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MONTE CARLO NEUTRON AND
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Kerma in tissue and the activation produced in sulfur and cobalt due to prompt neutrons
from the Hiroshima and Nagasaki bombs were calculated out to 2000 m from the hypocenter
in 100 m increments. As ncutron sources weapon output spectra calculated by investigators
from the Los Alamos Mational Laboratory (LANL) were used. Other parameters, such
as burst height and air and ground densities and compositions, were obtained from recent
sources. The Lawrence Livermore National Laboratory (LLNL) Monte Carlo transport code
TART was used for these calculations. TART accesses the well-gstablished 1985 ENDL
cross-section library, which has built-in reaction cross sections. The zoning for this problem
wis a [ull two-dimensional geometry with a ceiling height of 1100 m and a ground thickness
of 30 cm. For the Hiroshima calculations (including sullur activation) an untlted source
was used. However, a special sulfur activation problem using a source tilted 15° was run
for which the ratios o the untilted case are reported.

The TART code uses a technique for solving the transport equation that is different from
that of the Oak Ridge National Laboratory (ORNL) DOT code; it also draws on a specially
evaluated cross-section library (ENDL) and uses a larger group structure than DOT. One
of the purposes of this work was (o instill conlidence in the DOT calculations that will
be used directly in the dose reassessment of A-bomb survivors. The TART resulls were
compared with values calculated with the DOT code by investigators from ORNL and found
to be in good agreement for the most part. However, the sulfur activation comparison is
disappointing. Becauose the sullur activation is caused by higher energy neutrons (which
should have experienced fewer collisions than those causing coball activation, for example),
better agreement than what is reparted here would be expected.

The TART Neutron-Photon Monte Carlo Transport Code
TART is a coupled neutron-photon Monte Carlo transport code available at LLNL.!
It has been extensively tested apainst a series of pulsed sphere experiments,® where the
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agreement for materials of interest in this study (i.e., air, nitrogen) is good. (In materials
that have very complex resonance structures in their cross scclions, such as iron, codes
like TART, which work with group-averaged cross sections run into trouble for calculations
exlending over many mean free paths)) The normal version of TART does not allow for
rigorous treatment of thermal neutrons; rather than maintaining a Maxwellian distribution
it downscatters neutrons (o a designated "Moor” encrgy (0.02 eV) where they remain until
captured. A difficulty with all Monte Carlo transport codes is oblaining reasonable statistics
alter passage through a lot of material. For the case of the neutron kerma at Hiroshima, it
was only possible to get good statistics out to 1200m (though useful data may be derived
out to about 1600 m). This limitation is tied to the total amount of computer time that can
be invested.

There is a variant of TART called ALICE that alleviates some of the above-mentioned
problems. For example, it gets around the “resonance” problem by using a so-called
"probability table” method® 1o treat resonances. ALICE also allows proper treatment of
a Maxwellian thermal distribution. Comparison runs were made for cobalt activation in
Hiroshima; differences between TART and ALICE results were found to be less than 109
out to 1200m (with the hypocenter showing a difference of 139%). A Maxwellian tempera-
ture of 0.025 eV was vsed in the ALICE calculations. In general, ALICE runs a lot slower
than TART and therefore is not routinely used for transport calculations.

Cross Sections

LLNL maintains ils own cross-section group that evaluates and maintaing cross seclions
and penerates a periodically updated library, called ENDL, which is used for all resident
LLNL codes. ENDL has been extensively documented. TART derives its cross-scction
information from ENDL and forms its own set of group-averaged cross sections (175 groups).
MNormally the group average is a straight arithmetic average (i.e., not weighted by the fluence);
this is what is used.

Problem Geometry

A [ull 2-D geometry was zoned up for the TART calculations. The code actually works
wilth a full 3-D configuration; however, zonal boundaries were such that there were two-
dimenszional symmetries that are essential to obtain optimum numbers of Monte Carlo sam-
plings in the tally zones. The air zones consisted of a "stack of pancakes” to take account of
changes in air density and zonal weights. Placed under this stack is a "bull’s eye” of tally
zones that were filled with the material of interest (lissue, sullur, cobalt). Under this bull’s
eye there was a 30 cm thick eylinder of soil. The ceiling for this problem was 1095 m. The
entire geometry was bounded by a cone of half angle 45° whose apex was located 2500m
above the hypocenter. Cone apex, burst point, and hypocenter were all located on the axis
of symmetry for this geometry.

