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WORKING PAPER

This is a working paper of members of the tech-
nical staff of the Combat Operations Research Group,
CONARC, in coordination with members of the Tactics
Division concerned with ORO Study 63.1.

The objective of Study 63.1 is to design field tests
and maneuvers in order to assist the Army in arriving
at conclusions with respect to tactics, TO&Es, and
weapons systems for atomic warfare. This paper,
"Vulnerability of the Infantry Rifle Company to the
Effects of Atomic Weapons," deals with one aspect of
this objective. The findings and analysis are subject
to revision as may be required by new facts or by mod-
ification of basic assumptions. Comments and criti-
cism of the contents are invited. Remarks should be
addressed to:

The Director
Operations Research Office
The Johns Hopkins University
7100 Connecticut Avenue
Chevy Chase 15, Maryland
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FOREWORO

This memorandum consists of two parts, bound sep-
arately: a text and Appendices A to G. It is not expected
that all readers of the text will require the appendices. The
detailed data contained in the appendices can serve as the
basis for further research on the vulnerability of infantry
troops, making duplication of the field tests and extensive
observation in this, area unnecessary.

Appendix A is a descriptive scenario of the field test,
including copies of all messages used to implement the ma-
neuver along with topographic maps and overlay showing all
situations and movements. AppendixB describes the various
transformations of the basic exposure data used in the study,
beginning with the original form of the data as it was re-
corded on film and including examples of the tabulations uti-
lized in the reduction process. Appendix C is an analys is of
the field-test data designed to produce estimates of the ex-
posure of individuals in the tested company. Appendix D
presents the questionnaire given to combat-experienced
officers and designed to provide an independent estimate of
exposure data and probable casualties for situations similar
to those of the field test. Appendix E determines the casualty-
producing param eters for exposure to various sizes of atomic
weapons' bursts. Appendix F isolates four selected man-
euver situations in the test and analyzes the results of atomic
attacks on individuals in these situations. Appendix G ter-
minates the memorandum with a detailed description of the
techniques of testing utilized in this study.

v
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PROBLEM

To deterrmine the vulnerilility of an infantry rifle company to the effects
of atomic weapons and to suggest techniques whereby vulnerability may be re-
duced without reducing combat effectiveness.

FACTS

There is a lack of quantitative data on the orientation and physical dispo-
sition of infantrytroops as they accomplishtheir various missions onthe battle -

field. Such data are required to determine the vulnerability of troops to atomic
attack. A tactical troop test in peacetimc gives an approximation of troop be-
havior in combat.

DISCUSSION

it is considered most urgent that the Army be provided with an accurate
measure of the casualties that infantry troops may suffer when fighting in a war
in which both sides have the capability of employing atomi.c weapons on the bat -
tiefield. To acquire some of these data, a field experiment was designed and
conducted by the Combat Operations Research Group. A full-strength TO&E
infantry rifle company was put through a realistic series of tactical situations
that included essentially all the maneuvers in which infantry troops are involved
in combat, e.g., attack, defense, dela ring action, withdrawal, etc. This test re-
quired 7 days to complete and covered an area of 30 sq miles. Sixty observers,
both Army personnel and civilian analysts, recorded photographically the activ-
ity and degree of exposure of nearly every individual in the rifle company at ap-
proximately half-hour intervals. Each photograph was analyzed in detail. The
data were transferred to IBM punch cards for sorting and printing and were
summarized in tabular form. The percentage of company personnel having dif-
ferent degrees U proLection from atomic effects was determined as a function
of the type of action in which the company was engaged and also as a function of
the job assignment of the personnel.

Estimates of the sam- sort of data on exposure of troops were also obtained
by means of a questionnaire covering the same situations used in the field test.
It was completed by 121 officers with combat experience, and althoughthere was
wide disagreement among individual respondents the mean values agreed closely
with those of the field test.

In addition to giving information on the vulnerability of a rifle company to
the effects of atomic weapons, this study attempts to quantify the effectiveness
parameter of firepower and treats in detail the effects of atomic weapons on

OhTO-T- I(CONARC) 1
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the firepower of a rifle company, The data provided in this study also per-
mit determination of the casualties in the company that would occur from any
atomic weapon detonated in the vicinity. The scenario of the field test was ex-
amined from the point of view of the Red Commander, and four situations were
selected where he could be expected to use atomic weapons against targets
close enough to affect the company.

CONCLUSIONS*

1. Foxholes with heavy overhead cover constructed according to present
doctrine provide a high degree of protection against atomic attack, but the time
now required to prepare such positions is dangerously long.

2. It took about 1 %/ hr from the time of arrival in a defense area for the
company to dig foxholes deep enough to provide emergency below-ground cover
for the whole unit. During this time about 95 percent of the personnel was
fully exposed.

3. Assembly areas took about 4 hr to prepare, during which time the per-
centage of men fully exposed dropped steadily from 100 percent down to a level
of 10 percent for occupation of the completed area through the night.

4. Hasty defensive positions took about 3 hr to prepare, during which time
the percentage of men fully exposed dropped steadily from 100 percent down to
a level of 15 percent for occupation of the completedpositionthrough the night.

5. Deliberate defensive positions took about 12 hr to prepare, during
which time the percentage of men fully exposed dropped steadily from 100 per-
cent down to a level of 30 percent for daylight occupation or 15 percent for
night occupation.

6. Reduction of preparation time by one-third will on the average reduce
the percentage of men fully exposed by one-quarter.

7, Once a man's body is just below ground level the addition of over-
head cover (up to a layer of logs and earth) offers more protection than does
greater depth.

8. Foliage provides a high degree of thermal protection, but this is some-
what mitigated by the secondary blast effects from tree blowdown and fire.

9. Unit leaders were exposed up to four times as much as other person-
nel in the company.

10. The faces of troops in the open are randomly oriented except when
troops are engaged in .ome obviously directional activity such as following a
path or attacking. (There is little to be gained by placing a bomb at a particular
azimuth with respect to a company fully exposed.)

11. The necessary functions of the rifle company occupying an assembly
area or a position in light contact with the enemy can be carried out with 80 to
90 percent of the unit always under cover.

*Couclusio,; on position prepat.-ion refer t' preparationi when pnt in CIO.-s Co1t;,Ci wi l, the eniemy.

