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SAFETY DISTANCES FOR THE UNDERGROUND 
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Australian Ordnance Council 
August 1990 

INTRODUCTION 

1. The Australian Defence Force has an explosive ordnance 
disposal mission that encompasses the disposal and destruction 
of stray explosive ordnance (EO), improvised explosive devices 
and also unexploded ordnance (UXO) resulting from its own 
training and operational activities. There have at times been 
requirements to detonate EO close to structures or on ranges not 
large enough to contain the resulting fragmentation and debris. 
In these situations, EOD personnel have provided ''public" 
protection by either sandbagging the EO or by burying it prior 
to detonation. S a f e t y  distances applicable, depths of burial and 
protective measures, have largely been "rule of thumb" based on 
previous experience. 

2. The Australian Army, supported by the other Armed 
Services, and with the aim of aligning these EOD procedures on 
a more scientific basis, approached the Australian Ordnance 
Council for guidance. The Materials Research Laboratory (MRL) of 
the Defence Science and Technology Organisation was tasked to 
consider the requirement. A s  a result the Australian Army's Proof 
and Experimental Establishment at Graytown Victoria, conducted 
confirmatory trials to test the MRL recommendations. 

AIM 

3. The aim of this paper is to advise the MRL recommendations 
for safety distances applicable for underground demolition of EO 
and to report the results of confirmatory trials. 
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THE INITIAL TASK 

Standards and Limitations 

4 .  P r i o r  t o  t a s k i n g  research e s t a b l i s h m e n t s ,  t he  effects  of  
an underground e x p l o s i o n  w e r e  i temised _and s a f e t y  c r i te r ia  
a l l o c a t e d .  The f o l l o w i n g  effects were cons fde red :  

~~ 

a.  a i r  b l a s t ,  

b. n o i s e ,  

c. a tmospher ic  f o c u s s i n g  of  b l a s t  and n o i s e ,  

d.  pr imary  and secondary  f r agmen ta t ion  effects  i e  
c o n s i d e r a t i o n  of the  f ragments  produced by the  EO as 
w e l l  as s o i l  and debris ejecta,  and 

e. seismic phenomena. 

5 .  The A u s t r a l i a n  Defence Force  i s  ex t r eme ly  s a f e t y  consc ious  
e s p e c i a l l y  i n  matters r e l a t i n g  t o  e x p l o s i v e s .  I n  e x p l o s i v e s  
d e m o l i t i o n  matters t h a t  c o u l d  a f f ec t  members o f  the p u b l i c ,  
s a f e t y  i s  of t h e  h i g h e s t  s t a n d a r d .  Consequent ly ,  any s a f e t y  
d i s t a n c e s  recommended s h o u l d  m e e t  t he  f o l l o w i n g  c r i te r ia :  

a .  Air Blast Overp res su res  a t  me nominated s a f e t y  
d i s t a n c e  shou ld  n o t  exceed  2 0 0  Pascals.  This  
o v e r p r e s s u r e  i s  t h e  o n s e t  of p o s s i b l e  damage t o  
windows (one window i n  a thousand c o u l d  expec t  t o  be 
damaged) though normal ly  t h i s  o v e r p r e s s u r e  would on ly  
cause  windows and dishes t o  rattle"x2'. I t  i s  
c o n s i d e r e d  a p p r o p r i a t e  as EOD teams may have t o  
o p e r a t e  i n  c i v i l i a n  c o n t r o l l e d  areas o r  a d j a c e n t  t o  
impor t an t  n a t i o n a l  b u i l d i n g s .  

b. N o i s e  Noise  a t  t h e  nominated d i s t a n c e s  would be 
u n l i k e l y  t o  exceed  140 d b  and though q u i t e  loud,  
p rov ided  it w a s  n o t  r e p e t i t i v e ,  would on ly  c o n s t i t u t e  
a n u i s a n c e  v a l u e .  

