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ABSTRACT

Calculations of the free—field neutron and secondary
gamma-ray environments generated by the detonation of tactical
standard-fission-weapons have been made for air-over-ground and
air—over—seawater geometries. These data have been combines with
previously published calculations of the radiation environments
due to the primary prompt gamma-ray component , in order to
predict the total radiation intensities induced along the
air—ground interface , for var ious heights of weapon burst.

Rg SUI4á

Des calouls portant sur des env ironnemen ts de neutrons et de
rayons—gamma secondaires gênêr~s par l’explosion d’armes
nuo lêaires olassiques a fission ont ~~~ faits pour des geometriesair—sol et air—mer . Lee résultats ont ~~~ ajoutO oeux
publi~ s sur les environnements de rayonnements due I Ia
com posante de rayonnement gamma initiale, aftn de pr~ voir lee
intensités globales de rayonnement induites le long de
l’interface air—aol , en fonction de l’altitude d’explosion des
armes.
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I INTR ODUCTION

Concomitant with the greatly increased accuracy of modern
missile and artillery guidance systems , there has been a
reduction in nuclear weapon yield necessary to assure destruction
of tactical point targets. As an example , consider a target
which is moderately damaged by a blast wave of 10 psi peak
overpressure. Assuming a delivery system characterized by a
circular—error—probable (CE?) of one kilometre , a weapon yield of
12 kilotons would be required to ensure a 50% kill probability
(1). Reduction of this CE? by a factor of two (i.e. to 500
metres) , would result in the choice of a 1.4 kiloton weapon yield
for the same damage probability. Thus , a reduction in necessary
weapon yield by almost a factor of ten is achieved by only a
two—fold reduction in guidance error.

As weapon yield is reduced , the relative importance of the
three main efreots (blast wave , thermal radiation , and nuclear
radiation) changes drastically. This occurs as a result of the
differing rates of attenuation of these effects with range from
gound zero. Nuclear radiation tends to decrease in intensity
much more rapidly with increasing ground range than do the other

• two effects. Consequently, as weapon yield (and lethal range) is
reduced , the effects of initial nuclear radiation become
increasingly more hazardous.. For instance , doubling the range

• from one—half to one kilometre from a one—kiloton detonation
reduces the radiation dose by a factor of 110, but the blast
peak—overpressure by only a factor of 2.7. Similarly, as a
weapon ’s yield is reduced , it may be approached more closely;
consequently the radiation effects are expected to increase
relatively more in severity than those due to the blast wave or
thermal radiation. Continuing with the earlier example , the
12-kiloton weapon induces a radiation dose of approximately 2000
rads at the CEP boundary, whereas the more accurately guided
1.11— kiloton weapon induces a significantly higher dose of 10 ,000
rads at its CE? boundary. Thus , it is seen that as guidance
accuracy increases , radiation hazards become of greater
significance in determining casualty distributions due to
tactical nuclear weapon detonations. It is estimated that for
standard—fission—weapons of yield less than eight kilotons ,
radiation injury (immediate transient incapacitation) will be the
dominant mode of personnel lethality (2).

A further consequence is apparent when the vulnerability of
armoured vehicle crews is considered. Heavily armoured vehicles
have in the past been designed to provide protection against
conven tional weaponry, and as suc h are also inhe rent ly resistant
to the blast and thermal effects of nuclear weapons. Typical
tank armour , however , provides substantially less protection
against initial nuclear radiation , especially the fast—neutron
component. Consequently, the shift to smaller , more accurately
delivered nuclear munitions implies their even greater usefulness

L __ . - 
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in the anti—armour role , due to the more intense and more
penetrating nuclear radiation component.

As an aid to the further consideration of such consequences ,
a series of representative calculations of expected radiation
dose distributions were made for representative standard—
fission—weapon detonations. Two geometries were considered;
air—over—ground and air—over—seawater. In each case ,
calculations were made for four heights—of—burst , namely 1 , 250,
500, and 750 metres. Only one weapon yield was considered (one
kiloton), however linear scaling of the radiation intensities
quoted may be made up to a yield of ten kilotons , where
non-].inearities in the primary gamma—ray component due to
cloud-rise and hydrodynamic enhancement may become significant
( 3 ) .