2 ORO-T- I(CONARC)
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12. The data from the questionnaire and from the field test were in close
agreement in respect to both times and exposures and offered a mutual valida-
tion for each other.

13, An appropriate combination of some or all of following techniques and
equipment appears to provide means of reducing preparation time for positions
by as much as one-half: (a) additional hand tooL; for position preparation; (b)
improved entrenching tool; (c) power saws and pneumatic drills operated by jeep-
mounted air compressors; (d) explosive charges designed for digging holes; (e)
mechanical hole digger equipped with an auger or revolving scoops; (f) more
transportation for infantry equipment; and (g) use of canvas overhead cover
while digging positions, particularly weapons emplacements.

14. The following techniques and equipment appear to offer substantial
improvement in the shielding of personnel. (a) invariable use of at least a light
overhead cover such as canvas for all positions; (b) keeping all men fully clothed
all the time; (c) keeping trucks covered whentransporting personnel; (d) keeping
equipment and weapons under cover when not in use; (e)use of field clothing re-
designed to help protect areas of skin presently exposed; (f) emphasis on protec -
tion of unit leaders and their assistants; and (g) aided communications down to
and within squads to obviate having unit leaders and messengers leave cover
to communicate.

15. The changes in equipment and techniques as suggested in the foregoing
conclusions should provide protection substantially greater than that now avail-
able. No further changes in tactics, doctrine, or equipment for the rifle company
are foreseen for a war in which atomic weapons are used on the battlefield. The
balance between protection and effectiveness is at present close to optimum; any
effort toward added protection greater than that indicated in the above conclu-
sions would reduce unit effectiveness below acceptable levels.

RECOMMENDATION

1. Efforts toward the reduction of infantry vulnerability to the effects of
atomic weapons should be directed to reducing the time required to prepare
positions rather than to improving the standard foxhole with heavy overhead
cover.

OR0-T-1(CONARC) 3
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INTRO DUCTION

The mission of the Combat Operations Research Group is to investigate
changes in Army organization, equipment, and doctrine needed as a result of
the probable use of atomic weapons by both sides in any future war. The prob-
lem is being approached in two ways: by analysis and experimentation. This
study presents the results of the first of a series of field experiments being
developed to provide data for analysis.

The infantry soldier is considered to be highly vulnerable to the effects
of atomic weapons. This first test was designed to assess his vulnerability as
he performs various tasks on the battlefield. It was accomplished by develop-
ing a tactical situation in which a hypothetical infantry division was given a
defensive mission, with an actual rifle company of this hypothetical division
as the test unit. The field experiment had the code name VULCO and was con-
ducted at Ft Benning, Ga., during the period 8-18 Feb 54. It was designed to
provide two categories of information: exposure of troops to atomic weapons
effects and data on time required to accomplish tasks such as digging in, set-
ting up weapons. etc.

The purpose of this memorandum is to present the statistical data collec-
ted during Test VURICO and to discuss the attrition to which the rifle company
would nave been subjected if atomic weapons were employed on the battlefield.
On the basis of the data certain changes in techniques and equipment are sug-
gested that could markedly improve individual and unit protection from the
effects of atomic weapons.

In order to provide a check on the validity of the fieid-experiment results
and to fill gaps in information that were impracticable to obtain in the field
experiment, a questionnaire was developed that followed the situation and time
sequence of the field test. Questions on the extent of exposure of troops in 29
specific situations and on the time required to accomplish specific tasks were
included in the questionnaire, which was completed by 121 Army officers who
answered it on the basis of their combat experience. It was found that data
obtained from the questionnaire agreed closely with that obtained in the experi-
ment itself.

The field experiment was designed to provide data on several tactical sit-
uations in which a rifle company may be involved in combat. Figure 1 is a sche-
matic diagram of the over-all regimental situation, showing the various positions
of the hypothetical regiment of which the tested company was a component and
giving the tactical situations and the time spent in these situations.

Figure 1 shows that on D-Day the company, occupying Position 0-the as-
sembly area-had not yet been in contact with the enemy. In Positions 1 and 2-
the main and alternate defensive positions-the enemy approaches and comes

OIO-'T I(CONARC) 7
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in contact with company patrols by nightfall on D+I. An enemy attack on the
morning of D + 2 drives the company into its alternate position. Hypothetical
forces counterattack, permitting the company to reoccupy its main position,
where it remains until the evening of D + 2. It then occupies Position 3-a block-
ing position as battalion reserve-through the night of D + 2-D+ 3; in the morn-
ing of D+ 3 the battalion uses the company for counterattack to cover its own
withdrawal, Position 4 represents a hasty defensive position; it was prepared

Psns 1 & 2-Defense

Li D+1, D+2

LPsn 0-Assembly

,t/Psn 3-Blocking
//

Psn 4-Hosty /
Defense D43

L3, L5

3,6 L5,-
Pan 7-Deliberate

Defense D+5, 13+4 [h7

L4 Psn 6-Defense

D+4o(not played)
Psn 5-Assembly

D04

Fig. 1-Field-Test Situations, Showing Hypothetical Bat-
talion of Which Tested Company k;os a Port and Incluc,'g

Time and Action Sequence

during the afternoon of Tl+ 3 and the company withdraws from it before dark
to Position 5-an assembly area-located behind the division MLR and occupied
through the night of D + 3-D + 4. Position 6, not played in the field test since
there was time out through D+4, represents the defense of a position seized by
counterattack. Deliberate defense was started on the morning of D+ 5-Position
7. The enemy was driven north by hypothetical forces and did not come into
contact again until the evening of D + 6. The play ended D + 7.

The data were collected by teams of observers controlled by a chief ob-
server and equipped with both still and motion-picture cameras. These teams
followed the rifle company through its various tactical situations and recorded

8 ORO-T -I(CONARC)
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on film at approximately half-hour intervals the degree of exposure and the
activity of each man in the company.

The operations of the rifle company were controlled as they would be con-
trolled by the battalion in combat. Battalion headquarters was represented by
a skeleton staff through which orders were channeled from test headquarters to
company headquarters. Tactical disposition of company components was left to
the discretion of the CO, but with the usual amount of supervision by battalion.
Future events were not known to the CO except for the general over-all plan
of operations of the regiment; the time schedz was controlled by test head-
quarters, which relayed instructions to battalion.

