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The Influence of Underwater Explosion on Fishes

Seiji SakacucHI, Osamu FUKUHARA, Satoshi UMEZAWA,

Masaru Fujiva* and Terushige Ocawa®**

The constructions of bridges across the Seto Inland Sea are planed, and the underwater
explosion techniques will be applied for excavation of sea bottom.

The harmful effects of explosion are seriously concerned about fisheries organisms of
the construction sites and the surrounding areas.

It is a main purpose for this study to investigate the influences of the explosion to fish
anatomically.

Freshwater and marine fishes, common carp, Cyprinus carpio, and rock fish, Sebastiscus
marmoratus, were used to observe the harmful effects on external and internal organs in
pilot scale and actual field test, and the symptoms were inspected. The difference of
damages due to the fish direction against explosion source was also studied. Consequently,
sinus venosus, liver and kidney were damaged excessively among the main visceral
organs, and rapture of sinus venosus was the most serious fatal damage. Damages by
explosion pressure on ventral side were more serious than those on other sides, and those
on caudal side was relatively slight.

These phenomena indicated that difference of fish direction against explosion source
should be important in observing the symptoms on the influence to fish.

The peak pressure would be apt to be estimated as the indicator of explosion strength.
Different influences on fish, however, were often found out in the case of same pressure.
It may be depended upon the difference of wave form and other explosive conditions.
It is suggested from the results of this experiment that the energy flux density should
be suitable to compare the influences of explosion to fish and more accurate evaluation

can be expected with this method.
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Table 1. Occurrence of the degrees of the internal organ damage in
the injury classes of common carp.

(Ci)rgaane Heart Air bladder Liver ‘ Kidney
amag _ _ : Number of
Rupture of Destruction of | Destruction of | Destruction of fish
Injury \ sinus venosus | tissue + or tissue + + or tissue + 4+ or
class + or more more more more
Death 87.5% 31.3% 43.8% 41.2% 16
Serious
convulsion 40.0 33.3 5.9 40.0 15
Minor damage
and suroivas 4.0 8.0 0 24.0 25
27. 8kg/cm®
9. 9kg/cm®
50usec ,
—

Fig.2. Example of pressure wave form by underwater explosion
of instantaneous cap.
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Fig. 3. Semidiagrammatic drawing of damages of external observation and
internal organs of common carp by the difference of direction against
explosion source (27.8kg/cm?2). D, death on the first inspection; SE,
seriously injured; SL, slightly injured; N, normal in appearance.

Il scriously, damage index averaged over 1.5; R, tolerably,
damage index averaged 1.0~ ; BZ. slightly, damage index averaged
0.5~ D, none, damage index averaged under 0.5.
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Table 2. Conversion rule of damage index from symptoms observed in the
main organs.

~._ Damage
W 3 2 1 0
Organ
. Destruction of tissue | Destruction of tissue Congestion
Liver T+t or more T T ~t No effect
Rupture of sinus
Heart venosus + or more
; : . Internal .
An{)ladder Eesot;' urggg: of tissue haemorrhage (_:*_Oigfilin _
++ A+~
Kidne Destruction of Destruction of tissue Congestion .
v tissue 4+ 4+ or more | + + 4+ F~+
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Fig. 4 Semidiagrammatic drawing of damages of external observation and
internal organs of rock fish by the difference of direction against
explosion source (21.9kg/cm?2). D, SE, SL and N and symbols in the
figure are same as the Fig.3.
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Fig. 5. Relation between damage index and peak pressure
with the difference of direction against explosion
source.
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Fig. 6. Type of explosion source used in the experiment.
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Table 3. Injury classes of examined fish and damage index immediately
after explosion.
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Injury class Distribution of damage index \

(Number of fish) Average of damage index

Death ) Over 8 ® 9.8
Serious convulsion 5~10 (34) 6.7
Minor damage 4~7 (5) 5.2
Survivor under 5 (123) —
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both those of death and those of seriously injured on initial observation
after explosion.
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Fig.9. Examples of pressure wave form by underwater explosion of CCR
and instantaneous cap. R, distance from explosion point.
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Fig. 10. Frequency of the percentage of seriously damaged fish by the
difference of explosive conditions.
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Fig.11. Relation betweén damage index and energy flux density by
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Appendix table 1. Symptoms observed on major internal organs (Cyprinus carpio)
Underwater explosion by instantaneous cap

