time-on-target., 1In either case, there will be 1ittle time to take protective
actiona. Tndividual and unit defensive measuras muat be automatic and instinctive.
Therefore, long-range planning, training, and maintenance for opsrations on the nuclear
battlefield as well as an understanding of the optimum protective postures for
"strike~-warned" troops are essential. Remember that even though the enemy does not target
vour unit directly, you still may be axposed to the effects of a nearby detonation. You can
and muat protect yourself from these long-range, low level effeots.

Praparation of the Battlefield.

As with conventional oparaticns, knowing the terrain and using it to yvour advantage iu
baaia,.

Shelter. Existing natural and msnmade terrain features such as caves, ditches, ravines,
aulverts, overpasaass, tunnels, and ammunition storage bunkera can be used as expedient
shelters. Prior identification will help in finding cover during an attaack.

Resources, FExtraordinary consumption of expendable materials, medical supplies
(particularly for burn treatment), and water can be antlicipated. Prepositioning is one
anyver, as well as the use of ocommercially available assets suoh as haavy equipment ard
sommuniocation lines. Knowing the location and availability of water sources and storage and
delivery assets such as wells, reservoirs, car washes, swimming pools, fire trucks, and
streel oleanars can greatly help decontaminatlon efforts, As in most tnatanoes, it makes
sense to insure that each man keeps his canteen full and that additional cantaens of water
are availabla,

Preparation of Personnel.

The neoad for training ia obvious, The soldiar should, and no doubt wants to, know the
optimum protegtive postures to protect himselt and hia equipment from a nuolear burst. 1f
wo cxpant him to continue ocombat operations after an attaock, he must also be taught how to
racover from the effents of the nuclear axplosion and how the unit plans to operate in thae
miclear onvironmant,

Paychologically, the soldier aan properly be expreted to view the possibility of
undargoing a nuclear attaok with great anxlety. Providing the soldier with realistlo
information ahout the often overstated or misunderstood aspects of nuolear weapons nffectn
and providing some basic methods to reduce thase effects will go a long wavy toward deallng
with this fear.
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Unit Operatlana,

Operationally, the most effective meana of surviving on the nualear battinfield is to
avnld heing detectad and tareated from tha start,

DMaparsion. Diapersoed units and equipment are lasn likely to be deteacted, present less
desirable targets, and are leas likely to be destroyved by the effects of a nieclear attack,

Concealment.,  Camouflage not only raduces detection, but ean (particalarlyv overhead
camou™Mave and camolflage neta) signifiecantly reduce the effect of thermal radiation and
subsequent fallout, Battlafield concentrationn of gmoke, in addition to providing affective .
large area oonoealment, oan reduce thermal radiation by as much as 95 pernent.

Cover. Cover is the baest proteotion trom nuclear attack. Whenever the taotiaal
aituation allows, oritiocal facilitiaes, peraonnsl, aquipment, and suppliea should be dug tn
ar placed in the bhest shelter available, Foxholas and field shelters can provide axcellent !
protestion against the effects of niualear weapons. Tanks and armored vehiales are normally
good shalteras.

The basements of masonry and 1light steel bulldings can provide signif'toantly more blant
and radiation protection than whesled vehiclas in moat contigurations. Thin i3 eapecially
true for field command, nontrol, and aommunioation (C3) installationa whioh typinally
cunalst of whaeled vehialas pluaced in concealed, wooded sites, Those inatallations are
partioularly vulnerable to blast ovarpressure and drag effects as well as trae blowdown and
Foraat firan.

Tn mors flunid battiaefield situations, at least one tactical (alternate or Jump) command
post. (CP) should be wsatabhlished in a protected or bullt-up area. As a minimum, a good
practice would ba to provide maximum shalter for all off-duty personncl and aritiaoal
rapl acement equipment,

Cover 18 alan of concern during troop movementz and convoy operations, Route
reconni fasanae should inalude lovating expedient shelters such as culverts, tunnels,
overpaasad, caves, and bullt-up arean; enroute stops ean ha scheduled near thesn wshelter
lnoations for roady aonass. ,

Deception. Frequent haellcopter traffic and radio transmiaslons are normally associated
with eritieal €3 lncations and troop conaentrittiona. Helipad and tranamitter locationa
and alreraft f1ieht patterns can be modified to dotract from the enemv's target
anquisition. Tn conjunction with the appropriate use of ohacuring umoke, changing radin and
helicopter traffic patterns can deaeive enemy observara and further rediaee the accnracy of
oenemy flraos.

RECOMMENDEN PROTECTIVE POSTURES IFOR PERSONNEL.

Individual Actions.

If a molear abtrike ta planned by friendly forcea, vou will be warned If the bural ocould
afrfact your looation. Thiy strike warning may allow you hours or only minutas to find tho ,
hest protection possible for yourgelf and vour equipment. So what are some of the notienn i
to aonalder for protacting yourselt on the nuelnear battlefinld?

-="Protect your eyes, DO NOT LOOK AT THE FIREBALL." The intense 1tghi Lhat la normally
aasoniated with a nuolear huprat can nlso temporarily blind or dazsla you., At timen, the
. 1ight may be vinihlo through tightly olosed ayallds nven with your bick turned Lo the
" burat, Covaring your eyes with Lhe palms of the hands prlor to the flaah fg the bogt move,
and rolling eyahalla apward to place the pupil hehind the aye sonkel asould help, Also
remova All typea of syeglanses to pravent subaoquent Injury from the hlast wave,




--"Minimize oxposed skin areas." As an individual, one of the simplest ways to protect
yourself boafora a nuclear attack i3 to keep exposed akin areas to a minimum. The chances of
your hacoming a thermal radiation oasualty depend on the amount and severity of the skin
area burned. For example, seoond or third degree burns over only 30 percent of the hody onan
aauge ineapacitation within 24 hours (25 percant incapacitation within ? hours). Your
miform will reduce by at least 50 percent the tharmal radiation on exposed skin., Gloves
Wwill protect hands. A scarf or hood can also be used effectively to cover and protect the
more vulnerable aroas of the head and the bagk of the neck., Light colored material ia
hettar than dark bescause [t absorbs less thermal radlation.

«="Protoct exposed gkin areas." Thermal radiation will burn exposed areas of the skin.
Your f'ace, neok and hands will be espeolally viulnerable. You can be burned so quickly (in a
gagond) by the thermal radiation of the bhurst that any attempt to cover the tace and hunda
ut the time of the burst will he too late. Therafore, immadlately prior to the announcad
time of detonation, you should aasume a position that protects the eyes and any exposad skin
areas of the face, arms, or hands. For oxample, drop face-down to the ground or as low aa
posaible In your covured poasition, shelter, or vehiole] put the palms of the hands over the
ayes to protect from flash blindneass; and keep the arms protected under your body.
Ohviously, try to keep your hat or helmet on,

-="Kaep olothas loosely fitted." Skin burng ocour more readily whare the alothing is in
direct acontact with or drawn tightly cover the skin, 3such as around the shoulders, elbaws,
waist, and ankles. Burns result from the conduction of heat from the hot fabria to the
akin. Shirt taills shonld be left out. Trousers should not he tuoksd into boots.

) --"Weaar headgear at all times." Your halmet {3 probably the most immediately available

i blaat and thermal proteation that you have. Headgear can shield your t'ace and eyes from
thermal burns and (to a lesser degree) flash blindness, proteot your head from debris or
impaot with s01ld objaectn, and provide some limited radiation proteotion for the head. The
impact protection {8 worthwhile inuside of sheltera and vehloles as well,

: --"Remove dark camouflage face paint." Darkly palnted areas oan abgorb mora thermal
onerzy and may ba burned more readily than bare askin. Appliacation of an effective sun
sarpen ald or cream over exposed skin areas may provide some additional protection.

) -~"Yenr ear pratectlon." Depending on the situatlon, ear plugs or head asets oould he
P Worn to proteat vou from eardrum rupture or hearing loss, Of course, this may not always be
practloal, and in most casas vovering one's ears after detecting the flash will be adequate.

Individual Cover,

el

S Aa atated before, digeing in, or taking cover bafore an attack providea the beat

protection from nuclear effecta. The amount of blast, thermal radiation, and both initial
and residual radiation protection aotually depends on the type of cover you choone. Figure i
3 1lluatrates the depree of protection for cover typlcoally available on the hattlefiald.
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’ HILLS ARE FAIR JPROTE(TlON WALLS ARE GOOD PROTECTION
40

; CULVERTS ARE EXCELLENT
/ PROTECTION ¥,

DEEP COVERED FOXHOLES ARE
EXCELLENT PROTECTION
”

FIGURE 3, FEXAMPLES OF EXPEDIENT COVER.




Digging In.

Nuolear radiation, not collapse of your fighting position (foxhole collapse), i3 the
predominant ocasualtv producing mechanism for personnel in foxholes, Thus, your primary
concern should be shielding yoursalf from this initial gamma and neutron radiation. Oamma
radiation protection requires thick layers of dense or heavy shielding material such nn
lead, {ron, or stona, On the othar hand, light, hydrogen-hbased material such aa water,
parafin, or oil provide good neutron radiation protectior. Absorption of neutrons in these
materials produces additional gamma radiation, and dense shielding must therefore be
provided to protect against this "aecondary" gammna radifation. As a general rule, the
thicker the layers of each type of ahielding material, the better the overall radiatton
proteation.