- 

c .  Atmospheric Focussing This  phenomena i s  related t o  
weather c o n d i t i o n s  a t  the t i m e  of d e t o n a t i o n ,  and i n  
p a r t i c u l a r  t e m p e r a t u r e  i n v e r s i o n .  EOD p e r s o n n e l  are 
a l r e a d y  t r a i n e d  to c o n s i d e r  i t s  effects and 
consequent ly ,  t h e  phenomena w i l l  n o t  be d i s c u s s e d  
f u r t h e r  i n  t h i s  paper. 
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d. Fragmentation Fragmentation at the safety distance 
was not to exceed the currently accepted hazard 
density criteria for surface  demolition^'^^) ie one 
hazardous fragment per 5 6  m2 where a hazardous 
fragment has an energy greater than 79 Joules. 

e. Seismic Effects The current Australian Standard'5' 
providing guidance on blasting adjacent to buildings 
and structures, recommends peak particle velocities 
ranging from 2 mm s-l (at historical or important 
buildings), 10 mm s*' (at standard housing). to 25 mm 
s'l (for commercial and industrial structures). 

6. Explosives Limits The largest anticipated individual item 
in service that may have to be destroyed underground is the Mk 
84 HE bomb (Net explosive quantity [NEQ] about 590  kg TNT 
equivalent). Smaller items such as artillery projectiles, 
grenades and improvised explosive devices would also be 
destroyed. Hence EOD operators should be provided guidance for 
demolition of NEQs between 0.5 and 600 kg. 

Task Elements 

7. As a consequence of the above factors, the Explosives 
Division of the Australian Department of Defence's Materials 
Research Laboratory (MRL) was tasked to: 

conduct an initial literature search to provide data 
useful tothe determination of underground demolition 
safety distances, 

b. assess air blast, fragmentation/debris throw and 
ground shock factors, 

a. 

c. derive procedures to determine the required safety 
distances, 

d. plan a confirmatory trial (if deemed necessary by 
MRL), and 

e. prepare an "aide-memoir" for use in the field by EOD 
personnel. 

PRELIMINARY RESEARCH 

8 .  The research task at MRL was conducted by Mr Doug Oliver 
and he was .initially assisted by Ms A. Kennett. Following a 
review of unclassified literature, Mr Oliver advised'6X7' that 
safety distances could be derived usingthe Eollowing procedures. 
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However, much of the  in fo rma t ion  i s  o l d  and would r e q u i r e  
v e r i f i c a t i o n  by a f a i r l y  simple expe r imen ta l  program. 

A i r  Shock 

9 .  Repor t s  on t h e  s u p p r e s s i o n  o f  a i r  shock by  b u r i a l  are n o t  
numerous and t h o s e  a c q u i r e d  and examined by MRL w e r e  sometimes 
c o n t r a d i c t o r y  i n  t h e i r  c o n c l u s i o n s .  

1 0 .  Vortman@' (1968) gives a v a l u a b l e  d i s c u s s i o n  of  a i r  shock 
from underground e x p l o s i o n s  and a n a l y s e s  a number of  tests t o  
deduce b las t  s u p p r e s s i o n  f a c t o r s .  Th i s  i s  t h e  best data w e  c o u l d  
f i n d  as f a r  as it goes .  However the  data t e r m i n a t e s  a t  ground 
r anges  o f  8 m.kg'" and  t h e s e  r a n g e s  may be t o o  s h o r t  f o r  EOD 
pu rposes  (eg  f o r  a 20  kg charge ,  t h e  data a p p l i e s  o n l y  t o  r a n g e s  
up t o  22 m, f o r  a 5 0 0  kg charge up t o  6 4  m ) .  Some research quo ted  
by Vortman i n d i c a t e s  t h a t  o v e r p r e s s u r e s  may a l s o  depend on the  
n a t u r e  of t h e  ground. For  in fo rma t ion ,  t h e  Vortman cu rve  i s  a t  
F i g u r e  1. 

