GY RESEARGH LE BRARIES

(N

‘

3 4y5k D5LH47H D




This report was prepared as an account of work: sponsored by - the United
States - Government. -Neither the. United: States’ nor the United States. Atomic
Energy . Commission, noy any. of their employses, nor any of their COntractors,
subrpntractors, or their employees, -makes “any ‘watranty, expréss or implied, or
assumies any- legal  liability or responsibitity far the accuracy, completengss or
usefulness —of “any’ information, apparatus, product. or process disciosed,  or
represents “that its use would not infringe privately owned rights.




ORNL-TM-3396

Contract No. W-7405~-eng-26

HEALTH PHYSICS DIVISION

NUCLEAR WEAPONS FREE-FIELD ENVIRONMENT RECOMMENDED

FOR INITIAL RADIATION SHIELDING CALCULATIONS

J. A, Auxier, Z. G, Burson, R. L. French,

F. F. Haywood, L. G. Mooney, and E. A. Straker

This report has been prepared by a special working
group convened and given administrative support by
the ad hoc Subcommittee on Radiation Shielding
which is part of the National Academy of Sciences'
Advisory Committee on Civil Defense.  This report
should not be attributed to the Advisory Committee
on Civil Defense or the National Academy of Sciences.

FEBRUARY 1972

QAK RIDGE NATIONAL LABORATORY
Oak Ridge, Tennessee 37830
operated by
UNION CARBIDE CORPORATION
for the
U. S. ATOMIC ENERGY COMMISSION

(AL







iii

CONTENTS

ABSETACE. « & o o o ¢ o o o s s e e o e

Acknowledgments . . « . + < < .+ . o .

I.
II.

III.

1v,

VI,

VIT.

SUMMATY « o s o o o o o s o s o
Introduction. « . + « « & o o o o
Spectra . . .+ . o 0 4 e . . .

A. Source Leakage Spectra. . . . .
B. Incident Spectra at the Shield.
Angular Distributions . . . . . . .
A. Burst Elevation Angle Selection
B. Polar Angular Distribution. . .
C. Azimuthal Angular Distribution.
Intensity Relationships . . . . . .
Free-Field Environment. . . . . . .
A, NeutTons. . . « o « ¢ + « o &+
B, Secondary GammasS. . « . . « . .
C. Fission-Product Gammas. . ,

Application Considerations. . . . .

REefeTencCeS. v o o o o o o o s o o s & o o

Page

.15
.15
.15
.15
.22

.32



iv

FIGURES
Page

Energy Distribution of Neutrons Emitted from a Representative
Intermediate Yield Thermonuclear Weapon . . . . . . . . . . . . . 8

Energy Distribution of Gamma Rays Emitted During the Time
Interval 0.2-0.5 Seconds Following 23%U Fission . . . . . . . . .10

Neutron Spectral Distribution Below 5.83 x 10" MeV as
a Function of Slant Range from an Intermediate Yield
Thermonuclear Weabpon. . . + . « « « v v ¢ v v o v v o 0 o 0 s . W1l

Neutron Spectral Distributions Above 5.83 x 107" MeV as
a Function of Slant Range from an Intermediate Yield
Thermonuclear Weabon, . . . v + + o v o o v ¢ o« o o 4 o o o o W12

Air-Secondary Gamma-Ray Spectral Distributions as a
Function of Range from an Intermediate Yield Thermonuclear
WEAPOI. v o & v v v o o 4 o o o 4 4 e e e e e e e e e e e a e W13

Triple Point Overpressure vs Angle from Ground to Source. . . . .16

Angular Distribution of Neutron Dose from a Thermonuclear
Weapon in Infinite Adr. . . . . . o . . 0 0. 000000 .. WYY

Angular Distribution of Secondary Gamma Dose from a
Thermonuclear Weapon in Infinite Air. . . . . . . . « . . . . . .18

Angular Distribution of Neutron and Secondary Gamma Dose
1200 m from a Thermonuclear Weapon, . . . . . « .+ .+ . + « « . . .19

Dose Components from 40 KT Weapon Detonated at Triple
Point Burst . o o o v « ¢ 4 4 e v h e e e e e e e e e e e e e 24

Dose Components from 300 KT Weapon Detonated at Txriple
Point Burst . . . & + v v 4 o v v 4 v e e 4 e e e e e a e e w s W25

Dose Components from 1 MT Weapon Detonated at Triple
Point BUurst . . . . « ¢ v v v 0 e vt e e h e e e e e e e s .o 220

Dose Components from 300 KT Weapon Detonated at a Height
Oof 100 M. & v & o o & o 6 6 4 v e e e e e e e e e e e e e e 2T



10.

11.

12.

13.

TABLES
Page

Combined Neutron and Air-Secondary Gamma Ray Doses in Rads
(normalized to intermediate thermonuclear yield) at a
Slant Range of 1600 Meters in Infinite Aivr. . . . . . . . . . . . 7

Neutron Leakage Spectra of Thermonuclear Devices. . . . . . . . . 7

Dose Transmission Factors for Various Radiation Distri-
butions Incident Upon a Vertical Infinite Slab of Concrete. . . .21

Initial Radiation Dose Components at Various Ranges of
Overpressure from TN Weapons Detonated at Triple Point
Burst Heights . o v v & v o v v v v v o s o & o o « o o o« o » o J28

Slant Ranges and Triple Point Burst Height for Various
Overpressures from Different Weapon Yields. . . . . . . . . . . .28

Dose Transmission Factor (DTF) Required to Reduce Initial
Radiation Doses to Below Selected Levels. . . . « + ¢« « + ¢« « o .29

Initial Radiation Dose Components from 300 KT TN Weapon
Detonated at 100 m and at Triple Point Burst Heights. . . . . . .29

Fission-Product Gamma Ray Exposure During the First 60
Seconds from a Typical TN Weapon at a 100-M Burst
Height. . v ¢ v v v v v v v e v v v e o e o e s e o o s v o a s o30

Relative Energy and Angle Distribution of 4wR? Neutron
Fluence 1200 m from a Point TN Source in Infinite Air . . . . . .33

Dose Factors and 4mR® Fluence at a Range of 1200 m for
a Typical Thermonuclear Weapon. . . . . + + « « v « ¢ « + o . . .34