EXPOSURE OF RIFLE COMPANY TO EFFECTS OF ATOMIC WEAPONS

Exposure Categories for Field Test

The photographic data from the field test were analyzed to determine
percentages of individuals of the test company in various exposure categories
during the test period. The exposure categories were developed through a con-
sideration of both the bodily attitude of the individual, the depth of his foxhole,
and the amount of cover over him.

Initially the following all-inclusive list was made of categories of expo-
sure thought most likely to be found for the infantryman in combat:

(a) Standing in the open or in a shallow foxhole
(b) Sitting, kneeling, or crouching in the open
(c) Prone in the open
(d) Prone in the open, but completely covered with sleeping bag zor

shelter half
(e) Sitting, kneeling, or crouching in a shallow foxhole
(f) Standing in a deep foxhole
(g) Prone in an open shallow foxhole
(h) Sitting, kneeling, or crouching in an open deep foxhole
(i) Prone in an open deep foxhole
(j) Prone in shallow foxhole and covered with sleeping bag, shelter

half, or light branches
(k) Sitting, kneeling, or crouching in a deep foxhole and covered with

sleeping bag, shelter half, or light branches
(I) Prone in deep foxhole and covered with sleeping bag, shelter half,

or light branches
(m) Sitting, kneeling, or crouching in deep foxhole that is covered with

heavy logs and earth
(n) Prone in deep foxhole that is covered with heavy logs and earth

This list was shortened by combining those categories with nearly the same

vulnerability to the effects of atomic weapons. The final list used in this study
resulted in:

Category I-Body mostly above ground, attitudes (a), (b), and (c)
Category 2-Body mostly above ground and completely covered with

sleeping bag or shelter half, attitude (d)

ORO -T -1 (CONAR C) 9
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Category 3-Body mostly or entirely just below ground level (with
or without light overhead cover of branches),* attitudes
(e), (f), (g), and (h)

Category 4-Body mostly or entirely just below ground level and com-
pletely covered with sleeping bag or shelter half, attitudes
(j) and (k)

Category 5-Body mostly or entirely just below ground level and com-
pletely covered with heavy logs and earth, attitude (m)

Category 6-Body entirely well below ground level (with or without
light overhead cover of branches),* attitudes (i) and (1)

Category 7-Body entirely well below ground level auid completely
covered with heavy logs and earth, attitude (n)

Analysis of the VULCO photographic data showed that it was not possible
to distinguish between men prone--attitude (n)-and those sitting, kneeling, or
crouching-attitude (m)-in a deep foxhole that is covered with heavy logs and
earth. As a result, exposure categories 5 and 7 were regrouped into:

Category 8-Body entirely below ground level and completely covered
with heavy logs and earth, attitude of soldier unknown

Categories 2 and 8 were used so slightly that they are henceforth often
omitted.

Exposure of Troops in Field Test Compared with Est, mates
from Questionnaire Data

The percentages of the company in each of categories 1, 3, 4, and 6 through-
out the test are shown in Fig. 2 in which the curves are smoothed somewhat by
plotting points each hour instead of each half-hour and by the omission of all
points during mess periods, which were nontactical in VULCO. in order to
determine the extent to which the information sought by the field test might be
susceptible to estimation by experienced officers, a questionnaire was designed
to cover the major aspects of time and exposure for the infantry company in a
variety of situations similar to those used in the field test. It was given to 121
officers with combat experience, and the average of the resulting estimates was
found to agree closely with the field-test data (see category 1).

Two main relations between exposure and time are apparent. From Fig. 2
it appears that initially (at 1400, D-Day) all troops were in the open (category 1)
and that by 2300, D-Day, as their assembly area was completed, they had changed
almost entirely to positions just below ground and covered with shelter halves
(category 4). Such periods of regular change from one category to another have
been called "trend periods" and are characterized by a smooth transition from
one degree of exposure to another.

From about 0900, D+ 1, to 1700, D+ 2, there is a relatively long period when
about 25 percent of the company was mostly or entirely just below ground level
(category 3). This was a period of preparation and occupation of a defensive
position, including a brief withdrawal from and return to it. Such periods of
more or less constant exposure have been called random periods and are char-

*lxpttsure calegories 3 arwl 6 do tot specify wliether there is or is not light overhead Ci:ver. Int hoth
Cases th1e 1'e lditirlt"d protection offered by light branches cverhead was considered small in compari.son to
the differirtees in protection between categories. However, these .re broad categories and there is ro in-
tention to imply tht this sort of cover is znimptrtanto
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acterized by relatively constant exposure with small fluctuations. As might be
expected, definite trends in the exposure categories appeared whenever the com-
pany moved into a new position; random periods characterized the occupation of
a prepared position.

When an infantry company moves into and prepares an assembly area con-
siderably to the rear of the MLR, approximately 4 hr elapse before a large per -
centage of the company (about 70 percent) can complete dug-in positions that
wrill protect them from the effects of thermal radiation. (Thermal obscuration
from the surrounding foliage when available may ameliorate this estimate.)
Moreover, these positions do not afford protection from gamma radiation since
the foxholes are shallow and do not have heavy overhead cover. If protection
from thermal radiation is given top priority in an assembly area, then troops
could increase their protection by (a) putting up their shelter halves immediately
on arrival in the area and (b) digging shallow foxholes or slit trenches only
under this protective cover. (A lightweight thermal-resistant covering might
be developed that could be used to cover troops constructing mortar and 57 -mm
recoilless -rifle emplacements.)

One purpose of this questionnaire was to determine if this relatively in-
expensive technique could satisfactorily be used to collect data of this kind.
The agreement of the "polling' results with the field test indicates that a ques -
tionnaire given to a large number of experienced officers can give results com-
parable to those obtained in measurements in the field. The questionnaire re-
suIted in a description of exposure in 29 specific situations typical of the rifle
company. Associated time durations were estimated, as well as casualties by
number and duty assignment.

Summary of Data for Type Positions (Assembly Area, Hasty Defensive Position,
Deliberate Defensive Position)

Three types of positions occupied most of the time of the company. The
field-test and questionnaire data are combined in Table 1 to show preparation
time and exposure level during occupation of these three positions: assembly
area, hasty defensive position, and deliberate defensive position. Each occur-
rence of a situation is given equal weight whether it came from the field test
or the questionnaire.