=="Barth is a good shielding matarial." A proporily constructed fighting position offery
excellent protection against both initinl and rasidual ~adiation. Examples of bastiao
fighting position types that provide good proteotlon are shown in flgure U,

o. PRONE POSITION

-

FIGURE U4, BASIC TYPES OF FIGHTING POSITTONS THAT PROVIDE G0OD PROTECTION.
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-~"Dig round foxholea." Foxhole walls can aollapse under the force of the hlast wave,
Rounded walls will hold up better than square or rectangular walls and are eaaier to dig,
Although Foxhole aollapae ecan cause casualties, pamma radiation is still the primary
concern.  Lising or revatting your foxhole with gheet maetal or wooden planks can
signifiecantly reduce foxhole collapsae, hut more importantly leta you bulld a foxhole with A
smaller opening which permits leas initial and reaidual radiation to enter. Remember that
many metnl surfaces are good thermal reflectors and must be covered to prevent increasing
the danger of burns.

--"The smaller the foxhole opening, the hetter." A majority of the gamma radiation in
the bottom of a faxholn i3 scattered jnto the foxhole thraugh the opening., The onc-man
foxhole, with its smaller opening, reduces the gnmma radiation 2 to 4 times bhelow the lnvela
In the two-man foxhole, Don't put the unit Llato ane-man foxholes jJjust for radiation
protection; but do make the smallest openings you can on all your foxholas.

--"A deep Tighting positlion/foxhole gives more radiation proteation than a shallow
one." Deeper fighting positions/foxholes place a greater thicknesa of shielding material or
earth between you and the nuclear detonation and therefore provide greater reduction of
initial radiation entering the hole. In a two-man fighting position, radiation is reduced
by a factor of two for each 16 inches of foxhole depth, Dig down U feet and get a factor of
six to eight protection.

--"Keep as low as possible." Lowering vour body in the fuxhole obvicusly puts more dirt
between you and the potential source of radiation. Curling up on your side or, better yet,
1lying on your back with knees drawn up to the chest i3 best (see figure %). Instinotively,
lying on your back may seem to be a vulnerable position, but remember that the limbs of the
hady are not as vulnerable to radiation as the head or trunk. Tuoked-up legs and arms even
tend to shield the body from radiation, especially from neutrons, since the body is largely
water and is therefore an excellent neutron shield. Bulky equipment such as packs or radios
can be stored in an adjacent pit {f they prevent getting as low as posaible in the foxhole.
Alternately, they can he placed over one's face and hands to provide additional radiation
and hlast protection.

TR

FIGURE 5. RECOMMENDED BODY POSITION IN A FOXHOLE,
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«<"You can be burned." Thermal radiation can raeach you in a foxhole by line-of-aight
exposure or by raeflaction off the sides. Dark and rough materiala such as wool and canvas
(blankets and shelter halven) can be used to cover potential reflecting surfaces and as
proteative cover for personnel and equipment. Remember that these materials may atill burn
and char as a rasult of the tharmal exposurs, and direct contact with personnel and
aquipment should be avoided. Do not use ponchos oar other rubber or plastin materials as
foxhole ocovers begause they might melt and cause burns. Simply covering a foxhole with
ordinary metal window saoreening material will block the thermal radiation by ahout %0
percent and could be used for thermal protecrtion without entirely bloeking the view, such awus
In viewing ports of ohsarvation posta., Reflected thermal radiation can also be reduced by
fnauring the walls of the foxhole are dark and rough to absorb and scatter the energy.
F4poged portions of the body should be coverad, and keeping low rediuces thermal exposure
Jusat as 1t reduces nuclear radiation exposure.

Overhead Cover.

An overhead coverling of earth or other material will reduce the amount of thermal and
initial nuelear radiation that reaches you, help prevent the entrance of fallout, and reduce
blast overpressure in the foxhole.

=="Maasive overhead cover i{s best." Tables T and TI show the radiation proteaction
provided by various layers of earth and sandbags. Beware of poorly constructed overhead
cover; it must be able to withstand the blust wave. The inareasad protection may not bhe
aufficient to warrant ocovering only for radiation protection purposes becnause of the
inoreased hazard from collapse by blast. Some examples of good fleld expedient overhead
cover are shown in figure 6. U-shaped plokets, landing mat sections, timbers, and certain
fabrios oan be overlain with sandbags or earth. Ammunition boxes filled with earth ocan also
be usad, The important faotors to remember in conatructing effective overhead cover are:

-=-Choose dense covering materials.,

--Cover in depth.

--Provide strong supports.

~-Cover as much of the opening as posusible.

A more detailed discusaion of field-expedient fortifications for protection from the
effects of nuolear weapons 1s contained in Waterways Experiment Station Techninal Report

N-TH-7, "Expedient Fleld Fortifications for Protection from the Effecta of Nuclear Weapons,"
Sep 74,
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FIGURE 6, EXAMPLES OF FIELD EXPEDIENT OVERHEAD COVER,




-="Vahiclas miake good exped!lant overhead cover," If you don't have a aoncrete 3lab or 4
chain saw handy to help conatruct aturdy overhead cover, a simple and fagt alternative is to
driva a vehicle over the top of your foxhole (nes fipgure 7)., A hauvy armored vehicla 1ia
batter than a whealed vehicle (of course heing inside an armored vehiele {a even hetter),

As with any type of overhead covar, initial radiation can stiill enter your foxhole through
the earth side:s or by line-of'-gight between the openings in the aldes of vehieclas (hetween
traads, road wheels, and tires) and the burat, Sandbaps can be usad to cover theae
openinga. Remember, the vehicrle g not a mood neutron shield, and hoth neutron and gamma
radiation protection can be enhanced conalderably hy placing wet aandbaga over the top of
the vehicle. Alno remember that the biaat wave may violently displace the vehicla and tend
to collapse a foxhole, Orienting the armored vehicle head- or rear-on to the expectad
direction of the burst will help reduen thin problam,

FTGURE 7. USING TRACKED VEHTCLES AS FXPEDTENT OVERHEAD COVER.
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Taking Shelter.

Well-constructed fighting positiona and bunkers provide excellent protection againat all
the effscts of a nueclear detonation. However, radlation i{s still the greatest asoncern
because of its great penetrating power,

--"The more earth cover, the better the shieldlng." It {a important that as muoch of the
earth ocover as possible be placed in betwsen you and the hurat because the greatest
percentage of radlation enters the foxhole {n direagt line~of-zight from the fireball, Table
T 1llustrates the value of Iinoreasing amounts of earth cover for shielding from a
hypothetioal free-in-air dose of 2400 rads. An open foxhole provides a protection factor of
alght because it blocks most of tha llng-ofe-saight radiation and passes only a fraaction aof
the scattered radintion to the bottom of the foxhole, FRach added 6-i{nch thickness of
overhead earth cover will reduce the scattered radiation by a faotor of two,

TABLE I, ‘'THE SHIELDING VALUES OF FARTH COVER FOR A HYPOTHETTCAL 2U00 RADS FREE-IN-AIR
DOSE.

Dapth of Earth Radiation Proteation Factor Rasultant Dose (Rads)
Man in open None 2400
Man in 4 foot deep open foxhole 8 300
with 0.5 ft of earth cover 12 200
"oo1,0 fr " 24 100
" 1.5 ft " u8 50
n 2.0 ft " 96 25

Although radiation ls scattered from all directions, most of it comaes from
direot line-of-sight to the fireball. Therefore, the flat earth cover of an
underground shelter (ses figure 8) provides muoh more protection than an
equivalent thiockness of cover on a similar aboveground struoture becaiuss the
ling=ofwaight thiokness is greater.

RS
\\“[,“;.sm“ 0
. Y B 600 et
ABOVEGROUND SHE! TER /
BETTER

BELOWGROUND SHELTER

FIGURE 8, SECTION VIEWS OF SHELTERS,

-="Add a soocond layer of sandbags." Fach layer of sandbaga, {f filled
with sand or ocompacted clay, will reduce the transmltted radiation by a faator
of two. The payoffs for adding layers of sandhags are shown in Table 1l for a
potential free-in-air dose of 2400 rads.
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TABLE T1, RADTATTON PROTECTION FACTORS OF SAND- AND CLAY-FILLED SANDBAGS,

Layors Radiation Protaation Faotor Rasultant Dose (Re
Man in opaen None 00
Man in l=foot-deap foxhola ] 300
with 1 (0"} 1nyar 16 10
"2 (A Nayers P (B
n { (1?") 1t 6“ -*R

=-="Sund or compactedt olay provides batter radiation shielding than earth because it is
more dnnse." Eaoh layer of sand- or olay=fillad sandbagsa oan provide up to A6 percent
bhuattar protaction from radiation than the same thiokness of 8011 (or soil«filled sandbags)
alone. For wxampls, Tabla T shows that 12 inches of earth glives a protaction factor of D4
(100 rada) while Table TT indloates that 12 inches (1 layera) of aand- or alay-filied
sandbags providey a radiation protection factor of 64 (138 pads). Aa n goeneral rule, heavion
sandbags will provide batter radintion protention than lighter ones, and oracks between
aandhnga should be navaided to prevent leakage of radintion into the shelter.

=="Neabron radiation oan be atopped.” Water will slow down and absorb neutrons, but
ainoe nome pamma radiation is given off in the prouvens, densn shielding is still requirad,
Damp earth or conoreta will proteot Crom bhoth forms of radiation. TFor example, only 17
inchus of aconaraete or 24 inohes of damp earth are requiraed to reduge neutron radiation
axposiure by a4 Caotor of 10, Wnt aandbagyn ean be utsed nsteaad to anhinve a fuotor of two
raduotlon for every l-inoh laysr used. Some othear expedinsnt neutron shielding materiala
innlude:  aontalnors of water, fual oil, paraffin, and even boxea of Bornxo rleaner.
Ramamber that radiatlion la scattered in all directions, and shielding must be deaipned for
nll-aronnd protextion,

~="Protuat your sandbaga." Sandbags exposed to thermal radiation will bmrn and spill
their ocontents, which can than be moved more easily hy tha hlaat wave, Covering nandbags
with a amall amount of earth and/or sod will eliminate thin prohlem, snhanae your
aamouflage, and provide valuabla additional aonventional fragmentation protention (see
flgure ),

l‘/l/uu u,ﬂ‘“u n. £y
Vlw/ uru \ fl:’ ~
f
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FIGURE 9, PROTECTING SANDBAGS WITH SOD AND EARTH COVER.