Relative Energy and Angle Distribution of 41R? Secondary
GCamma Fluence 1200 m from a Point TN Source in Infinite Air . . .35

Solid Angle Values for Angles Listed in Tables 9 and 11 ., . . . .36
Fission-Product Gamma-Ray Fluence as a Function of Energy

and Polar Angle with Respect to the Source-Detector Axis
45° Above the HOTIzOn o v v v v v v v 4 o o o v v o o v o o o o 37






NUCLEAR WEAPONS FREE-~FIELD ENVIRONMENT RECOMMENDED

FOR INITIAL RADIATION SHIELDING CALCULATIONS*

J. A, Auxier, Z. G. Burson,T R. L. French,l+

Tt F

F. F. Haywood, L. G. Mooney, and E. A. Straker

ABSTRACT

A review of the individual components of the initial
nuclear radiation field from an intermediate yield thermo-
nuclear weapon has been completed. The purpose of this work
was to develop criteria for use by persons interested in
determining initial radiation protection or dose trans-
mission factors for civil defense structures, Parameters
which were investigated included energy and angular distri-
butions of neutrons and gamma rays at the source as well as
those incident on the shield; transmission of neutrons and
gamma rays through shielding material; triple point over-
pressure as a function of angle of incidence at the point
of interest; and dose as a function of distance, weapon
yield, and overpressure. Data are presented for the above
parameters, In addition, the recommended criteria for
calculating initial radiation protection or dose transmission
factors are given.
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I. SUMMARY

The important components and characteristics of the radiation environ-
ment due to initial nuclear radiations from nuclear weapons are discussed
from the viewpoint of those persons concerned with shielding for civil
defense purposes. Certain guidelines used in establishing the criteria
which are recommended were stipulated by the Subcommittee on Shielding of
the Committee on Civil Defense of the National Academy of Sciences. Based
on these guides the authors reviewed the information developed during the
past decade and then composed this report.

Separate normalized energy and angular distribution parameters, air-
ground secondary gamma rays and fission-product gamma rays based on the
following criteria are recommended for calculating initial radiation
protection or dose attenuation factors:

1. A fission to fusion energy yield ratio of 50/50,

2. A "typical" intermediate yield thermonuclear
neutron spectrum leaking from the weapon.

3. A "halo-source,'" i.e., because the direction
to the detonation cannot be known in advance,
the detonation is assumed to have occurred in
a ring around the observer (equal probabilities
in all azimuthal directions),

4. Angular distribution of the radiation at the
shield be chosen such that the source would
appear at an angle of elevation of 45° above
the horizontal plane of the detector.

5. A source-detector distance of 1200 m in an
infinite air medium,

6. To aid in the understanding of the criteria,
dose as a function of psi is given for several

cases for selected burst heights.

Criteria 3 ~ 5 are applicable only in determining the normalized
energy-angular distribution; the actual intensities of the three radi-
ation components should be developed for the actual burst heights and

separation distances of interest.



General recommendations for application are also given. However,
all considerations given herein are intended to serve as a point of
departure and it is assumed that further work in the field may indicate
the need for changes in these criteria. For example, the detailed treatment
of the shelter entrance-way problems may require further investigation of

the angular distributions recommended.



IT. INTRODUCTION

Over the past decade, the Radiation Shielding Subcommittee of the
National Academy of Sciences' Advisory Committee on Civil Defense has
developed extensive criteria and engineering methods for fallout radi-
ations. However, for the initial radiations (both neutrons and gamma
rays), such criteria have been delayed because of the complexities of
the problem and the lack of some important input data. Now it appears
that the problem is manageable if the criteria are chosen properly. The
Subcommittee assigned to a working group composed of the authors of this
report, the responsibility of writing the criteria to be used as input
to shielding calculations for the initial radiations from nuclear weapons.

In preliminary reports and discussions with the Subcommittee a set
of controlling guidelines was established. These included the following:

1. The criteria should be unclassified.

2. The criteria should be as simple as possible but
sufficient to provide meaningful answers to real
shielding problems.

3. Three classes of radiation, neutrons, gamma rays
from fission products, and gamma rays from neutron
interactions, should be considered separately.

4, A weapon yield of 300 KT should be assumed as
typical of those of greatest importance, with
lesser emphasis on 40 KT and 1 MT.

5. The ranges of primary interest should be defined
by those ranges for which the maximum overpressure
was between 5 and 30 psi.

6. The environment can be described by one normalized
energy and angular distribution for each radiation
component for all conditions.

7. Typical intensity curves for the radiation field

should be given as an example.

The working group has endeavored to identify the critical parameters
and to indicate their relative importance. The recommended criteria ave

based on a survey of both classified and unclassified sources of weapons



radiation data as well as the extensive experience of the subcommittee
members in this field., Justification of the criteria is based on unclassi-
fied data and reports; in one or two instances no justification other than

a consensus of educated guesses was possible, but these are discussed at

the appropriate point in the text., All data reproduced herein or reanalyzed
and presented in new forms are unclassified. The information presented is
intended to serve as the point of departure for actual shielding calculations
of interest in civil defense. Since this report is intended to be useful
primarily to shielding experts, the reader is assumed to have a high degree

of familiarity with this field.



TTI. SPECTRA

A. Source Leakage Spectra

It is desirable to choose a source spectrum that will produce a
radiation field at the point of interest (outside of a shield to be con-
sidered) representative of real conditions to te encountered. For
simplicity of application to shielding calculations, a single neutron
spectrum is desirable.

Initially a study was made to evaluate the variation of radiation
dose at one mile (v~ 1600 m) as a function of the neutron spectrum at the
source. Sources composed of "14 MeV" and "fission" neutrons of varying
proportions were selected. The sources were normalized to a unit leakage
neutron. A third neutron source, consisting of a "typical" thermonuclear"
spectrum, was chosen for comparison. The purpose of this initial study
was to examine the sensitivity of dose to the neutron spectrum at the
source. Therefore, the fission-product gamma rays are not included.

The combined neutron and air-secondary gamma-ray tissue doses (rads)
were determined at 1600 m, both in a free-field location and beneath a
60 c¢m slab of standard concrete. Normal incidence was assumed and the
results are given in Table 1. The results in Table 1 were obtained from

(1-6)

many sources of information; they are simply representative values
and are not to be used quantitatively. Nevertheless, it is seen that the
final radiation levels are not very sensitive to the neutron spectrum at
the source.