II NUMERICAL METHODS

Neutron ~~~ Secondary~ G~amma-rav~ Calcula t ions

Neutron transport calculations were made using the DOT—Ill
(4) two—dimensional discrete—ordinates radiation transport code.
Concurrent with the calculation of primary neutron transport ,
calculations were also performed for the generation and transport
of secondary gamma—rays , arising from radiative capture of
neutrons by the nuclei of the transport media. The spatial mesh
chosen consisted of 15 radial cells , ranging from 0 to 1600
metres; and 25 axial cells , 10 of which extended to a depth of
1.65 metres below the air/surface interface , and 15 of which
extended vertically to an altitude of 1600 metres. Angular
integration was performed using an S— 6 quadrature consisting of
30 discrete directions. Anisotropy of the neutron scattering and
gamma—ray production cross—sections was considered up to the
third order of a Legendre expansion , i.e. the P—3 approximation.
Variation of particle energy was accounted for by a 58—group
struc ture , consisting of 37 neutron energy groups and 21
gamma—ray energy groupsa

Primary Gamma—ray Calculation.s

The transport of primary weapon gamma—rays was not calculated
in this study. Instead , the previously published data of French
and Mooney (3 )  was adopted , primarily because their model
considered such time—dependant effects as cloud—rise and
hydrodynamic enhancement during the initial decay of weapon
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fission—products , which are beyond the capabilities of the
DOT—Ill code. Such time—dependant effects are of importance only
to the primary gamma—ray component , as gamma—rays are
continuously emitted for some time after detonation , during the
vertical rise of the fireball. Neutrons , on the other hand , are

• emitted almost entirely during the very early stages of the
exp losion , travelling in undisturbed air , in advance of both the
shock front and thermal radiation.

I I I  NU CLEAR I N T E R A C T I ON DATA

Nuclear aross-Section Data

Nuclear interaction data required for these calculations were
obtained from the latest version (Oct 1977) of the DLC—3 1 Defense
Nuclear Agency data library (5). The library structure
consisting of 37 neutron and 21 gamma—ray energy groups was
adopted without modification. The densities of oxygen and

• nitrogen in air were chosen to correspond with the ICAO
description (6) of standard atmosphere at sea—level and a
temperature of 15’Celsius. The composition of the ground was

• determined by including the five most common elements of the
earth’s crust (6) plus hydrogen. Seawater was characterized
similarly by including the five most common constituents (6).
The compositions and densities of the three media involved are
listed in Table 1.

The microscopic DLC-•31 data were retrieved , scaled , and
combined into the three required macroscopic data sets using a
modified version of the APRFX multi—group cross—section
collapsing code (7).