-<"Keap tha openings to your sheltaer small." A bhlast wave oan enter a sheltar and be
reflacted to inorease the interlor pressure to hazardous lavels., This preasure inorease
depends strongly on the ratio of the aize of the opening to the total volume of the shelter
as shown in figure 10.
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OVERPRESSURE MULYIPLICATION

FIQURE 10. OVERPHESSURE MULTTPLICATION PLOTTED AS A FUNCTION
OF OPENING/VOLUME RATTO.

Opening-to-volume rutios of less than 0,03/t will notually redune the internal
overpressure while larger ratios will amplify. Therefore, anssuming you have hiilt a 5 ft x
10 ft x 6 ft shelter, the door and windows should not exceed a total area of 9 ft (i.m,, ?
ft x 4.5 ft) to prevant pressure multiplication.

-="Protect yourself aven inside a shelter.," A blast wave oan enter your shelter with
great lorce carrying hot sand and burning debris that nan anune burns and translational and
missiling injuries. As in the cane for personnel in the open, lying face-down on the floor
of the shelter offers worthwhile protection. However, the violent flow of' air from a door
or window should ba avoided. Lying on the floor near a wall where the presasure wava may ba
inoreased due to refleotion still appeara aafer than standing away from the walls and heling
blown ahout and injured by the blast (see flgure 11). Where posaible, constructing bafflas
or turna in the entrance to shalters nan he effectiva in praventing overpreasure huildups

and the entry of dust and debris.
BLAST FLOW

ENTRY S\
______ 7 : .-_,_

e T

/4//% NI Q“ ' w“nh$§* <: W(\FQ;\

LobERSONNEL B ACEMLE B ZONE S Bk v ALaol)!
LEVEL Ok bt b CToh

+ FIGQURE 11, PROTECTION FROM RLAST FLOW INTOQ SHELTERS.
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Shelter in Buildings.

Certain types of buildings offer excellent shelter from the effects of nuclear
detonations and require a minimum of time and effort to adapt to your needs,

-~"Choose the buildings carefully." The strongest structures are heavily framed ateel
and reinforaoed aoncrete buildings, while the worst cholces are the shed-type industrial
buildings having light frames and long beam span. Kven well construoted frame houses are
stronger than the latter. Examples of some typical structures that will provide good
protection are shown in figure 12, Ammunition storage bunkers will also provide axceptional
protection and are generally large aenough to accommodate most vehiclna and equipment.

rerng
Iy .

A, REINFORCED--CONCRETVE STRUCTURE

b, REINFORCED MASONRY-BLOUK HOUSE

FIGURE 12, TYPICAL STRUCTURES THAT PROVIDE (0OD PROTECTION,
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~--"Europaan rural and urban structurss nan provide good proteetion." Many types of
pre-WWTT Kuropean bulldings such as farm housen, ohurahes, and muniaipal buildings wera
construotaed with thick, 1l apan floor and neiling banms; heavy roofing tiles; denso,
reinforaed walls; and in most cases a Mill basoment that will provide good hlast and
radiation proteation. Typioal European raral and urban strietures that ean provide auch
protection are shown in figure 13, Charactoriatios to look for inolude:

= Pro=WWIl deaign and construction,

= Full baseamenta constructed of concrete or atone, Make nure you oan exit
directly Lo the nutstde nn well as through the upper floars in case of omergenny,

~ Thiok-walled, masonry structures. Thirty-six centimetar wall thiokness (gpredater
than 1 foat) {8 an indication of good, pro-WWIT wall vonstrastion. In arona
(part! vii. "y southern Jermany) where oonatruetion detail ia typlaally aoncealead
by st inish, deairatle Interfor wall Featurns guch as diagonal supports and
blockwe., ™ c-an be daen when the wnll is wet,

- Bulldings with the leant amount of glass.  Furopean windows and doors typleally
are protactaed by rollup or folding shuttera which ean provide some sdditional
blaat and thermal proteation,

FIGURE 13, TYPTCAL FUROPEAN STRUCTURES THAT PROVIDE GooD PROTECTION,
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--"Select a shielded building." Buildings looated in the Interior of nludely arranged
groups (towns) will be shielded by exterior rows of houses. Blast overpressures and
structural damange are signifiocantly reduced for suoh shielded structures. Debr's and rubble
problems and fire hazards may inorease toward the center of tha town, and you should
ocongider assuming shelter two or three rows of' buildings from the adge of town to avoid
sarious hindrance to post-attaock maneuver.

«="0et below ground level." The haamement, because it {s below ground, will provide
inorensed blast protection and much more llne-of-ajght radiation protection due to thn
aurrounding aarth fill than the aboveground floors. Additional radiation protection can be
added by placing a layer of earth or sandbags on tha floor above you. This additional dead
welght will be signifiocant, and shoring up the floor should be considered. .arnately,
more protection ocan be gainad by sandbagging a samaller shelter in the basement (e.g., a
aturdy table) without increasing the possibility of the entire floor collapsing., Windows
oan be blocked by sandbags, and the radiation protsction and structural strength of any
aboveground exterior walls oan he enhanced by piling dirt and sandbags against the walls,
QJenerally speaking, you oan expeot radiation to be reduced by a factor of 10 in basements
comparad to levels in aboveground floors.

-~-"Poaition inside of the building oan make a differensce." On aboveground floors the
greatest protectiun from both initial and residuyal radiation ia achieved in the ocenter of
the building, whereaa helow ground the greatest protection 1a achieved in the asorhers of the
building. 1In elther case the dose to your body in a prone position would be about one-half
of the dose when standing. The lesaon here is to seek shelter in an underground structure
and lia in a ocorner or, if an underground shelter is not available, lis down in the center
of a ahelter under a aturdy table, unless signifiocant radiation shialding or structural
strength is mvailable at some other location (see figure 14) such as inside a fireplaoe,
under a stairway, or in a bathroom where the plumbing and relatively olose spacing of walls
might provide inoreased structural strength.

FIGURE 14, SEEKING SHELTER IN BUILDINGS.
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-="Bewars of windowa." People hehind windowa exposed to blast are sub jeot Lo aevore
injury from flying glass., Windows also allow the entry of blast winds and creata the
poysibility of your being blown about or burned by the blast windas and debris, Tdeally,
window opanings should ba blocked off with sandbags and any obgervation ports covered with
ordinary window screen to protect viewers from thermal radiation,

Shelter fn Tenta.

Obviously, a tent 138 not a preforred shelter against the erffects of nuclear weapons,
Pergonnel routinely conducting activities In tents, such as medical, maintenanco, and supply
personnel; will he particularly vulnerable,

--"A tent can provide proteotion.," A tent will initially provide good Lhacmal radiatfon
protection. The seoondary fire hdzard {8 sordious, and in most nasey yon cannot count on the
blaat wave to blow the smoldnring tent far enough away to prevent damape and injury fprom
subsequent fires (see figure 15),

FIQURE 15, SHELTER TN A TENT,

«="Boaf up your tent." 1f the situation requires that you vontinue to operate in a
tent, suoh as may be the came for some fteld hospital situations, some dogree of protection
oan be achieved by piling dirt and sandbags as far up the sides of the tent aas possible,
Lying on the floor la atill the safer profile for personnel and may be prefarable Cor
patioenta who st remain in hed,

--"Seoure loose equipment and glassware," Since your tent will offer eascntially no
resistance to tha hiast winds, all loo0se pleces of equipment such an amall instruments,
ohairs, alipboards, and bottles, will be propelled by the blast and can cause sarious
traumatio Injurioa.

-~-"Boware of tentpole breakage." You oan be serioualy Injured by the tentpole hreaking
and splintering., vi1ling sandbaga around the centerpole will provide some additional support
und may help insure enough olearance to the ground to allow you to evacuate the amoldering
tent after the initial flash,

RECOMMENDED PROTECTIVE POSTURBS FOR PERSONNEL IN VYEHICLES

Armored Vehioles.

Tn most situations tanka will provide the bast vehiaular protection avallahle, and
lightly armored vehinlea such as the armored personnel carrier, self propelled artillery,
and some heavy engineer equipment, also give pood protection. If warned heforehand that a
nuolear attack in expected, some of thae things that can bas done to improve thia protection
are:
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--"0at aw low as possiblas inside an armored vehicle," Aasuming a position in the hottom
of an armorad vehiole can reduce by as much a3 a factor of four the radiation oxposure
expacted for elovated arew pouitiony normally in a tank turret, t.e., tank commander,
punnar, and 1oader,

-="Keaop a1l hatohes shut." Ohviously an open hatoh will expose the arew ummecossarily
to tha effectn of tho explosion and could subsequently allow the ontry of fallout particles
and scattered gammn radiation. Any olher opanings such as the main gun breeeh should alan
be nloaad,

=="Protact youraelf while {natde an armored vehiele,”  Personnel inatde an armored
voehicle will be violently thrown about. when the blast wave hita,  Wearfog ¢VE helmetn and
ytuel poty with ohin atraps daoured will help prevent head injuriey., The need to wear gaat
balta and shouldar straps when availabla goes withoul saving.