The field-test data in all cases show a steady drop down from 100 percent
of the men fully exposed during the period of preparation of every type of posi-
tion. Even in the preparation of the longest deliberate position, which took all
the daylight hours of I day and the morning of the next, there was an average of
10 percent exposed; however, the steady drop was apparent from 100 percent

down to the level for occupation of the prepared position.
Assembly areas took about A hr to prepare with the percentage of men

exposed dropping during this time from 100 percent down to a level of 10 per -
cent for occupation of the area through the night. Preparation of a hasty defen-
sive position required an average of 3 hr; exposure dropped from 100 percent
to a night occupation level of 15 percent. Preparation of a deliberate defensive
position took an average of 12 hr with a steadily dropping percentage of men
exposed that averaged about 70 percent over the 12 hr. The level of exposure
for daylight occupation of this type of completed position was 30 percent; for
night occupation the exposure was 15 percent.

19 ORO-T-1(CONARC)
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SUMMAI Y O: IILI- 'EST AND QIJIY ONNAIRE DATA

F'OH TYPE POSIriONS

1Field-test" and Preparation lean percentage
Type of questionnaire time, of company
posi ti on po, si tions hr:min exposed b"

Asserahly area
Preparation Field test:

1430-1900 DU-Day 4: 30

1800-2200 h-3 5:00
Questionnaire:

Part IC 3:13

Night occupation Field test:
2200-0500 D, Dd 12
2300-0500 Di-3, 4 5

Questionnaire:
Part IF 14

Hasty defeasive position

Preparation Field test:

2030-23!00 D-+2 2:30
1330-1630 D+3 _IC

Questionnaire:
Part iIA 3:45
Part IIC 3:15

Night occupation Field test:
0 100-045'9 D+2, 3 5

Questionnaire:
Part 11C 22

Deliberate defensive position

Preparation Field test:
0700-1700 D+1 10:00
0900-1300 D+5, 6 16:00

d

Questionnaire:
Part IVC 8:45
Part VC 13:30

Day occupation Field test:

1300-1700 D+2 36
1300-1730 D)4-6 11

Questionnaire:
Part V]13 34
Part VL) 29

Night occupation Field test:
2000-0,500 D1. 2 15
1900-01600 D+5, 6 12
19100-0600 D+6, 7 8

Questionaitre:
Part VIIM 17

aperi, ,da of niessirg were omitted for fi el r-test data.

bSee Fig;, 2 for preparation epoamtre percentages,.
WPreparation was not completed in the 3 hr the company was in this; position.
12 hr from 1800 to 0600i were omitted becanse troops did not work on preparation of t.is pos'tion

dnwing t6e night.
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At night in a prepared assembly area about 10 percent of the troops are
exposed; at night in either kind of defensive position about 15 percent are ex-
posed. The exposure during the day of 30 percent in a prepared defensive po-
sition is higher than that at night, as expected, but it is too high for satisfactory
defense in an atomic war. An indication that it need not always be this high is
found on the afternoon of D + 6 in the field test when exposure averaged only
11 percent for 4 'V hr.

100

80
d

X 0

,-J

_J

u_ 20 15

0
0 2 4 6 8 10 12

TIME PREPARL POSa lU,-o , HR

Fig. 3-Approximate Savings of One-fourth of Fully Exposed Personnel by Re-
ducing Preparation Time by One-third for Preparation of a Deliberote Defensive

Position Prior to Night Occupation of It.

It was also found that it takes about an hour and a half with exposure aver-
aging 95 percent for troops to dig foxholes deep enough to provide emergency
below-ground protection for the entire company.*

It is of interest to obtain an estimate of the long-run reduction in the per-
centage of men fully exposed if preparation times are reduced. This savings
of men fully exposed is proportional to the reduction of the total area under
the exposure-time curve. Figure 3 shows that in the case of preparation of
a deliberate defensive position, where completion of the position is followed by
occupation through the night, the original total area is under the curve running
from 100 percent at 0 hr down to 15 percent at 12 hr. Reducing the time by
one-third to 8 hr gives a new area; the difference between the two areas re-
presents a saiings of 25 percent of men fully exposed. Reducing preparation
time by one-third for the preparation of a hasty defensive position produces a
similar savings of 25 percent and for an assembly area of 27 percent when these
preparations are followed by night occupation.

This reduction by approximately one-quarter of the men fully exposed,

obtained by a reduction of preparation time by one-third for each type of posi-
tion, represents a substantial improvement nnd justifies the expenditure of
considerable effort to reduce preparation times.

Exposure Differences between Subgroups in Field Test

The company personnel were divided into subgroups primarily according
to differences in their weapons. In order of decreasing vulnerability to atomic
weapons effects they ranked (a) company and weapons platoon headquarters,

*tnergency cover is provided IY even a shallow hole that will permit a uiall to get entirely below ground

level in case of 1 (eed; e.g., a parly comI;!etcl rxholc.

14 ORO --T-1(CONARC)
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(b) mortar scctions, and (c) 57-mm recoilless-rif Ie sections, rifle platoon
headquarters, rifle squads, and weapons squads. The first group is exposed
up to four times as much as the other two. Since the command and intelligence
functions are concentrated in the most exposed group and since these functions
assume added significance following atomic attack, means are urgently needed
to reduce their vulnerability.

Exposure Differences between Subgroups in Questionmaire Data

For each of the 29 situations in the questionnaire separate exposure esti-
mates were made for six subgroups, which were identified primarily on the
basis of level of command. These were (a) 1 CO; (b) 1 ExO; (c) 4 platoon
leaders; (d) 20 section and squad leaders; (e) 20 company headquarters per-
sonnel; (f) 151 others. They were grouped according to their differences in
exposure averaged over all situations covered in the questionnaire. Most ex-
posed are the platoon leaders; next, the CO, ExO, and section and squad leaders;
and finally, the company headquarters personnel and others (mainly members
of rifle and weapons platoons).

This ranking may be considered consistent with the field-test results when
the differences in methods of subgrouping are taken into account.

