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The Effects of Underwater Explosions

for the Purpose of Killing Predacious Fishes

Toshiro KUROKI and Kazumi KUMANDA

Abstract

There is a cove in Ushine district at the north end of Tarumizu city in Kyushu (cf. Fig. -
1), where the Coastal Fisheries Promotion Association of Kagoshima-Bay projected growing of
yellow-tail (Seriola quinqueradiata). Because it was necessary that major fishes (common sea-
bass, mullet, barracuda etc. as predators) shoud be annihilated before many larval yellow-tail
were placed in the closed cove and fed there, underwatar dynamite explosions were planned and
cartied out in 1960.

In the preliminary tests on Feb. 27th, two charges of 405gr dinamite (N.G. 50%, gelatine
dynamite) were set in the middle of this cove and separately exploded through water-tight
trains of powder with a time interval of haif an hour.

1n the operation on Feb. 29th; 46 charges of the same dynamite as prellmmary tests were
set with ropes and wooden floats at intervals of 15m in 3 rows (distances between one row and
next were also 15m). Firstly 27 charges near a dike were exploded simultaneously through
electric fuses; secondly 13 charges in the inner-part of cove were set off similarly 25 min. later.
Unexploded 6 were removed when the operation was over.

During the time of the test and the operation, underwater pressure was measured by use of
new type elements (cf. Fig. 4) at various points; underwater sound was recorded at both the
inner-side of the dike and the outer-side. Many injured wild fish in the open and ones in net-
baskets for the test were observed anatomically.

The results of measuring, recording and observing are summarized as follows:

a) On the conditions in this cove, underwater pressure P kg/cm? which was induced by one
charge of dynamite may be expressed by the fomula;

P=kx 10—0.1261‘
(where, 1 m=distance between measuring point and the center of explosion, k=130 kg/cm? in
these experiments), and P’ produced by many charges was measured with various deviations
from P owing, perhaps, to interferences or conflictions of pressure waves themselves. (cf. Fig.
6and 7)

b) Recording of underwater sound by microphone pick-ups was done four times.

At the first time in the preliminary tests, pick-up was set underwater outside of the dike.
As a result of analyzing and calculating of the record, it was recognized that the maximum peak
pressure of sound was about 135 db; the sound consisted of about .80 ¢/s (small amplitude)
waves and 150~200 c/s (large amplitude) ones.

At the second time in the preliminary tests, pick-up was set underwater on the innner side
of the dike. This sound was simillar to that of first time, but 3300~3900 c/s waves were
superposed upon the sound.

It seemed that the dike reduced the underwater sound pressure (equivalent distance of
water layer—1100m), because the max. peak pressure was about 166 db in the second case, and
that the dike absorbed high frequency sound waves.

In the main operation, pick-ups were set outside of dike both times. In the first case
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(distance between microphone and the center of explosive charges area was about 70m) the peak
pressure was 240 db; in the second case (distance was about 180m) the peak pr. was 171 db.
These sounds consisted of 150~180 c¢/s, 300~330 c/s (small amplitude); 170~250 c/s, 300~
350 ¢/s (middle amplitude) and 120~190 c/s (large amplitude) waves, cf. P1. T A~H.

¢) Observed injuries to fishes extended from congestion of lateral muscle to exposure of
entrails and destruction of operculum. Seriousness of injury depended on the distance from
exploding point, but the relation was complex and it seemed, especially, that injuries to fish
were serious near the sea-surface.

Break of vertebra or burst of air-bladder happend often at 15m distance from an explosion
point and congestion of vertebral artery was observed even at 20m or more distance.

d) In view of the relation ‘‘Peak pressure of explosion is directly proportional to the cube
root of charged explosive mass’’, it is more effective for killing fish to use a large number of
charges of small mass; and in the case of using 405gr of dynamite (N.G. 50%) in every charge
for the purpose of destroying fishes, a large number of chrges must be used and be set at 7~
10m or less distances respectively between the separate ones in a closed cove. '
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Fig. 1. Map of Ushine cove, showing location of dynamite explosions
Circles: Firstly blasted 27
Dowble circles: Secondarily blasted 13
Broken circles: Lastly treated 6
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Fig. 3. Relations between pressure load and
diameter of dent
(With cone angle: 47°x 2)
Cu: 62x d%3 , Pb: 3.1x d23 (kg)
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Fig. 4. Measuring instrument of underwater
explosive pressure
A Cone piece against pressure (steel)
B: Piece to be dented (lead)
C: Case body (iron)
D: Air path (dia. 3 mm)
E : Pressure regulating hollow
F: Hollow cap with pinhole
G: Thin cover (vinyl membrane)
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Correction time at the explosive pressure=10"3 sec
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Fig. 6. Decay with distance of underwater pressure
by one charge of 50 % gelatine dynamite 405 gr
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Fig. 8. Net-basket used
a: Shape and size of net-basket
. Arrangement of net-baskets in the preliminary test
explosions (Feb. 27)
¢ : Arrangement of net-baskets in the operation (Feb. 29)
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Table 1. The result of dissection (after two explosions) in the preliminary tests on Feb. 27, 1960

