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An Investigation of the Shallow Depth Explosions 

Minas Kajnegai 

Abstract 

An investigation of the nuclear explosions at shallow depth is made. 
A combination of an explosion code and an effects code proves to be an 
excellent tool for this study. A numerical simulation of "Johnie Boy" 
shows that the energy coupling to the air takes place in two stages; f i r s t 
by a rising mound, and then by a ventea source. The thermal effects are 
examined for a 1 Kt source at three depths of b i r i a l . The "mushroom 
effect" leaves a hot radiative plasma in the upper level and cold materials 
in the lower region of the debris. The temperature and the energy density 
of the debris can give an upper limit on the thermal output. 

I. Introduct ion 

An investigation of the shallow depth nuclear detonations is conducted. 

The objectives are to examine the phenomenology of the shallow depth ex

plosions and to study the energy coupling process to the atmosphere. 
(1) 

A combination of a LLL explosion code and an effects code, CEL , 
proved to oe an excellent tool for this study. As a preliminary steo, a 

(2) 
riurnc-rical -j.:7iulation of the Johnie Boy Event was made for 500 USPC. 

Vhe energy coupling to the atmosphere takes place in two stages; f i r s t , 

by a hydrodynanuc coupling by a tising mourd and subsequently by a d i 

rect radiative coupling by the energy source upon venting. Die formation 

of the air ^hock and the cratoc l ip is well reproduced. 

Also shown is a study of the thermal energy for the explosions at 

shallow depths. Computation was performed for a standard 1 Kt source at 

taree depths of burial- An explosion in the free atmosphere loses as much 
(3) 

as 30 to 40% of i t s energy by radiative process . In the case of subsurface 
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explosions/ the radiative process is inhibited by the optically ooaque 

vaporize-i soil and other high Z materials. Some quantitative results 

are obtained. 

I I . Computational Technique 

Computation was done with a combination of two codes. Fi rs t , the 

energy source w?s defined by an explosion code which is a 2-D Lagrangian 

code. I t calculates the ini t ia t ion of nuclear detonation and i t s envir

onment. The results are then linked to an effects code, CEL. 

CEL is a 2-0 hydrocele with radiation diffusion. I t couples the 

Eulerian and Lagrangian grids, ut i l iz ing the advantages of both schemes. 

The Lagrar.gian foi.nalis-n is inherently more accurate than the Eulerian 
(4) 

scheme for resolution of shock variables . However, when there is a 

strong mixing of materials, the use of the Eulerian grid al leviates raany 

computationai d i f f icu l t i es . Therefore, CEL is most suitable where there 

is a strong interaction of gaseous materials with sol ids . 

I I I . Numerical Simulation of the Johnie 3oy Event 

"Johnie Boy" is a half Kt device detonated at 23" (58 an) below the 

ground surface. The over pressure of the airblast and the wave profiles 

were measured on the ground level. 

The in i t i a l phase which was calculated on the explosion code is 

shown in Figure 1. The calculation is then linKed to CEL at 6 psec. 

Figures 2, 3, and 4 are the snapshots at 27 usee, 55 psec, and 103 ys?c, 

respectively. The energy source is mapped in a Lagrangian grid. The 

atomsphere and a portion of the ground surrounding the source are given 

by an Eulerian mesh. The rest oE the ground is described by a Laqrangian 

grid. The tracer line is a soi l -a i r interface. 
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At 55 iisec, the source is about to penetrate the ground surface. 

Upon venting, the source will come in direct contact with the atmosphere. 

At 110 usee, the source has radiated more than 95* of i t s energy into 

the environment. At this point, the source jci<5 is eliminated, and, thus, 

the energy source loses i t s identity. The computation was carried to a 

half ft. sec (see Figure 5). The crater l ip is well formed. 

The energy coupled to the atmosphere is plotted in Figure 6. The 

energy is coupled in two stages? f i r s t by a hydrodynamic process by a 

rising mound, and then by a direct radiative process by the source upon 

venting. At venting, the temperature of the source is about 20 eV, 

and probably the thermal output is a dominant radiation. 