11. Bishoff"  (1968) p r o v i d e s  a t  F i g u r e  2,  data o r i g i n a t i n g  
from the US Department of Defense Exp los ives  S a f e t y  Board. T h i s  
d a t a  s u g g e s t s  i n t e r  a l i a  t h a t  peak o v e r p r e s s u r e s  may be enhanced 
r a t h e r  t h a n  d imin i shed  by sha l low b u r i a l .  T h i s  may be t r u e  as  a i r  
shock can  arise from a p r e c u r s o r  ground shock as w e l l  as from t h e  
v e n t i n g  of  t h e  e x p l o s i v e  gases. MRL c o n s i d e r s  t ha t  a t  d e p t h s  of  
b u r i a l  below 0 .2  m.kg'" the  p r o b a b i l i t y  o f  such  behav iour  can be 
i g n o r e d  a t  r a n g e s  o f  i n t e r e s t  i n  EOD tasks .  

1 2 .  A t  F i g u r e  3 i s  a g r a p h i c a l  s o l u t i o n  proposed  by P e r k i n s  
and Jackson"' in 1964. T h e  s o u r c e  of  i n f o r m a t i o n  i s  n o t  r e v e a l e d  
b u t  the  data makes b l a s t  p r e s s u r e  p r e d i c t i o n s  t h a t  are between 
t h e  Vortman and Bishoff  estimates and which e x t e n d  t o  ground 
r anges  beyond e i t h e r .  

13 .  -None of the above data p r o v i d e s  a g e n e r a l  r u l e  t h a t  can  
c o n f i d e n t l y  be recommended. Of the data, t h e  B i shof f  p rocedure  
seems p r e f e r a b l e  t o  that of T e r k i n s  and Jackson because  it 
p r e d i c t s  h i g h e r  peak o v e r p r e s s u r e s  and i s  t h e r e f o r e  l i k e l y  t o  err 
towards  enhanced s a f e t y .  However, e x t r a p o l a t i o n  from any of  the 
data  wi thout  e x p e r i m e n t a l  v e r i f i c a t i o n  i s  r i s k y .  

Fragment a t  ion  

1 4 .  I n fo rma t ion  on t h e  dispersal o f - m i s s i l e s  from b u r i e d  
e x p l o s i v e s  i s  g iven  by Vortman'"' i n  1967 and quoted  by 
Johnsod'" ( 1 9 7 1 )  i n  t h e  graphical form reproduced  a t  F i g u r e  4 .  
R e s u l t s  deduced from t h e  g raph  are credible, eg a cha rge  of 5 0 0  
kg b u r i z d  t o  3 m would g i v e  a missile rang% of  5 4 0  m.  However as 
i s  n o t  - c e r t a i n  how "missiles" are d e f i n e d ,  it would be advisable 
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f o r  EOD o p e r a t o r s  apply ing  t h i s  graph t o  add a cont ingency s a f e t y  
f a c t o r  of  25% t o  the  ranges  deduced from it. 

Seismic Effects 

15. P o s s i b l y  t h e  best guide  t o  t he  p r o b a b i l i t y  of  seismic 
shock damage t o  a s t r u c t u r e  i s  the peak par t ic le  v e l o c i t y  i n  t he  
ear th  a t  the  s i t e  of the  s t r u c t u r e .  The peak p a r t i c l e  v e l o c i t y  
(V,) i s  the  v e c t o r  sum of  t h e  three v e l o c i t y  components and, when 
n o t  measured d i r e c t l y  by an ins t rument ,  may be determined from 
the  formula:  

v, = (V," + v; + v y  
where V,, V,, and V, are the  ins t an taneous  components of par t ic le  
v e l o c i t y  on x, y and z axes  r e s p e c t i v e l y .  

1 6 .  I n  1980, t h e  US Bureau of  Mines recommended"" t h a t  Vp 
should  n o t  exceed 13 mm/s a t  t y p i c a l  US housing sites. T h e  
c u r r e n t  A u s t r a l i a n  s t a n d a r d  specifies 1 0  mm/s w i t h  lower l i m i t s  
i n  c e r t a i n  c i rcumstances  - see para 5e above. 