Direction against explosion source Head
Number of fish 1 2 3 4 5 6 7 8 9 10
Body Length (cm) 20.0 | 21.0 | 22.0 ] 23.0 | 20.5 | 23.5 | 21.5 | 23.0 | 22.0 | 21.0
Body Weigth (gr) 225 300 | 300| 320| 250 | 300 | 280 | 310| 310} 270
Destruction of tissue =+ + ++ | ++ 0 ++ -+ -+ + + +
Liver
Congestion
?
> Heart Rupture of sinus venosus — + + + + + + + — +
@
é Destruction of tissue — - - — - - - - — -
g Air-bladder Internal haemorrahage — — — — - - — — — —
S
E Congestion - — - — - - - - _ _
>
@ Destruction of tissue - + - + + + [ ++ | + + +
Kidney
Congestion ++
Initial observation just after explosion* D D D D D D D SE D
Damage index 3 8 4
Peak pressure (P) P:27.2 Kg/cm2
* D, death on first inspection; SE, seriously injury; SL, slightly injury; N, normal in appearance.
(continued)
Direction against explosion source Ventral
Number of fish 1 2 3 4 5 6 7 8 9 10
Body Length (cm) 19.5118.0 | 18.0| 20.0 | 18.5 | 20.0 | — - - -
Body Weigth (gr) 240 | 180 | 160 | 230 | 180 | 200 | — - - -
Destruction of tissue - - - - - -
Liver
Congestion ++ | ++ | ++ | F+ |+ |+
o
g Heart Rupture of sinus venosus —_ - - - + -
o
,§ Destruction of tissue -+ - - + - -
E Air-bladder Internal haemorrahage - - - -
B ;
g Congestion - - - -
By
@ Destruction of tissue || | ]
Kidney
Congestion
Initial observation just after explosion* N N N SE D N N N N N
Damage index 7 4 4 7 4

Peak pressure (P)

P:27.2 Kg/cm?




(continued)

Direction against explosion source Lateral
Number of fish 1 2 3 4 5 6 7 8 10
Body Length (cm) 21,0 |22.0 | 21.5|21.5 | 22.0 | 21.5 | 21.0 | 2.5 -
Body Weigth (gr) 2351 285 | 290 | 250 | 265 | 2957 270 | 255 -
Destruction of tissue + - - + - | ++ - -+
Liver
Congestion ++ | ++ ++ ++
o
%’ Heart Rupture of sinus venosus + - + + = + - +
o)
é Destruction of tissue — — — - - - - -
g Air-bladder Internal haemorrahage - - - - - - - -
) . .
g8 Congestion - — - — - — -~ -
B
i Destruction of tissue - - — - + - - -
Kidney
Congestion - — - — - - ++
Initial observation just after explosion* SE N N D SE D N SE N
Damage index 5 1 3 1 6
Peak pressure (P) P:27.2 Kg/cm?
(continued)
Direction against explosion source Caudal
Number of fish 1 2 3 4 5 6 7 8 10
Body Length (cm) 20.5;18.6 | 19.3 | 20.0 | 17.7 - - - -
Body Weigth (gr) 230 | 221 216 220 | 135 | — - - -
Destruction of tissue + — - - —
Liver
Congestion +4HE+HH + |+
o
E Heart Rupture of sinus venosus - - - - -
)
.§ Destruction of tissue - - - - -
g Air-bladder Internal haemorrahage - — — - -
B
g Congestion - — - - -
&
Destruction of tissue + - - + -
Kidney
Congestion + ++ +
Initial observation just after explosion* N N N N N N N N
Damage inde:: 4 2 2 3 2

Peak pressure (P)

P:27.2 Kg/ecm2




Appendix table 2. Symptoms observed on major internal organs (Sebastiscus marmoratus)

1. Underwater explosion by instantaneous cap

Direction against explosion source Lateral ‘ Ventral
Number of fish 1| 2| 3 ; 4 | 12| 3] 4
Body Length (cm) 19.5 | 18.0 | 15.0 | 11.5 | 11.5 | 12.5 | 15.5 | 17.5 -
Body Weigth (gr) 330 | 210| 160 | 65 70 80 180 | 210
Destruction of tissue + + + + - - - -
Liver —
Congestion + |+++ + |F++
'g Heart Rupture of sinus venosus - - f - - - - -
% Destruction of tissue - — I N “:» - -
S Air-bladder Internal haemorrahage - - | - - - - -
‘é: Congestion ++ ] = - + + | ++ i ++ ] -
@ Destruction of tissue - - - ++ + - +
Kidney — — —_—
Congestion — - - ++
Initial observation just after explosion* SL N N N N N T
Damage index 5 T 5 T 3 ;
g::a:fa;c pressure (P) and energy flux density P:12.1 Kg/cm?, Ef : 23.3 J/m? ‘:

* D, death on first inspection; SE, seriously injury;

SL, slightly injury; N, normal in appearance.