Troop_Orientation

The hypothesis that troops fully exposed are facing in random directions
was tested. Eight field-test situations were selected for analysis and it was
found that troops fully exposed were indeed randomly oriented except when
attacking or doing a job that required them to utilize a particular path betc.een
two positions. It is to be presumed that they would also show a directionality
of facing when engaged in close combat with the enemy and when marching.
Otherwise troops fully exposed occupying a position exhibited no tendency to
face the front or direction of possible attack.

Obscuration of Thermal Radiation by Foliage

The majority of casualties suffered from the effects of atomic weapons
will probably be caused by thermal radiation. This is true for the greater part
of the range of weapon yields, from 5 kt to 5 Mt. These casualties occurred
even when the troops were in shallow foxholes. It was felt that a great many of
these casualties could be avoided if the advantage of natural shading were taken.
Therefore a study was made of the protection that natural shading would provide
to troops on the battlefield.

The data for this study were obtained by modifying a K-20 aerial camera
for use on a tripod. Panoramic photographs of the surrounding terrain were
made, centered on previously occupied positions. These photographs were milade
by rotating the camera 360 deg of azimuth. The percentage of thermal obscura-
tion that the surrounding foliage afforded to the troops as they occupied the po-
sitions during the field test was determined from these photographs.

The method of determining obscuration entailed the use of a light box
with a mask fixed to the ground glass giving a horizontal reference line and
a fireball image to film scale for the various sizes of weapons used in this
report. The film negative was then placed over the mask and the area of ob-
scuring material (leaves, branches, and opaque objects) was measured with a
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planimeter. Since the total fireball area was known the percentage of the ther-
mMa radiation obscured was determined. Figures 4-6 show typical forestation
in the Ft Benning area with the average-sized fireball superimposed on the
photograph. The foliage area obscuring the radiation has been determined by
the method described and examples are shown of various percentages of ob-
scuration.

In determining the mean fireball size to be used in the obscuration mea-
surements an average was taken of atomic bombs in the range of 1 kt to 25 Mt
exploded at distances from the company at which thermal radiation effects were
the predominant casualty-producing agent.

The type of statiqtical information required is an accumulative form of
the frequency distribution of the occurrence of various percentages of obscura-
tion at the various tactical positions involved in the troop test. Figure 7 shows
this frequency distribution for the four positions studied. With the exception of
the first delaying position the positions selected in the scenario of the test were
relatively heavily wooded. As an example of the degree of obscuration afforded
by the foliage at Ft Benning, it can be seen from Fig. 7-the assembly area-
that there is a 0.65 probability that there will be greater than 50 percent thermal
obscuration.

Tree Blowdown

The peak blast overpressure required to produce combat ineffectives in
the various exposure categories is compared to the percentage of tree blow-
down expected at these blast levels in the accompanying table:

Exposure Blast pres- Blowdown,
category sure, psi f

1 8-11 99
2 12 99
3 10-15 100
4 15 100
6 20 100
8 30 100

It can be seen that personnel who are subject to casualties from blast
will be well within the area of complete blowdown of the trees. This situation
is highly significant from a mobility point of view, For example, if troops are
in a defensive position in exposure category 8 (body entirely below ground and
completely covered with heavy logs and earth) the required overpressure to
produce a cumbat ineffective is 30 psi. An atomic explosion occurs that pro-
duces much less overpressure at the troop positions than 30 psi. Although the
troops do not suffer combat ineffectives from direct biast or thermal or gamma
radiation, their positions could be well within the area of complete blowdown.
Many bunkers would be collapsed by blown-down trees and openings sealed off
by large limbs and trunks with a consequent immobilization of the unit until the
area has been cleared. It may take up to several hours to accomplish this task
with the result that this unit is effectively removed from action during that time.
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ATOMIC WE:APONS EFFE'CTS CRIT ERIA

The purpose of this section is to discuss the atomic weapons effects
criteria used for analysis of the effects of atomic weapons on infantry troops.
The criteria presented here should also be of interest and value in other studies
of the vulnerability of military personnel to atoric weapons.

Z 0.8
I-4

o8 0.6 - 4

_.J and 2
0<ic 0.2
Owu

0 20 40 60 80 100
OBSCURATION BY FOLIAGE P, %

Fig. 7-Probability of Obscuration by Foliage in Position 0
(Assembly Area) and Positions 1, 2, 3, ond 4 (Defensive Positions)

Methodology

For purposes of this analysis, a combat ineffective is defined as a soldier
who requires evacuation from the unit (company) within a 2-hr period. It should
be possible, then, to specify the parameters-thermal radiation, peak blast
overpressure, and gamma radiation-that would cause a soldier to become a
combat ineffective within 2 hr. Thcse parameters depend on (among other
things) the attitude, attire, and location of a soldier at the time of detonation.

Establishing Casualty-Producing Parameters for Exposure Categories

The analysis requires assignment of casualty -producing parameters for
each exposure category. The thermal, blast, and gamma values selected in-
dicate the levels at which a soldier is likely to become combat ineffective.
Unfortunately, probability distributions do not presently exist for all the expo-
sure categories; consequently, estimates had to be made utilizing whenever
possible the latest available information on the effects of atomic weapons on
personnel. Chiefly because of the uncertainties in the effects data with regard
to personnel it was felt that a single value, or a narrow range of values, could
be used to express the parameters that make a combat ineffective for each
exposure category. It is believed that the values chosen provide between a 0.7
and 0.9 probability of producing a combat ineffective in each category. In
Table 2 the composite emposure categories and the associated values of thermal
radiation, blast overpressure, and gamma radiation are shown.