17 .  For  f i e l d  expedients ,  MRL advises t h a t  any form o f  seismic 
damage i s  l i k e l y  t o  be n e g l i g i b l e  beyond a d i s t a n c e  of 32 
" d i s t a n c e  u n i t s "  where a d i s t a n c e  u n i t  i s  a d i s t a n c e  i n  metres 
numer ica l ly  equa l  t o  the squa re  r o o t  of  t h e  charge mass i n  
ki lograms.  A t  t h i s  d i s t a n c e  V, is  approximately 5 mm/s. Note t h a t  
square  r o o t  s c a l i n g  applies here rather t h a n  t h e  more u s u a l  cube 
r o o t  s c a l i n g .  

TRIAL REQUIREMENTS 

Trial Outline 

1 8 .  On cons ide r ing  the above advice from MRL, the  A u s t r a l i a n  
Ordnance Counci l  tasked t h e  Army's Proof and Experimental  
Establ ishment  a t  Graytown i n  V i c t o r i a  t o  conduct a l i m i t e d  t r i a l  
t o  p rov ide  data t o  be compared w i t h  t he  t h e o r e t i c a l  
c o n s i d e r a t i o n s .  Army ' s  Engineer ing Development Establ ishment  w a s  
tasked t o  o b t a i n  ove rp res su re  and seismic data.  

1 9 .  T h e  t r i a l  c o n s i s t e d  of a series of  f o u r t e e n  tes t  
d e t o n a t i o n s  of stacked modif ied ( the b o o s t e r s  and f u z i n g  systems 
w e r e  removed) Mines Anti- tank Mk5 (AUST) b u r i e d  a t  v a r i o u s  depths 
and w i t h  d i f f e r i n g  b u r i a l  p rocedures .  Two s u r f a c e  test  f i r i n g s  
w e r e  conducted f o r  c a l i b r a t i o n  purposes .  Mines were prepared  f o r  
d e t o n a t i o n  as shown a t  F igu re  5 .  Each charge w a s  1 9  kg NEQ TNT 
and 37 mm p r o j e c t i l e s  were taped t o  each charge t o  s i m u l a t e  
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f ragmenta t ion .  A d d i t i o n a l  p r o j e c t i l e s  w e r e b u r i e d  ad jacen t  t o  t h e  
t o p  mine i n  the s t a c k .  T h e  mines w e r e  placed a t  three depths  i e  
one metre, one p o i n t  f ive metres and two metres, i n  t h r e e  b u r i a l  
modes : ~ 

a. b u r i e d  
hole ;  

(backf i l led)  i n  an augered 60  c m  diameter p o s t  

b .  b u r i e d  i n  a pa ra l l e l  sided, back hoed t r ench ;  and 

c. placed i n  an open p a r a l l e l  s i d e d  t r e n c h  b u t  no t  
b u r i e d  (1.5 m o n l y ) .  

D a t a  Re-wirements 

2 0 .  Overpressure Overpressures  f o r  each de tona t ion  w e r e  
measured by dynamic t r a n s d u c e r s  and Anderson Blasgages a t  32 m 
and a t  1 0 + / -  1 m from ground zero .  

- 
2 1 .  Fragmentat ion T h e  magnetic b e a r i n g  and d i s t a n c e  from GZ 
of t h e  37  mm p r o j e c t i l e s ,  and crater ejecta greater t h a n  5 0 0  g 
w a s  t o - b e  recorded a f te r  each de tona t ion .  Depending on b u r i a l  
depth,  a s u r f a c e  fragment search w a s  conducted t o  480  m ( 1 m 
b u r i a l ) ,  2 6 0  m (1.5 m b u r i a l )  and 1 1 0  m (2  m b u r i a l ) .  