(continued)
Direction against explosion source Head Caudal
Number of fish 1 2 3 4 1 2 3 4
Body Length (cm) 16.5 | 14.5 | 14.5 | 12.0 | 11.5 | 12.5 | 14.5 | 13.5
Body Weigth (gr) 165 ] 145 | 165 | 75 _;6— 95 105 | 100
Destruction of tissue - - - - — — —
Liver
Congestion +4+ | + + I e +
? Heart Rupture of sinus venosus - — - - - - - —
g Destruction of tissue - - — — - — il it N
g Air-bladder Internal haemorrahage — — — — — - — —
é Congestion - - [N IRV VIR (VISR A +
a Destruction of tissue - —_ - —_ — - — —
Kidney [ P N
Congestion — ]+ | - — + — -
Initial observation just after explosion* N N N SL|SL N N
Damage index 1 9 2 1 2 3 2 3
FIS?;{ pressure (P) and energy flux density P:12.1 Kg/cm?, Ef : 23.3 J/m? ‘




(continued)

Direction against explosion source Lateral Ventral
Number of fish 1 2 3 4 1 2 3 4
Body Length (cm) 21.0[18.0|18.5}18.0|18.5|18.0|165/185| |
Body Weigth (gr) 300 | 270 | 240 | 210| 270 | 270 | 200 | 150
Destruction of tissue + + - + - - - —
Liver
Congestion + ++ | 4 [FEH T
? Heart Rupture of sinus venosus — - — — - + -
%) Destruction of tissue - - - — - — - -
g Air-bladder Internal haemorrahage + + + - + - - - L
g Congestion + 44
@ Destruction of tissue - - - - + -
Kidney
Congestion + Fo4 — -
Initial observation just after explosion* D SE N D N D N
Damage index 5 5 4 7 2
?Ee?;{ pressure (P) and energy flux density P: 21,9 Kg/cm?, Ef : 99.4 J/m?
(continued)
Direction against explosion source Head Caudal
Number of fish 1 2 3 4 1 2 3 4
Body Length (cm) 22.019.0 | 18.0 | 17.0{ 17.0 [ 18.0 | 17.0 | 14.0
Body Weigth (gr) 360 | 280 | 220 210| 190 | 205 230 | 115
Destruction of tissue + - - - — — — -
Liver
Congestion B I o A B S B e
? Heart Rupture of sinus venosus - - — - - — - -
—% Destruction of tissue - - - - - — - —
g Air-bladder Internal haemorrahage — — — — - - — -
g Congestion — — - - - — ++
@ Destruction of tissue — - - - - + —
Kidney
Congestion — |+ = |+ F+
Initial observation just after explosion* N N N N N
Damage index 2 2 2 1 2 3 4 2
E’Eg( pressure (P) and energy flux density P:21.0 Kg/cm?, Ef:99.4 J/m?




(continued)

Direction against explosion source Lateral Ventral
Number of fish 1 2 3 4 1 2 3 4
Body Length (cm) 13.0 | 13.5 | 18.0 | 20.0 | 18.5 | 17.5 | 13.5 | 13.0
Body Weigth (gr) 90 | 95 | 280 | 270| 280 215 | 110| 75
Destruction of tissue + - + — + - - +
Liver
Congestion + + 4+ |+
? Heart Rupture of sinus venosus — - — - — - - —
% Destruction of tissue - - — - - — - -
E Air-bladder Internal haemorrahage + - + + - + + —
g Congestion ++ 4+ 4+
@ Destruction of tissue - - I T R N R A e
Kidney
Congestion ++ + 4+
Initial observation just after explosion* —1;- SE D D D D D
Damage index 4 5 5 6 6
€§?§< pressure (P) and energy flux density P:36.6 Kg/cm?, Ef : 278 J/m?
(continued)
Direction against explosion source Head Caudal
Number of fish 1 2 3 4 1 2 3 4
Body Length (em) 12,5 | 14.0 | 12.5 | 18.0 { 12.5 | 14.5 | 19.0 | 19.5
Body Weigth (gr) 90 | 100| 8 | 210| 75 | 110 280 | 350
Destruction of tissue - - + — - - + -
Liver X
Congestion +++| - + + + ++
§ Heart Rupture of sinus venosus - — - -— - - - -
% Destruction of tissue + . - - - - - —
E Air-bladder Internal haemorrahage - - - + + - -
E Congestion ++ + 4+ +
7 Destruction of tissue + - - | ++| -
Kidney
Congestion + 4+
Initial observation just after explosion* D SL|SE|SE| D SE D SE
Damage index 2 5 3 4 5 4
Pg?)k pressure (P) and energy flux density P :36.6 Kg/cm?, Ef : 218 J/m?