A typical thermonuclear (TN) spectrum produced radiation levels
nearly midway between the twc extremes (pure 14 MeV or pure fission). Since
neither of these two extremes is likely, it is recommended that the TN
spectrum be used as a standard.

The TN spectrum, presumably represegnting the leakage spectrum from a
"typical' intermediate yield thermonuclear weapon, was transmitted to

C, E. Ciifford from B. C. Diven(7)

(1,8,9)

and subsequently used in transport

calculations. It is reproduced in Table 2 and Fig. 1. For

reference, typical TN spectra for low- and high-yield devices are also

)

given in Table 2. It is expected(lo that similar neutron spectra will

appear in the next revision of The Effects of Nuclear Weapons.




Table 1. Combined Neutron and Air-Seconduary Gamma Ray Doses in Rads
(normalized to intermediate thermonuclear yield) at a Slant Range
i of 1600 Meters in Infinite Air

Source Composition*

(Leakage Fraction) Free-Field Dgse Dose Under 60 cm
at Interfacel of Standard Concretet
14 MeV” Fission
1.00 0 1.63 1.98
0.50 0.50 1.18 1.25
0.40 0.60 1.09 1.11
0.30 .70 1.00 0.96
0.25 0.75 0.96 0.87
0.20 0.80 0.91 0.81
Q.15 0.85 ' 0.87 0.74
0.10 0.90 0.83 0.67
0.05 0.95 0.78 0.57
0 1.00 0.74 0.52
Thermonuclear 1.00 1.00

(Intermediate Yield)

*Sources (*14 MeV™, and fission) normalized to a unit Jeakage neutron.
TNote that cach column is independently normalized to the thermonuclear
case.

Table 2. Neutron Leakage Spectra of Thermonucleas Devices

Neutrons/Group

E“e‘ﬁ,vylgsge”al Low Yield I“”;;'i“;:’m High Yield
12.2-15 0.0158 0.0706 0.0240
10.0--12.2 0.0064 0.0256 0.0106
8.18--10.0 0.0048 0.0141 0.0085
6.36-8.18 0.0068 0.0147 0.0102
4.96-6.36 0.0100 0.0180 0.0110
4.06-4.96 0.0125 0.0170 0.0107
3.01--4.06 0.0267 0.0260 0.0180
2.46--3.01 0.0238 0.0190 0.0164
2.35-2.46 0.0058 0.0050 0.0037
1.86-2.35 0.0325 0.0280 0.0220
1.11-1.86 0.0750 0.0620 0.0537
0.55-1.11 0.0917 0.0850 0.0745
0.111--0.55 0.1167 0.1020 0.1453
3.35(=3)*—0.111 0.2083 0.355 0.5590
5.83(-4)-3.35(-3) 0.2750 0.1220 0.0287
1.01(--4)5.83(—4) 0.0833 0.0240 0.0041

2.9(—5)~1.01(—4) 0.0078 0.002 0.0

*Reads 3.35 % 1073
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The fission~product gamma-ray energy spectrum emitted at the source

(11)

is assumed to be that measured by Fisher and Engle in the time interval
0,2-0.5 sec after fission of 23°U, This spectrum is assumed to be repre-
sentative of that for all time intervals of interest after fission because
of the insignificant change shown in the measured data for longer times.

The spectrum is shown in Fig. 2.

B. TIncident Spectra at the Shield

Both the neutron and secondary gamma-ray spectra from a typical TN

source vary slowly with range for ranges greater than approximately 600 m.

(12)

neutron spectra and on the gamma-ray spectra; therefore, spectra for

Also it has been shown that the ground has little effect on the fast
infinite air may be used as a reasonable approximation.

For the intermediate yield TN source, total fluence in several energy
groups is shown versus range in infinite air for neutrons in Figs. 3 and 4
and for air-secondary gamma rays in Fig., 5. For the distances of interest,
only small changes in the energy distribution are observed, as evidenced by
the curves in Figs. 3-5 being nearly parallel. These data are from
ORNL~4464u(1)

The c¢losest distance of practical interest is about 525 m (40 KT,

100 psi); the farthest distance is about 4000 m (1 MT, 10 psi). However,
the conditions where initial radiation shielding technology will be the
most useful are those where initial radiation becomes the limiting cri-
terion and these, in general, are high overpressures from low yield weapons.
The ranges of interest then become approximately 900 m (40 KT, 30 psi) to
1700 m (300 KT, 30 psi)., Therefore, spectrum at 1200 m is recommended as
reasonably representative of all cases of interest, Strictly speaking,
equilibrium is not obtained in any of the three components, particularly
for neutrons above 8 MeV*., However, it was felt that changes in the
spectra at greater distances were not in themselves worthy of further

considerations.

*Source neutrons greater than 8 MeV make up 8.5% of the leakage spectrum
for an intermediate yleld TN weapon. Neutrons above 8§ MeV at 1200 m
represent less than 1% of the total fluence at that point.
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Angular distributions for the fission-product gamma rays change
slowly with range for distances greater than 1200 m for a static point
source.(ls) However, the source is moving vertically with time after
detonation, resulting in a distribution continuously changing relative
to the source-detector axis at the instant of detonation. It is necessary
to calculate the effects of the coordinate system rotation with time and
to describe the resultant distribution in terms of the original axis at
the time of detonation.

Approximate energy and angular distributions of fission-product gamma
rays obtained for a rising source for an initial elevation of 45° based on
the technique given in reference 9 will be used, These data are derived
for a detector located at the 100 psi overpressure range and are relatively
insensitive to weapon yield. These data are recommended for use as being

representative, or conservative, for lower overpressures of interest.
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I1V. ANGULAR DISTRIBUTIONS

A, Burst Elevation Angle Selection

For purposes of determining a representative burst elevation angle,
the angles (above the horizon) versus overpressure to produce the triple
point (point at which incident and reflected shock waves coincide at the

)

pressure ranges of interest, 5 to 30 psi, correspond to angles from 30°

air-ground interface)(14 were examined, As shown in Fig. 6, the over-
to 45°, For simplicity a single angle of 45° is recommended. A smaller
angle (burst nearer the surface) would produce a radiation field with
intensities more normal to a vertical shield, but more tangential to a
horizontal shield. A single angle of 45° appears to be realistic and

practical for a wide range of shelters.