-="Sacure all loowe oquipment inslde the vehlala," Tf not secured, 1oose ltems of
squipment insntde tho vehiola, sueh ag tools, riflen, and helinaots ean also be thrown about by
the foraee of the blaal and ceause you injury or death,

-="Mp in arnored vehicles," Digging In yourr armored vehiolea (humll defilade) or
plaoing them in trenchen or cuta in roadwayvs provides some 1imited line-of-sight radianion
protmtion and considerable blaast proteation. A hull-down tighting poattion or trenoh
aovering ovar half of the aldea o the vehiale ecan reduae the pamma radiation by as muoh aa
n factor of two (sen fpure 1R)Y,

FIGURE 16, PROTECTION OF ARMORED VEHTCLES,
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=-"Usge snndbags as radiation shielding." A single laver of sandbags can provide
valuable ovarhead gamma shielding if placed on top of a tank turret or armored vehinle
hull, Remember, each layer of sandbags will reduce the gamma radiation by a fastor of two,
Watting the sandbags will enhance neitron radiatlon shielding and protect the sandbags rom
tharmal damage,

--"Orient your tank rear-on to the area of antlicipated blast." Although hlaat damage i3
pganerally least for head-on orientations, the rear-on orientation appnars preferable hecause
it nlaces the mass of the vehlcla's engine between the potential radiation source nnd the
craw. This reoar-on orientation can reduce potentlal radiation exposura to half that of a
head-on or side-on exposura, At distances bavond the median lathal doue to the crew in a
rear-on orfantaition, the tank 1a not expented to be damaped afgnificantly.

Whealed Vehioles,

Generally, wheeled vehloles not only provide littla or no protection from the effects of
nial ear explosions, but are partioularly vulnerable to vehiclo overturn and thaerefore rxpose
drriver and passengers to inoruased risk,

=--"Avold the use of wheeled vehioles." Table TIT {liustrates that for a nominal 10KT
flasion weapon the peroent of onsualties for blast effectyn {8 dramatiocally graater for
parsonnel in wheelod vehialas than for porsonnel in the open whila tho paroent of casusltiagn
oxpested f'rom radiation 1s the same For both,

TADLE TI1, COMPARISON OF PKRCENTAGE CASUALTIES TO PERSONNEL TN THE OPEN VERSUS
IN WHEELED VEHICLES DUE TO RLAST FROM A_10KT FISSTON WEAPON

Ranpge (Matars) 700 300 MO0 700 ADO 90O 1000 100
Tn Open (%) 100 80 M 11 ] 5 4 0
In Wheelad Vehiole (%) 100 100 100 80 67 K] 1

--"Proteat yourself inalde the vahiole.," Tf mtasion easential activitioy
auch aa nommunications, command, and control (¢ must ha accomplished in a
whesled vehlole, wearing of helmets and steal pots with chin strapsa necurad
will help prevent head injuries if the vehiolas i3 overturned,

~-="3goure all looss equipment inslde the vehiale." loose or inadequately
secured equipment such as weapons, radios, deusks, file oabinets, flald safes,
racks, and generators can tip over or alide acroas a »an floor and cauase
sarious injuries. Tiedowna, blocking, and bracing will help, but remembor
that suoh items can also be thrown to the ceiling as wnll as along thn floor
if the vehlele is turned over,

=="Prapare altarnate sheltars." Adequate flold shelters should be planned
and prepared ifmmediately adjacent to factlitlag requiring personnm to
vontinue oparations In wheelad vehiolaa,

w="Park tha vehiolo Inslde a ghelter," Some protection of peraonnel in

whonled vahiolas ann ba nocompllished by pavking {nalde, or under, exiating or
hatural structaran such as ammmition bunkers, underpnases, tunnely, and caves,

RECOMMENDED PROTECTIVE POSTURES FOR FQUTPMENT

Your equipment {s vulnorable to the same baalc naolear effects that you are.
Howevar, ale blaat will normally Aominate by overturning or cruahing
aquipmant. Thermal radiation can ocnuase fire damage, and initlal radiatlon oan
aoause transient radiation aff'ecta on electronina (TRFE). In general, the anme
proocodures you would conalder essentlal to adequately proteot yoursalf will he
neoded to protect your equipment and in many cases will provide valuahle addad
aonvantional blaat and fragmentation protectinn,
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Cover and Concealment,

=="Dig tn," As in the caae of individual protection, properly conatructed faxholes nr
underground ahelters will offer exnellent protection for equipmant. However, a maparate
hole for equipment 13 preferabls, Tndividual equipment stowed In vour foxhole may hinder
you in getting as deep as poasible or require diging a larger hole thus expoaing you to 4
qreater potential initial and residual radiation hazard. Packs, rations, and tenta (not
your helmet or other items that aan be used for additional protection) should be stowed
separately in a nearby shallow hole and covered with a protective layer of earth or sandhags
to glve adequate shielding.

--"Secure all loose equipment." 1In addition to separate burial of individual equipment,
A1l loose unit equipment should also be secured. Burial and pilt stowage are options that
will not only enhance survivability but reduce the chance of equipment being thrown by a
blast wave and causing you personal injury. Equipment may also be expediently stowed in
tanks, lightly armored vehicles, and field shelters. Houaver, remember to securely
immobilize the equipment to prevent subsequent injury to the vehicle's passengers, crew, or
other occupants. Explosives and flammables should be dispersed within the unit area and
covered with at least 4 inches of earth or one layer of sandbags (covered with earth) to
preclude ignition by thermal radiation and impact by rocks and debris.

--"Even underwater storage makes sense.” Storing equipment and supplies underwater will
provide excellent protection from all nuclear effects. Smaller items could be stored in
sealed plastic bags or waterproof containers, and larzer items such as bulk POL storage
drums and bladders can be floated on a river or lake or weighted and sunk below the surface.

--"Seek shelter." For larger pleces of equipment and vehlicles tunnels, caves, and storm
drains provide good shelter. Culverts and ditches alsn provide some protection. Again, the
lowest floor or basement of a reinforced concrete or steel-framed huilding will offer good
protection. Remember that evhaust fumes can build up tc lethal levels if equipment such as
generators or filter blower systems are operated in enclosed, unventilated areas.

--"Anchor and/or tie down when possible." When adequate shelter is not available,
anchors, tiedowns and outriggers can be used singly or together to help prevent equipment
turnover or translation (see figure 17a). Some specific examples of anchors and tiedowns
and expedient holdfasts and deadmen that can be readily emplaced in the field are shown in
figure 17b and 17c respectively. The holding ability of an anchor, tiedown, or holdfast is
determined by the type and size of the anchor and the soil conditions such as moisture
content. FM 11-486-5 contains guidance for selection and emplacement of standard,
requisition-from-stock anchors and tiedowns while FM 5-34 addresses emplacement of field
expedient deadmen and holdfasts.
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FIGURE 17a. ANCHORS, TIEDOWNS, AND OUTRIGGERS.
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TYPIGAL INSTALLATION OF PLANK ANCHOR
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FIGURE 17b, STANDARD ANCHORS.
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FLQURE 17¢, EXPEDIENT DEADMEN AND HOLDFASTS.
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' Tanks and_Armored Vehioles.

=="Rear-on or head-on to the blaat ia hent." From a hlast-only environment., the most
survivable configuration for a tank or armored vehicle is head-on to the blast. Damage i3
Renerally leaat "~r the head-on orientation, while side-on, and sometimesa rear-on velijcles
are overturned and damaged at distancesiwhere hnad-on vehiclas are not aignificantly
affected. From the atandpoint of total ayatems survivablility, a rear-on orientation to the
blast appears preferable becauae radiation shielding by the engine results in about half as
much Ramma exposure to the crew as does a side-on or head-on exposure,

-=-"Aasume positions at the bottom of hills," Ay shown in figure 1B, the peak pressure
and overpressure impulse caused by a nuclear blast woeve increase signifiecantly as the blast
wave t=avels up an increasingly steep slope, while peak pressures and impulse on the reverse
or leeward side of the hill are significantly less than what would be expected over level
terrain. The greatest decrease in airhlast pressure occurs part way up the reverse slope.
This augrests that the best shielded position is over the brow of a hill and part way down
the slope. Of course, this would be the worst position if a burst occurred on the same side
of the hill. Assuming a position at the bottom of a hill will ohbtain some benefit-of -
shielding from a burst on the other side but will not result in exposure to ingreased  ©
pressures should the burat occur on your side of the hill.

DIRECTION
0F
BLAST WAVE

FIGURE 18, BLAST WAVE INTERACTION WITH HILLS.

--"Cover exterior optical sighting equipment." 6lass surfaces on armored vehicles such
as optieal afghting devicas and searchlights can be sandblasted and sooted at diastaneces
dhere blast damage {9 otherwise Inaignifleant. This damage can occur even when the devices
ara pointed away from the blast. Ordinary metal window screen, if attached. securely to the
hull, ~an provide some blaat and thermal protection while still Allowing Jlimited
obaervation. Noncritical nicht vision devices ahonld he turned off, and all other piaas
surfares covered or taped.



=="Cover the gun muzeles and rotate the turrat away from the blaat." Considerable
amonnts of aand and debris can be bhlown into the gun bare {f naot coverad and/or rotatod away
from the blast, This matarial will have to be romoverd fprom the barrel before firing and the
firing mechanism may have to be oleaned.

~="Romove or secure cquipment rom the extarior of the vehicle." Of partianlar concern
arn vombuatible or explosive {tems suaah as fual cans, smoke grenades, and aanvas whioh may
be damaged and/or ignited by blaat and thermal effects. Whero possibla, eritical asignal and
afphting equipment should be removed and seoured inaide the vehicle. Radlo antennas should
be removad or ancurely tied down when the radioas are not necded,

Whaeled Vehicles.