Appendix table 3. Symptoms observed on major internal organs (Cyprinus carpio)

1. Underwater explosion by instantanneous cap

(Direction against explosion source is lateral side)

Type of explosion source and distance from
explosion point

Instantaneous cap—1.2m

Number of fish 1 2 3 4 5 6 7 8 9 10
Body Length (cm) 16.6 | 16.6 | 16.4 | 14.5 | 17.7 | 15.3 | 16.6 | 17.0 | 15.2 | 14.4
Body Weigth (gr) 126 | 112 | 122 | 82 128 | 80 119 | 133 | 89 92
Destruction of tissue - - - - - - - + - +
Liver E—
Congestion + - + + + | ++
? Heart Rupture of sinus venosus — - — - - — - — - -
% Destruction of tissue - - - - R I - - -
S Air-bladder Internal haemorrahage - - + - - — — - - +
E Congestion + — -1 - +4++
s Destruction of tissue — + T +4+ 1+ o T
Kidney -
Congestion + +4++
Initial observation just after explosion* N N N N N N N N T ?
Damage index 3 5 4 4 3 4 4 s | 6
{g?)k pressure (P) and energy flux density P: 2.4 Kg/em?, Ef : 102.6 J/m?
* D, death on first inspection; SE, seriously injury; SL, slightly injury; N, normal in appearance.
(continued)

Type of explosion source and distance from
explosion point

Instantaneous cap—1l.5m

Instantaneous cap—1.0m

Number of fish 1 2 3 4 5 1 2 3 4 5
Body Length (cm) 15.5 | 14.8 | 15.8 | 15.8 | 15.2 | 16.6 | 16.4 ; 15.3 | 17.0 } 14.4
Body Weigth (gr) 96 | 90 | 106| 106| 94 | 130 | 121| 82 | 123) 93
Destruction of tissue — - - + - - - - - -
Liver a + |+++ Tt +
Congestion 4+ + +F+H A+
3 —
2 | Heart Rupture of sinus venosus - - — - - - - - -
5 —
2 -—
-§ Destruction of tissue - - - — — - - — -
g Air-bladder Internal haemorrahage — - — — — - + - + —
2 e
g Congestion - - — _ — _
5
@ Destruction of tissue — — - + — ++ | ++ | ++ + ++
Kidney N
Congestion ++ |+ |+t +++
Initial observation just after explosion* N N N N SE|SE|SE | SE | SE
Damage index 2 2 4 2 5 6 4 5 5

é’g?)k pressure (P) and energy flux density

P:15.9 Kg/cm?,
Ef:29.1 J/m2

P:27.6 Kg/cm?,
Ef: 179 J/m?




(continued)

gglﬂgs?gne);gilgfion source and distance from Instantaneous cap—L. 3m
Number of fish 1] 2z 3| als|e] 7] 8] 9 ]0w
Body Length (cm) 14.5 ] 15.5 | 15.0 | 16.1 | 16.6 | 16.2 | 16.2 | 17.3 | 15.6 | 14.5
Body Weigth (gr) 8 | 100! 103| 106 113] 05| 120 120| 95 | 78
Destruction of tissue - - - - - — — - - —
Liver —_— I
Congestion + - + + + + + + + +
g Heart Rupture of sinus venosus - - — — - - — — — —
% Destruction of tissue - f — _ - — — - — —
E Air-bladder Internal haemorrahage I + - - - - - + -
E Congestion — — - N N - + 4
@ Destruction of tissue ++ | + + + + | ++ | + + + +
Kidney R
Congestion
Initial observation just after explosion* N T N N N N N N N N
Damage index 4 2 3 4 3
{E?)k pressure (P) and energy flux density P:21.3 Kg/cm?, Ef : 102 J/m?

2. Underwater explosion by CCR

(continued)
Type of explosion source and distance from ¢CR x1—1.5m
explosion point .
Number of fish 1 2 3 4 5 6 7 8 9
Body Length (cm) 15.1115.3|16.1 | 14.8 | 14.0 | 15.1 | 17.5 | 14.1 | 15. 6
Body Weigth (gr) 82 102 | 110| 8 80 106 | 140 | 80 118
Destruction of tissue - — — — - - — — —
Liver
Congestion + 4+ | ++ + + ++ | + + | ++
o
;:‘f Heart Rupture of sinus venosus - — - - — - - - —
©
é Destruction of tissue - — - — — - - — -
g Air-bladder Internal haemorrahage - - - - — - - - —
) - _
g Congestion - - - —_ - - — - -
> —
@ Destruction of tissue - —_ - - - — — —_ -
Kidney
Congestion + + | ++ ] + + + - | ++ | +
Initial observation just after explosion* N N N N N N N N
Damage index 2 1 2 2 2 2 1 2 2
P i
gax pressure (F) and energy flux density P:2.12 Kg/ome, Ef : 7.5 J/m?