B. Polar Angular Distribution

Dose-angular distribution data from Strakercl) for an infinite air
medium are plotted for the TN source in Figs. 7 and 8, The dose-angular
distributions for neutrons and air-secondary gamma rays do not change
rapidly with distance. These same distributions are presented in a
different manner in Fig. 9 for a TN source at a distance of 1200 m. Note
that the secondary gamma dose is strongly peaked in the forward direction,
although not enough to warrant an assumption that it is monodirectional,

It is recommended that the polar angle distributions for neutron and
secondary gamma rays be chosen according to the above curves for a deto-
nation occurring at an angle of 45° above the horizontal. It is further
recommended that fission-product gamma-ray energy and angular distributions
be those given later in Table 13. These are also based on a burst ele-

vation angle of 45°.

C. Azimuthal Angular Direction

For a given burst direction it is reasonable to assume that the
azimuthal angle distributions (i.e., in the horizontal plane) are the same,
with respect to the burst axis, as the polar angle distributions specified

ahove, However, since there is no realistic basis for specifying a single



16

ORNL -DWG. 71-3148

foor l [ I [ T [

n
Q.
Ll
x
oD
o 10 (—
w =
[XN]
[ L.
a.
1o ..
Ll
> -
O

[

{

- /
/
/
7
~ 7/
4
//
//

Figure 6.

20 25 30 35 40 45 50
<~ FROM GROUND TO SOURCE (Deg.)

Triple Point Overpressure vs Angle from Ground to Source



17

ORNL -DWG. 713149

10 '
T 717 1T T/ 17 71 1T 1T 1
9 b .
8 - ]
7 — —
= 6 —
g
3
c
2 5 ]
5
(o]
g
o
o
B 4 ]
E
(42
<
£
[&)
3
x 3 -
!
€3]
2
1800M™
=
(@)
o
5
7] 1500M
.422___” _—
w | 1200™
2 »
|-
< 500™
1]
(s
A I T N O N S S

-4.0-0.8 -06 -04 -02 0 0.2 04 06 0.8 1.0
COS ¢

Figure 7. Angular Distribution of Neutron Dose from a Thermonuclear
Weapon in Infinite Air



18

ORNL -DWG, 71-3150

1.0 [ N I SN B B N S A

©
S -
S
@
= gor-
@
(d
3
o
@
~
‘S .1 — —
v .
(s
s =
% .
) .
€
o -
o
o
P L
w
(n
o
o
<
:
Z 0.0 — .
© L
W . 900m
> L
- -
<
3 1200m
w
@

~ 1500m

1I800m
0,001 I I TN T M N SO O
-0 -08 -06 -04 -02 0 02 04 06 08 10
cos @

Figure 8. Angular Distribution of Secondary Gamma Dose from a

Thermonuclear Weapon in Infinite Air



19

ORNL-DWG. 71-3154

1.0 ‘ ]
o9l
08 SECONDARY
GAMMA DOSE
o7k -

NEUTRON

06 DOSE

0.5

04

0.3

FRACTION OF TOTAL DOSE RECEIVED

02

0.1

| | 1 1 ! 1 | | 1
O 041 02 03 04 05 06 07 08 09 10

FRACTION OF 4w SOLID ANGLE, o'

Figure 9. Angular Distribution of Neutron and Secondary Gamma Dose
1200 m from a Thermonuclear Weapon



20

source direction for the general case, it is recommended that an equal
probability be assigned to all directions. This results in an isotropic
azimuthal angle distribution as would be generated by a "halo'" source,
i.e., a source distributed on the circumference of an elevated circle
centered about the detector.

Results of sensitivity studies performed to support the above
recommendation are summarized in Table 3. The neutron transmission
factors were calculated using Monte Carlo data for a fission-like neutron

(15)

spectrum incident upon concrete. The air-secondary and fission-

product gammas were approximated by 2 and 1 MeV gammas, respectively,

(16}

and Raso's Monte Carlo penetration data for concrete were used to
calculate the factors. All results are based on the total penetration
through a vertical infinite slab.

The point source is a '"worst case" whereas the halo source repre-
sents, for a given burst elevation, the average of all possible cases,
For moderate wall thicknesses, the worst case differs from the average
case by as much as a factor of 2. The less conservative but more

realistic "halo" source is recommended.
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Table 3. Dose Transmission Factors for Various Radiation

Distributions Incident Upon a Vertical Infinite Slab

of Concrete
DiDo
Slab Radiation Burst Elevation
Thickness Source " -
(in.) 0 45
Neutrons
0 Point 1.0 1.0
Halo 1.0 1.0
5 Point 0.340 0.235
Halo 0.281 0.142
10 Point 0.132 *
Halo 0.071 *
Air-Secondary Gammas
' 0 Point 1.0 1.0
Halo 1.0 1.0
5 Point 0.394 0.271
Halo 0.249 0.168
10 Point 0.129 *
Halo 0.071 *
Fission-Product Gammas
0 Point 1.0 1.0
Halo 1.0 1.0
5 Point * 0.281
Halo * 0.178

*Not Caleulated
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V. INTENSITY RELATIONSHIPS

The energy-angular distribution of the radiation field has been
specified independent of a specific overpressure or intensity. However,
in order to determine representative dose levels, specific intensities
are determined for a selected burst height.

To examine the general problem of defining the standard free-fisld
conditions of initial radiation, the relationships of yield, radiation
dose, range, and overpressure were studied. The five primary assumptions
were:

1. A fission/fusion ratio of 50/50 (in terms of
energy yield).

2. The triple point burst height* for each over-
pressure of interest,

3. A neutron spectrum from a typical intermediate
yield TN weapon.

4, Air density of 1.11 mg/cc.

5. All doses given as single collision absorbed
dose in a small sample of tissue located in air.

(14)

From Fig. 3.67 in The Lffects of Nuclear Weapons the relationship

between burst heights, slant ranges, and overpressure levels were obtained.
For the fission-product gamma radiation dose calculations, state~of-the-art

(17)

models fully described in a recent classified study were used., The

fission-product model, which incorporates Monte Carlo data for gamma-ray

(13)

transport in infinite air, takes into account decay rates, cloud rise,
hydrodynamic enhancement of the gamma-ray dose, and interface effects. The
neutron and secondary gamma-ray models, described in reference 8 are based
on Straker's discrete-~ordinates calculations of neutron and air-ground
secondary gamma-ray transport in an air-over-ground geometry for a source
height of 100 m. The models include adjustments for other burst heights

and extrapolate the data to larger slant ranges.