Data Used in These Calculations

The neutron sources used in this study were calculated by workers from LANL.® The
MNagasaki source was one-dimensional. The Hiroshima source was two-dimensional and was
used in the "untilted” position in the caleulations. However, a sullur comparison with a
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"tilted” position was made that will be discussed later. For kerma in tissue at a point in
air and for coball activation the sources were split up into a high-energy and a low-energy
component. The reason for the split relates to TART not allowing spectral weighting. Such
weighting is necessary in Monte Carlo transport problems when there are large differences
in amplitude across the energies of a source spectrum. The split takes the place of source
weighting and allows the appropriate importance for the high-cnergy component, which has
low amplitude in the neutron spectrum but which produces a significant part of the kerma
al long ranges,

Data relating to air and soil density and composition were those provided by ORNL®
(Tables 1 and 2). The air composition provided by ORNL was converted 1o atom [ractions,

Table 1. Atmospheric Density, Composition, and Zoning
(Burst Height: Hiroshima 580 m, Nagasaki 503 m)

Compesition [(Atom Fraction)

Loneo Altitude Density

Number (m) (g/cc) Hydrogen  Mitropen Oxygen Arpon
Hiroghima

14 0-125 L01164] 268 7352 2155 J0ES
13 125-275 0011499 J258 7544 2153 J045
11,12 275449 L011334 0247 J557 2151 JAI045
8,9, 10 A440-535 011152 0234 Ja72 2148 045
7 635-835 L010259 0223 7587 2146 J0045
[ 835-1045 0010732 0207 JT60E 2144 J0045
Mopazmki

14 0-125 D011517 L0269 1531 2155 0045
13 125-275 0011388 0255 L1547 2152 L0045
11,12 275-449 J011236 0240 505 2147 J045
B, 9,10 439615 LD011069 0225 L1583 2147 L0045
7 635-815 A0108%1 209 L1602 2144 0046
G B35-1095 LO106E]L iR | L1623 2141 L0046

Private Communications, J. ¥. Pace, ORNL, dated 29 August 1985 and 2 October 1985

Kerma in Tissue and Reaction Tallies

A major differcnce between the TART calculations and the ORNL DOT calculations
is that "response functions” were not used to convert fluence to other desired guantities.
Instead small amounts of the material of interest were put into the tally zones and energy
and reactions calculated directly. The materials were placed directly on top of the soil. Both
sulfur and cobalt were used alone without any shielding material (like clectric insulators or
conerete), except for one special calculation in which cobalt was embedded in iron, The
composition listed in Table 3 was used [or ussue. Reaction cross-section data used by TART
for sulfur and cobalt are shown in Tables 4 and 5.

Results and Conclusion
Quanuties calculated were neutron and secondary gamma-ray kerma in tissue for
Hiroshima and Nagasaki and sulfur and cobalt activation for Hiroshima, Previously TART
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Table 2. Summary of Data on Composition of Moist Soil Used in Atmohpheric
Radmtion Transport Caleulations

Ao Akazits Percent of tofal cross Percent by
Flamient {ul:mns.'bnrnncm}“ seclban Tar thermal “"I:.Iﬂ nf_
U lron-caplure panima rays b0 ist soil

FHireshimo

Hydeogen H J.NB5E=1 66.53 3.04
Carbon C T.043E-4 0.02 0.63
Oxygen O JI39E=2 0,035 58.74
Sonfium Ma 545154 1.9% [.22
Aluminum Al 2.061E=3 3.31 5.43
Silicon S0 9.315E=3 10.36 25533
Chlarine Cl 2541E-& 058 .01
Potassium K 1.191E—4 10.46 2.75
Caleium  Ca 1.583E—4 0.47 0.62
Titanium Ti 256TE=5 1.08 012
Manpancsz Mn 6.659E-6 0.61 .04
Iron Fe 2.482E—4 4.39 1.35
Total 0%.B5 23,70
Magazki

Hydrogen H 3521 E=2 66,20 1.47
Carbon C 1.806E-3 0.04 s
Oxygen O JA5TE-2 0.04 60,27
Sodjum Ma 2550654 0.El .57
Aluminum Al 2816E-3 3.94 T2
Silicon Si G.A06E=3 6.60 1B.67
Chlorine Cl T.512E-6 1.50 0.03
Potassium K 1LS1DE=4 1.92 0.58
Colcium  Ca 2.2167E—4 0.59 0.89
Titanium Ti 1.034E—4 3.81 .48
Manganese Mn 1.796E-5 1.44 .10
Iron Fe 3.24TE-4 12.92 4.50
Tolal 09.81 99,10

LAssumes a moist-goil density of 1.7 gfec (Le., 1.3 gfec of dry soil and 0.4 gfee of water)
This table Is contained ina letter from Kerr, ORML, to R. Christy, CIT, dated 18 April 19835

Table 3. Tissue Composition

Element Atom Percent
Hydrogen 11 6.30E—1*
Oxyeen 0 240E~1
Carbon (12} C 1.18E=1
Hitrogen M 1.08E=2
Calclum Ca 353E-5
Phosphorus P 2.61E—4
Sulfur(32) 8 1.TAE—4
Polassium K 1. 10E =4
Sodium Ha 2.09E<4
Chlorine Cl 2.31E-4

1Read as6.30 X 107" or 0.630, ete.

