B 49% 54 #% F R NUCLEAR TECHNIQUES Vol.49,No.4
2026 £ 4 H www.sciengine.com/NT April 2026

HER N T REYNE L y FIR G

IR O ReME JERiaL xRl RRER] E2H
PR ARG Ik S 2 4 TS0 % 755 710024)

TEE O O R HE ™ o S O 1447 07 e 2 i 5 ) R A e o B R 2 e bR 1) AR =) J 1
SR Z BT S G BVl 2R PR W R 2 R AL R S IR BT, T T R T R R BB A K %
Ryt K E T 848 07 1 1 ok BUIR 2 2 % HE (Low Altitude Multiple Burst Revised, LAMBR) ##2 5!
B Bl N AR 7 Ry VR Bl (9 7 KB FE AT, A B ki e BB R R y s IR . R T R B R
BROE AR , 454 LAMBR BB, 68 57 o o 5 1 T 24748 4% Oy s O AL U5 vk o TR IR 4 T U
AEPPUVPPUPU AR R R y R, SRR BB A I AR, EME 8 ST R Ry B LR,
BRI RB R y IR R AFIE S SRR D 71k S e ik B 4 AT T 6 e #r, 45 R R
K JTFEAT By IR RS SR R D AL AE R A R (R RO D TR R P R AT R K. $HA
SE R TEREHBTAT 1 000 m LA PN 85 Y5 -5 b T 1 PR 2938 0, o ki3 B8 4% 2 y i (M 3G S N i . I
Ab, U Pu U R Ry R E AR L R R .

kiR Ky, LAMBRELE, FIEZER, MERE, FRHRD AL

FESHES TL72

DOI: 10.3724/j.0253-3219.2026.hjs.49.250295

CSTR: 32193.14.hjs.CN31-1342/TL.2026.49.250295

Study on tissue dose field of delayed gamma emitted from fission products

under effects of blast wave

HU Jiagi SHANG Peng ZHU Jinhui ZUO Yinghong LIULi NIU Shengli WANG Xuedong

(State Key Laboratory of Intense Pulsed Radiation Simulation and Effect, Northwest Institute of Nuclear Technology, Xi'an 710024, China)

Abstract  [Background] One of the important features of the major nuclear accidents (severe reactor accident,
radioactive terrorist attack) lies in the explosion caused by hydrogen or nuclear energy release, which means air
around fission products should be influenced by blast wave of the explosion. Therefore, it is essential to consider the
effects of blast wave in the calculation of delayed radiation transport. [Purpose] This study aims to analyze the
effects of blast wave on transport of the delayed gamma, and to calculate the tissue dose field of the delayed gamma
emitted from fission products of **U, *’Pu, and **U under the effects of blast wave. [Methods] Firstly, low altitude
multiple burst revised (LAMBR) model based on the method of mirror image was employed to simulate the
distributions of air density around delayed gamma source. The mass thicknesses of air were calculated by using
LAMBR model. Subsequently, the attenuation law based on mass thickness was applied to study the effects of blast
wave on transport of the delayed gamma. By combining the attenuation law based on mass thickness with LAMBR
model, a fast simulation method for the delayed gamma transport under the effects of blast wave was proposed to

calculate the tissue doses of the delayed gamma. Then, the Monte Carlo method and the cavity method were used to
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simulate the transport of the delayed gamma under the effects of blast wave, and to give the tissue dose rates of the

delayed gamma. Finally, the empirical formulas of ground-level tissue doses of the delayed gamma under the effects

of blast wave were proposed to illustrate the relationships between ground-level tissue doses of the delayed gamma

emitted from fission products of *°U, *’Pu, and ***U. [Results] Calculation results of the fast simulation method, the

Monte Carlo method, and the cavity method show that the max relative deviation of tissue doses of the delayed

gamma reaches up to 45% at the altitude of 1 000 m for 500 t TNT equivalents with consideration of the effects of

blast wave. The max relative deviation increases from 4% to 45% when the altitude is increased from 100 m to