___ 

2 2 .  Seismic V i b r a t i o n  S e i s m i c  v i b r a t i a g s  w e r e  recorded by a 
v e r t i c a l l y  o r i e n t e d  geophone, and a set o f  conc re t e  embedded 
a x i a l  acce le rometers ,  bo th  a t  1 4 0  +/-2 m from G Z .  

Me teo ro log ica l  D a t a  Immediately __ b e f o r e  each f i r i n g ,  
23. 
t empera ture  ( "C )  , barometr ic  p re s su re ,  re la t ive humidity,  s u r f a c e  
wind speed and d i r e c t i o n  were recorded.  

2 4 .  Supplementary D a t a  Demolit ion s i t e  survey and c a r t o g r a p h i c  
data w e r e  recorded and s o i l  d e n s i t y  determined a t  nominated 
b u r i a l  depths  ( 2 0 9 2  kg.m9).  Sound p r e s s u r e  levels w e r e  recorded 
a t  288 +/-1 m from GZ and bo th  normal speed-and h igh  speed v ideos  
o f  e a c h d e t o n a t i o n  w e r e  recorded.  

TRIAL RESULTS AND EVALUATION 

General  ~ ~ ~ 

~ 

25 .  D-ata a r i s i n g  f r o m  t h e  txial was i n i t i a l l y  c o l l a t e d  by 
Proof aSd Experimental  Establ ishment  Graytown"". Reduction and 
i n i t i a l - a n a l y s i s  w a s  conducted by Army's Engineer ing Development 
Establishment"".  A p r o v i s i o n a l  € h a 1  a n a l y s i s  and recommendations 
were made by M r  Doug Ol ive r  of MRL"". A summary of  t h e  t r i a l  
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r e s u l t s  follows. 

Overpressures/Air B l a s t  

26 .  Mean overpressures i n  kPa recorded a t  the  t r i a l  a r e  a t  
Tables 1 and 2 .  

T a b l e  1 - Mean Overpressure Readings a t  32 m from GZ (kPa) 

(m) Trench Hole Trench R e f  R e f  R e f  
17 8 1 2  

Depth F i l l e d  F i l l e d  open Predic t ions  

1.0 0.58 0.65 NR 0.52 0.44 1.45 

1.5 0.62 0.54 10.4 0.18 0.2 0.75 

2.0 0.62 0.62 NR 0.6 0.09 0.49 

T a b l e  2 -Mean Overpressure Readings a t  40 m from GZ (kPa) 

Depth F i l led  F i l l e d  Open Predic t ions  
(m) Trench Hole Trench R e f  R e f  R e f  

1 7  8 1 2  

1.0 0.63 0.41 NR 0.38 0.41 1.11 

1.5 0.43 0.36 8.41 0.14 0.19 0.58 

2.0 0.45 0.38 ' NR 0.03 0.08  0.38 

27.  I n  Table 1, there appears t o  be some inconsistency i n  t h e  
range of overpressures recorded f o r  the f i l l e d  t rench  and t h i s  
i s  s t i l l  under considerat ion.  T h e  recorded r e s u l t s  w e r e  compared 
w i t h  p r ed ic t ions  from References 9 and 1 0  a s  w e l l  a s  those 
re ferences  s p e c i f i e d  i n  t h e  p red ic t ion  columns o f  the  t a b l e s  
above. Values ca l cu la t ed  from these references did not improve 
on those  pred ic ted .  T h e  p red ic t ions  give an order  of magnitude 
accuracy notwithstanding the observed incons is tenc ies .  T h i s  i s  
probably a l l  tha t  can be expected s ince  t h e y  w e r e  based on da ta  
obtained from l a r g e  charges and consequently s u f f e r  a s c a l i n g  
e f f e c t .  T h e  high overpressures from the  u n f i l l e d  t rench  i s  
noteworthy. I t  would t ake  a ground r e f l e c t i o n  f a c t o r  of about 1 . 7  
t o  achieve s i m i l a r  r e s u l t s  from a 19 kg NEQ sur face  b u r s t .  T h i s  
was not expected. 
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Noise Levels 