From M.5. Singh, Kerma Factors for Newtrons and
Photons in the Encegies Below 20 Me¥ |, UCRL-52850,
LLNL (1979)
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Table 4. Reaction Cross Sections for *°S for Neutrons Above 0.883 McV
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Table 5. Continued
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g Z.74le-04 0. o, T, 0. " v, 2.06Te=01 1.0Fdge@|
Bl J.2G67e-D4 @, o, i, 0. i a,. . 33Te=00 T.4G6%aidd
B2 J.Elle-D4d @, m. &, m, . [ F.3d%e=03 G.03Ec+@0
Bl 4, Tode=R4 @, n. a, o. &, o. G5.104e=02 L. .OZ01esBi
Ri d,90 =04 O, if, [ o. T, B. 4.3620=02 4.39%a+8F
B S.E50e=04 W, m. g, 0. g, . 3.500w=0F 3. 93de+@d
BE &, PdTe=04 o, o, a, o. a, n. J.170a~02 J.72Ge¥D
B? &.267s=04 @, o. 1% o. ;. n. 2. L52a~02 3.470e+B0
BA 7.1GGe=04 0O, m, e, T, i, B, 2,0008e=0F J.70Za+Ed
B3 §.32Ze-04 0. I, a, . i, & . 721a=02 2.003e+00
&5 9.177e-04 0. T, J. T. 1S . IidGhe=02 2.975«00
S0 0.050e-03 2. o, . T, N, 0. 1. 20Te=-0Z Z2.61lBe+003
22 1.2Te-03 W, i, [ (HA ", n. 4, 94de-0F 2. 4SO
91 §1.531=-83 &. i, m. ir. K. 0. 5.82Z2-0F ]|.94da+00
fd i 002==-01 &, b. 8. ir. 2. b, l.E20a=-02 1.737Ze+00
0% T.I00.-0) @&, 0. [ . 7. B. . i30e=02 1.724e+00
76 2.06le=-02 @&, . o, m, n. 0. 2, 78e=01 2.08Fc+a5
07 Z.9d0e=03 @, ¥, o, o, a. n. 1.003e=02 2.238s+d0
98 J.Jifle=03 &, i, o, m, 0. . 1, 203e-0F 4.G09=+50
0% 3. 777e-03 A. . a. . a, 2. 2. 212e-00 2.4G1e+d@|
e 4, iJde=03 @&, i, o, i, i, o. J.2118=00 1.535a+EF
IEl S.T6da=0] @&, . . m, r. o, €.IR12=0F 2.2GEa+@|
12 T.hile=D1 W¥. K. o, v, i. n. B, 67]e=0F 1.L0GSec+@i
LET §.B¥Ee-03 I, 2, o. ir, 2, a. 3.97Ze~-02 T.797ailiy
idd §.5i1e-BF &, v, m. (19 ¥, . J.230e-02 T.19Fe @@
InG Z.071==02 &, 0. o. . F, &, I.781w=02 2. 48FasE|
ICG T.bALE=DT I, ", [ o, [ a. 2.902a~02 1.3001e+81
BT 2.E67e=0% @, o, o, o, &, . I.903=02 1.115e+8L
IEg 3.953e-B2 . T, (118 m, . n. 2. 04T&=0F G.79da+80
E3 4. Toda-B2 F, a, 0. n. | o, ¥, Flde-0F B.393e0m
e 5. rele-02 @, T, a. . g, . I:f29&-0F G.lZDe 20
i 7.002e=02 &, 0. o, o. w. n. [.27Te=0F G.10lss@d
112 §.3232e=02 &, . ", o. V. n. I E7%a=02 0.370e+8F
117 %.R9]le=0F &, . e, o, n. n_ 3. PIGLe=02 T.465%e+E0
114 §.2@7==00 @, o. =, . i, n_ L. 83 0e=03 4,.]1AFa+80
I15 1.B80s=01 &, o, m. T, [J8 . 1,5488=02 .82+
ElE Z2.076e-01 8. i, [ T, B, m, Bl e=02 L. 081ovB5
E17 Z.407e-00 @R, B, n: . . . 1.3508-02 £.[5]gidd
fig 2.Ti8=-41 &, @, o, . P 2, 1.2945-02 4.176esE0

117 T, 0i0e-91 O, w, L i, . 0. 1.2165e-02

1P 3. 345e=00) M. g, . s 0. 0. 1.1%Ze-02

12 J.T7Ta=01 I, ", . m. ", 0. 1.078e-02
122 4.274==0] @I, g, [ o. [ . B.5C%9-03F d4.339se00
123 5.123e-01 0. w, e, o, 7. . B, 3L0g=03 JF.7ZTar@D
IE4 & 335e-A1 0. g, & o, ir. 0. B.0508-0F J.TEIcilld
125 T 52Te-R1 O, i, . 04Ta-05% 0, . 0. E.411e=-03 3.3FGosn0
136 8.0)de=01 ©O. m, 2.0%is=04 0. r. 0. §.2762-D3 3.381crid
127 §.035«s00 0, . 4.040=-04 0. o, . F.94Fe-07 J.2Xinipd