Neutron Source Desorintion

The neutron source description utilized for these
• calculations was derived from the spectrum of Bartine , 

~~~~~ aJ.. (5),
re—normalized to a total source strength of 1013 neutrons per
kiloton , as suggested by French and Mooney (3). The neutron
source spectrum , in its DLC—31 representation , is listed in Table

_ , • . ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
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DENSITY (atoms/barn.om)
ELEMENT

Air Ground Seawater

Hydrogen 2.23E—3 6.611E~ 2
Oxygen 1.07E—5 4.69E—2 3.32E—2
Nitrogen 4.02E—5
Sodium 1.98E—3 2.81E—J4
Magnesium 3.00E—5
A luminium 4.814E—3
Silicon 1.59E—2
Chlorine 3.30E—4
Iron 1.i1IIE—3

DENSITY 1.22E—3 2.41 1.025
(grams/cm 3)

Table 1 : Elemental composition and densities of
representative air , ground , and seawater.

Group Upper Energy Source
(HeY) (n/kt.on)

9 10.0 3.84E+20
10 9.05 3.50E+20
11 8.19 5.39E+20
12 7.11 1 7.35E+20
13 6.38 1.84E+21
14 11.97 3.25E+20
15 ‘1.72 8.’17E+20
16 11.07 5.50E+21
17 3.01 3.24E+21
18 2.39 1.06E+21
19 2.31 9.72E+21
20 1.83 1.’17E+22
21 1.11 2.16E+22
22 0.550 1. .50E+22
23 0.158 1.93E+21
24 0.111 1.21E+22
25 0.0525 5.73E+21
26 0.02)48 6.OOE+20
27 0.0219 2.40E+21
28 0.0103 1. 111&E+21

0.0034

Total Source : 1.OOE+23

Table 2 : Low—yield standard— fission—weapon neutron
source in 37 neutron group format.

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Deteotar R.anons~ Damor iot ion .

* To p r e d i c t  a s ingle  r a d i a t i o n  i n t e n s i t y  at each s p a c e — p o i n t ,
it is necessary  to integrate the calculated multi -group neutron
and g a m m a - r a y  spec t ra  aga ins t  the a p p r o p r i a t e  f l u e n c e — t o — d o s e
convers ion  f u n c t i o n s .  In order to be consistent with the current
NATO d e f i n i t i o n s  of r a d i a t i o n  i n t e n s i t y ,  the  chosen conve r s ion
f u n c t i o n s  cons is ted  of the “tissue—kerma ” factors supplied with
the  D L C— 3 1 library ( 5)  as l i s ted in Tables 3a and 3b. The use of
these kerma factors in the “ f r e e — i n — a i r  t i s sue -ke rma ” sense
impl ies  an assumption that the radiation energy released in a
small  piece of n o n— p e r t u r b i n g  wet t i ssue  is a useful indicator of
probable  r ad io—bio log ica l  e f f e c t .

__________________ ____________________________________________ _________________________________________

Group Upper Energy Kerma/Flu2nce
(HeY)

38 1.11000E 01 3.0426E—09
39 1.0000E 01 2.l1074E—09
140 8.0000E 00 2.0855E—09
41 7.0000E 00 1.8788E—09
42 6 .0000E 00 1.67 38E — 09
143 5 .0000E 00 1 . 4 6 0 1 E — 0 9• 1411 4.0000E 00 1.2317E—09

• ‘45 3.0000E 00 1.01181E—09

116 2.5000E 00 9.1487E— 10
• 147 2.0000E 00 7.6771$E—1O

48 1.5000E 00 5.9765E—1O
149 1.0000E 00 J4.362~&E— 1050 7.0000E—O1 3.0502E—10
51 1l.5000E—01 1.9777E—10
52 3.0000E—O1 1.11 33E— 1O
53 1.5000E—01 5.5597E— 11
511 1.0000E—O1 14 .0199E— 11
55 7.0000E—02 11 .0885E—11
56 14.5000E—02 7 .31$214E— 11
57 3.0000E—02 1.6328E— 10
58 2.0000E—02 5.2217E—1O

1.0000 E—02

Table 3a : DLC-31 gamma—ray fluence—to— kerma
conversion factors.

I 
_ _  

_ _ _
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Group Up per Energy Kerma/Fluence
(MeV) (rad .-c m?)

1 1.96110E 01 6.9955E—09
2 1.6905E 01 6.6398E—Og
3 1.11918E 01 6.’&306E—09
14 1 .141 91E 31 6.3273E—09
5 1.3840E 01 6.1858E—o9

I
I 6 1.28110E 01 6.0025E—09

7 1 .22114E 01 5.93148E—09
8 1 .1 052E 01 5.6816E—09
9 1.0000E 01 5.52811E—09

10 9.0’4814E 00 5•2212E—09
11 8.1873E 00 5 .1231E— 09
12 7.-11082E 00 ‘4 .8639E— 09
13 6•3763E 00 4.5598E—09
114 ‘% .96119E 00 )4.3203E— 09
15 11.7237E 00 11 .2551E— 09
16 11 .0657E 00 11 .01138E—09
17 3.0119E 00 3.-14289E—09
18 2.3852E 00 3.1396E—09
19 2.3069E 00 3.0709E—09
20 1.8268E 00 2.61157E—09
21 1 .1 080E 00 2.0090E—09
22 5.5023E—01 1.21168E—09
23 1.57614E—01 7.6831E— 10
214 1 .1109E— 01 . 5.3516E—10
25 5.21475E—02 3.0158E— 10
26 2.-11788E—02 2.0519E—10
27 2.1875E— 02 1.111 02E— 1O
28 1.0333E— 02 6.0073E—11
29 3.35’46E—03 2.1225E-11
30 1.23’41E—03 8.8838E—12
31 5.8295E—0’4 3.071414E— 12
32 1.013 0E—Ok 1.1 -II1OE— 12
33 2.9023E— 05 1 .12143E— 12
314 1.0677E—05 1.6859E— 12
35 • 3.0590E—06 2.8218E— 12
36 1.1254E— 06 1$.5992E— 12
37 11.1-400E—07 1.8828E— 11

1.0000E— 11

Table  3b : DL C— 3 1 n e u t r o n  f l u e n c e — t o — k e r m a
conver s ion  f ac to r s .

--
-— ~._s__ 
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IV RESULTS

Ker in a D i s t r ib ut i o n s

The p r e d i c t i o n s  of n e u t r o n , to tal  g a m m a — r a y ,  and  t o t a l
• radiation free— in—air tissue—kermas , are shown plotted as

functions of surface range for the eight oases considered , in
Figures 5 through 10 of Appendix A. Listed in Tables 14 through
11 are the corresponding numerical values , including also a
breakdown of the primary and neutron—generated secondary
gamma-ray components.

Comoartaon ~~ ORtIL Calculatians

Comparison of these results to those of other recent
investigations (8,9) of the air— over—ground problem cannot be
entirely definitive , as different numerical approximations , air
and ground compositions , source descriptions , and detector