(continued)

Type of explosion source and distance from CCR x2—1.5m
explosion point .
Number of fish 1 2 3 4 5 6 7 8 9
Body Length (cm) 14.8 1 15.8 ) 16.8 | 16.0 | 13.6 | 14.2 | 14.5 | 16.1 | 13.4
1
Body Weigth (gr) 90 118 130 ‘ 120 72 80 86 110 | 64
Destruction of tissue - -~ - - [ - - - - -
Liver A U
Congestion +44] + EFHFF R R
o S
:‘::’ Heart Rupture of sinus venosus - - - - - - - - -
& FERS I P AN,
% Destruction of tissue -~ -~ - - - - - - -
g Air-bladder Internal haemorrahage - - - - - - - - -
2 I
I
g Congestion ++ — — + — - + + +
5 I
@ Destruction of tissue - + + - - —+ - - -
Kidney
Congestion ++ +4 4+t + | ++ )+
Initial observation just after explosion* N N N N N N N
Damage index 3 3 3 2 3 3 3 3
Peak pressure (P) and energy flux density . .
(Ef) P:6.21 Kg/cm, Ef : 39.1 J/m2
(continued)
Type of explosion source and distance from
explosion point CCRx1—1.5m
Number of fish 1| 23] a| s |67 ]8]09
Body Length (cm) 15,8 | 13.8 | 14.5 | 14.8 | 14.8 | 13,0 | 16.0 | 13.0 | 13.4
Body Weigth (gr) 104 8 | 8 | 120 94 | 70 | 120| 70 | 62
Destruction of tissue - - - — - - - — -
Liver
o Congestion + ] A |F |+t
% Heart Rupture of sinus venosus - -~ — — - - — — —
g A R
2 Destruction of tissue - - — - — - — - —
g Air-bladder Internal haemorrahage - -~ - — - - - — —_
3
2 _
E Congestion — — —- - — _ _ +
A __
Destruction of tissue + -~ + + + + + | ++
Kidney A P N [N R -
Congestion +4++
Initial observation just after explosion* N N N N N N N N SE
Damage index 3 | 2| 3 (3] 3] 4 3| s

g%fa)k pressure (P) and energy flux density

P:6.18 Kg/cm2, Ef : 128 J/m2




(continued)

Type of exp_losion

source and distance from

explosion point CCR x2—0.5m
Number of fish 1213 a| s | 6| 7| 8] 9]10
" Body Length (cm) 14,0 | 15.1 | 16.1 | 18.2 | 14.5 | 16.7 | 14.0 | 14.5 | 13.0 | 14.5
Body Weigth (gr) 71 | 90 | 106) 152| 81 | 128| 68 | 80 | 66 | 85
Destruction of tissue — — — - — — — - - -
Liver
Congestion B I o E e o o EoE e B R B N S o
9 B
:::’ Heart Rupture of sinus venosus — — — — — — — — — -
1ol
é Destruction of tissue + + + + + + — - - -
g Air-bladder Internal haemorrahage - - - -
S
2
g Congestion — —
&
Destruction of tissue et |+ | +4+ + +4+ | ++ ++ | ++
Kidney
Congestion
Initial observation just after explosion* SE|SE|SE|{SE|SE|SE| N N N N
Damage index 7 7 7 6 7 7 4 4

Peak pressure (P)
(Ef)

and energy flux density

P:12,7 Kg/cm?, Ef : 673 J/m2




Appendix table 4. Symptoms observed on major internal organs (Sebastiscus marmoratus)

1. Borehole blasting at Bisan strait (1975)

Exp. number and distance from explosion

point 4A—1 (Charge : 240Kg), 28m (St.1)
Number of fish 1 P 3 4 5 6 7 8
Body Length (cm) 20.0120.5|13.5|17.0 | 11.5 | 15.0 | 15.0 | 20.0
Body Weigth (gr) 400 | 300 | 100 | 210 200 120 | 180 | 400
Destruction of tissue - — — - — — - _
Liver
Congestion — — + + + + + | ++
] —
GE) Heart Rupture of sinus venosus + - - - - = - =
1)
-é Destruction of tissue — - — - — - — —
E Air-bladder Internal haemorrahage - + - - - + + -
=
a
E Congestion ++ + | + |+t ++
Y
@ Destruction of tissue +4 0+ + — + + + +
Kidney
Congestion + 4+
Initial observation just after explosion* D SL|SL!SL|SE|SE|SE ) SE
Damage index 7 4 4 3 4 5 5 4

é)l%fa)k pressure (P) and energy flux density P+ 11.7 Kg/em?, Ef : 1340 J/m?

* D, death on first inspection; SE, seriously injury; SL, slightly injury; N, normal in appearance.

(continued)
Exp. number and distance from explosion 4A—1 (Charge : 240Kg), 51m (St.2)
point
Number of fish 1 2 3 4 ’5__’(1_ 7 ,8_’_____
Body Length (cm) 20.0(17.0 [ 16.016.0 155 |18.0/16.0 65| |
Body Weigth (gr) 380 | 270 | 150 | 180 170| 190} 170 w0 b
. Destruction of tissue - - - — - |- - i B
Liver Congestion — |+ + |+ - __i - 4+ -
? Heart Rupture of sinus venosus — - - - - - i i R
-% Destruction of tissue — - — - - - i i A
g Air-bladder Internal haemorrahage - + - + + + - - L
é Congestion — + 3
(/P)‘ Destruction of tissue - — + — + 4 —
Kidney
Congestion +4+4| ++ - ++
Initial observation just after explosion* N N N N N N N N
Damage index 1 4 4 3 4 5 9 4 L
(e pressure (P) and energy flux density P:2 47 Kg/cm?, Ef : 118 J/m?