Blast damage to wheeled vehinles {3 one of the predominant effects you aan expect from a
nielear burst, The majority of the damage will ba the direct result of vehiole turnover.
Any personnal or equipment in or near a wheelad vehiole during & hlaat will therefore be
subject to injury or damame, raspectively.

~="Place vehinles head-on to the blast." As you might expect, wheeled vehioles are also
more viilnerable in a atde-on orientation than face=on or rear-on.

--"Place two or more vehiclay side-by-side." As shown in figure 19, two or more
vehleles ean be sacurely attached side-by-side by conneotlng turnhuckles between the top r
tiedown rings of each var or vehicle. This adds to the effective wheel base of the vehinrles
and allows the suspensions of the vehicles to work in unison to cushion the impulse of the
blaast wave and reslat overturn. Parking the cab of every other vehiole in opposite
directiony will also add to Lhe effective bumper-to-bumper length and further resist 1
averturn f'rom a head-on or rear-on blast wave. '

TURNBUCKLES

FIGURE 19. MULTIPLE WHEFRLED VEHICLE ASSEMBLIES.

-~"Fquip vehiclas with roll-over safety bars." 1In addition to protecting strapped-in
parsonnel, roll-over safety bars can etffectively minimize dumage to seats, steering wheels,
ato,, thus deareasing the maintenance time required to reatore the vehlale to combat une,
Although addition of roll bhars may Inorease the height of the vehinla profila, ocommanders
should conalder such wartime modification to enhance the overall survivabi.lty of whealed
vehicles,

-="Leave brakes and transmiasions disengaged." Damage to vehicles faring a blaat will
be less if vou leave the brakes and the transmission dinengaged to allow vehlcle movement.
This 13 generally true of tanks and armored and wheelad vehicles to include self propellad
howitzers, Diaplacement of vehicles free to move is not expected to v~ ‘argas (saveral feet)
compared to diaplacements of vehiales not free to move.

--"Remove doors, hoods, and trunk 1lids." Large shaeat metal panals genarally buokle or

break away under hlaat press res, Removing these panels prevents damage and relisves
loading on adjacent areas.
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--"Remove, aover, or tape glass." Obviously, windows, mirrors, head and tail lights,

and instrument panel glass will shatter and become potential missile hazards. Removing or
rolling down windows will help i€ the doora are not removed. Large sectlons of glaay that
cannot be removed can be taped (edges and diagonala) to reduce fragmentation. Head and

tail lights and some instrument panels may also require taping (see figure ?0). Clear or
transpa,ant tape can be used on inatrument dinls and indicators,

WINDOWS
ROLLED

MIRROR
REMOVED

| FIOQURE 20, PROTECTING VEHICLE OLASS.

| ~-="Protect aritiocal areas of the vehicle." The fual tank, radlator, and battery are

I partioularly vulnerable to missile damage that oan make the vehlole ilnoperable. Shielding

. those components with ordinary maetal window soreen and aturdy wire mesh matarial will
provide good protection from miassiliing and sandblaating and also reduce the amount of

‘ thermal radiation reoceived,

-="Anchor and/or tie down your vehicle and cargo." Wheeled vehiclea and any anrgo or
sheltera can be severely damaged if overturned by a blast wave. Anahors, tiedowna, and
outriggers have heen shown to nearly double the overpreasure required to overturn wheeled
vehinoles., Il the tiedown is secured to the top of the cargo or vehlcle only, the hlaat wave
may separate the vehicle frame from the bed. Tdeally, the ovargo or shelter tiedowns or
straps should be passed completely around the vehicle frama and carga, if any, and bath the
cargo and frame should be anahored to the ground. 1In general, removing cargo will anhance
vehiole survivability.

FIGURE 21. ANCHOR AND TIE DOWN VERICLE AND CARGO.

~="Cushion and shock-seocure sensitive equipment." Particularly shook sensitive pieces
of' equipment such as glasaware, slectronios, and optios can be further lsolated from the
shook by padding the items inaide of packing crates, carrying caaes, and atorage racks.
Some expedient padding materials include: loose dirt, styrofoam packing, air mattresses,
inner tubes, and rolled blankets. Where poasible, 2 to 4 inches of space should ha laft
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hatween van/sheltar walla and squipmant. and equipment racks to protent apainst the shook
producad by the rapld inward movement of the wall that aan dislodge and damage equipment.
Whare provided, lateches, catohes, and panels securing equipment to mounting braokets and
raaks shonld bhe lookad shutb,

-="Ppotect vehiecles {n 8lot trenohes." Slot trenohan or natural depressiona in the
ground will provide valuable proteation againat blaagt, thermal, and radliation aflfacts. The
{mportant ohjective {8 to lowsr the vehicle aanter of gravity down to or below the surface
of the pground to raduce (s sudaeptiblility to turnover. Tha stdag of the tranoh will also
help to protuct the tires and fuel tank from ignition hy the thermal pulse and f'rom damapo
by miaallea (sen Teure P2V,

FLOURE »°.  PROTECTION OF VEHICLES [N SLOT TRENGCHES,

-="0 not, parli vehloles on asphalt." Asphalt surfaces may catch fire and burn ds a
remilt of the thermal pulse. Vehloles parked on an asphalt roadway or motor pool hard stand
will ba subjeat to flre damage. The tirea and electrical and fuel syatema appear most
vitlnerable to seaondary fire damagae.

=="Paint vehlole fuel tanks and tires with the lightest color of a camoufiaga pattarn,"
Lighter ocolarad or painted surfaces will ahsorb relatively luass thermal radiation from a
nualear burat. The more vulnerable ignition points on a vahicle, such as the fuel tank and
yoms tires, oan be painted primarily with the lighter aolor of a multicolor camouflage paint
pattern to reduce thermal effecta.

~="Conglidar removing vehiele aanvas and seats.”" Vehiele canvas and seat apholatary can
he readily ignited hy a thermal pulse and burn the oargo and vehicle. As in the case of
tent canvaa, the blaab wave cannot be depended on to blow away the canvas or blow out the
fira. Removing vehiecle canvags and seata will reduce the poaainility of a asecondary vehinle
fire. Howaver, canvas may ha ‘aft on vahicles to provide initial thermal protection for
passengers or thaermally aensitive cargo.

Aireraft (Airborne).

~-"Gain diatance." Given adequate warning of a pending nuclear attack, hoth fixed and
rotary wing airaraft should turn away from the antloipatad directlon of the burat and flv
away as faat as poasibla to beyond the announced Minimum Safae Distanca (MSD). Initial
nuel ear and thermal radiation deorease at least with the square of the distancs; for
uxample, doubling your distance from the detanation, say from 1000 to 2000 meters, reduces
the effest hy n factor of four or mors.

-~"Remove doors and open windows." Aa the blnat wave anvelopen an airaraft, a temporary
praessura differance is rapidly huilt up between the alroraft {nterior and {ts axterior which
tanda to arush surfaces inward. Afroraft plexipglass windows are partiecularly vulnerable to
aven the lowest of theas ovearpressured, and doors oan ba buckled and bacome inoperabla,
Romoving the doors and opaning windows will halp to equalize the preasaure differenca botween
the inaide and outside of the aoraft and avoid the possibility of belng unable to exit the
alroraft raadily {f nenpnasary.




, -="Fly with sun visors down." Due to the intense brightneas of the flash associated
with a nuclear explosion, a temporary lnas of vision may be encountered. Flash blindness is
primarily a hazard at nighttime and should be of concern to pilots because of the
probability of an aircraft crash {f the pilot is temporarily blinded or incapacitated. At
nighttime, inoreasing cockpit illumination in the event of a flash will compensate for
goneral loss of night vision. However, ailreraft flying nap-of-the-earth (NOE) flight levels
in daytime will be particularly vulnerable to orash. Flying with at least one of the pilots
“with his sun visor down or one aye acoversd (an eye patoh) will help provide for positive
control of the airoraft in the event of a blast,

-<"Tape window glasa." Aircoraft plexiglass windows will shatter creating fragments at
low blast overpressures (1.5 psi) where no other significant damage will be expected.
Taping the edges and centers of windows will serve to reduce the extent of fragmentation and
the nuisance these fragments may cause to cockpit operations.

Alrcraft (On the Ground).

--"Place aircraft in revetments.” Although revetments provide little significant
protection against blast overpressure and may in some cases magnify the blast effect,
revetments and barricades will protect the aircraft from damage by dynamic winds and the
impact of rocks, sand, and other aircraft or aircraft debris (see figure 23). The tactical
situation may also require revetting for protection from conventional weapon blast and
fragmentation damage. i

FIGURE 23. AIRCRAFT PROTECTED IN REVETMENTS.

-="Tie down aircraft." Tiedowns can also be effective in reducing blast damage due to
translation or tumbling of the aircraft. Generally, tiedowns do not seem to produce
excessive stress on tiedown points.

-="Cover exposed areas of the cockpit." Care must be taken to insure that in leaving
doors and windows open to mitigate damaging overpressure effects, such openings do not
expose compartment interiors to damaging thermal radiation. As a matter .of routine,
cockpits should be covered to protect interiors from thermal radiation. Covers will
simultaneously provide valuable camouflage protection.

Communications and Electronic Equipment.

Tactical communicatlona systems and components will be vulnerable to nuclear blast and
thermal effects, as are other tactical systems. Further, the routine transportation,
storage, and operation of communication equipment in or on wheeled vehicles sugpests that
mitigation techniques valid for wheeled vehicles are applicable to most mohile
- ymmunications systems. 1In addition, such equipment requires EMP protection.
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a. Rlast and Thermal Mitigation Techniques.