IV. Study of the Thermal Effects 

The thermal output from the shallow explosions is an important sub

ject which can be addressed properly with the present scheme. Using a 

1 Kt standard source, the explosions at three depths of burial [0.5 m, 

1.3 m, and 3 m) are being studied. Figure 7 shows the configuration of 

the problems. 

These shallow explosions quickly communicate with the ground surface, 

and the energy source preferentially moves in an upward direction resulting 

in a "mushroom effect". The airblast appears as if i t originated from a 

virtual point of explosion located about 20 m above the ground surface. 

Therefore, the center of the Lagrangian arcs describing the atmosphere is 

located at 20 ni above the surface. Since the ground motion is of l i t t l e 
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interest at this time, the ground is entirely represented by a fiulerian 

mesh. This al leviates computational a i f f icu l t ies at the expense of accuracy. 

The tracer line marks an a i r - so i l interface. 

The source rapidly moves upward, and i t penetrates the ground 

surface (see Figure 8). After the source radiates mors than 95* of 

i t s energy, the grid is eliminated. The "mushroom effect" leaves hot 

plasma at an upper level and cold materials in a lower region. Figure 9 

shows the wave shape at 7 msec. The shape of the Lagrangian grid near 

the ground surface suggests the existence of a Hach stem. Figures 10 

and 11 show, respectively, the vertical temperature and pressure profiles 

near the axis. The "mushroom effect" is quite evident. 

Figures 12 and 13 are the horizontal pressure and temperature profiles 

a t 5 m above the ground surface. The separation of an air shock from the 

expanding debris is clearly observed. 

The explosion at 0,5 a DOB was calculated for 3 msec, and the computa

tion of trie 3 m D09 is at 2 msec at this time. The calculation must be 

carried out further. 

V. Summary 

We have calculated the shock variables for the shallow depth explosions. 

Fran the material temperature and the energy density of the debris, the 

upper limit on the thermal effects may be estimated. It is possible to 

calculate the thermal output in the atmosphere fron the shallow depth 

explosions if a 2-D radiation transport code is available to us. At 

present, we do not possess the capability. 
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Figure Captions 

Figure 1. In i t i a l Configuration of "jchnie Boy". 

Figure 2. Calculation of "Johnie Boy" at 21 usee. 

Figure 3. Calculation of "Johnie Boy" a t 55 usee. 

Figure 4. Calculation of "Johnie Boy" at 103 usee. 

Figure 5. Calculation of "Johnie Boy" at 511 usee. 

cigure 6. Tbtal Energy Coupled to the Air. 

Figure 7. Thermal Effects Study. 

Figure 8. Shallow Depth Explosion at 370 usee, DOB = 1.5 m. 

Figure 9. Airblast at 7 msec for BOB = 1.5 m. 

Figure 10. Vertical Temperature Profile Near the Axis, DOB = 1.5 m 

Figure 11. Vertical Pressure Profile Near the Axis, DOB = 1.5 m. 

Figure 12. Horizontal Pressure Profiles at 5 in, DOB = 1.5 in. 

Figure 13. Horizontal Temperature Profiles at 5 m, DOS = 1.5 m. 
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Parje 6 

INITIAL CONFIGURATION OF "JOHNIE BOY" 



+ PRESSURE IN Mbor 

JL 

AIR SHOCK-

TRACER LINE-

GROUND SHOCK-

3 Z I 
HORIZONTAL RAKGE (m) 

CALCULATION OF uJOHNIE BOY" AT 27^sec 

Pjqc ; 



+ PRESSURE Mbar 
( ) TEMPERATURE IN ev 

2 I 
HORIZONTAL RANGE (m) 

CALCULATION OF "JOHNIE BOY" AT 55^sec 

Patje 8 



-*• PRESSURE Mbar 
{ )TEMPERATURE. IM ev £11 

(7) 