• response functions have been variously employed. A recent ORHL
report (8) is reasonably consistent with this study, with the ¶

notable exception that the response functions utilized were those
normally applicable to health physics problems , namely the
Auxier—Snyder (10) and Claiborne—Trubey (11 ) tissue—equivalent
phantom responses . In order to make a direct comparison with
these results , the neutron and secondary gamma—ray spectra ,
calculated for the one—metre burst over ground , were re— folded
against the above-mentioned response functions and compared to
the calculations of Pace ,~~ ~~~~~ .

The modified DREO and ORNL . calculations of neutron and
secondary gamma-ray tissue doses are shown in comparison in
Figure 1. The agreement is seen to be excellent out to a ground
range of about 1000 metres , where the DREO results start to
exceed those of ORNL , reaching a maximum difference of about 50%
near the problem boundary. It is felt that this may be due to a
difference in location of the radial boundary, through which no
particles are assumed to return. In the ORNL study this is

• located 110 metres closer than in the DREO approximation , and
thus could exert a greater influence on the nearby particle

• fluences. The secondary gamma—ray doses also compare well , the
agreement improving in this case as ground range increases. The
general disagreement of about 30% is likely due to differing

• ground compositions and densities , the ground being the source of
the majority of gamma-rays near the air/surface interface. The
overall agreement of both neutron and secondary gamma—ray doses
is probably as good as could be ei~ ,oted however , especially when
it is noted that the absolute va~ • of the quantities calculated
v a r y  over more  t h a n  f i v e  decades .

- 
I
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Figure 1 : Comparison of ORNL and DREO calculations of primary
neu tron and secondary gamma—ray doses , for a burst
height of one metre.
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Comp a r i son .  ~~ ~~LL Calculat ion s

A compar i son  is also made to recent SAl (Science Applications
I n c . )  c a l c u l a t i o n s  ( 9 ) ,  for  a b u r s t  h e i g h t  of 250 me t re s  over

• g round  ( a c tu a l l y  278 me t res  for  S Al ) .  In t h i s  case i t  is the
to ta l  f r e e — i n — a i r  tissue—kerma which is compared in F igure  2 ,
aga in  as a f u n c t i o n  of g round  r ange .  The a g r e e m e n t  of the two
ca l cu l a t i ons  is gene ra l ly  ve ry  good , ho wever  in th i s  case the
DREO r e su l t s  tend  to a t t e n u a t e  more rapidly with increasing
ground range than do those of SAl.  This  is undoubtedly explained
by the difference in air density used in the two reports , namely

• 1.11 grams/litre for SAl versus 1.22 grams/litre in the DREO
• s t udy .  An increase in air density will reduce the fluences at

large distances due to increased absorption by the intervening
air. At short ranges the opposite will occur , namely an increase
in fluence is expected due to a more rapid conversion of
uncollided weapon radiation into a “diffusing ” state , due to an
increase in scattering probability per unit distance of travel.

Fl

Comp arison. ~~ ktr/Sea ~~ k i r / Gr o u n d  Re sult s

In Figure 3 a comparison is made between the results of the
air—over-sea and air—over—ground calculations , for the same burst

• height of 250 metres. The effect of changing the sub—surface
composition is as expected , namely a decrease in neutron kerma
coupled with an increase in total gamma—ray kerma. The decrease
in neutron kerma to about 60% of the air—over—ground values is
due to the much greater moderating power of the water , primarily
a result of hydrogen scattering . With a decrease in average
neutron energy comes an expected increase in radiative
neutron—oaptu~’e probability , hence an increase in gamma—ray
kerma. The magnitude of the increased secondary gamma-ray
contribution itself decreases with increasing surface range , due
to a more rapid attenuation with distance of the originating
neutron fluence. The net result of the combination of the two
effects is a decrease in total radiation kerma to approximately
80% of the corresponding air—over-ground intensity.

Note that the assumption has been made that the primary
gamma-ray data of French and Mooney ( 3 )  are e q u a l l y  app l i cab le
also to the air—over-sea conditions. This is felt to be
reason able , since primary gamma-rays contribute generally less
than 25% to the total kerma , and their transport characteristics
are much less dependent on the specific nuclear species of the
surface than are the primary neutrons and their gamma—ray
secondaries.

. _s t ”  ~~~ * ,  .~~~~~. — - - - -
~~~ — -—
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Figure 2 : Comparison of SAl and DREO calculations of total
radiation kerma , for a burst height of 250 metres.
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Figure 3 : Comparison of Air/Sea and Air/Ground calculations of
gamma—ray, neutron , and total kermas , for a burst
height of 250 metres.