Experimental station no. 1 1 2 2 3 3 4 4 5 5
Depth of experimental net-basket 0Om 5m Om 5m O0m 5m 0Om 5m 0m 5m
Distance from explosing point 5.38m 2m 7.06m 5m 11.2m 10m 15.8m 15m 2.6m 20m
Species of fish § feos Japomicus | o | Al a|alalalalajalalBlalalalalalsB|B|alajalala[sslalalalalalnlalaljala BlA|A A[AlAIAIAA[A A A[A[A|A|AIAIAIAIA
Body length (cm) 11.2013.711.0{12.2/10.6(14.2(11.5{11.2/10.8]10.8 5.713.514.7;7711.512.3 6.8 5.3;3@13.114.510.0 9.8/ 5.1 5.311.511.312—.511.812.0 5.7;4}1—17713.011.8 6.6/13.010.811.2] 9.9 6.1/12.8(13.4/13.4/12.812.0[13.5[13.011.2111.2(12.0(11.5/12.6|11.512.5
Body weight (gr) 10.5|18.5/10.512.0{10.527.0(11.0[11.5| 9.0—8‘; 2.018.526.510.5?810.2 3.5 2.5 ZEEBZE&—();)G*SE—?B_();O—()EIS—()IZ_()H—S 1.520.512.514.51_1.—(-)1616.5 9.5 8.0] 5.0] 1.9/13.5(14.2(14.016.0/11.5/15.5|16.0{11.0 9.513.013.016.011.055'
Number of fish 1123 |4:5{6;7!|8]9 101112 E—lz 15|16 | 17 ? 1912021122 |23|24 25 _ZES_ 27 |28 12930 ¥31! 32133 | 34 E 36|37 13813940141 |42 |43 (44 45|46 |47 |48 |49 50|51 (52|53 |54|55]|56
Injury of eye ball -
& Injury of mandible B e B o . e f—
',é Injury of operculum + + B R I ) A
,g Injury of head . L | e I _ —
A Winding of abdomen B T o o _ —
Exposure of entrails B o L+
Congestion of eye ball + + N O B IR Y A R
g Congestion of proboscis B - o B _
: Congestion of cranium B o o | o I [ — —
g Injury of operculum + |+ + |+ |+ + o + ] L S (N R M MR M
_g Injury or congestion of dorsal fin N B B . o o A
; Injury or congestion of pectoral fin | + | + | + | + | + o L B | o NS RN W P,
§ Injury or congestion of -other fin - e __ - -
Injury of lateral muscle + 4+ 1+ + |+ o
Break of vertebra + + |+ |+ - - _ R
Break of rib _:_: + |+ |+ |+ + + B + | + - . [ SO N
Stomach R o B - SN S F N _
- Intestine NN e o ] ] SRS S NN NS (N S—
N I T o )
5 Livever _ o o I —_—
-fé’ Kidney + + i+ + + w1+ ] + s IR -
E Gall-bladder T ¥ T i o ? T N _
_;. Congestion of air-bladder o + |+ + o + |+ |+ +2 ]+ i - + Tt + + ,i_
| Explosion of air-bladder +l+|+1+ 0+ + + |+ + |+ + + - + o ]
Congestion of vertebra artery + o + |+ + + T _ll Tt i__i—_ Lt I -+_
Injury of lateral muscle + + _T B _
Congestion of lateral muscle —-I_j—__ + D + |+ |+ |+ + i+ |+ + | + + | + + |+ +i++ e +




Table 2. The result of dissection (after two explosions of firstly 27 charges and secondarily 13 charges) in the operation on Feb. 29, 1960