6 5 4 3 2 
HORIZONTAL RANGE (m) 

CALCULATION OF "JOHMIE BOY" AT 103/isec 

r.uje 9 



+ PRESSURE Kbar 
(JTEMPERATURE ev 

mm 
; : ! vf::!!::::j::::::::::::::;:::::::::ii::i:;ij:!;:ii:j!:;itiiji|jj 
• • y* i;::H::::^;;t;;H;l::::;::;:f:::i:i:::::::::::!:iiirJ:!i:ii;i 

10 9 8 7 6 5 4 3 
HORIZONTAL RANGE(m) 

CALCULATION OF "JOHNIE BOY" AT Sll^sec 

OlSl.o tBV* 12 

10 

9 

8 

7 

Pii'iu 10 



TIME Jjisec) 



40000 

32000 

cm 

6000 

4000 

(EUL) 

a 

-20000 

Yf 

-EQUAL! 
- ZONE GEOMETRIC 

ZONE 

*—,/s— 
2000 4000 
TRACER LINE 

JK»SOURCE 
GROUND 
<EUU 

30000 4 0 0 0 0 
cm 

THERMAL EFFECTS STUDY 

Page 12 



X.H. . 

OJ A <J1 

M 1HDI3H 

' r-'iaj1' 



a * I f I M I I • t i 

/:::::i[i:ifi!i: 

60 

50 

4 40 

::;n 

:::::;:j:, ,;;!;;f;!;;is; ;i!li } ill 
30 o 

HORIZONTAL RANGE (m) 

AIRBLAST AT 7msec FOR DOB = 1.5 m 
Page I I 

/ 



VERTICAL TEMPERATURE PROFILE AT THE CENTER 
t= 3.6msec 
DOB=l.5m 

UJ 

a: 
UJ 
Q. 

0.5 

0.1 

.05 

20 
HEIGHT (m) 

30 40 



5. 

VERTICAL PRESSURE PROFILE AT THE CENTER 
{= 3.6 msec 
DOB = l.5m 

b ° 5 

CC 
= > 
to 
CO 
UJ 
IT 
Q. 

.05 

0 10 20 

HEIGHT (m) 

30 40 



5. -

o 
•S 0.5 

CO 
CO 
UJ 
cr 
CL 

.05 

.01 

.48 msec 

HORIZONTAL PRESSURE PROFILE AT 5.1m 
D0B=l.5m 

10 15 

RANGE (m) 

3.6 msec 

20 



a: 
UJ 
Q. 

U 
H 

5. 

1. 

0.5 - -. 

.05 

HORIZONTAL TEMPERATURE PROFILE AT 5.1m 

D 0 B = l . 5 m 

10 

RANGE (m) 



Acknowledgement 

The author wishes to thank the H-Division management Cor a strong 

support given to him. He is particularly indebted to the code develop

ment group in H-Division, L. Edwards, T. Michels, R. Hickman, and J . 

Hobson, for their generous support and encouragement in operating CEL 

code for this study. The discussion with G. Nutt of D-Division is 

oreatiy appreciated. J . Perez and S. Link have given assistance for 

computer production. 

- 19 -



References 

(1) H.F. Noh, A Time Dependent, Two Space Dimensional, Coupled Eulerian-

Lagrange Code, UCRL-7463, August, 1963. 

(2) D. Maxwell, J . feaugh, and 8. Gerber, Jotmie Boy Crater Calculations, 

Physics International Co. Report, DMA 3048F, April , 1973. 

(3) Ya B. Zel'dovich and Yu P. Raizer, Phys.'.cs o£ Shock Waves and 

High-Temperature Hydrodynairuc Phenomena, Academic Press, 1967, 

vol. 2. 

{4) F.H. Harlow and A.A. Amsden, Fluid Dynamics, A LASL Monograph, 

IA-4700, June, 1571. 

- 20 -