28. Table 3 p r o v i d e s  n o i s e  levels (dBA) r eco rded  a t  288 m from 
ground z e r o .  T h i s  data cannot  be i n t e r p r e t e d  i n  t e r m s  o f  
o v e r p r e s s u r e  o r  any o t h e r  c h a r a c t e r i s t i c  which damage p o t e n t i a l  
c o u l d  be assessed. T h e  n o i s e  level data i s  p r o v i d e d  f o r  
informat-ion on ly .  They show t h a t  e x p l o s i o n s  are n o i s y ,  t h a t  open 
t r e n c h e s  are n o i s i e r  t h a n  f i l l e d  ones and t h a t  d e p t h  of  b u r i a l  
( a t  t h e  s c a l i n g  used  f o r  the t r i a l )  doesn ' t  s u p p r e s s  n o i s e  much. 

T a b l e  3 - Sound P r e s s u r e  Levels (dB) a t  288 m 

( m )  Trench Hole Trench 
Depth F i l l e d  F i l led  Open 

1.0 1 0 0 +(I@) 92.4 NR 

1.5 92.7 92.1 112.54- 

2.0 95.5+ 99.7@' NR 
Notes: 

(a )  a "+" s i g n  i n d i c a t e s  level meters over-ranged.  Values  
w i l l  be h i g h e r  t h a n  i n d i c a t e d .  

(b) o n l y  one u s e f u l  r e c o r d i n g  o b t a i n e d .  

Fragmenta t ion  

29. A t a b u l a t e d  summary of  f ragment  throw d i s t a n c e  data and 
predicted d i s t a n c e s  i s  a t  Table 4 .  There w a s  some d i f f i c u l t y  i n  
i d e n t i f y i n g  eart-h debris and it i s  p r o b a b l e  t h a t  many s u b s t a n t i a l  
c lods w e r e  p r o j e c t e d  beyond the-37 mm s h o t  l i m i t s  shown i n  t h e  
t ab le .  ~ ~ 

Table 4 - Maximum Fragmenta t ion  Throw (m) 

Depth F i l l e d  F i l l e d  P r e d i c t i o n  
( m )  Trench Hole (Ref  11) 

1 . 0  159 113 (187*) 317 
.- 

1.5 63 40 

2.0 51 29 

183 

68 

[*Clod of e a r t h :  a l l  o t h e r s  37 mm p F o j e c t i l e s ]  
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30. The predictions are based on the Vortman Curve'"'. This 
curve has done remarkably well considering that it is presumably 
based on much larger charges. Rough calculations suggest the 
projectiles from the 1.0 m deep charges had an exit velocity of 
about 60 m.s-' at an exit angle of 65" above the horizontal. A 
clod from the same area and weighing about two or three kilograms 
could be projected to about 190 m. Note also that the maximum 
projectile throw from trench burials exceeds that from holes. 
There are a number of possible reasons for this, but at this 
stage of the data analysis, these would be guesses. 

31. Explosions in the 1.5 m deep open trench produced no 
acceptable fragment throw data. It therefore seems reasonable to 
accept this geometry as a charge surrounded by a barricade rather 
than as a buried charge. This geometry could prove useful if EOD 
tasks must be performed amongst fragment-sensitive structures. 
However, such an arrangement is exceptionally noisy. 

Seismic Effects 

32. Tables 5 and 6 provide seismic data recorded by tri-axial 
accelerometer and a vertical geophone, both sited at 140 +/-2 m 
from GZ, respectively. 