20 OROT - l(CONARC)
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REI)U('TION IN EFFE'CTVI-NESS ()F R1I1, I.E COMPANY

Fi repower

In order to assess the reduction of effectiveness of the infantry company
attention has been focused on the firepower aspect of effectiveness. The con-
cept of the term "firepower" used in this memorandum consists of two parts:
firepower capabilty, and firepower effectiveness. Firepower capability is
measured by a tabulation of the weapons system of an infantry rifle company;

'FAIIBLE 2

ELA11SlI4E CATEGORIES ANI) EFFECTS VALUES
FOR COMllAT lIFEFVE1CTIVENESS a

Effects values for combat ineffectiveness

Exposure Description l
category Thermal? tpmma, r, 2 hr

cal/sq cm Bl psi

1 Body mostly above ground 20 8-11 800

2 Body mostly above ground and 70 12 800
completely covered with
sleeping bug or shelter half

3 Body mostly or entirely just be- 40 10-15 1000-1600
low ground level (with or with- (20)b  (800)

out light overhead cover of
branches)

4 Body mostly or entirely just be- 70 20 1000-1600
low ground level and con- (800)

pletely covered with sleeping
bag or shelter half

6 Body entirely well below ground 200 20 8000

level (with or without light (20-70) (800)

cover of branches)

8 Body entirely below ground level No 30 No
and completely covered with limitc limit c

heavy logs and earth

aCategories 5 and I omitted (see section on exposure categories).

bNumbers in parentheses apply when foxholes do not provide shadowing.
CFor practical purposes.

i.e., each type of weapon, the number of each type of weapon, and the pro-
tracted (averaged over many months) rate of fire in combat of each type of
weapon (based on actual combat experience). Firepower effectiveness is mea-
sured by estimated damage effects on the enemy's target complex (including
type and location of targets and accuracy and lethality of weapons) as modified
by such linking factors as weather, terrain, and range. Table 3 illustrates this
concept by showing the relative distribution of the elements of the firepower
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concept as they appear on the battlefield. Firepower capability will be analyzed
and then related to effectiveness by means of estimates made by experienced
officers.

Firepower_Capability. The term "firepower capability" refers to the
number and type of weapons in an infantry rifle company and the protracted

TAB1. 3

ELEMENTS OF FIIEIPOWEII CONCEP'l
APPEAliNG ON TIlE BATTLEFIELD

Effectiveness
Capability,

weapon system Intervening Target complex
variables

Type of weapons Terrain 'I'ypes aiid locations
of targets

Quantities of weapons Weather Accuracy of weapons
Rates of fire of weapons Range of weapons Lethaiity of weapons

rate of fire of these weapons. The following weapons are found in a full-
strength infantry rifle company:

US carbine, cal .30 M2 29
Browning machine gun (LMG), cal .30 M1919A6 6
Browning machine gun, cal .50 HB M2 1
Grenade launcher M7A2 37 or 46
Rocket launcher, 3.5-in. M20 (ATRL) 3
Mortar, 60-mm MI9 on mount M5 3
Automatic pistol, cal .45 M19llAl 30
Rifle 57-mm M18A1 3
Browning automatic rifle, cal .30 M1918A2 (BAR) 18
US rifle, cal .30 M1 110
US rifle, cal .30 MIC Sniper 9
Hand grenade
Bayonet

Each of these weapons was reviewed in terms of its tactical usage and
its contribution to the firepower capabilities to the company. Those weapons
that could be classed primarily as accessory, supplementary, or for individual
self-defense were eliminated from the analysis. The carbine and the pistol, for
example, were considered to be primarily for the self-defense of the individual
carrying them. The .50-cal machine gun is frequently mounted on a vehicle
and may be used as an antiaircraft or support-fire weapon; consequently, it is
not ubed primarily for front-line combat. The hand and rifle grenades and the
bayonets were raa grdrl -nrrP xpnrvennnns that are very important but yet
do not really fit in the classification of primary front-line weapons. In this
analysis, then, it is assumed that only those weapons that comprise direct as-
sault fire in normal tactical situations are significant contributors to the corn-
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pany's firepower capabilities. These weapons are:
TJS rifle, cal .3.0 M1 and MIC 1i9
Browning automatic rifle, cal .30 M1918A2 (BAR) 18
Browning machine gun, cai .30 M1919A6 (LMG) 6
Rocket launcher, 3..5-in. M20 (ATRL) 3
Rifle, 57-mm MI.8A1 3
Mortar, 60-mm M19 on mount M5 3

The: above six weapons were then placed into two groupings, depending on
the type of projectile used with each weapon: "A," slug projectile weapons; and
"D,' explosive projectile or area weapons. Group "A" consists of the rifle, the

'I'AILE 4

WEAPON CAPABILITIES WJTItlN EACH OF TWO GROUPS

No. wpn lHd/day/wp n, Capability
Weapon in Co protracted index, rd/day

Group A
US rifle, cal .30 M1 and MIC 119 6.0 714
Bre wning automatic rifle, cat .30

N11918A2 (lAR) 18 20.0 360
Browning machinc gun, cal .30

M1919A6 (LMG) 6 50.0 300

Total -- 1374

Group 11
Rocket launcher, 3.5-in. M20 (ATLIL) 3 1.5 4.5
1iCle, 57-imi Ml1_Al 3 3.0 9.0

Mortar, 60-rmm M19 on mount M5 3 5.0 15.0

Total - - 29.5

BAR, and the LMG. Group "B" consists of the 3.5-in. ATRL, the 57-mm recoil-
less rifle, and the 60-mm mortar. Each slug projectile weapon was considered
to have equal capability per rotad with others in its own group. (It should be
remembered that range will be accounted for later in relating firepower capa-
bility to effectiveness.) The explosive projectile weapons are also assumed to
have equal capability per round for comparison within the area weapon group.
No attempt is made at this point to relate the capability of the rounds of Group
A weapons, with that of Group B weapons.

In Table 4 the six basic company weapons are listed in their particular
groupings. Current TO&E values were used for the quantity of each type of
weapon in the company. The rate of fire for each weapon was selected from
FM 101-10, 3 in which the number of rounds per day per weapon is shown for
a protracted period; i.e., through many types of situations as determined from
World War II experience. These figures actually indicate estimated expendi-
tures of ammunition. It is believed that this type of estimate is a more reliable
guide to actual rates of fire over a protracted peri-oid than would be, for example,
the maximum or sustained rates of fire or the basic load for each weapon. It
is assumed that for futur, q-,gements Lhe relative rounds per weapon per
unit time would remain substantially the same. The product of the, number, of
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wvapons of a particular type-the protracted rate of fire for that weapon-is
then used as an index of the firepower capability of that type of weapon in its
own group. The sum of the three capability indices in each group yields the
total, capability index of that group.

Relating the firepower capability of each weapon group to the unit's fire-
power effectiveness is complex, and was done on the basis ot opinions of ex-
perienced officers.