-="Cover wiras and cables." Surface and overhead cables and wires are susceptible to
blaat and thermal damage. Covering (not burial) with even 1 inch of earth will . o
algnificantly reduce the combined blast and thermal damage and insure sur~vival of field wire
anh cables at distances from the burst where wheeled vehicle mounted terminal equipment will
be moderately damaged.

-="Turn radar disks and horn antennas away from the blast." As might he expected, radar
disks and horn antennas are more seriously damaged/deformed if set facing the blast wave.
Radomes or antennas oriented side- or rear-on to the blast wave should not be damaged at the

same hlast overpressures where the face-on equipment orientation will be seriously damaged.

--"Leave covers and wrapping on wire and cable reels." Exposed w;re on reels can be
sevarely damaged by direct thermal radiation while wire on reels wrapped, even in paper,
will suffer negligihle thermal damage despite hurning of the paper.

--"Protect gernerators and other support equipment." Don't forget that generators are
essential to the operation of most communications systems and must be provided an equivalent
level of protection. Digging in below ground level or revetting will normally provide
adequate hlast and fragment protection. (It will also muffle their sound and aid in
avoiding detection.) The hole should be at least one and one half times larger than
necessary to accommodate the generator to provide adequate ventilation and avoid burning up
the generator motor. The fuel tank should also be placed in a separate hole to help prevent
damage to the generator it the fuel is ignited (see figure 24),

FIGURE 24. DIGGING IN GENERATORS.

b. EMP Mitigation Techniques.

Mission essential tactical radios will continue to be operated before, during, and after
a nuclear attack. Most tactical communications systems will be subjected to some degree of
risk from either the long range EMP effects of a high altitude nuclear burst or the shorter
range EMP from a low air burst. Some EMP-induced communications equipment failures can be
expected at troop safety ranges for "warned, exposed" soldiers; a lesser degree of risk can
be anticipated beyond safety distances for "unwarned, exposed" troops, depending on the type
of equipment. Remoting radios adds length of cable which can result in collection of
additional FMP energy. Response of specific operating systems is discussed in Appendix D,
F4 101-31-2 (SECRED RESTRICTED DATA), and information on available EMP-related produnt
improvementr can be obtained from this agency, ATTN: MONA-WE.

--"If the mission permits, you should as a general rule remove exterior conductors." As
shown in figure 25, EMP can couple with external metal conductors even if they are covered
with insulation. Examples of potential EMP conductors include: (1) All types of radio
antennas; (2) any wire or cable connections to include handset, external speaker and headset
cahles, power cables, computer interface connectors, rechargers, telephone lines, field
wire, and extension cords; and (3) other metal conductors such as pipes, dicts, and fences.
When use is not essential, such conductors should be disconnected or removed to prevent
EMP-induced currents from being transmitted into the piece of equipment and damaging
critiecal cnmponents (burnout) or upsetting the equipment by blowing fuzes, tripping circuit
breakera, and garbling computer memories.
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NUCLEAR BURST

ENERGY @ ) ) ANTE:::ER

COMMUNICATIONS CABLES VENT
POWER LEADS

© EMP PENETRATION POINTS

FIGURE 25, EMP COUPLING POINTS.

~="llge ultra high frequenacy (UHF) and super high frequenay (SHF) communioations
equipment in preference to VHF equipment when possible," Communiocations aquipment operating
at UHF and SHF (725 MHz and higher) 1s leas sensitive to FMP damage than VHF and HF (2 to
225 MHz) equipment.

=="Avoid the use of broadhand radios." Radios operating at frequencies below UHF are
partioularly sensitive to EMP. Broadband radios will receive greater voltages and ocurrenta
from FMP than will narrowband radios.

-="Shut down and protect unneeded and redundant radio systems.," To provide "high
assuranae" that unit taotloal fleld communiocations will survive EMP, any nonossential and
redundant. radlo systems and equipment should he shut down and proteated from tha EMP,

~="When posaible, use antennas that have small radiating alements." The smgller the
radiating elements, the laeszs EMP energy will be pluked up and consequently the leas is the
susceptibility of the asscciated equipment to EMP, Wide-angle doublet or omnidirectional
antennas such as the RC-29? should he avoided. Long wire fleld expedient or
AT-984-diractional antennas are good nollactors of EMP energy.

--"Keep vable and wire runs as short as possible." The longer the run, the greatar the
EMP energy that will be aollectad by the cahle and transmitted into the equipment to which
it is attached.

--"Keep cable runs as straight as possible ~ AVOID LOOPS." Loops or bends in cablesa
represent potential unintentional loop antennas that will pickup wmore EMP energy than
straight runs. This 1s espaclally important for shorter, intrasite cable runs and is true
even for ground oables,

--"Keep oables and wires on the ground where practiocal to do so." Elavating cables and
wiras may inorease the EMP-generated voltages and ourrents. (Burying oables and wires a few
inches or aven a foot does not provide a significant added degree of EMP proteation.)

--"Jge shielded twisted pair cables where optlons in use of opable exist." Twisted pair
cahlaes piokup significantly less EMP energy than do coaxial or unshielded ocahles, However,
such reductions with shielded twisted pair oable can be obtained only if the cable and
shields are properly connected and terminated at both ends.

--"Shielding i: effective for EMP." FElactrioal and electronic equipment can be

proteastad from the effacts of EMP if placed in a totaly enolosed elaoctric shield. Ideally,
this shield should be made out of metal (ateel or aluminum); for most tactionl radios the
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fully closed maetal oase will provide adaguate protection if all external oconductors havae
been removed, Matal ammunition cans and propellant charge cans make excallent storage
containers for smaller electronic items such as handheld caloulators and radio components,
Items oan be effectivaely protected by placement in armored vehioles, vana, and underground
shelters, Wrapping in metal foil will also provide a lesser degree of protection for
smaller {tems that do not have their own metal oase such as cirouit boards and slectrical
nomponients. Burial 14 not recommended since items would have to be placed under at least 10
feet of earth to bhe adequately protected.

--"An affeotive EMP shield requires thiit all openings be closed with maztal covers." FEMP
may enter a ahield through any opening. Mectul vans and shelters provide excellent
all-around shielding as long as doors, windows, vents, and cable aoccess ports are kept
closed, Command posts oconsisting of' a number of adjacent wheeled vehicles and tents should
avoid "platform" configurations where side or rear doors are permanently left open solely
for convenient passage from one vehiole to another.

--"Maintain your EMP shields and shelters." If for some reason the equipment is not
neadaed for a period of time, disconnect the external oables (power, information, and
antenna) and button up the unit. 1In this configuration, vulnerability haa been reduced or
eliminated. At all times, whether operational or nonoperational, keep all doors and asccess
panels closed. The integrity of shields/shelters and therefore shielding effectiveness can
and does detariorate with time and usage., 1If it is maintained, a significant level of
protection can bhe ohtained. The types of maintennnce required are:

1. Where gasketing and finger stoock are used around doors, vents, eio., maintain clean
metal oontact and, if possible, replace the gasketing and fingar atook if it becomes
damaged, locose, or makas poor contant,

~d

» Check and repair, if necessary, the oconnection of cable shields at aonnectors. Good
oonnectiona are mandatory.

3. Insure that any new ocables brought into the snclosure havu the vable shields
terminated at the entrance to the aenolosurs, The terminaticrh should provide good
peripheral oconnection to an elactrically bYonded entry panal.

4., Keep all access panels and othar apertures olosed except when thay must be removed
for malntenanoe.

5. Eliminate or minimize cable loops whenever possibla and keep cable runs aas short as
posaihle.

6. Maintain power systems filters, Cheok periodioally for propeir inatallation and
repalr or replase if necessary.

7. Cheak and repair any holes in the skin of protective shelters or vans,

-«"Cahle entry pansln should be ovlectrioally bonded to the metallic shelter/shield,"
This oan be achiaved through approprate electreciagnetic gasketing. This alsao should he
maintained and ohecked for corroalon and bolt torque.

-~"Kaep axterior grounds short snd of low impedance." Exterior grounds can be a soures
of currant ¢ollaction and therebv inornase EMP pickup. Exterior grounds should therefors he
as short as poseible and be designed to be of low impedance (a gnod conductor), Usae the
maximum diamater of cable permiaaible; stranded cable provides batter (lower) impedance than
s0lld oabla, and straps are even better,

--Establish good exterior grounds when possible." Good exterlor grounds can lessen
system vulnerahility to EMP, Good grounding proceduren are also of primary concern for
aystem operations and safety.

--"Use a common ground for squipment." A common ground avoids creating i{nadvertent
ground-loop antennas between van Interconnections, individual grounds, and the earth,
Several of the acoepted grounding conflgurationys are shown {n figure 26a. Since the
clansinal "Star" or "Crow's Foot" is not practiocal in large fanilities or fleld camplexns,
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it can be replaced by a "Tree" system as shown in figure 26b, The "Tree" ay:tem i3 a
oombination of shlelded areas (rooms or shelters), each utilizing a olasaloal "Star" syatem
ground, for signal reference and local hazard, with the looal shialds grounded to the main
structure ground, These zone grounds are for safety grounds only, and signal grounds are
isolated by the area shield conneoctions. These grounds may be obtained by ground buses or
by grounding directly to the conduoting struoture deapending on the faoility geometry.
Signal oonnections between areas must utilize wired returns and not provide additional
ground paths between area shields.: i

rmla
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b. "Tpee" SYSTEMS,
FIGURE 26, GROUNDING CONFIGURATIONS,

=="Tnsupe all antenna guy linesa nre properly inaulated.," 1If not properly insulated,
antenna guv lines will golleot additional ocurrant that will be directed through the antenna
to the radio equipment.