Table 5 - Mean Maximum Particle Velocity mm.$" -Accelerometer 

Open Depth Filled Filled 
(m) Trench Hole Trench 

- 1.0 6.7 8.0 

1.5 6.0 8.1 NR 
- 2.0 6.8 6.4 

Table 6 - Mean Maximum Particle Velocity m.s" - Geophone 
Depth Filled Filled 
(m) Trench Hole 

Open 
Trench 

- 1.0 4.3 3.6 

1.5 3.6 4.3 7.9 

- 2.0 3.7 2.8 
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33. Consider first the accelerometer data which is the primary 
seismic data from this trial. The particle velocity for holes 
seems to be slightly higher than for trenches, but the difference 
is not-significant. Nor is there any significant effect due to 
burial depth. Pending completion of data analysis, we may 
provisionally assume these data to be all from a common 
distribution with a calculated mean of 7 . 0 6  mm.s" and a standard 
deviation of 2.42 mm.s-'. If, as seems likely, this distribution 
is gaussian, no more than 8 shots per 1600 will give particle 
velocities over 10 mm.s-' at this distance and in this terrain. 
The mezn of 7 mm.s-' may be compared with the prediction at 
paragraph 17 that at 32*NEQ'", the maximum particle velocity 
would be approximately 5 mm.s" (32*191n = 139.5 m). 

34. Unfortunately, there is no accelerometer data for the two 
open trench shots. This is regrettable as these velocities may 
have been exceptionally high. The geophone data in Table 6, which 
gives the vertical component of the seismic motion, is roughly 
half the vector sum data from the accelerometers. Where 
comparison is possible, we might guess that the velocity from the 
open trenches would be twice the geophone figures, ie about 15 
mm.s.'. -While velocities less than 10 mm.s-* are probably 
acceptable, velocities of the nature of 15 mm.s" would more than 
likely be unacceptable to State authorities. 

CONCLUSIONS 

~- 

35. -The results of the trial reported above are still being 
analysed and as a result, only some tentative conclusions can be 
offered at this stage. These are: 

the Vortman curve for estimating debris throw appears 
suitable for use when determ3ning safety distances 
for buried EOD operations, however it would be 
prudent to increase calculated distances by a 25% 
factor. 

a. 

b. Hole burials appear to cast debris to a shorter 
distance than trench burials. 

c .  Peak overpressures estimated from various formulae 
and graphs give "ball park" figures but are not 
precise probably due to scaling effects. They appear 
to over estimate the decrease in overpressure due to 
depth of burial. ~ 
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d. The 32*NEQln rule for avoiding seismic damage fulfils 
expectations in the conditions for experiments 
conducted to date. 

36. For open trench shots, overpressures are similar to 
surface bursts and shots are very noisy compared with buried 
demolitions. Seismic shock is noticeably higher, when measured 
by particle velocity, than for buried explosions. Fragment 
dispersal appears insignificant but this needs confirmation by 
separate experiment. 
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Vortman (1968) 

2. Blast Pressure vs Distance for Explosions in Soil at 
Various Scaled Depths - Bishoff (1968) 
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FIGURE 1 - SUPPRESSION O F  OVERPRESSURE (VORTMAN 1968) 
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NOTE: I A 1 DEPTH OR OISTANCE IN FEET 
NUMERICALLY EOUAL TO THE CUBE ROOT 
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Scaled depth of  burial - ft/Y’’3 
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Prediction of maximum missile range from detonation of buried charges 

F I G U R E  4 - M A X I M U M  M I S S I L E  R A N G E S  ( V O R T M A N  1967) 
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M I N E  F IR ING CONFIGURATION 

PEL BOOSTER 
IN FUZE WELL 

ADHESIVE TAP 

STRING 
LOWERING 
PbEE 

COROTEX 
(EQUAL LENGTHS FROP 
JUNCTION TO BOOSTEF 

SHARP BENOS) 
-WHEN PLACING AVOl l  

(QTY. 4 SPACED AT 9Uu 

MINES ATK HKS 
W / O  FUZE ( P T Y  5) 

W O O D E N  SPACER 

NOT TO SCALE 

F I G U R E  5 - MINE FIRING C O N F i G U R A T i O N  . VNDERGPOUND 
D E M C L L T I O N  T R I A L  i i ' ? C B )  
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