TiABIE 5

CONTRIlIITION OF WEAPONS TO TOTAL FIREPOWE!i EFFECTIVENESS

Contribution to total
No. wpn firepower effectiveness, %

Weapon type in Co ---
Type W...I 9eapon

Group A
US rifle, cal .30 M1 and MiC 119 31.18 0.26
Browning automatic rifle, cal .30

M1918A2 (flAil) 18 15.72 0.87
Browning machine gun, cal .30
M!919A6 (LMG) 6 13.10 2.18

Group B
Rocket launcher, 3.5-in. W120 (ATIIL) 3 6.32 2.11

Rifle, 57-rmn M18Al 3 12.63 4.21
Mortar, 60-mm 19 on mount M5 3 21.05 7.02

Total - 100.00 -

Kirepower Effectiveness. A questionnaire was presented to 19 officers
assigned to CONARC in an attempt to obtain a valid relation between the fire-
power capabilities of the two main groups of infantry rifle company weapons
and the unit's total firepower effectiveness. The officers selected for this
purpose were mostly infantry commanders (66 percent) and all the officers had
had World War II combat experience. The officers were asked to rate on a
scale of 100 the contribution of each group of company weapons to the over-all
firepower effectiveness of the unit.

The results of the questicnnaire were in surprisingly good agreement and
favorable comments were received concerning the selection of the basic wea-
pons and the choice of groups. The consensus was that the group A weapons
comprised 60 percent and the group B weapons contributcd 40 percent of the
infantry rifle company's firepower effectiveness. Using these ratings the capa-
bility indices in the last column of Table 4 were related to firepower effective-
ness. Then the share each type of weapon had in the over-all firepower effec-
tiveness was estimated. By dividing these values for each weapon type by the
number of those weapons in the company, the contribution of each weapon was
obtained. These results are shown in Table 5.

The high contribution of the machine gun to the firepower effectiveness
of group A weapons is considered reasonable since, when establishing the per-
cent contribution of all of the slug projectile weapons, the use of the machine
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gun in the role of the base of fire, lethality, fhock sction, etc., was taken into
consideration. The values shown in the last column of Table 5 will luter be
used in estimating the degradation in firepower effectiveness caused by atomic
explosions.

The validity of using a questionnaire to relate firepower capability with
effectiveness is subject to question; however, at this writing, no other satisfac-
tory expedient is apparent.

Examples of Attrition in Selected Situations

Four situations have been extracted from the scenario of the test that are
illustrative of the effect of atomic weapons employed in the area of the company.
These are summarized here.

Example 1. The first example illustrates the situation in which the rifle
company was in assembly prior to moving into a defensive position. A 550-kt
weapon was detonated 4300 yd from the company. There was a total of 30 sur-
vivors (15 percent of the company) with a 57-mm recoilless-rifle squad leader
as the senior surviving NCO; no officers survived this attack. The firepower
of the unit was attrited 68 percent. The unit in this instance could not accom-
plish its defensive mission and would probably be integrated with survivors of
other companies of the regiment. The regiment would be so attrited that it
could not accomplish its primary mission of delaying enemy forces for the
period of time specified.

The questionnaire data agree closely with the above estimate. They show
estimated survivors as: 4 section and squad leaders, 5 company headquarters
personnel, and 37 others, including personnel from the rifle squads, the wea-
pons squads, the mortar squads, and the recoilless-rifle squads.

Example 2. In the first defensive position the enemy has withdrawn its
main forces from contact and has detonated a 20-kt atomic weapon 1100 yd to
the rear of the company. Because of the high values of nuclear radiation pres-
ent at the company position there will be almost immediate nuclear radiation
combat ineffectives. Alter about 2 hr there would be 42 survivors (21 percent)
from the company with an assistant squad leader as senior surviving NCO.
The firepower has been attrited by 80 percent.

A count of survivors taken from the questionnaire data shows total sur-
vivors to ue 44 for this second situation. This compares well with the 42 sur-
vivors counted from the field-experiment data.

Example 3. The third atomic attack studied was during the period when
the regiment had passed through division MLR and was in division reserve.
The enemy launched three 40-kt missiles. The closest GZ to the company was
at a distance of 1250 yd. Only 15 survivors remained in the company and their
firepower was, of course, negligible. This attrition is probably representative
of the effects of this attack on the regiment. There was no possibility of the
regiment carrying out its counterattack plans.

The similar situation discussed in the presentation of the questiomnaire
data indicates that based on the questionnaire results there would be only 8 sur-
vivors remaining in the company after this atomic attack.

Example 4. The fourth example of the effects of atomic weapons on the
rifle company was taken when the unit was well dug in on the new MLR. Ground
zero of an 80-kt weapon was 1700 yd from the unit. Since the troops were well
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dug in and were exercising normal procedures for keeping covered the company
suffered about 25 percent combat-ineffective personnel and about the same re-
duction in firepower.

Based on the data derived from the questionnaire the survivors are dis-
tributed throughout the six groups of personnel used in the questionnaire.
These survivors include the CO, the ExO, 2 platoon leaders, 14 section and
squad leaders, etc. The questionnaire data showed 17 percent combat in-
effectives as compared to 25 percent combat ineffectives based on the field-
experiment data.

In each of these four situations no consideration was given initially to any
obscuration of thermal radiation that might be afforded by natural foliage in the
areas. The first atomic attack on the unit was reexamined taking into consider-
ation a thermal radiation obscuration factor of 50 percent. This consideration
increased the number of survivors from 15 percent to 58 percent and increased
the firepower remaining from 32. percent to 51 percent. No consideration has
been made here of secondary blast casualties nor has the probability of serious
fires been investigated.

BALANCE BETWEEN PROTECTION AND EFFECTIVENESS

The primary reason for protection of infantry troops is to keep them ef-
fective so they can accomplish their mission on the battlefield. Their effec-
tiveness is a measure of their ability to accomplish their mission. Yet infantry
troops are not necessarily effective when protected from the effects of atomic
weapons. The infantry soldier must be able to man his weapon, shift his fire,
and move from one position to another to bring fire to bear on the enemy. The
moment protective measures become a burden on the individual or on the logis-
tic system the individual is then rendered less effective.