E f f e c t  ~~ Wurst Heiaht g~, B~~ iation Propo~ ation

For the eight cases considered , the surface ranges at which
total radiation kermas of 500 rads are realized were compared to
height of burst , in order to investigate the effect of this
parameter on weapon lethality. The data are shown in Figure 14 ,
and demonstrate a clear optimum height of burst for the
maximization of radiation intensity at long distances from

* surface zero. A burst height near 250 metres is seen to be
optimal both for air—over—ground and air—over—sea conditions. At
lower burst heights the ground (or sea) exerts an increased

• influence due to particle absorption and moderation , whereas at
higher burst heights geometric effects dominate (i.e. increased
slant range). Note that optimal burst heights corresponding to
criteria other than 500 rads will in general be different from
250 metres , but may be extracted from the data of Appendix A if
required .
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Figure 14 : Effect of weapon burst height on range of to ta l
radiation kerma .
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V CONCLUSIONS

Nuclear radiation environments have been predicted for
r ep resen ta t ive  t ac t ica l  nuc lear  de t o n a t i o n s  app l i cab le  to land
and naval forces. The calculations were made using the most —

recent Defense Nuclear Agency (US) nuclear interaction data
• compilations and are estimated to be accurate to within j  30%.

The predictions were verified to be consistent with those of two
other research laboratories , inasmuch as the underlying
assumptions were not always identical . The effects of burst
height on weapon radiation lethality were investigated , and the
expected differences between land and naval environments
d e t e r m i n e d .
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VII AP PENDIX A

The following pages contain plots of the calculated neutron ,
g a m m a — r a y ,  and to ta l  kerma d i st r i b u t i o n s  along the  air/surface
interface (Figures 5 through 10); and listings of the
corresponding neutron , secondary gamma—ray, primary gamma—ray,
total  g a m m a — r a y ,  and total  r a d i a t i o n  kerma distributions (Tables
14 t h rough  11) .
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1-METRE BURST OVER GROUND 1—KTON STANDARD-FISSION-WEAPON

RAN GE 
_________  

KERMA (RADS ) __________
(MET RES) NEUTR ON SEC GAMMA FRI GAMMA TOT GAMMA TOT KERMA

7.000E 00 2.050E 07 8.980E Q14 2.955E 07 2.9614E 07 5.0114E 07
2.700E 01 2.610E 06 2.920E 014 1.873E 06 1.902E 06 14.512E 06
6.000E 01 5.210E 05 1.150E 014 3.339E 05 3.14514E 05 8.6614E 05
1.O7OE 02 1.630E 05 5.920E 03 8.7146E 014 9.338E 014 2.5614E 05
1.670E 02 5.580E 014 2.860E 03 2.8143E 014 3.129E 01$ 8.709E 014
2.-I400E 02 2.090E 014 1.-1400E 03 1.036E 014 1.176E 014 3.266E 014
3.270E 02 7.630E 03 6.-1470E 02 3.977E 03 I4.6214E 03 1.225E 014
14.270E 02 2.750E 03 2.9140E 02 1.580E 03 1.8714E 03 14.6214E 03
5.-1400E 02 1.030E 03 1.350E 02 6.365E 02 7.715E 02 1.801E 03
6.670E 02 3.230E 02 6.130E 01 2.5145E 02 3.158E 02 6.388E 02
8.070E 02 1.190E 02 2.730E 01 1.008E 02 1.281E 02 2.-471E 02
9.600E 02 14.020E 01 1.190E 01 3.926E 01 5.116E 01 9.136E 01
1.127E 03 1.310E 01 5.250E 00 1.-1$87E 01 2.012E 01 3.322E 01
1.307E 03 1$.590E 00 2.160E 00 5.-’486E 00 7.61$6E 00 1.2211E 01
1.500E 03 1.350E 00 8 330E—01 1.965E 00 2.798E 00 I$.1148E 00

Table 14 : Kerma distributions for a 1—metre burst over ground.