(continued)

Exp. number and distance from explosion
point

4A—1 (Charge : 240Kg), 98m (8t.3)

Number of fish 1 2 3 4 5 6 7 8 9 10
Body Length (cm) 14.5 | 14.5 | 14.0 | 14.5 | 17.0 | 17.0 ] 18.0 | 16.5 | 17.0 | 17.5
Body Weigth (gr) 115 | 120 | 130 | 160 | 200 220 | 220 220 | 300 | 280
Destruction of tissue - - - — - - - - - —
Liver
Congestion + + + - |+ = |+ ] - - +
o
E Heart Rupture of sinus venosus - - — — - - - - - -
@
..”g’ Destruction of tissue - — — — — — - - — -
g Air-bladder Internal haemorrahage - - — - - - — - - -
S
g Congestion - - + - + - - — —
>‘ B
@ Destruction of tissue - - - + - - + - -
Kidney
Congestion - - |+++ 4 |+ — 4+
Initial observation just after explosion* N N N N N N N SL
Damage index 1 1 4 2 3 1 3 0 3
Pea)k pressure (P) and energy flux density P:0.55 Kg/cm2, Ef : 11,9 J/m?2
(Ef < 0. y .
(continued)
Exp. number and distance from explosion 4A—2 (Charge : 480Kg), 47m (St.2)
point , .
Number of fish 1 2 3 4 5
Body Length (cm) 18.0 | 18.0 | 15.0 | 14.0 | 15.0
Body Weigth (gr) 230 | 270 140 | 1201 130
Destruction of tissue - — - - -
Liver
Congestion ++ + + + +
o S - —
é’ Heart Rupture of sinus venosus — — - — -
5 N -
é Destruction of tissue — — — - -
g Air-bladder Internal haemorrahage + + + - -
E .
g Congestion ++ | ++
>
@ Destruction of tissue ++ + + +
Kidney
Congestion
Initial observation just after explosion* SL|SE|SE N N
Damage index 6 5 5 4 4

%’E?)k pressure (P) and energy flux density

P:5.27 Kg/cm2, Ef:352 J/m?2




(continued)

Exp. number and distance from explosion
point

4A—2 (Charge : 480Kg), 94m (St.3)

Number of fish 1 2 3 4 5 6
Body Length (cm) 15.5 [ 15.0 | 14.5 | 15.5 | 17.5 | 17.5
Body Weigth (gr) 140 | 130 | 130 | 165] 170 210

Destruction of tissue — - — - - —

. Liver

Congestion + — 4+ + + +
L]
g Heart Rupture of sinus venosus - — — - - -
)
é Destruction of tissue — - - — — —
g Air-bladder Internal haemorrahage - + | ++ | - - -
2
E Congestion ++ + -
>
@ Destruction of tissue — + — — —

Kidney

Congestion + + b+ |+
Initial observation just after explosion* SE{SE|SL N
Damage index 4 4 4

Peak pressure (P) and energy flux density
(ED)

P:2.63 Kg/em?, Ef: 77.4 J/m2

(continued)
Exp. number and distance from explosion 4A—3 (Charge : 720Kg), 4A—3 (Charge : 720Kg),
point 29m (St. 1) 59m (St.2)
Number of fish 1 2 3 4 5 1 2 3 4 5
Body Length (cm) 20.0 | 18.6 [ 18.5 | 15.0 | 14.0 | 12.5 | 17.5 | 18.0 | 11.0 | 15.0
Body Weigth (gr) 350 | 250 | 250 | 140 | 125! 220 | 200 | 205 | 180 | 170
Destruction of tissue — + — - — — — + — —
Liver —
Congestion ++ + |+ o+ + + + +
o
g Heart Rupture of sinus venosus — - - — — — — - - -
[} — —_— —————
% Destruction of tissue - - - - — - — — — —
g Air-bladder Internal haemorrahage +4++ + + + + [ 4++] + [ ++ | ++ [+
5 N -
£ Congestion
U>)' [N P
Destruction of tissue ++ |+ |+ |+ + | ++ | +
Kidney R PR
Congestion
Initial observation just after explosion* D D D D D D SL| D D D
Damage index 7 6 6 6 6 5 6 6 6
Peak pressure (P) and energy flux density P:22.2 Kg/cm?, P:6.05 Kg/cm?,
(Ef) Ef : 4790 J/m?2 Ef:652 J/m?2