—
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Table 5. Continued

FE&CE b a9 2 E Fd r4 i

g = =2.1%s=8F=F . DiGerDi=T A3Ta-00-5. LdSa+#N-0, 9] 0s+008 J.200In-#] 7.49a*a0
w0 PR . 2N naFrg nL,dg g by a1 ol total
120 1. 176esl0d W0, 7. G, i2da=04 D. n, m. 7.50de=01 3,32dc+bd
129 1.3JEs000 W. & B, Jdd0s=04 O g, . E.E24a=01 I3, 1540
130 1. %l1a+@0F Q. &, 1.071s=02 0, 7. m. 5.6200=03 J,343w+Dd
131 §.6%a+@X @, ", 1.3218=F3 O, v, A, 1,67]a=03 1,2568+00
132 1. 88Te+DF N, 2, 1.58la-03 0. ¥ o, 4, FTIa=F] J.Z57c=0Q
133 F.@a5]le03 &, 9. 1.010a-03 O, N, ", 3., TE2Im-0F F.TF2w=0d
134 Z.AP5«+RAF 1.4]7&=00 P. 2.05%a=01 IV, v, ., T, 4Ll Ta=0F J.Jddpeiid
3% ¥.530«+D@ §.177a-0F F. 2.29%:=01 B, ", ?. 3. 2200=0F J_4Fla=00
136 Z.7dlmend F.T9Te-0F B. 2.564s-91 &, . g, 3.0308=03 3.36Ise00
137 A. @1kt B 9C0m=-02 D. 1.0 %a-01 @, LS F. 2.9 1a=02 J. 840 Tl
138 A.26Vas0d E_OdZa-IF] O. J.620a=-03 @, 0. ¥, o 0THE=02 J.53Ta 00
13% 2.5%3%e:08 3J.2ifa=-IF] O, 4. ZA6e=-F1 0, . ¥, 1.675a=00 1.500s+20
pd0 J.810ss00 d.d09s=2] @, i, . 079a-0F BD. . [ 8 2.035%8=03 1.56F&e+¥T
jd] 4.@25%s+00 B.70Ve=@1 9. . 0976a=03 0. o, 8, Z.ddZe-01 1,603e+¥0
jd2 4:F¥3Easdd T.llda-01 &, T.311la=03 O, o, o, 2.102a-0] 1, LS0w+b0
143 A, 70det@ B.J0le-0] &, E.DEda=03 O, v, B, 73706 2.300e-23 1,70 a00
jdd A, 5%1a+8F 9.5]da-PL &, 1.037a=0L h,.2Ble=0L O, 1.77dm=0d 2.207w-81 3,7iTw+b0
148 5:353%a+00 1.@50«+D0 &, 1.26da=0¢ 0.803a=05 & i, 7dFm=04 2.01240=-01 3 . T53@ep0
1d6 5. C50a+0F L. idie+DF B, 1.600a=02 1.3 4a=0i @ B.917a=-04 2, 830a-01 3. TEJpeD0
147 G.0d3e+BF . §0da+Bd B, 1.0B6a-02 J.067a=-02 @ 1.90%a=23 | .388+=-07 3 . Fide+0a
148 G, 36Ta+00 |, 2]1%=00 P. 2dTIa=-0E A4, LPe=01 &7, Z.Jikw=a3 1, 959a=07 3, LH¥1unpa
149 §,73Tas08 |.Zdle~08 B. Z.045a-02 G.170s=0: @, 3.5068=27 1,%29a=01 3.Cdlwe0a
1E0 7,1%Ges08 §.Z00w=00 0. 1.73%a-02 §.656Te-0¢ &, B.@Wde=2] |, ,030a=01 J.6F7anp2
151 7.5i0es08 §.EnCe=08 0, §.63Fa-¥2 7.863e-0L @, B.60ta=237 [, 07 0e=03 J,.5F0s=00
152 F.00i0e*d8 §.F0ie-08 0. 5.01%a-42 9. 870e-0i &, B.100a=23 §,041e=03 3, 877a=00
153 ®,.3ZIe+*09 §,.3Cla+D0 O, G.15Ya-#2 1. .0d5a-07F &. 1. #34a=22 1.0F0e=03 3.807&=00
154 B.TETe+0@ 1.235e+00 0. G, 33Fa-F2 1,0100a-0F T.710a-0E 1.217a-22 1,776%=0F 3.J4ida=00
158 &, 177e+08 1.176e=~00 0. T.46Fa=82 L, Jlfa-0F G.100a=-05 1 ,30Ta-82 1.7d3&=03 F.J0de=l
156 B.665&+0@ 1.1Gis=00 0. 7.90%a=02 |, 46 e=0F 1.94Jm=0d 1| .5%5de-A2 1. T@0a-03 3.24d4a=@0
187 1.0012e+«0] 1.120e=00 0. 0,208n~8F2 §.5350-0) J.04Va-0d |.722e-02 1.602&-03 3.1T7dw+dd
158 §.058&+08 1.1@da=08 9.0365-83 0,340a-03 1 .500a-8% 4.117e-04 | S0le-0F 1. EEMe-03 3.09%5e+@0
159 1.100ke+00  1.003c=00 9.2676-02 B,4064=23 } LI30a=-03 S _2Tie=04 3, PC2a-A2 1.0360-03 3.0Z4e+0
6@ 1.155g+ 0] B.0)6e~@] 2.202e~0] B.554a-02 1,6776-03 G.848c-04 Z2,270e=03 .60 )e=03 2.968n 20
16l 1.199&+80 7. CESe=0] J.198a-0] O.563a-§2 0.725&-0% 7.246e-84 2,.%1Ge=A7 1.0008=03 2.007&400
16F 1.260e+0] G.4l0s=0] 4.56%a=2] O.402a0-82 1.770&e-B2 T.70Ya-Fd 2.715&-P2 1.060s<03 2.0831&+00
LEY 1.307e+01 S.45]e=A1 G.4078=2]1 0,358a-02 1. 030e-03 B.10%a-F4 2, 8ddie-0F 1.0636a-03 2.76Ea+@0
FGed 1.354e+ 01 4.9006-01 E.043s-01 8,2]0a=03 1, 870a-03 O.7?03a=-54 3, 900e-0F 1.505e-03 2.724e+@0
165 1.308e+ 0] 4.570a=-01 6.302a-0] B,1d1a=03 1.980%=03 0.3098s=04 2,907e-02 1.5020-03 2.602a+20
I6E 1.413e*01 4.390a=-0] 6.58%e-01 7,90B&=0% 1.927e=00 9.270&=-F0 Z,0%ie=0% |.5P@e-00 2.C62a+E0
67 T.ddles ] 4.217a-01 E.700a-01 7.0235-02 1.954&=03 9.505&=F4 Z,070&=07 |.800e=-07 2,.6]1@+E0
EE 1.,4G8as0] 3.90dp=-01 7,044e=2] 7,.502e-02 1.950a-F3 9.500a-Fd 2.7%92a=02 1|.000a=-00 7.%9ie+000
VET 1.51Fe=0] 1. 70dp=2] 7,7008e=9] ¥, 17de-02 Z.08Ta-F3 1.F00e-0) Z2.633e-07 1.000&=~2d T.%0is+00
E70 1.578a=01 J.620G8=-21 7,.5008=-01 &,73Ta-0 2.00Fe-03 |.F00c-0] F.4id4ie-07 1.00¢e-E3 2.%13e+00
§71 1.633as01 2.%1da=Fl 7.600&-81 &,J3Ce~0T 2.00Fa-83 |.000s=0] F.2)Yda-0F 1.500a-03 2.4768+00
172 1.692e= Ml J.400&-01 7.04L4e-01 5,.N34a=0F 3 _NOFe=01 ].000%=03 ].90%a=02 |.S500e-01 2. 44Ge+DR
173