250-METRE BURST OVER GROUND 1-KTON STANDARD-FISSION WEAPON

RAN GE 
_________  

KERMA (RADS ) 
__________

(METRES) NEUTR ON SEC GAMMA FRI GAMMA TOT GAMMA TOT KERM A

7.000E 00 6.O14OE 01$ J4 . 920E 03 8 .239E  03 1.3 16E 01$ 7 .356E OIl
2.700E 01 6.850E 014 4.980E 03 8.108E 03 1.309E 01$ 8.159~ 01$
6,000E 01 6 1450E 01$ l$.730E 03 7.587E 03 1.232E 014 7.682E 014
1.070E 02 I$.8140E 014 14.000E 03 6.-I$O1E 03 1.0I$OE 014 5.880E 014
1.670E 02 3.360E 01$ 2.990E 03 14.683E 03 7.673E 03 1$.127E 014
2.-IIOOE 02 2.180E 014 2.060E 03 2.9148E 03 5.008E 03 2.681E 01$
3.270E 02 1.090E 01$ 1.190E 03 1.622E 03 2.812E 03 1.371E 014
11.270E 02 1I.650E 03 6.120E 02 B .119E 02 1.1421$B 03 6.0714E 03
5.-IOOE 02 1.990E 03 3.030E 02 3.800E 02 6.830E 02 2.673E 03• 6.670E 02 8.310E 02 1. -1420E 02 1.680E 02 3.100E 02 1.1I1E 03
8.070E 02 2.720E 02 6.350E 01 7.129E 01 1.3148E 02 14.068E 02
9.600E 02 1.O14OE 02 2.830E 01 2.916E 01 5.7146E 01 1.615E 02
1.127E 03 2.970E 01 1.220E 01 1.1II I4E 01 2.3614E 01 5.331$E 01
1.307E 03 1.020E 01 5.270E 00 1e .335E 00 9.605E 00 1.981E 01
1.500E 03 2.950E 00 2.080E 00 1.581$E 00 3.661$E 00 6.6111E 00