Experimental station no. 1/ 1 2/ 2/ 3 3 4/ 5/ 5 6 6’ ¥
Depth of experimental net-basket Om 5m Om 5m Om 5m 5m 0Om 5m Om 5m
Distance from nearest explosion 5m 0.3m 5.1m 1m 7.06m 5m 8m 11.2m 10m 13.9m 13m
Species of fish 4 Lrachrus japomicus | s | o | Al a|B|Aalajala|B|B|alalalajala|A|A|A|AIA[AIAIB|A|AIA|AIAIAIA|AIAIAIA alale|alajalalalalalajalalajajalajajc|D|E
Body length (em) 13.0{12.914.0(12.5| 5.1{16.0/13.5/12.312.4] 5.8 6.415.014.41@113.211.213.514.012.312.81}.113.514.510.8 6.312.515.011.75);?12.712.8 9.5 9.110.512.612.810.6‘11.6 7.0114.014.2 9.911.610.510:512.312.211.811.613.42._(?11.211.111.635.0
Body -weight (gr) 16.5(14.018.0(13.5| 0.8/24.0(15.013.5(13.2] 3.9 3.8{22.0[20.5(19,5[18.5| 8.5{17.522.5(12.1(12.0| 8.0(17.5/23.0/10.5/ 3.016.525.5[11.0f 7.5(11.5/14.0| 6.0} 5.0| 9.5(13.5/14.0 6.5 8.5 19.0/19.5| 8.0| 8.5 7.0| 5.8/12.0[14.0/10.5/10.018.0[11.8]12.0| 8.0 9.0145.0
Number of fish 57|58 (59|60 |61 |62|63(64|65|66! 67|68/ 69 7‘0 7172|7374 |75 |76 |77 |78 70 | 80 |81 |82 |83 |84|85|86 |87 |88 |89{90|91|92|93|94|95|96]|97|98]|99]|100 101} 102 103 104 105 106 107| 108 109| 110] 111] 112 113
Injury of eye ball -
» Injury of mandible |
:é Iniury of operculum
g Injury of head
# Winding of abdomen -
Exposure of entrails B +
Congestion of eye ball
g Congestion of proboscis - L o
Z Congestion of cranium B B - L
g Injury of operculum + B - -
é Injury or congestion of dorsal fin | ’
2 Injury or congestion of pectoral fin + .
'§ Injury or congestion of other fin .
Injury of lateral muscle + +
Break of vertebra + |+
Break of rib - + + + |+ |+ + |+ + 14|+ _+_ + |+ |+ + |+ +
Stomabh +
o Intestine + + + 1+ -
gﬂ Liver + | +
:g Kidney + + |+ +|+i+ 7+ + + 14+ |+ + + + - + 1 + + + 1+ +
:i Gall-bladder + + | + ) + |+ 2
Z | Congestion of air-bladder + + |+ |+t +? +? + +
g Explosion of ajr-bladder’ + |+ + 4+ + |+ |+ ]+ + |+ F ||+ +{++ + + 1t
Congestion of vertebra artery + | + + + | 4?7 ] 47| +? + + 4 + + | + + |+ 4+ 4 + |+ |+ ]+ + |+ ]|+ + _-t_ + |+ |+
Injury of lateral muscle + | + + T + |+ |+ + 'i
Congestion of lateral muscle + |+ |+ + [+ + + + + + | + + |+ | + + |+

% Free fish injured. C: Mugil cephalus
D: Teuthis fuscescens
E: Demiegretta sacra ringeri
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EXPL.ANATION OF PLATES

PLATE 1

Scenes of the explosions of dynamite charges in Ushine cove

: Outside of dike at the cove

: Near the dike (left-hand outside)

: Inner-side of the cove

. Blasts of first 27 charges in the operation Feb., 29 (early camera-shuttered)
: Gas boils produced by 27 charges

: Blasts of second 13 charges on same day

: Gas boils produced by the second explosions

: Free fishes killed (one box of 7 ones)

maomE o oW



Bull. Fac. Fish., Hokkaido Univ., XI, 1 PLATE I
Vs 3

T.KUROKI & K.KUMANDA : Effects of Underwater Explosions



PLATE I

Burning test of powder-train and pressure measuring instrument

A : Gas bubbles bqun up from burning train (3~5 mm bubbles. from buméd end, 1 mm
or less dia. ones from'skin of burned part of train)

B: Yellow and powder-smelling gas bubbles at the water surface

C: Pressure recieving instrument and lead pieces dented by various pressures



Bull. Fac. Fish., Hokkaido Univ., X, 1 PLATE II

T.KUROKI & K.KUMANDA : Effects of Underwater Explosions



PLATE TI

Oscillograms of underwater sound waves

: Sound wave by first explosion in the preliminary tests (sweep 1/10 sec, exposure 1/8 sec)

: Ditto (sweep 1/100 sec, exposure 1/25 sec)

: Sound wave by second explosion in the preliminary tests (sweep 1/10 sec, exposure 1/4 sec)
: Ditto (sweep 1/100 sec, exposure 1/25 sec) %

: Sound wave by explosions of 27 charges (sweep 1/10 sec, exposuf® 1/8 sec)

: Ditto (sweep 1/100 sec, exposure 1/25 sec)

: Sound wave by explosions of 13 charges (sweep 1/10 sec, exposure 1/4 sec)

T emE 9 ow >

: Ditto (sweep 1/10 sec, exposure 1/8 sec)
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T.KUROKI & K.KUMANDA : Effects of Underwater Explosions
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