1 000 m. The calculated results are broadly consistent with the simulations of the Monte Carlo method, but the

computational time remains under 1 min, which is orders of magnitude shorter than the simulations of the Monte

Carlo method. The calculated tissue dose rates of the delayed gamma are, on average, two times higher than the

results of the cavity method. Furthermore, the average relative deviations between ground-level tissue doses

calculated by using the empirical formulas and the simulations remain within 13%. [Conclusions] The results of this

study indicate that compared to the calculations without the blast wave, the transport of the delayed gamma is

enhanced significantly as altitude of the delayed gamma source increase in the altitude range below 1 000 m. The

calculated tissue dose rates based on the fast simulation method basically agree with the simulations of the Monte

Carlo method, and are approximately two times higher than the results of the cavity method. Furthermore, the dose

ratios of **U to *’Pu and ***U to *’Pu are 2.25 and 1.12, respectively.

Key words Delayed gamma, LAMBR model, Tissue dose rates, Mass thickness, Monte Carlo method
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Table 1 Energy spectrum of the delayed gamma emitted
from the fission products of **U at time range

from 0.2 sto 0.5 s
A ALy BRI
Energy / MeV Normalized y ray Intensity
0.137 0
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0.309 0.1070
0.428 0.088 6
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2.189 0.0380
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3.110 0.0307
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4.275 0.009 74
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2 HEERSHR

2.1 HERIERN

8 Tl T R = SRR S g, D A BE
BT BT 1 me W RS IRAL T A, S A [E
MR, ph R SRR E S . AL 5
AR I R R SR B R RE 5 R R NE, —
AN T 100 t TNT 248220, i v 4 o 24 28
i, R 27 AT BETE & B NEY) s & SR T
IR YEAE ORI R POUE Y B B R IE o,
REEHSF N K IR IE R 1208 500 t TNT 2480,
(R AT 58 ¥ 2 1 KE B R R 500 ¢ TNT 45,
Y5t Hb TR 5 B BR A 1 000 m, Y5 7E b T HE 5 A 5
B IR PR _E IR 4 000 me U Pu. U Ni%
SN HE RS Je R U SRR 2, AR 2 e y TR B
e RIS E) % B SCHERTY . PPUL PP U FE 0.2~
0.5 s WRARZE e y ettt b B 1 AT, B 1 s
RSLIGAE . R ARG Iy Re il A XHE AN A, {H
Ry IRE B AT IEAR— B sAN TR 12]19 ] 8~
10 FE 7R IR & 25 R B, 25U ¥Pu U TE A [R] I [8]
B N RE S TR AR AR 22 AN K. Rk, TR
[F) B Z21) = i SR A A% R AR 2% y R 1 mT R F AR )
TEAR , 4B F B TR B kv o TR 19.0.2~0.5
s PURABZ R yREISHITER 1,

10 T T T T T T
Time: 0.2~0.5s
@ 1 4
2 3
2
=
<
a
} 0.1 :
B
z
0.01F 4
0.001 E:
0 1 2 3 4 5 6 7
Energy / MeV
1 U PuPUTE 0.2~0.5 s R LR Ky RETE X L CRZ IR L
EESY)

Fig.1 Comparison of the delayed gamma emitted from the
fission products of *°U, *’Pu, **U at time range
0f 0.2 s to 0.5 s (color online)
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Fig.2 The calculated fission delayed gamma dose and relative deviation at each measuring point in altitude of 100 m (color online)
(a) Ground-level tissue doses of the delayed gamma emitted from the fission products of *°U for 100 t, 300 t, 500 t TNT equivalents,
(b) Relative deviations of the tissue doses of the delayed gamma with the effect of blast wave
and without the effect of blast wave
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(a) Ground-level tissue doses of the delayed gamma emitted from the fission products of **U for 100 t, 300 t, 500 t TNT equivalents,
(b) Relative deviations of the tissue doses of the delayed gamma with the effect of blast wave and without the effect of blast wave
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