*This burst height was chosen for the point on the ground, for each
overpressure considered, at which the mach stem originates (triple
point).
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Neutyon and air-secondary gamma-ray doses scale directly with yield.
Fission-product gamma-ray doses were obtained (partly by extrapolation)

(17) Doses from the three radiation

from results of a previous study.
components are given in Figs. 10, 11, and 12, and in Table 4 as a function
of slant range for the triple point burst heights. Overpressure, range,
and yield relationships are shown in Table 5.

It is seen from Figs, 10-12 and Table 4 that fission-product gamma
rays are important for high-yield weapons whereas neutrons are important
for low yileld weapons. It should be emphasized that single collision
dose in tissue has been calculated for neutrons.

As an example of the shielding that might be necessary, to reduce
the free-field total dose to interior doses of 5 or 50 rads, dose trans-
mission factors for the various cases are presented in Table 6. For a
burst at the triple:point burst height, note that radiation is of no
concern below 20 psi for a 1 MT weapon, below 15 psi for a 300 KT weapon
and at 5 psi for a 40 KT weapon. ' For lower burst heights these values
are quite different; for example, for a 100 m burst height and 300 KT
weapon there is a radiation problem even for overpressures of 5-10 psi.

Shown in Table 7 are radiation doses for a 300 KT weapon detonated
at the triple point burst height and at 100 m. Dose components for the
latter case are given in Fig., 13. Doses are more than a factor of 10
higher for the lower burst height at a given overpressure level. Thus
the triple point burst height chosen here is non-conservative for
estimating exposures at a fixed overpressure.

Because of the possibility that the shock wave might disturb the
shield before the fission product dose was delivered, time-dependent
calculations based on techniques described in reference 17 are included
for the fission-product dose, These calculations include (1) the time
of the shock front arrival at the various overpressure ranges, and (2)
the percent of the total fission-product exposure before and after shock
front arrival. The results of these calculations are summarized in
Table 8 and are applicable for a burst height of 100 m. These results
do not correspond to the same conditions in Tables 4-7, but are

included to indicate trends.
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Table 4. Initial Radiation Dose Components at Various Ranges of Overpressure from TN Weapons
Detonated at Triple Point Buxst Heights

- Overpressure (psi)
vaapon Radiation Component P P o
Yield 5 10 15 20 30 70 100
40 KT Range {m) 2,358 1,470 1,204 1,053 879 587 528
DOSE (RADS)
Neutrons ~1.0 200 1,300 3,700 12,000 85,000 350,000
Secondary-Garama 4.0 320 1,300 3,000 8,000 40,000 55,000
Fission-Product-Gamma <1.0 45 200 560 1,600 10,000 15,000
TOTAL 5.0 565 2,800 7,260 21,600 135,000 420,000
300 KT Range {m) 4,624 2,884 2,362 2,064 1,715 1,150 1,037
DOSE (RADS)
Neutrons <1. 11 60 430 12,000 24,000
Secondary-Gamima s. 40 150 670 7,800 13,000
Fission-Product-Gamima 2.5 25 100 560 8,400 14,000
TOTAL 8.0 76 310 1,660 28,200 51,000
1 MT Range (m) 6,901 4,304 3,525 3,080 2,500 1,716 1,547
DOSE (RADS)
Neutrons <1 <1 10 1,400 3,800
Secondary-Gamma 1 6 58 2,200 4,800
Fission-Product-Gamma 2 16 160 6,000 13,000
TOTAL 3 22 228 9,600 21,600

Table 5. Slant Ranges and Triple Point Burst Height for Various Overpressures from Different Weapon Yields

{meters)
Yield
0""“(‘;"{;3““’ 40 KT 300 KT _ 1 MT -
Slant Range Busst Height Slant Range Buzrst Height Slant Range Burst Height
5 2358 1210 4624 2350 6901 3510
10 1470 900 2884 1760 4304 2620
15 1204 785 2362 1530 3525 2290
20 1053 720 2064 1400 3080 2020
30 879 625 1715 1220 2560 1820
70 587 440 1150 860 1716 1280
100 528 410 1037 800 1547 1190
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Table 6. Dose Transmission Factor (DTF) Required to Reduce Initial Radiation Doses to Below Selected Levels®

Yield

Overpressure 40 KT 300 KT IMT
psi DTF 1/DTF DTF 1/OTF DTF 1/DTF
50 Rads S Rads S50Rads 5 Rads 50 Rads 5 Rads S50 Rads 5 Rads 50 Rads 5 Rads 50 Ruds 5 Rads

5 1.0 1.0 1.0 1.0 1.0 1.0 Lo 1.0 1.0 Lo 1.0 1.0
10 .089 0089 11 110 1.0 .6 1.0 1.6 1.0 1.0 1.0 1.0
15 018 0018 55 550 .66 066 1.5 15 1.0 1.0 L0 1.0
20 .0069  .00069 145 1,450 .16 .016 6.3 63 1.0 22 1.0 4.5
30 0023 00023 435 4,350 030 .0030 33 330 .22 .022 4.5 45
70 00037 .000037 2,700 27,000 .00138 .00018 550 5,500 0052  .000S2 190 1,900

100 00012 .000012 00098  .000098 1,020 10,200 .0023  .00023 435 4,350

*Based on triple point burst heights

Table 7. Initial Radiation Dose Components* from 300 KT TN Weapon Detonated at 100 m
and at Triple Point Burst Heights

Overpressure (psi)

10 15 20 30 70 100
100 Meter Burst Height
Slant Range {m) 2,147 1,698 1,480 1,209 843 701
Neutron Dose 25 400 1,500 9,000 160,000 250,000
Secondary-Gamma Dose 70 - 600 1,700 7,000 45,000 100,000
Fission-Produci-Gamma Dose 150 1,500 4,100 14,000 55,000 922,000
Total Dose 245 2,500 7,300 30,000 260,000 442,000
Triple Point Burst Height
Slant Range (m) 2,884 2,362 2,064 1,715 1,150 1,037
Neutron Dose <10 11 60 430 12,000 24,000
Secondary-Gamma Dose <10 40 150 670 7,800 13,000
Fission-Product-Gamma Dose <10 25 100 560 8,400 14,000
Total Dose 76 310 1,660 28,200 51,000