-="Avold the usa of ocommercial sources of power." Commerolal power aystems and long
haul power grids are more susoceptible to EMP damage than mobile power generatora becausa ths
longar runs of ovarhend comuercial power lines will aolleat largar EMP ourrents,

-~"Keep a supply of oritioal spares.! 1If possible, kesp a supply of critical spare
olentronio acmponents and small alectronic items (such as fuzes and clrouit boards) to
quiokly replace and/or repair EMP-damaged equipment., In most cases, replacing the whole
unit oan only be aocomplished once; this procedure is not a viable alternative to good
operational and maintenance protection measures.

Computers and Data Processlng Equipment.,

Blast and thermal radiation may damage ocomputera that are also potentially vulnerable to
hoth EMP and TREE, The EMP unergy 13 pioked up by the internal components of the computer
and oan ocduse vystem upaet, permanent or temporary loss of memory, or damage. FExposure to
relatively low lavels of nuolear radiation can alao permanently damage solid state
somponents.

--"Store duplinate data tapes at two smeparate locations." Redundant diak, drum, or tape
storage further protaots critioal data from loss not only to nuclear blast affects but also
to conventional attack., Data oan then ha "bused" or copied directly after the attaok.

«--"Store aritical information and programs on drumms, disks, or tapes." Most digital
memory gsyatems are potentially susneptible to menory upset and erasure of the core
memories. Drum, disk, and tape symtems on the othar hand are relativaly hard to radlation,
An EMP can then arase only a amall fraction of the recorded information immediately under
the reaording heads.

-="Reload your programs." Beoause of {he potential vulnirability of ocore memorias to
TREE~1nduced systems upset, both programs and dathn inputs shuuld be relnaded after a nuoclear
attaok,

=~"Shiald handheld caloulators and conatant read only memories (CROMs) from FMP."
Handheld naloulators and CROMa should be used in vans and shelters when possible and further

protected in ammunition cans and metal foil when not in use, Replacemant caloulators and
CROMa should be maintaired and protected as indicated above.
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Bridges.

-="Construst bridges with extra wide (up to 1 meter wide on eanh aide) piera and
abutmanta." Prefahrisated bridging sections can be blown or alid off their plors at
distancea from the blast whera the saations are essentially undamaged from other ef'fects.
Extra wida plors will accommodate additional displacement of the sentions,
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FIGQURE 27. PROTECTING BRIDGES,

=-="Anchor truas bridges." 1Tn some onses the hlast wave oan have a significant upward
component which ocan 1ift the upwind aside uf a bridge causing the entire bridpe to act as an
alrfoll and to become airhorne. The intrinsio weight of many bridges will not prevent
1irting and displacement. Anchoring truss oridpges to piers is not desirable because these
bridges need to skid to reliave airblast stresses. Earth anchors uaing cables that "giva"
under a certaln tenalon to prevent excessive displacemant and stressing of the bridge are
recommended .

Petroleum, Oil, and lubrication (POL) Supply Equipment.

Obviously, fire is the primary threat to bulk POl. storage and handling installations and
equipment, However, the thermal pulse is not the main cause of suych POL fires., Most of the
irradiance is ocomplete before the blast wave oan rupture or damage POL ocontalners and cause
leakage. The moat likely cause for POI, fires is contaat of the fuel with the ground surface
or debris that has been heated and left mmoldaring hy the thermal pulse,

~-~"Keap POL containers low." The most effective means of proteoting fuel storage
nontalners 1s to place them in a trench or pit just below the surface of the ground.
Exposure to excessive translation forces and the misailes and debris that ocan rupture the
oontainers 1is reduced, as is the initial exposure to the thermal pulse. More importantly,
leakage of the total volume of POL in the container ocan be confined in the hole, preventing
fuel from coming in contaot with ignited debris in the area. ‘The top of the container
should be protected from initial tnermal radiation and smoldering debris that may be blown
onto theaoontainer. A thin layer of earth (1 to I inchea) or sand bags is recommended (msee
figure 28),
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a. POL BLADDER b. 53-GALLON POI. DRUMS o
FIOURE P8, PROTECTING POL DULK SYORAGE CONTAINERS. g
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«NControl fuel rao " Ay a minimum, trenohes or troughs should be dug acound
aboveground fuel tanks to diruat runoft away from inhabited arenn or potential ignition
souraes sioh as treen, wooden bnildings, or other fuel atacks or contilngrs, Thf» runo '
should avontially he collacted in a sump to aonfine the spill and reduce ohanocss of heing
{pnited by negundary fires, '

~="Clear the area of potentinl Kindling maborial," Tdeally, underhrunh, trees and dried
loaves which aonld become potential i{gnition points for apilled fual gshould be cleared away
from the fuel contatnars., The aren around fuel tanks and stacks oan alao be kept wet bo
raduce surface heating. Remembar that ground cloths, covars, ropes, and wooden pallaty are
alno potantial ignitlon points if not shielded from thermal radiation. Storage in holes or
tranohos whara possible Ly atill the best Ldwa. However, covering with a 1~ to alneh layer
of earthh will provide some valuabla tharmal protaction aa will the general wse of '
fire-rasiatant. ocamouflage neta.

-"Sacurn ntacks of fual drums and cana."  Banding together and tying, Jown ataoks of
e llon drams and Segnullon cans will holp pravent breakup and sceattor aansded by the blaat
winds and padiuca the threat of impaat with other a0)id objoata or perdonnal,

, Ligtopre fugl stacka and contalnera in pavatments." Storing funl stacks and gontialnors
{n vevatments providaa an alternatlve to tho more danirable but time-consuming bolowground
atorage in holes or tranches. Rovotments will aignifinantly rostrict movements of' drumn and
aana an well or battar than tiedowns and Wwill also proteot againat misalles and confine some

el gpliila,
WHAT CAN BE DONE: DURING A NUCLEAR ATTACK?

An enamy nuclear attack will no dottht come without warning. The firat lndication you will
have will bo a very Intensa 1ight followad by axtreme heat. Initial radiation comes with
the 1lght and the blast uwnve and hurricane-like winda follow within seoonds, Thare will be
1{ttle time, posaibly a asoond, to take protentive actions. Individual protoctive actlonn
must. therafore be antomatic and inatinctive. Hero in what oan he dona,
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In the Open.

--"Immediately drop to the ground!" The chances of your being hlown about or digplaced
by a blast wave depend on the exposed croass seactionial area of your body., In a prone,
hend-on or foot-on position you have reduced this cross sectlonal area to about 15 percent
of the standing-facing posture. Average displacement can be raduced by a factor of ahoit
three for a side-on orientation and hy a factor of about 17 for a prone, head-on
oriantation. Evidence exists that prone, head-on personnel will not be displaced
sipnificantly at peak overpressaures below 14 pal. The prone, head-on position may alac have

advantages over the feet-firat positlon. Head and body injuries ara the primary concern
when the body impacts against 4 solld -wurface. A head-first position would inerease the

chances of impacting feet-first, at least [or short distances of up to 10 to 18 feet,
Beyond this distance tumbling occurs.

~-="Ppotect your eyes and exposed skin areas." Your eyes, face, neck, and hands will he
especially vulnerable Lo injury from the dust, sand, and debris blown %y the blast wave.
Your first reactions should include covering the eyes and face with your hands. This can be
nocomplished after you have dropped face-down to the ground or have assumed a posaition as
low as possible in your govered position, shelter, or vehicle by putting the palms of the
hands over the eyes and face and keeping the arma protected under the hody. Obviously, try
to keep your hat or helmet on.

-~"Protect your ears." If poasible, yeu should also attempt to cover the ears to help
prevent eardrum rupture ur hearing loss while still protecting your eyes and face. One
possible, but somewhat awkward, method of simultaneously protectlng vour eyes and ears, i3
to cover the eyes with the palms of the hands and then using the fingers or thumbs to cover
the openings to the ear canals.

-="Stay down." Even after the inilial shock wave has passad, the immediately following
violent winds will pick up rocks, branches, debris, dust, equipment, and even barbed wlre,
ereating missiles which can cause personnel injuries (see figure 29), Wait for the winds ta
die down and the debris to stop falling before getting wup.

FIGURE 29. PROTECTING YQURSELF TN THE OPEN.
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~="1f you ean count to five, you'll atay alive." (Generally spenlking, if the blaat wave
doea not arrive within R scconds af'tar the flash, vou were far enough from the burst that
the initial radiation exposure will not exeeed 150 rads. Of oonrss, if you were protected
from radiation at tha time of the burst (e.g., in an armorad vehicle, foxhole, or ahaltar),
thig dosa will he significantly lower., Now is the time to atay nalm, olerk for injury,
cheek weaponi and equipiment for damage, itmprove your cover, and prepare to continue the
misnion, Counting to 5 seconds fone thousand one, one thousand two, ete) will alao provide
somn {ndication of Flash-to-bang time which can be usaful for later calculatlions of the
eatimated yield of the nuelear weapon detonated. OFf course, this should not detract from
the more important actions to protect yourself.

In n Foxhole,

~«"Gaet as low as you can aa faat as you can.," Obviously, the lower you get in the
foxhole the mora warth you put bLetween you and the burst. As previously discussed, lying on
your hack or cu~ling up on your side in the bottom of the foxhole seems to be the best
position. Pratecting your eyes from dust and debris and your ears from overpressure with
the palms and fingers or thumbs of your hands still makes sense in a foxhole.

