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Shielding characteristics of ship cabin against early gamma
radiation in nuclear explosions
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Abstract: Monte Carlo method was used to study the shielding characteristics of ship compartments in early
nuclear radiation scenarios. Using early gamma radiation as a radiation source, the mass attenuation coefficients of
three commonly used materials, HSLA-80, 5456Al, and FDCL-3B, for ship bodies were measured. A simulated cabin
model was established based on the geometric structure of the ship, and Gaussian broadening method was used to fit
the detector's energy spectrum. The absorption energy spectrum of the Nal detector inside the cabin under gamma
radiation was obtained, and compared with experimental results in the literature, thus verified the reliability of the
calculation model and results. On this basis, using the gamma protection coefficient as the evaluation index,
considering two scenarios of radioactive isotopes (single energy point sources) and early gamma radiation (surface
sources with energy distribution), the spatial distribution characteristics of gamma radiation shielding in simulated
cabins were calculated and analyzed. The results show that the protection coefficient of the simulated cabins for
different radioactive isotopes was different, with a maximum difference of 6.74 times (Cd-109 and Cs-137); The
protection coefficient varies in different positions of the cabin. The gamma radiation dose at the front end of the cabin
is relatively high, while the gamma radiation dose at the corners is relatively low, with a difference of 35%; The
protection coefficient is related to the incident angle of gamma irradiation. Compared with normal incidence, the
simulated cabin has a higher gamma radiation protection coefficient for oblique 45° incidence, which can be improved
by 43%.
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Zn Ni 0.25 0.4
Mn P 1 0.08

Ti 0.2

Fe 0.4

Cr 0.2

TN 5 4 S RE R DX ] R 0.01~ 15 MeV, 43 B E 3R = ok Rl 0 5 58 0 3R A000E 1% R IX ) R AT 1 35 A gy
Bro B1E5H T =FobhRH MAC Bl {0 fig 1% 1 28 fk i 26, Forh HSLASO 1) MAC 14k iR 2 e i, i M K} Fe T
4380 98.2%, H. Fe M JEF B R . — B 55, B4 RE 00 5 8 56 64 B e 3 SR 5 0 R o0 2 A9 IR 7 1 B ELRE AT O, TR T
FE OB A, BB R SR B . 18T 1 (a) BERRIX(A] 0.01~0.3 MeV, F2 8 & AR JGHLAR N o 4l T 52k fig i Wl A
1T, HSLAS0 (1) MAC {EBE % BE & A3 M 167 em®/g [ 5] 0.1 em?¥/g, HoAl P Rl A8 MAC W28 R AR B 1 1(b) R
I X 8] 0.3~3 MeV I i B 5 S e 32 R, Bl 2 0 25 S R U, T AR MAC 32 i R A 72 18] 1(e) 1Y
3~15MeV X [0, Bl % AE 5 A9 3G, S H R00; A0 S8 00 A0 07 D 559, 15 A ek 1) o 50K A L ) R 7 S 208007 2% T 1 58 T
X EAR AL 502, PRI = Fh b B MAC 7 0.02~0.036 cm?/g Z [], A5 AL (R 8 BE AR /N, 7E 9 MeV Z )5, B HL X 340
fR34 %, HSLASO Y MAC JT 44 30 [ Jh#a s,

2 REMENHERRE
MAC J&: 6 555 i i v FH B0 06 4 REA Il 280, Sl b — 5 TH B R AT & B =R kb HSLASO 4964 X il & 4
ST 9 B VR BE, O EL b T2 A8 3k 1O P T A R ARG 5 A 56, DY e (1) HSLASO A i 22 SN A1 KL,

043029-3



weOoW s 5 Ol TR

180
160 [ —=— HSLASO 0.10 - —=— HSLAS0
140 —e— FDCL-3B —e— FDCL-3B

~ ) —a— 5456Al1 ~ —a— 5456Al

b 120 | o (.08 -

E 100 | §

g %o Z 006}

S 60 =

40 b
20 \N\ 0.04
O I 4 B & I I I I
0.01 0.1 0.25 0.5 1 2 4
energy/MeV energy/MeV
(2) 0.01~0.3 MeV (b) 0.3~3 MeV
0.040
—s— HSLAS0
0.035 1 —o— FDCL-3B
~ —a— 5456A1
50
E 0.030
Q
=
=
0.025 |
0.020 : :
4 8 16
energy/MeV
(c) 3~15 MeV

Fig. | Mass attenuation coefficient (MAC) of different materials from 0.01 MeV to 15 MeV
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Fig. 4 Spectral response of simulated cabin detectors
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Fig. 5 Spectral response of the detector in the experiment
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Fig. 6 Response spectra of compartments with different thicknesses
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Fig. 7 Instantaneous radiation model and instantaneous energy spectrum
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Fig. 9 Gamma protection factor (GPF) changes with angle
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Fig. 10 Changes in GPF along the direction of radiation propagation
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