*Doses are in rads
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Table 8. Fission-Product Gamma Ray Exposure During the First 60 Seconds
from a Typical TN Weapon at a 100-M Busst Height

Slant Range Shock Arrival Percent Before Percent After

(m) (sec) Shock Shock
100 XT
538 0.3678 13.8 86.2
740 0.8187 20.4 79.6
1030 1.822 36.2 63.8
1446 4.055 63.1 36.9
2097 11.02 95.7 4.3
300 KT
771 0.5488 13.7 86.3
1060 1.221 20.5 79.5
1472 2.718 38.6 61.4
2065 6.049 69.8 30.2
2995 16.44 98.8 1.2
1 MT
1146 0.8187 11.1 88.9
1576 1.822 18.3 81.7
2190 4.055 38.2 61.8
3075 9.024 75.3 24.7

4458 24.53 99.8 0.2
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It is observed that the fractions of the fission-product exposure
occurring before and after the shock front have little dependence upon
the yield, although the time of the shock front arrival at a given over-
pressure range increases by approximately a factor of 2 between 100 KT
and 1 MT, Except at low overpressure ranges (< 20 psi) most of the
exposure occurs after the shock front arrival. Thus structural damage
may alter the amount of protection against this component, Further
work must be performed to determine the sensitivity of the results to

other conditions.
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VI. FREE-FIELD ENVIRONMENT

In Section V, the slant ranges to be considered for the three
weapon yields of interest between overpressure levels of 5 and 30 psi,
varied from 880 m (40 KT, 30 psi) to 6900 m (1 MT, 5 psi). In identi-
fying a free-field environment, it was decided to present normalized
descriptions of neutrons, air-secondary gamma rays, and fission-product

gamna rays at a slant range of 1200 m.

A, Neutrons

The description of the neutron field at the point of interest,
1200 m slant range, is taken from the infinite medium calculations of
Straker(l) assuming a typical, intermediate yield, TN weapon, The energy
and polar angular distributions (about the receiver-source direction) are
given in Table 9 with the intensity normalized to a unit dose. The
neutrons in the energy range from 0 to 4.14 x 1077 MeV can be considersd
as thermal neutrons. Table 10 contains the dose factors and the neutwon

fluence (integrated over angle) at 1200 m,

B. Secondary Gammas

For the description of the secondary gamma rays, Straker's calcu-
lations at 1200 m ace again used and are reproduced in Table 11; again
the intensity is normalized to unit dose. Table 12 gives the solid
angles and angular intervals associated with the discrete angles given
in Tables 9 and 11. Table 10 also gives the dose factors and the gamma-

ray fluence (integrated over angle) at 1200 m,

C. Fission-Product Gammas

Table 13 gives the energy sand polar angular distribution (about
the receiver-source direction) of the fission-product gamma vays for

the triple point burst height. Effects of cloud rise are included.
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Table 10. Dosc Factors and 47R” Fluence at a Range of 1200 m for a Typical Thermonuclear Weapon

Neutron Gamma Rays
Upper 47R? Fluence Upper 47R? Fluence
Dase . Dose .
Evergy Factors* (Neutrons/Group/Incident Energy Factosst (Gamma Rays/Group/Incident
(MeV) Dose) (MeV) Dose)
15.0 5.46(-9) 1.898+6 10.0 2.42(-9) 1.498+7
122 5.13 2.204+6 8.0 2.07 3.627+7
10.0 4.84 3.777+6 6.5 1.76 1.698+8
8.18 4.62 7.885+6 5.0 1.59 6.959+7
6.36 4.44 1.050+7 4.0 1.27 8.166+7
4.97 4.13 1.023+7 3.0 1.08 4.633+7
4.07 4.01 1.027+7 2.5 8.75(-10) 5.203+7
3.01 3.39 1.351+7 2.0 7.35 4.045+7
2.46 3.15 5.540+6 1.66 6.44 4.760+7
2.35 3.09 2.316+7 1.33 5.30 5.781+7
1.83 2.64 4.544+7 1.00 4.45 4.524+7
111 1.97 1.054+8 .80 3.50 6.215+7
5.50(-1% 112 2.215+8 .60 2.56 1.350+8
L.11(-1) 2.30(~10) 3.741+8 .40 1.77 9.493+7
3.35(-3) 0 1.549+8 3 1.22 1.722+8
5.83(-4) 0 1.538+8 2 6.60(-11) 5.488+8
1.01¢ -4) 0 1.071+8 .1 3.90 8.107+8
2.90(-5) 0 8.454+7 .05 8.37 1.325+8
1.07(-- %) 0 1.009+8
3.06(-6) 0 7.236+7
L.12(-6) 0 6.108+7
4.14(-7) 0 5.411+7

*Units are rads tissue/neutron/cm?
T Units aze rads tissue/photon/cm?
$Reads 5.50 x 107!



Table 11, Relative Energy and Angle Distribution of 47R? Secondary Gamma Fluence 1200 m from a Point TN Source in Infinite Air

4 PI R¥e2 FLUENCE AY 31200.0 METERS

TYPICAL THERMONUCLEAR SOURCE

(GAMMAS/GROUP/ANGLE SIN/INCIDENTY DOSE}

ENERGY
GROUP (MEV)
3,00 00===1,.00€ 01
6.50F 00==v8.00& 00
S+ 00E Q0=~=6,.50Ff QO
4,00 Q0m==5,00E G0
3.06E Q0===4.00E Q0
2 .50 00~-=3,.00E Q0
£+00E 00===2,50£ GO
1.66E Q0===2,00E 00
1033F Q0===1.56E 00
1+00E Q0==~1,33FE 00
8 «00E~0Ol===} . 00F 00
6.00E~QL=~~3,00E=01
4 ,00F=0l=mw=b,00E=01
3.00E=Q]===4,00E=0{
2+00F=Qt===2,008=~0.
1.00E~0Le>~2,00E=01
B U0E=Q2==i . U0F=01
£.00E=02===3,00E=02

ENERGY
GRGUP (MEV)