i, 75%es@] J.I67&-21 7.06de-01 G.0074=02 2.008a-21 |.000s=07 1.78%n=-02 L.EO00a-81 2.423e+D0

174 E.Di¥a+@1  3.368e-0F ., 04fe-08 G.13¥00=F2 2 0A00c-#3 | . 080s=03 1_83%a-02 [.500e-0]3 F.239%4:04

175 [.075e+@) 2,3ibg-0F B, 0%a=-00 & 4Fla-0d . f00e-03 §.080a-0F 1.80Lka-#2 V. %00e-03 F.JENerid
=1 0 la I myw 2

showed good agreement when compared with pulsed sphere experiments with air and nitro-
gen (at least out to seven mean [ree paths). The results compare well with those derived
from DOT S,, calculations performed at ORNL by 1. Pace. However, the DOT code appears
to have dilficulty calculating values at and near the hypocenter; an cbservation previously
made and verified by ORNL (hrough comparison with ANISN calculations. TART, being
a Monte Carlo code, has difficulty calculating values with good statistics at long distances.
By and large, however, considering the differences in calculational method, encrgy group
structures, and evaluated cross-section data bases, the agreement between TART and DOT

is gratifying and reassuring. The calculational results are contained in Tables 6 to 12 and
Figures 1 to 5. A comparison of the ratio of TART and DOT results at various ranges is

contained in Figures 6 and 7. TART and ALICE calculations were also compared for bare
cobalt activation and their ratio is plotted in Figure 8; the differences are small,

A brief comparison of the new data (particularly for Hiroshima) with certain previously
published modern calculational results™ is in order. These previous results were obtained
with a dilferent neutron source (1-D rather than 2-D for the case of Hiroshima) calculated
by Preeg of LANL in 1976.2 For neutron kerma, the new results for Hiroshima are lower
by a factor of between 0.6 and 0.7 for the range of 1000 to 1500m when compared with the
previous values. The same comparison yields reasonable agrecment for secondary gamma
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MEUTRON AND GAMMA-RAY CALCULATIONS

Table 6. Calculated Neutron Kerma in Tissue (rad per indicated unit) Using the 2-D
Hirpshima Source Spectrum.