(continued)

Exp. number and distance from explosion
point

4A—3 (Charge : 720Kg) 10lm (St.3)

Number of fish 1 2 3 4 5 6 7 8 9 10
Body Length (cm) 22.0119.0 (185 (16.0|16.0 [ 16.5 [ 16.0 | 15.0 | 14.0 | 14.0
Body Weigth (gr) 400 | 400{ 320| 190| 180 | 170| 190 | 120 | 110, 100
Destruction of tissue - - - - - - - — + -
Liver
Congestion - + - + — - 4 — -
o
g Heart Rupture of sinus venosus — - - - — — — — — -
('D
,'-é’ Destruction of tissue - - - - - - — - - +
g Air-bladder Internal haemorrahage +4+| - | ++ | = - + - - —
a X
g Congestion - N S - - +
- —_—
@ Destruction of tissue + - - - - + + - - +
Kidney
Congestion - | ++ | + + 4+ 4+
Initial observation just after explosion* SL N SL N N SL N N SL
Damage index 4 1 3 3 2 3 3 1 4 5
Peak pressure (P) and energy flux density . 2 . 2
(Ef) P:3.94 Kg/cm2, Ef:263 J/m
(continued)
Exp. number and distance from explosion 4A—4 (Charge : 1,520Kg), 48m (St.2)
point
Number of fish 1 2 3 4 5 6 7 8 9 10
Body Length (cm) 19.5)18.5 | 16.5 | 16.5 | 16.5 | 18.0 | 18.0 | 15.5 | 15.5 | 16.0
Body Weigth (gr) 370 | 230 205 | 180 180 | 170 | 185 | 130 | 130 160
Destruction of tissue - — — — - — — - — —
Liver _
Congestion + | ++ | = + — + — | ++| -
]
:::) Heart Rupture of sinus venosus + — - — — — - + — —
Q
é Destruction of tissue - — — - — - - — - —
g Air-bladder Internal haemorrahage +4+4| + + + + + + + + | +4+
E Congestion
>
@ Destruction of tissue + + + -+ + + + + + — +
Kidney
Congestion + 4+
Initial observation just after explosion* D N D SL{SL{SE|{ N D N
.Damage index 8 4 5 4 5 7

P
¢ ]S?)k pressure (F) arnd energy flux density

P:22.9 Kg/cm?, Ef : 5910 J/m?2
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(continued)

Exp. number and distance from explosion
point

4A—4 (Charge : 1,520Kg), 94m (St.3)

Number of fish 1 2 3 4 5 6 7 8 9 | 10
Body Length (cm) 14.5 | 15,0 | 16.0 | 17.0 | 16.0 | 16.0 { 16.5 | 17.0 | 20.0 | 20.5
Body Weigth (gr) 110 | 120| 150 | 160 | 150 | 175 | 175| 200 | 400 | 440
Destruction of tissue — - + + — - — - — —
Liver -
Congestion + | +4+ 4+ = | ++ | + | ++
o _ [ S,
E Heart Rupture of sinus venosus - - - - — — — — — -
Q@ _
% Destruction of tissue - - - — — - — - - -
E Air-bladder Internal haemorrahage - + - - - — | ++ |+++H + -
g -
=N
E Congestion ++ ++ |+ + | ++ ++
>
@ Destruction of tissue + + — — — + + + —
Kidney
Congestion + - | ++ 4+
Initial observation just after explosion* SL|{SL D SL| N N D SE| SE
Damage index 4 5 4 2 2 5 5 3

5::3?;( pressure (P) and energy flux density

P:284 Kg/cm2, Ef : 204 J/m2




Appendix table 5. Symptoms observed on major internal organs (Lateolabraz japonicus)

1. Underwater dynamite explosion at Gokasho bay (1970)

Exp. number and distance from explosion Run 9 (Charge : 5Kg), Run 9 (Charge : 5Kg),
point 20m (St.2) 40m (St.3) !
Number of fish 1 2 3 4 5 1 2 3 4 5
Body Length (cm) 24,5 126.5 26,0 |27.5|285|25.5|2.0126.0/27.0] 30.5
Body Weigth (gr) 210 | 280 | 250 | 340 | 310} 240 | 290 | 270 | 340 450
Destruction of tissue + + 4| 4+ || - + - + -
Liver
Congestion 4+ + +
o
E Heart Rupture of sinus venosus - + - - - - - + - -
@ A
é Destruction of tissue - - - + - - - - — —
g Air-bladder Internal haemorrahage
I
g Congestion + + |+ = [+ - - + + +
L
@ Destruction of tissue +++H A A - - - - -
Kidney -
Congestion + + + + 4
Initial observation just after explosion* Death rate: 2/5 Death rate: 0/5
Damage index 6 l 9 | 7 ! 8 ‘ 6 | 2 | 3 ’ 6 l 4 | 3
Peak pressure (P) and energy flux density P:30.2 Kg/cm?, P:14.2 Kg/cm?,
(Ef) Ef : 2155 J/m2 Ef : 350 J/m?2

* D, death on first inspection; SE, seriously injury; SL, slightly injury; N, normal in appearance.