8400 QO~=~~1,00Z Ol

«50E 00===3,00c 00
£.00f 00===4.50E 00
46 Q0F O0===5,00E 00
3,308 Q0=-=--4,00F 00
Z2:50t QD===3,00E 3C
2.0CE QQ===2.530E Q0
hobEE Q0===2,00E 0C
1e328 Q0===1.5&5 30
10008 00===:,33F 00
8400~ 0l===1.008 00
6o Q0E=Q)===2,008E=01
4,00t =(]o==ft ,00E= 04
3:00k=01===4,00E-01
£000F~0,3===3.006=3,
1.00F=0lmm=z 00>}
5,00E~02mw=1,00E~01
20008=02===5,00e=02

ANGLE 2
MU= (,9894
3,072 03
-5.686E 03
5.84BE 04
“F.LT4E Q4
“6.227E 04
=3.97+E 03
%4 485F 04
T.169E Q4
Y. 0408 05
8.112E 02
~R.0G4E 02
~4.BRYE Q4
3.8568 Q%
2.457E 05
2.19iF Q6
5:605E 06
8,318% 0¢
la641E 06

ANGLE 190
Mi}= §,0950
1.309E 05
4.485E 05
3,530 046
Led%}E 05
la647C 06
T.540E 0%
T4 THZE 05
L 3135 €5
445545 (5
T+ Q06F 05
{3932 05
4uil2E 0>
1,387 Q7
. 857¢ Q6
1.514E §7
S.1:82 07
Teb0QE Q7
Le259% 07

ANGLE 3

MU=~ ., %46

1.606E 04
49235 O&
3,085€ 05
3.754E .03
2.42TE 0%
3,155 04
9. T35E 04
9.128E 0%
L.i40E 05
T.651E 0%
be65E 03
2.8¢E8F 03
8.T01E Q5
5.607E 05
5.0558 06
1.2%88 07
2.036E 07
3.715E 06

ANGLE 11
HMij= 0.2816
2.779E 05
8.622E 05
4,838E 06
1.899E G5
2.291E 06
5.7%4F 05
2.1685 05
£.3152F 05
B.0Z&E Q5
1.9Q2E 06
3.090E 06
€.B832E 06
1,624 QT
S.TETE 06
1.536E 07
5.261E 07
7.728E 07
1.£378 07

ANGLE 4  ANGLE 5
MU»=0,8656 MiUs=0.7550
8,193 06 6.944E 04
1.054E 05  1.814E 05
T.997E 05 1.297E 06
2.433F 05 __A.297F 0%
4.042E 05 6.T4TE 05
1.602E 05  2.%522€ 05
1.342F 05  1,605E 05
3.316E 04 5.669E 03
1,407 04 =-2.79BE 04
~6.597F 03 _~1.1B2E 04
T.111F 04 1.509E 05
1.968E 05  3.559€ 0%
1.340E 06  1.936E 06
1.3565 06  2.543E 06
7T.760E 06 1.011E 07
2.019E 07. 2.710E Q7
3.186E 07  4.215€ 07
5.806F 06  7.869E O&
ANGLE 12 ANGLE 13
MU= 0,4580 MU=z 0.6179
3.632E 05  4.951E 05
§.183E 05 1.023E 06
5.955E 06 7.507E 0¢
L.967E 06  1.996E 0%
2.420E 06  2.973E 06
1.165E 06  1.930E 06
1.442E 06  2.025E 0¢
13376 06 3.226E 06
2,311 06  S.112E O¢
4.612E 06  #.3T2E 06
5.410E 05 7.666E D&
9.207€ 06  L1.041E 07
1.719E 07  1.452E 07
9.547F 06  2.272F 06
1.506E 07  1.431E 07
5.188E 07  4.884E 07
7.521E 07  6.970E 07
1.169€ 0T  1.053E 07

ANGLE &
My==0, 6179
B8.3T4AE 04
2.018E 05
1.538E 06

. 5.854E 0§ .

6.49BE 05
2.520F 0%
2.046E 05
T.B97E 04
9.495E 04
1.253E 05
2.104F 05
3.348¢ 05
2+9%1E C¢
4.295E 06
1.193€ 07
3.357F 07
5.191E 07
9.309E 06

ANGLE 14
M= 0,7550
8.214f 03
L.T14F 06
1.163E 07
3,860F 06
6.06€E 06
4,246F 06
6.244E 06
6.095E 06
B.44TE 06
1.1867€ 07
B.904E 06
1.018E 07
1.4BlE 07
B8.651F 06
1.271E 07
4,31T7E 07
6.065E 07
8.927E 06

ANGLE 7
Mii==0, 4580
8.509E 04
1.T05E 0%
1.53%€ Q6
1.433E 05
3.27TE 05
1.950€ Q5
3.064E 05
2.760E 05
4.073F 05
4-100E 05
2.058€ 05
3,042E 05

4.694E 06 .

6.3564E 06
1.3%9E 07
3.943€ 07
6.055E 07
1.067E€ 07

ANGLE 15
My= Q,8656
1.688E 06
3.143E 06
2.200E Q7
3.T79I5E 06
1.354€ 07
3.555E 06
1.079€ 07
9,083F 06
1.088E 07
1.272€ 07
8,410E 0%
8,683F 06
L.242E 07
T.294F 05
1.033E 07
3.474E 07
4. 80TE 07
6.9Y4E 06

ANGLE 8
My==0,2816
9.393E 04
1.591f 05
1.6T&E 06
1.495€ 05
%.121E 05
2.315E 0S5
4. TH6E 05
4.753E €5
6.494E 05
S.54lE 05
2.177€ 05
6.144€E 03
T.356E 08
8.245E 06
1402 07
4.451E 07
6.7T7T8E 07
1.170€ Q7

ANGLE 16
MU= 0,934846
3.531E 06
8.503E 06
4.204E 07
1.984E 07
2.372€ Q7
1.334F 07
l.446E C7
1.047€ 07
1.076E 07
1,057 0Y
6.1T4E 0%
6,214E 06
%140 06
$.057E 06
T14TE 06
2,368 07
3.235¢ 07
4,571E 0

ANGLE 9
M0, 0950
1.303€E 0S5
2.491E 05
2.340F 06
4.529E 05
B8.246E 05
4.534E 05
6.550E 0S5
5.181€ 05
6,069 05
£.092E 05
5. 010 05
1.834E 05
1.068E 07
9.463E 06
1.463F 07
4.858E Q7
T.226E Q7
1.235F 07