) ; Tizsue kerma (radl) e
Dutzide Tissua Tissue kerma

Tally radius MaEs DER O Dinellirons per unit f{n!d
zene (m) ®  peg)IMeV E>823MeV  Toul grad ktt:)

15 100 314 410. 723, 1134. 201.

16 200 04.2 337. G625, 961, 170.

17 300 157 214, 480, T16. 127.

1E 400 220 130. 333, 463, 52.0

19 £00 283 63.5 208. 272, 48.1

20 GO0 346 9.2 1232, 151. 26.7

21 700 408 12.7 69.0 B1.7 14.5

22 800 471 5.15 37.4 42,6 7.54

23 200 534 2.17 20.0 22.2 393

24 1000 397 (.795) 10.4 11.2 1.98

25 1100 ] (.297) 5.30 5.60 91

26 1200 723 (.147) 2.78 2.93 519

27 1300 T85 I 1.53

28 1400 848 I Bel

29 1500 G911 | A06

30 1600 974 I 222

il 1700 1037 h (.117)

a2 1300 1100 no data (07413

33 1900 1162 no daia {.0G0S)

34 2000 1225 o dala h

h® high statistics; datz not trusiworlliy
na data = no recorded particle historics
Yahies in parentheses: Standard Deviation 10-20%: caution advised

Hormalization. For units per mole of neutrons; neutrons below 823 MeV: factor used = 5.59 % 10
cxp-23 ncatrons above 823 MeV: factor used = 4.28 %10 exp.22. For units per kt (of total yisld):
faclor =.177 moles per kt

Tizsue Tally Zones Tissue Tally Zones (15 through 34) consist of thin cylindrical annuli having the
lsted outside mdiuz The inside radius of these zones is the outside radius of the previous zone,

except for Zone 1 (which is a thin eylinder of radius 100 m). The zones contain the indicated weight
of tissue whose composition i3 listed on Table 3.

Table 7. Calculated Kerma in Tissue from Secondary Gamma Rays (rad per indicated unit)
Using the 2-D Hiroshima Source Spectrum.

Tissue Kerma (rad)

Cruisile Tissua Tissue kerma

Tally radius mass per mole of neutrons per umnit _','JI:H
3o (m) ) E<823McV E>823MeV  Total (rad k1™')

15 j {ili] 3.4 1551, 252, 1803, 319,

14 200 04,2 13432, 222, 1564, 277.

17 300 157 1027, 180. 1201. 213,

1B 400 220 728, 118, B56. 154,

19 SO0 283 471, 87.3 558. 9E.8

20 GO0 346 311, 56.3 67T, 65.0

21 T00 408 193, 34.9 228. 40.4

22 EOD 471 128. 21.5 150, 26.6

23 Qg0 534 BE2.9 13.3 Q6.2 17.0
A i Wi T R e

37



CHAPTER 3 APPENDIX 3

Table 7. Continued

Tiesue kerma (rad)
Cutside Tizsum Tiszue kerma

Tally radis mass D A T per unit yield
zone {m) () E<823McV E>823MeV  Total (rad Rt

24 1000 597 55.4 7.98 63.4 11.2

25 1100 GG0 37.3 4.97 42.3 7.48

26 1200 723 26.4 3.21 29.6 5.24

a7 1300 785 17.9 2.00 19.9 3.52

28 1400 448 12.9 1.35 14.3 2.53

29 1500 911 B.30 11 0.21 1.63

£ 16040 o974 .14 EER 6.73 1.19

K} 1700 1037 4.50 A02 4.90 867

31 1800 1100 2.90 265 3.17 561

33 1900 1162 1.81 (.233) 2.04 361

4 2000 1225 1.37 141 1.51 267

Values In parenthescs: Standard Deviation 10-20%; caution advised
For nermalization and tissue tally zones sce footnote Tabla &

Table 8. Calculated (n,p) Reactions in 25 Using the 2-D Hiroshima Source Spectrum,

“Untilted” Weapon
Outside Sullur {n,p) Reactions Standard {n,p) Reactions

Tally radius mass per saufce neutron deviatlon per unit yleld
2L (m) (e (x10') (%) (mg ki)

15 100 il.4 2.68 by G459

15 200 042 T.35 a3 59135

17 00 157 10.2 A4 4902

1€ 400 220 11.1 S 3827

19 00 283 10,1 A0 2705

0 &00 346 8.25 A7 1813

21 100 408 6.27 ) 1172

22 800 471 4.55 Tl 733

23 o000 534 3.10 A 441

24 1000 597 2.06 1.2 261

25 1100 ] 1.34 1.3 154

26 1200 123 B78 1.6 2.0

27 1300 TES a2 2.l 53.3

28 1400 848 336 2.9 10.0

29 1500 211 .207 3.4 17.3

a0 1600 o4 137 4.2 10.7

31 1700 1037 0801 52 5.64

32 1800 1100 D510 6.6 352

33 1900 1162 L2258 9.3 1.69

34 2000 1225 0191 10.4 1.1%

Mormalization. Only source neulrons above 823 MeV were used to run this problem, For
normalization we used 0126 moles of neutrons above 823 MeV per klloton (kt) of yield for
the Hiroshima Little Boy weapon.