=--"3tay down." While the blast winds are still blowing debris and roecks along the
ground, the best place to be is in the bottom of your foxhole, Watt until the winds have
nalmed and the Jebris has stopped falling to ait up and consider leaving., Normally, after
about 90 seconds the greatest danger from the thermal radiation, the blast wave, initial
radiation, and probably from falling debris will be over.

Tn a Shelter or Building.

-~"Dive for cover.® If a nuaolear flash la ohserved, dropping to the floor and better
yot under a desk or table i3 simply taking advantage of the begt ocover available.

--"Avold windows and doors.," As a minimum you should dive out of the way of any windows
or doors. Tesaty have shown that window glass tends to be driven straight in even from
obliqne nuclear blast angles, so any position off to the side is safer., Of course, diving
out of any inwaris air Flow 18 also important to minimize the possibility of your belng
tranglated or burned by the blast winda and debris (See figure 11),

In Tanks and Armored Vehiovles.

~-"Braco yourself," Head and shoulder injuries from being thrown against the inside of
the hull will be the biggest problem, Bracling yourself will help. It will be too late to
remember whera you put your helmet or whether you fastened vour seat belt and shoulder
straps.

-=-"Stay buttoned up." Your tank is as good a shelter as you will find for the time
belng.

In a Wheeled Vehiole.

--"Get outside.” In most cases you will be safer lying prone in the open than inaslde of
a wheeled vehicle when the blast wave hita, Some thermal protection may be provided by the
vehicle initially, but the blast wave will rapldly follow and can turn over or roll the
vehicla. 1f the flash ia detected, you may have a second or seconds to dive from the
vehicle to a face=douwn, prone position. DNDive in the direction of the flash to avoid the
vahicle if it overturns when the blast wave arrives, 1If you ocannot get out, get low, brace
yoursalf, be prepared for a rough ride, and hope that you have properly secured vouraelf and
any onboard cargo, squipment, or furnishings (e.g., desks or tahles in command, contreol, and
oommunications vans and sheltars),
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=="Oain altitudc o™ Pliots should attempt to pain as much altitadn na possible alnee the
probabitity of afrveralt survival 1a baned on altituda.,  The groater the altitude of the
afreraft, the longer the pilot han to provent a eraah, Piloty shonld fmmedintely acenne
flying nap-of-the-oarth (NOE) Flipght levels In order to gain altitude and possibly distance
ffrom the hurast, Gaining altitnde will alsa take the atreraft onl of the more seveve dunt,
debria, and misaile envivonment, elose to the ground (aon figure 3NN,

GAIN
ALTITUDE

FIGURE 30. PROTECTIVE ACTTONS KOR AN ATRCRAFT,

-="At night, inagrease cockpit fllumination and prepare to fly by instruments." Fluah
blindness i primarily a niphttime problam. During the first few =meconds after the burat.,
the intenme light from the fireball will brightly illuminate the surrounding taerraln and the
interior of the aircraft. Now ig the time to orient onenelf with raspect to the ground and
any obsatacles, turn up vockpit 11lumination to compansate for loss of night vialon, and
bagin flying by instruments.

--"Head-on 13 hetter," As might be expected, head-on tu the expected burst reducas the
area of your airoraft on which the blast wave will impaol and therefore the alroraft
vulnerability,

In a Tent.

-=-"Get outside." Except for initinl thermal protestion, your tent provides 1ittle or no
protectlion from nuolear effectd, In faok, the subsequent flre hazard oreatea an additionai
threat to personnel If the fire is not blown out or the tent oarried away by the blast
winda, GOetting out of the tent and later extinguishlng any firea are essentinal,

WHAT CAN BE DONE IMMEDIATELY AFTER A NUCLEAR ATTACK?

Immediately after a nualear attack is the time when several actiona, if plannad for and
taken soon after the burst, can reduce the eventunl affects of the dntonation on yourself
and your equipment.




Things To Remembar.

--"Stay down and/or under cover until the debris astops falling." While tha blast wavna
arn still blowing debris and rocks along the ground, the best plaooes to be are prona on t.he
ground, in the bottom of your foxhole, or buttonad up in your armorad vehicla ar shaeltoer.
Normally, aftor 00 ssconds the greatest danger lrom the tharmal rndiation, blart wave,
Initial radiation, and prehably falling dobris Will he aver,

-="Stay calm." The violence of the bhlast winds, personal bupns or injuries, dazzle, and
posaibla conaern over radiatlon exposure may combine to make it soom imponaibla Lo stay
calm, Rut remember:

1. The blaat winds will generally end in ! to 2 minutes after the bharat,

2, VYour burng, outs, or brulans are no diff'erent than oonventional injuries.

3, Dazzle La temporany, and vision should return In seconds.

4, 1If you have survived the blast, the ahanae of being exposed to an eventually lethal
doge of radlation is relatively small unless you ars located in an early fallont arca,

5, In terms of ground distance, only 200 meters separate the 1 percant and 99 peraent
lathality distenoss for radiation.

~="Consider your options hefore you mova." Now ia the time to consider how best bo
seoure and organize aquipment, repair and relnforce your posaltion, asslst casualtinsg, and
hepin to prepara or impruve proteotion against posalble fallout.

-="Things may look different." The hlast wave may blow down and ocarry away many
prominent and familiar terrain features such as trees, rocks, and underbrush and displace or
ovarturn equipment and vehicles (see figure 31). There may also be many small fires In the
area and aome smoke and dust,  You should expect some initlal disorientation and not beoome
slarmed if the medioal aid station or latrine 1s not wherae you last saw it. Afraraft pilots
flying VFR oan also expect terraln modifioation and may need to raverify their posaitions
prior to entering a nuolear hlast area.

FIGURE 31. TERRAIN MODIFICATION BY THE BLAST.
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Things To Dn.

-~"Bewnrae of weakened atruotures and trees." Damagod struotures and treeg may remain
standing after the blast, Movament of personnel and oparation of equipment suech as armored
vahhiieles or large aaliber weapons may shake loosn ndditional debris, oollapse walla, and
topple large tracs and branchea., Haliaoptar rotor blade "down wash" could also bring down
shattered treau and savered branohes during takeoffa, landings, and NOE flights endangering
not. only tha aireraft. hut alsoe porsonnal on the groind,

~-="2ut ont fires bhefore thay apread." Secondary fires onused by smoldering debris,
overturnad stoves and heatara, and damage to elaectriocal wiring will be the immadiate fira
hazard reaulting from the burat, Quiek actlon to extinguish or aliminate thene initial
fires will precltud having to fight large-area fires later.

-="Right avarturned vehicles as moon an possibla,™ Surprisingly, much of the saricus
damage caused hy ovepturning a wheeled vehlole conniats of loss of {ts coonlant, fuml, and
battery flulds. Generally, from 1/2 to ? hours of orgunizational maintenanne will be
requirad to restore these moderately damaged vehioles to combat use, lowever, LI an
pverturnad vehinle (nondiesel) is not righted quiokly (L.e, within 30 minutes), nil can soap
hatween the platon and oylinder walls into the firing ohambars and prevent plston movement
when the truck 18 prighted. Removing tho apark plugs and aranking, the engine will then he
neaessary to releass this hydrostatio look.

--="Fiald strip and o'lean weapons." Weapons systema cun become unserviceahble bayond the
1imits of blast damage due to sand blown Lnto gun boran and mechaniama, Flela atripping and
nleaning may be required before firing.

-=-"He~lay artille-v pieces." You oun expect that at distances from the burst beyond
where howitwuers, guns, or launchers will be moderately damaged or i{noparable, some
displacemnent will ocour. Re-~laying and regliotering may be necessary before exeosuting the
next fire misaion.

«="Look Lefore you mova." 1If the aituation allows, you ghould inspect tracked vehloles
tor damage and any debris thabt may have blown into the tracks or under the hull. Some cf
this debris aculd inolude trees, radios, weapons, ammunition that could explode if crushed,
and cven Injured pursonnel (see flgure 32). Of ocourse, armored vehicles placed over
foxholes shotild not be moved until after parsonnel have evacuated the hole, in case the

blast woakened walla collange during movement.
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FIQURE 32, 100K BEFORFE YOU MOVE,

-="Small debris !5 alro a problem.” Masses of pine naadles, dist, and leaves created by
the blast may ba suckad into the intakes of heliaoptars during takeaffs, landings, and
fllghts at NOE altitudes, Ventilation and ccllactive protention devioes, 1f rnot proteoted
Ly sareens and partisle aseparators, may nlso be clogred with small debria and blowar motors
burned wup.

--"Improve your covar if possibla." You cannot ruln out the possaibility thit enemy or
friendly foroass will employ additlonal nuslear weapons or that you may recefva fanllout from
the first attaok. Tmprovad cover 13 atill the bast protootion from both initial and delaved
aff'eots, As a minilmum, foxholes and shelter openinga should be covered (e.p,, by a shelter
half) to prevent the entry of fallout partislas.

WHAT MUST BE DONE TC RECOVER FROM A NUCLEAR_ATTACK AND HOW ARE QPERATIONS
CONDUCTED IN A NUCLEAR ENVIRONMENT?

"Post attack racovary" and "sontinuad operationn in a nuelenar environment” are bheinp,
axamined by USANCA as possible subjeots for additlional Nuaalear Notes. 1If you have any
suggested mitigation teshniques or issuaen that aould be aqonaiderad in discuasing either of
thase areas, you are invited to Corward tham to:

US ARMY NUCLEAR AND CHEMICAL. AGENCY
ATTN:  MONA-WE

‘7500 Backliok Road

Bldg 2073

Springfiald, VA 22150
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