ANGLE 17
MU= 0.98%4
7.04TE 06
1.828E 07
.27TTE 07
2.6B1E 07
2.574E 07
1.378E 07
1.229€ 07
T.727€ 06
€.888E 06
5.518E 06
2.846E 06
2.928E 06
4434 08
2.252E Q6
3. 284E 08
1.059E Q7
1.435€ 07
2. 008E 06
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Table 12. Solid Angle Values for Angles Listed in Tables ¢ and 11

Angle Cosine of Angle Boundaries Solid Angle
Index IMul| of |Mu| (Steradians)
1 1.000 0.0
2,17 0.9894 1.0-0.97284 0.170601
3,16 0.944¢6 0.97284--0.91058 0.391153
4,15 0.8656 0.91058-0.81542 0.597895
5,14 0.7550 0.81542-0.6908 0.783060
6,13 0.6179 0.6908--0.5412 0.939939
7,12 0.4580 0.5412--0.3720 1.062838
8,11 0.2816 0.3720--0.1894 1.147334

9,10 0.0950 0.1894--0.0 1.190348




Table 13.

Fission-Product Gamma-Ray Fluence as s Function of Energy and Polar Angle with Respect to the Source-Detector Axis 45° Above the Horizon

Relative Gamma-Ray Fluence* Energy (MeV)

PolarAngIe 01-.07 07-.12 .12-21  21-3 3-4 4-.6 6-.9 9-1.2 1.2-1.6 16-20 20-25 25-3 3-3.5 3.5-4 4-5 5-6
(degrees)

0.0-13.4 1.35-04 1.09-04 5.13-05 5.13-0S5 5.71-05 7.02—-05 3.98-05 2.13-05 1.60-05 1.60-05 4.13-06 4.13-06 841-07 8.41-07 149-07 1.49-07
13.4-24.4 5.83-04 4.65-04 2.26-04 2.26-04 2.51-04 3.08-04 1.74-04 9.77-05 7.88-05 7.88-05 2.55-05 2.55-05 1.46-05 1.46-05 4.06-06 4.06-06
24.4-35.3  9.30-04 7.63-04 3.75-04 3.75-04 4.17-04 5.15-04 2.95-04 1.82-04 1.70-04 1.70-04 6.69-05 6.69-05 7.50--05 7.50-05 2.30-05 2.30-03
35.3-46.3  1.19-03 9.85-04 491-04 491-04 544-04 6.62-04 3.54-04 2.10-04 1.86-04 1.86-04 7.63-05 7.63-05 8.04~-05 8.04-05 246-05 2.46-05
46.3-57.2 6.79-04 5.32-04 2.48-04 2.48-04 2.74-04 3.36-04 1.83-04 1.20-04 1.19-04 1.19-04 4.50-05 4.50-05 2.64-05 2.64-05 7.25-06 7.25-06
57.2—68.1  7.54-04 5.91-04 2.68-04 2.68-04 2.87-04 3.56-04 1.79-04 9.46-035 7.07-05 7.07-05 1.75-05 1.75-05 3.00-06 3.00-06 35.21-07 5.21-07
68.1-79.0 8.23-04 6.44-04 2.87-04 2.87-04 3.17-04 3.73-04 1.67-04 7.40-05 3.72-05 3.72-05 3.44-06 3.44-06 5.77-08 S5.77-08

79.0-90. 8.36-04 6.47-04 2.91-04 291-04 3.22-04 3.66-04 1.31-04 4.94-05 1.22-05 1.22-05 2.49-07 2.49-07

94.0-100.9 7.78-04 5.99-04 2.64-04 2.64-04 2.93-04 3.20-04 7.94-05 2.76-05 2.64-06 2.64-06
100.9-111.8 7.48-04 5.56-04 2.43-04 2.43-C4 2.71-04 2.85-04 4.51-05 1.53-05 4.90-07 4.90-07
111.8-122.8 6.44-04 4.69-04 2.02-04 2.02-04 2.25-04 2.32-04 2.33-05 7.76-06
122.8-133.7 6.20-04 4.54-04 1.71-04 1.71-04 1.89-04 1.92--04 9.37-06 3.12-06
133.7-144.6 5.06-04 3.89-04 1.27-04 1.27-04 1.41-04 1.42-04 4.27-06 1.42-06
144.6-155.6
155.6—166.6
166.6—180.

*Photonsfem? (not per MeV nor per steradian}

LS
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VIT. APPLICATION CONSIDERATIONS

Application of the free-field environment to determine the initial
radiation environment inside structures is beyond the scope of this report
and requires penetration data for the recommended free-field distributions.
An outline of an approach that may be taken will be discussed however.

The standard environments given in Section VI should be used as a
source term for the determinations of dose transmission factors for various
shield configurations. (The determination of these configurations is a
full study in itself. That is, the energy-angular distribution of the
environment should be used with an-arbitrary normalization such that the
ratio of the interior dose to the exterior dose determines the transmission
factor for the shield. Angular information about the interior dose should
be maintained as a percentage of dose in angular intervals. At this step
the absolute intensity of the data given in Section VI is mot important
but only the relative energy angular variations should be utilized. Note
that a rotation of coordinates is required before the data in Tables 9-13
{angles measured about receiver-source direction) can be used as a source
term for penetration calculations. The rotation to a coordinate system
perpendicular to the shield must include the effect of the 45° sourcs
elevation as well as the effect of the "halo" source distribution.

As an example of a method that might be used in determining the dose
interior to a shielded structure, one could determine the overpressure
which the building could withstand, then determine from the data in
Figs. 10-12, the free-field radiation dose in rads that would result.

Dose transmission factors including geometric attenuation for each of the
four quadrants of the building could be determined as well as the trans-
mission factors for the roof., (As used here, a zero thickness shield
corresponds to a transmission factor of 1.) The interior dose could then
be taken as the exterior dose times the dose transmission factor for the
roof plus the extexrior dose times the transmission factor for the worst
quadrant (assumed preferred source direction) or the average of the dose
transmission factors for the four quadrants could be used. An alternate

scheme for treating the transmission factors for the various guadrants
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may be desirable but this required additional study. Due to the use of
a 45° angle between the ground and the source direction an approximately
equal dose is incident on the roof as on a quadrant of the building, so

the transmitted dose should be equally weighted.
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