Sullur Tally Zones Sulfur Tally Zones (15 through 34) consist of thin cylindrical anrmli

having the listed outside radins. The inside radius of thess zones is the outside radius of the
previous zone, except for Zone 1 {which iza thin cylinder of radius 100 m).

Sulfur Isotope. Sullur listed in this table refers to sullfur (Isotope 31)
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NEUTRON AND GAMMA-RAY CALCULATIONS

Table 9. Calculated (n,%) Reactions in *!Co Usi ng the 2-D Hiroshima Source Spectrum

(ngd Reactions in cobalt

{ng} Reactions

Tally Qutside Cobalt PET source neutron per mg of cobalt
radius mazs
e {m) (g} E<.823MeV  E>.823McV Total Total
(x10'%) (x10'%) permole  perki

15 100 3.4 JGE 211 L.6TeHDG 2.96e+H15
16 200 94.2 1.84 a1 L.36e+D5 2.41c+H5
17 300 157 209 7.59 9.51et05 1.68e#15
18 400 220 1.65 7.38 5.63c+05 9.97c+04
1% S00 283 1.3 6,02 2.94¢+05 oot
20 600 346 a7 4,19 1.46c+05 2.58c+04
21 700 408 268 2.90 6.71e+04 1.19c+04
22 800 471 128 1.78 3.14c+04 3560,
23 900 534 0532 L6 L4letl4 2500.
24 1 GO0 397 0150 606 6120, 1080,
25 1100 650 ( .00803) 341 1900, 513,
26 1200 T3 {.00234) 175 1220, 216,
27 1300 T83 h 0945
28 1400 B48 h 0531
29 1500 911 h 0251
30 1600 974 h (.0163)
11 1700 1037 b (.00675)
32 1800 1100 no data {.00598)
33 1900 1162 no data h
34 2000 1223 no data h

h=high statistics; data not trustworthy
no data = no recorded particle historics

Values in parenthesis: Standard Deviation 10-20% caution advised

Normalization, TFor unils per mole of neutrons; neotrons below 823 MeV: factor used =

3,59 %10 exp.23 neutrons above 823 MeV: factor used » 4,28 %10 exp.22. For units per ki
fof total yield): focior =177 moles per kt

Tissue Tally Zones. Tizsue Tally Zones (15 through 34) are thin eylindeical anpull with Indj
cated outside radivse. The inside radius of ench 2one is the oulside radius of the previous zone,

except for Zone 15 {which s a thin evlinder of radius 100m). These zones contain the
imsicated moss of cobalt.

Table 10. Calculated Kerma in Tissue from Neutrons (rad per indicated unit), Nagasaki

Tiszue kerma (rad)

Qutside Tissue Tissue kernr
Tally radiug mass RIDO aiinetitont por unit yield
=1
A (m) (e} E<1.24keV  E>1.24keV  Total (Rd kit
15 100 314 B.05 216, 234, 61.2
16 200 s 5.54 186. 152. 52.5
17 300 157 2,38 137. 139, 8.0
18 400 220 19 91.3 015 15.3
19 00 283 64 56.6 56.8 155
20 GO0 346 [.0252) EEN ] 33.1 2.05
21 700 408 h 16.6 18.6 5.09
22 EQ0 471 h 10.2 10.2 2,78
23 Q00 534 h 5.67 5.67 1.55
24 1000 507 no data 315 3,15 A6l
—
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Table 10, Continued

Tissue kerma (rad)

Oulzide Tizzue Tilszue kerma

Tally e e per mole of neutrons Se }"E"'m
2o (m) @  pe124keV  E>1.24keV  Total (AR k)

25 1100 G660 1.68 1.68 459

26 1200 723 B67 A6T 237

27 1300 T35 A%99 499 d36

28 1400 B48 302 302 0325

20 1500 a11 150 50 0410

1n 1600 974 0823 0823 0225

3l 1700 1037 {.0482) (.0482) {.0132)

12 1800 1100 {.0287) (.0287) { .007B5)

33 1904 1162 {0172} (.0172) {.00472)

34 2000 1225 no data h h I

h = high statistics; data not trustwerthy

no data = ao recorded particls historizs

Values in parenthesis: Standard Deviation 10-20%; caution advized
For normalization and tissue (ally zones sce lootnote Table &

Table 11. Caleulated Kerma in Tissue from Secondary Gamma Rays
{rad per indicated unit), Nagasaki

Tissue kerma (rad)