Protection of the man-weapon combination and its associated firepower
is the main issue of this memorandum, and the field test and questionnaire were
designed to produce quantitative data on this vulnerability. It has been shown
how, when troops are aware of what protective measures can do to reduce their
vulnerability, these troops can prepare positions that will afford high degrees
of protection. The important fact is that these positions can be prepared with
equipment presently available to infantry troops. Comparing the last two ex-
amples of the effects of atomic attacks on the rifle company, the vast difference
in the number of survivors and the amount of surviving firepower is very ap-
parent: 76 percent firepower remaining vs 14 percent. In both cases there
was enough thermal radiation at the troop positions to produce immediate burn
casualties; however, well dug-in troops in the last example survived to remain
an effective unit.

in a future war even ihngh ,tomic weapons may be used on the battlefield
the infantry soldier will also be exposed to conventional artillery fire, air attack,
and aerial observation. However, the individual should not be protected from
atomic weapons effects in such a manner that he may move about above ground
and be safe; if he were to be so protected his effectiveness would be drastically
reduced. The present methods of protection from conventional weapons effects
provide a high degree of protection from atomic weapons effects. Current doc-
trine4' 5 on the design and construction of foxholes, weapons emplacements,
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observation posts, and command posts is excellent for the purpose of protec-
lion on the atoxnic battlefield. The first and third examples of atomic attacks
on the rifle company ,-. i r-esuits ot 1acX ot well-prepared puuiun .
A unit reduced in firepower to 14 percent or 30 percent of its capability has;
its effectiveness, in accomplishing its mission reduced proportionately. Bow-
ever, weapons emplacements and comnand posts should not be constructed so
that they will ensure personnel survival if they are in the immediate proximity
of the point of detonation. Such doctrine would be as fallacious as the require-
ment for individual troops to move about above ground at all times. The major
concern is that where there is a chance of survival the probability of survival
must be high.

The most urgent need of infantry troops on the atomic battlefield is speed.
They must be able to prepare their positions in the least possible time to reduce
their exposure. There is a limit to the speed with which a company can dig its
emplacements with present numbers of troops and equipment; this limit must
be changed with additional digging aids. However, once these emplacements
have been prepared the troops must be able to use them for protection from
atomic weapons effects when disengaged from the enemy as well as for protec-
tion from conventional weapons effects during the defense of the position. Un-
less a unit is under artillery fire when not enga-jed, there is a tendency for
troops to be out of the emplacements performing administrative and supply
tasks. Some form of early warning of an atomic attack must be made available
to these infantry troops if they are to derive the maximum benefit of the protec-
tion afforded them by their emplacements. A 1- or, 2-min warning would be
sufficient to enable close, to 100 percent of the unit to take cover and have a
relatively high degree of protection from atomic weapons effects.

There is another means of passive individual and unit protection that must
be emphasized. This is the use of natural cover for protection against thermal
radiation. In the first example of the effects of an atomic detonation on the
rifle company it has been shown that a 50 percent shading of the company area
increased the survivors from 15 percent to 58 percent and the firepower from
32 percent to 51 percent. The mobility of a rifle, company is the speed of move-
ment of the man-weapon-ammunition combination. Tree blowdown creates
abatis that reduce the mobility of a rifle company to some extent; however, it
is believed that the shading that foliage provides to the infantryman may some-
'times offer considerable bonus protection if the unit is close enough to GZ to
receive damaging thermal effects but far enough away to have, small secondary
blast effects. This may well not be true for armored units since although the
vehicles provide shading for the crews, tree blowdown would drastically reduce
armored mobility.

Ini addition to construction aids the Army should consider several urgently
needed items of p-otection for the individual soldier., Such items as short capes
and visors for the helmet, face masks., gloves, etc.-items of personal equip-
ment to procect exposed skin surfaces-should be made readily available to
troops today.

The data of both field test and quest-.onnaire are replete with instances in
which company headquarters, platoon headquarters, and section leaders are the
most exposed elements in the unit. This is to be expected in view of their very
function of supervision, direction of activities, etc. Yet these make up the key
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personnel in the chain of command. High rates of surviving firepower would
eventually be vitiated by the lack of decision and direction. Comnand posts at
all levels of command must be protected. It then follows that the communica-
tions system will he equally as protected since its key personnel and equipment
are usually located with the main elements of the command system. Since the
intelligence channels foilow the communication channels they also would receive
the same degree of protection.

It is, however, logical to assume that even if a unit protected to the opti-
mum extent were subjected to damaging effects of an atomic detonation, it
would stffer attrtion to some of its elements. It is of extreme importance
that the surviving members of the unit be able to exploit, to the best advantage,
the surviving firepower. If the command and communications systems have
been attrited the time factor in reorganization could mean the difference be-
tween success and failur'e. It is therefore necessary that reorganization be
accomplished in minimum time. The surviving senior member of the group
must be readily capable of discovering that he is now in command, must make
this known to other survivors, and must then direct the survivors in their reor=
ganization, He must be capable of reaching the last rifleman on the far flank
to most effectively direct his efforts Tbi.s requirement suggests an addition
to the present company communication system in the form of aided communica-
tions down to riflemen level.

In view of the large number of combat ineffectives expected among super-
visory personnel in an atomic attack, it is imperative that increased emphasis
be placed on training individual soldiers to carry on their respective duties
regardless of available supervision.

CONCLUSIONS*

1. Foxholes with heavy overhead cover constructed according to present
doctrine provide a high degree of protection against atomic attack, but the time
now required to prepare such positions is dangerously long.

2. It took about 11/2 hr from the time of arrival in a defense area for the
company to dig foxholes deep enough to provide emergency below-ground cover
for the whole unit. During this time about 95 percent of the personnel -was fully
exposed.

3. Assembly areas took about 4 hr to prepare, during which time the per-
centage of men fully exposed dropped steadily from 100 percent down to a level
of 10 percent for occupation of the completed area through the night.

4. Hasty defensive positions took about 3 hr to prepare, during which tihe
the percentage of men fully exposed dropped steadily from 100 percent down to
a level of 15 percent for occupation of the completed position through the night.

5. Deliberate defensive positions took about 12 hr to prepare, during
which time the percentage of men fully exposed dropped steadily from 100 per-
cent down to a level of 30 percent for daylight occupation or 15 percent for night
occupation.

6. Reduction of preparation time by one-third will on the average reduce
the percentage of men fully exposed by one-quarter.

*Conclusions on position preparation refer to preparation while out of direct contact with the enemy.
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