Table 5 : Kerma distributions for a 250—metre burst over ground.
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-
~~~ 500—METRE BURST OVER GROUND J 1— KTON STANDARD— FISSION—WEAPON

RANGE 
_________  

KERMA (RADS ) 
__________

(METRES) NEUTRON SEC GAMMA FRI GAMMA TOT GAMMA TOT ICERMA

7.000E 00 1$.290E 03 ‘4.260E 02 6.928E 02 1.119E 03 5.-1$09E 03
2.700E 01 14.OIOE 03 1I.230E 02 6.891E 02 1 .112E 03 5.152E 03
6.000E 01 3.930E 03 I4. 1$IOE 02 6.738E 02 1.088E 03 5.018E 03
1.070E 02 3.700E 03 3.9140E 02 6.3111E 02 1.028E 03 l1 .728E 03
1.670E 02 3.300E 03 3.590E 02 5.610E 02 9.200E 02 Z4.220E 03
2.1400E 02 2.620E 03 3.000E 02 11.551 E 02 7.5511E 02 3.375E 03
3.270E 02 1.71$OE 03 2.190E 02 3.322E 02 5.512E 02 2.291E 03
k.270E 02 1.030E 03 1. 1480E 02 2.171E 02 3.651E 02 1.395E 03
5.IOOE 02 5.9140E 02 9.260E 01 1.277E 02 2.203E 02 8.1-43E 02
6.670E 02 2.520E 02 1$.830E 01 6.8014E 01 1.163E 02 3.683E 02
8.070E 02 1.090E 02 2.370E 01 3.3143E 01 5.713E 01 1.661E 02
9.600E 02 1$.150E 01 1 .11OE 01 1.532E 01 2.61$2E 01 6.792E 01
1.127E 03 1.550E 01 5.320E 00 6.572E 00 1.189E 01 2.739E 01
1.307E 03 5.820E 00 2.710E 00 2.669E 00 5.379E 00 1.120E 01
1.500E 03 1.730E 00 1.210E 00 1.030E 00 2.21$OE 00 3.970E 00

Table 6 : Kerma distributions for a 500-metre burst over ground.

750—METRE BURST OVER GROUND 1-KTON STANDARD-FISSION—WEAPON

RANGE 
__________ 

KERMA (RADS ) 
__________

H (METRES) NEUTRON SEC GAMMA PRI GAMMA TOT GAMMA TOT KERMA

7.000E 00 5.500E 02 8.260E 01 1.079E 02 1.905E 02 7.-1405E 02
2.700E 01 5.570E 02 8.260E 01 1.076E 02 1.902E 02 7.1472E 02
6.000E 01 5.520E 02 8.160E 01 1.062E 02 1.878E 02 7.398E 02

-
~~ 1.O7OE 02 5.230E 02 7.860E 01 1.027E 02 1.813E 02 7.0143E 02

1.670E 02 1$.820E 02 7.-11 140E 01 9.573E 01 1.701E 02 6.521E 02
2.-1400E 02 Il.330E 02 6.760E 01 8,1462E 01 1.522E 02 5.852E 02
3.270E 02 3.390E 02 5.530E 01 6.955E 01 1.21$8E 02 l$.638E 02
1I.270E 02 2.250E 02 14 .11OE 01 5.2119E 01 9.359E 01 3.186E 02
5.1400E 02 1.1450E 02 2.890E 01 3.608E 01 6.-1498E 01 2.IOOE 02
6.67OE 02 8.810E 01 1.900E 01 2.2145E 01 Z$.1145E 01 1.295E 02
8.070E 02 Il.O1O E 01 1.090E 01 1- .272E 01 2.362E 01 6.372E 01

• 9.600E 02 1.82OE 01 5.1I9OE 00 6.609E 00 1.210E 01 3.030E 01
1.127E 03 7.2140E 00 2.960E 00 3.158E 00 6.118E 00 1.336E 01
1.307E 03 2.660E 00 1.300E 00 1.1401$E 00 2.7011E 00 5.3614E 00
1.500E 03 8.-’$lOE—Ol 5.600E—01 5.8146E_01 1.1145E 00 1.986E 00

Table 7 : Kerma distribution s for a 750—metre burst over ground.
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1—METRE BURST OVER SEA 1—KTON STANDARD —F ISSION-WEAPON

R A N G E 
_________  _________  

KERMA (RADS ) 
_________

(METRES )  NEUTRON SEC GAMMA PEt GAMMA TOT GAMMA TOT KERMA

7.000E 00 1.9 10E 07 2 .36 0E 05 2.955E 07 2 .979E 07 k.889E 07
2. 700E 01 2 .270E  06 1.000E 05 1.873E 06 1 .973E 06 k.2 1$3E 06
6.000E 01 1$ .2 140E 05 3 .700E 01$ 3.339E 05 3.709E 05 7 .9 14 9E 05
1.070E 02 1.170E 05 1. -I$60E Oil 8 .7 146E 01$ 1.02 1E 05 2 . 19 1E 05
1.670E 02 3.7 140E Q14 6 .26 0E 03 2.8 143E 014 3. I$69E 014 7 .209E Oil
2.. 1$OOE 02 1.290E 014 2 .6 0 0E 03 1.036E 014 1.296E Oil 2 .586E 014
3.270E 02 1$.1450E 03 1.0 80E 03 3 .9 77E 03 5.057E 03 9.507E 03
1$.270E 02 1.5 140E 03 1e. 1e60E 02 1.580E 03 2 . 026E  03 3.566E 03
5. -IOOB 02 5.500E 02 1.820E 02 6.365E 02 8.185E 02 1.368E 03
6.670E 02 1.690E 02 7 .6 6 0E 01 2 .5 145E 02 3 .31 1E 02 5 . O O 1 E  02
8.070E 02 5.830E 01 3.090E 01 1. O O B E  02 1.3 17E 02 1.900E 02
9.600E 02 1.9 10E 01 1.320E 01 3 .926E 01 5 .2 1$6E 01 7 . 156E 01
1. 12 7E 03 6 .020E 00 5 .390E 00 1. 1187E 01 2 . 02 6 E  0 % 2 .628E 01
1.30 7E 03 2 . O I 4O E 00 2 .080E 00 5. -I$86E 00 7 .566E 00 9 . 606E 00
1. 500E 03 6 . 12 0 E — O 1  8 .35 0E— 0 1 1.965E 00 2.8 00E 00 3, 1$12E 00

Table 8 : Kerma distributions for a 1—metre burst over sea.