(continued)

Exp. number and distance from explosion Run 9 (Charge : 5Kg) 60m (St.4)

point

Number of fish 1 2 3 4

Body Length (cm) 27.0 | 26.5 | 28.0 | 29.5

Body Weigth (gr) 300 | 280 | 330 3%0
Destruction of tissue - - — -

Liver _—

Congestion + - + 4

o P

% Heart Rupture of sinus venosus - - — —

@

é Destruction of tissue - — — -

g Air-bladder Internal haemorrahage

£ _

E Congestion — - — —

&
Destruction of tissue — - - —

Kidney -

Congestion - — - -

Initial observation just after explosion* Death rate: 0/4

Damage index 1 | 0 | 1 ’ 1

PE?)k pressure (P) and energy flux density P:9.2 Kg/cm?, Ef : 123 J/m2




2. Borehole blasting at Bisan strait (1975)

(continued)

Exp. number and distance from explosion

4A—1 (Charge : 240Kg)

4A—1
(Charge : 240Kg)
5Im (St.2)

4A—3
(Charge : 720Kg)
29m (St. 1)

point 28m (St. 1)
Number of fish 1 2 3 4 1 2 3 1 2 3
Body Length (cm) 33.0135.040.026.0|33.0|33.0|36.0|280]330] 320
Body Weigth (gr) 580 | 560 | 900 | — 620 | 580 | 720 | 310 | 420 | 420
Destruction of tissue — — + — — - - - +
Liver
Congestion 4+ I ++ + + - +
L]
% Heart Rupture of sinus venosus — — - + — - — - —_
Q
é Destruction of tissue - - — - — — - — - -
g Air-bladder Internal haemorrahage + + 4+ + ++ - + - ++ + +
S
E' Congestion + ++
N
@ Destruction of tissue + | ++ |+ | ++ | - — — |+ ++
Kidney
Congestion — —
Initial observation just after explosion* SEiSE| SE D N N N D D D
Damage index 5 6 g8 | 10| 2 4 1 9

Peak pressure (P) and energy flux density
Ef)

P:11.7 Kg/cm?2,

Ef : 1340 J/m?2

P:2.5 Kg/em?2,
Ef: 118 J/m?

P:222 Kg/cm?2,

Ef : 4790 J/m2

(continued)
: s 4A—3 — : 720K
Exp. number and distance from explosion (Charge : 720Kg) 4A1 3 (Charge )
point 59m (St.2) 10lm (St.3)
Number of fish 1 2 3 1 2 3 4
Body Length (cm) 35.030.0|33.0{30.5]|280/350]40.0
Body Weigth (gr) 710 | 450 | 460 | 370} 390 | 560 | 780
Destruction of tissue — + - - + 4 - —
Liver
Congestion + + + + +
o PR
:::’ Heart Rupture of sinus venosus - - - - - - —
Q ——
-(é Destruction of tissue — - — - - - —
g Air-bladder Internal haemorrahage ++ + + - - + -
& -
g Congestion ERS
> S
@ Destruction of tissue + + - - —
Kidney
Congestion - —
Initial observation just after explosion* SE|SE|SE|SE|SE|SE|SL
Damage index 5 6 4 4 6 4 2

Peak pressure (P) and energy flux density
(Ef)

P:6.05 Kg/cm?,

Ef : 652 J/m?

P :3.94 Kg/cm?2, Ef : 263]/m2




(continued)

E;zt number and distance from explosion E?j}%‘;zzﬁ'sm{ 2 gfm—%s(tc.:gfrge : 1,520Kg)
Number of fish 1 2 3 4 1 2 3
Body Length (cm) 41,0 | 41.0 | 35.5 | 38.0 | 36.0 | 39.5 | 34.0
Body Weigth (gr) 815 | 905 | 580 | 515 770 | 750 | 530
Destruction of tissue + + - | ++| - - -
Liver
Congestion + +++ ++ ) -
? Heart Rupture of sinus venosus - - - + - — —
% Destruction of tissue - — - - — — —
g Air-bladder Internal haemorrahage - - — 4+ 4] = - -
é Congestion +4+4 ++ ++ | + +
a2 Destruction of tissue ++ | + + - - -
Kidney
Congestion — — -
Initial observation just after explosion* SE|[SL|SE| D N SL! N
Damage index 6 5 4 10 3 2 1 T
%’E?)k pressure (P) and energy flux density }I;f: :Zgé?oK]g n?ZHZ' ‘ gfi 2231 §{/§£<Z:m2,
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