Cutside Tissue Tissus Kernta
Tally i L per mole of neutrons per unit IL“:H
zone (m} () E<l24keV E>1.24keV Total (rad ki )
15 100 314 1261. 522 P313. 155,
16 200 942 1048, 45.8 1094, 290,
17 300 157 833, 34.5 BGE. 137,
13 400 220 399, 24.1 623, 170,
19 500 283 423, 15.8 439, 120,
20 GO0 346 284, 9.72 204, E0.4
2] TOM 408 192, 5.94 198. 4.1
22 800 471 128, 3.69 132, 361
23 a0 534 E7.8 2.21 90.0 24.6
14 1000 557 L 1.42 559.8 16.3
23 1100 660 40.2 484 41.1 11.2
26 1200 723 26.5 51 7.1 7.41
27 1300 785 1B.8 339 121 5.22
28 1400 B4B 12.7 216 129 1.513
29 1500 911 B.76 134 8.89 2,43
30 1600 B4 G.00 105 B.11 1.67
31 1700 1037 4,34 0626 4.40 1.20
32 1800 1100 1,34 (04920 3.39 827
EE] 15040 1162 2.15 (.0296) 2.18 505
34 2004 1225 1.67 [.0222) 1.69 AB2

Values in porentheses: Standand Deviation 10-20%; caution advised
For normalizatlon and tissue tally zones see fooinote Table &
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Table 12. Calculated Kerma in Tissue from Source Gamma Rays
(rad per indicated unit), Magaski

Tizsue Kerma {rad)

Outsida Tlazue Tizsue kerma

Tally radivs fhilss per male of gamma rays per unlt Ilzld
zone (m) () E<5 McV E>5 MeV Total trad ki ")

I5 100 31.4 2513, 38.6 2552, 158.

16 200 4.2 2170, 34.9 2205, 137.

17 300 157 1663, 28.1 L6091, 1045,

18 A0l 220 1152. 21.2 1173 T2.7

1% 500 283 T56. 15.5 772, 47.8

0 GO0 346 473, 10.9 484, 30.0

21 TOn 408 293, T.54 301, 18.6

n i) 471 171. 3.16 182. 11.3

23 200 534 1048, 3.55 112. 5.92

24 1000 597 4.5 2.49 67.0 4.15

25 1100 GE0 40,0 1.73 41.7 258

26 1200 T23 24.0 .19 25.2 1.56

27 1300 T85 14.8 Bid6 15.7 870

8 1400 E4B 8.91 S04 0.50 1ok

29 1500 911 5.72 A26 6.15 L3881

30 1600 074 3.42 207 372 231

31 1700 1037 .31 208 1.52 156

33 1800 Lion 1.40 40 1.54 L0854

33 1900 1162 36 01 27 05T

34 2000 1225 S04 iFh| B35 0394

Mormalization, For units per mole of pamma rays. Source gamma rays below 5 MeV: foctor used
= 6.004 X10 exp.23, source gamma rays above § MceV: factor used = 1,625 X10 exp.21. For units
per kb {of tofal yvield): [actor = .0620 moles per kit

For tissue tally 2ones see footnote Table 6
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NEUTRON AND GAMMA-RAY CALCULATIONS

rays. The reasons for these differences in neutron kermas have not been investigated in detail,
A major cause could be the smaller number of high energy neutrons in the new source when
compared with the old one (0.0043 mol/kt above 1.33 MeV compared to 0.0073 mol/kt).

A special calculation was done for sulfur activation using the LANL two-dimensional
Hiroshima neutron source but tilting the source 15°, which corresponds to the inclination of
the bomb at the time of burst. The results, presented as ratios of tilled to untilted values, can
be seen in Figure 9. To obtain reasonable Monte Carlo statistics, the angular subdivision of
the angular wlly cylinders on the ground was limited to four quadrants. Because two of the
quadrants occupy the same relative position, the actual angular definition is limited to threc
values. AL any rate, the maximum difference between tilted and untilted activation is about
25%.
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Figure 9. The effecr of weapon 1l o suifur activarion in fHirashima

A few special cobalt calculations were made and the resulis are shown in Figure 10.
Note that the abscissa is slant range, not ground range as in the other figures. There is a
comparison of bare cobalt on ground and cobalt embedded in a 2 cm thick sheet of iron
placed on top of the ground (cobalt concentration: 1 ppm); the indicated differcnce is about
a factor of two, which is caused by the iron absorbing low energy neutrons. A curve that
shows calculated bare cobalt activation due to a fission source spectrum was also plotied.
Shown on the same graph are the "iron ring" cobalt activation data of Hashizume et al.”? Note
that the shape of the iron ring curve is quite similar 1o the fission spectrum curve; indeed,
making allowance for cobalt embedded in iron, the two curves might come close together.
Thus one could infer the possibility of a fission like spectrum with total source strength of
approximaltely 1 mole of neutrons giving rise (o the iron ring data; a conjecture unsupported
by other data.
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