250-METRE BURST OVER SEA 1 —ICTON STANDARD-FISSION—WEAPON

RANGE 
_________  _________  

KERI4A (RADS) 
_________

( M E T R E S )  NEUTRON SEC GAMMA FR I  GAMMA TOT GAMMA TOT KERMA

7.000E 00 3.600E 01$ 1.360E 0~l 8 .239E 03 2.1814E 01$ 5.781$E 01$
2.700E 01 1$.210E Oil 1.390E 01$ 8.108E 03 2.201E 014 6.-II11 E 01$
6.000E 01 3.920E 01$ 1.300E 014 7.587E 03 2.059E Oil 5.979E 014
1.070E 02 2.890E 01$ 1.020E 01$ 6.-leolE 03 1.660E 014 ‘4 550E Oil
1.670E 02 2.060B 01$ 7.220E 03 14.683E 03 1.190E Oil 3.250E 014
2.1400E 02 i.300E Oil Il.630E 03 2.9148E 03 7.578E 03 2.058E 01$
3.270E 02 6.370E 03 2.390E 03 1.622E 03 1$.012E 03 1.038E 014
‘$.270E 02 2.730E 03 1 .11OE 03 8. - 119E 02 1.922E 03 $ .652E  03
5. l$OO E 02 1.190E 03 5.090E 02 3.800E 02 8.890E 02 2.079E 03
6.670E 02 l$.7$OE 02 2.19OE 02 1.680E 02 3.870B 02 8.610E 02
8.070E 02 1.600E 02 9.120E 01 7.129E 01 1.625E 02 3.225E 02
9.600E 02 5.7 10E 01 3.. 71$OE 01 2.916E 01 6.656E 01 1.237E 02
1.12 7E 03 1.650E 01 1.6 10E 01 1. 1$l$ E 01 2.751$E 0_i l$.l$Ol$E 01
1.307E 03 5.660E 00 6.7$OE 00 il.335E 00 1.108E 01 1.6711E 01
1.500E 03 1.670E 00 2.1$80E 00 1.581$E 00 1$.0614E 00 5.731$E 00

Table 9 : Kerma distributions for a 250—metre burst over sea.
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500—METRE BURST OVER SEA 1-KTON STANDARD—FISSION—WEAPON

RANGE 
_________ 

KERMA (RADS ) 
__________

(METRES) NEUTRON SEC GAMMA FRI GAMMA TOT GAMMA TOT KERMA

7.000E 00 2.-1460E 03 9.52OE 02 6 .928E 02 1.61$5E 03 $ . 105E 03
2 . 700E 01 2. - 1I1OE 03 9 370E 02 6 .89 1E 02 1 .626E 03 l l .0 3 6E 03
6 .000E  01 2 . 3 $ O E  03 9 .0 90E 02 6 .738E 02 1.583E 03 3.923E 03
1.O7OE 02 2.210E 03 8.610E 02 6-.3141E 02 1. -1495E 03 3.705E 03
1.670E 02 1.97OE 03 7.600E 02 5~ 61OE 02 1.321E 03 3.291E 03
2. -ILOOE 02 1.56OE 03 6 . 160E 02 14 .55 14 E 02 1.071E 03 2.631E 03
3.270E 02 1.030E 03 14.360E 02 3.322E 02 7.682E 02 1.798E 03
l l . 2 7 0E  02 6 . 100E 02 2.73 0E 02 2 . 17 1E  02 I$ .901E 02 1.100E 03
5. 1IOOE 02 3. -1170E 02 1.590E 02 1.277E 02 2 .867E 02 6.337E 02
6.670E 02 1.500E 02 7.790E 01 6.801$E 01 1.-’459E 02 2.959E 02
8. OT OE 02 6.3 1$OE 01 3.520E 01 3.3il3E 01 6.863E 01 1.320E 02
9.600E 02 2.1$3OE 01 1.56OE 01 1.532E 01 3.092E 01 5.522E 01
1.127E 03 8.950E 00 6.930E 00 6.572E 00 1.350E 01 2.21$5E 01
1.307E 03 3.-~l1OE 00 3.290E 00 2.669E 00 5.959E 00 9.369E 00
1.500E 03 1.O3OE 00 1.37OE 00 1.O3OE 00 2.-IIOOE 00 3.1130E 00

Table 10 : Kerma distributions for a 500—metre burst over sea.

750-METRE BURST OVER SEA 1—KTON STANDARD—FISSION-WEAPON

RANGE 
_________  

KERMA (RADS ) 
__________

(METRE S) NEUTR ON SE C GAMMA F RI  GAMMA TOT GAMMA TOT KERMA

7.000E 00 3.I14OE 02 1.510E 02 1.O79E 02 2.589E 02 6.029E 02
2.700E 01 3.33OE 02 1. -I$90E 02 1.076E 02 2.5665 02 5.896E 02
6.000E 01 3 .2 8 O E  02 1. 11605 02 1.062E 02 2 .522E 02 5 .802E 02
1.O 7O E 02 3 . 1I O E  02 1. -I $OOE 02 1.0275 02 2. -l$27E 02 5.537E 02
1.6705 02 2.8705 02 1.300E 02 9.573E 01 2 .257E 02 5. 1275 02
2 . 11005 02 2.5705 02 1.1605 02 8. -il62E 01 2 .006 5  02 11.5765 02
3.2705 02 2.000E 02 9.31405 01 6.955E 01 1.629E 02 3.629E 02
11.2705 02 1.36OE 02 6.7205 01 5.2 14 9E 01 1. 19 7E 02 2 .557E 02
5.-~4O0E 02 8.52oE 01 14.5105 01 3.6085 01 8.118E 01 1.661$E 02
6.6705 02 5 . 1905 01 2.8005 01 2.2 ’15E 01 5.0 145E 01 1.023E 02
8.0705 02 2 .3 80E 01 1.5105 01 1.2725 01 2 .7 82E 01 5.162E 01
9.6005 02 1.100E 01 7.2305 00 6.6095 00 1.38145 01 2.148145 01
1.1275 03 &.330E 00 3.6805 00 3.158E 00 6.838E 00 1.117E 01
1.3075 03 1.5505 00 1.5505 00 1.110115 00 2.95115 00 14.50145 00
1.500E 03 5.2605—01 6.1150E—01 5.81165—01 1.2305 00 1.7565 00

Table 11 : Kerma d i s t r i b u t i o n s  for  a 75 0—metre  burst  over sea.
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