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Protection Effects of DC Leakage Operated Circuit Breaker and High
Resistance Grounding against Electric Shock Hazard Underwater

by Eiki Yamano, Tatsuo MoTovamMa and Ryuji Tanaka

Abstract ; Working in the sea or other waters and the use of electricity in such areas are increasing
in recent years. These situations may lead divers to hazards of underwater electric shock. This
paper reports on an investigation of the effect of a protecion method for such hazards.

As a shock-hazard protection method, a circuit breaker which is fitted on an a. c: supply
grounded midpoint by high resistance and operated by d. c. leakage signal is suggested, and the
effect of the method for protection against electric shock underwater is investigated by inference
and experiment. The greater part of the investigation is applicable to other types of earth-leakage
circuit breaker, because it is a common defect of circuit breakers that electric shock during
operating time is not prevented.

From the results of investigation, it is concluded that the suggested method protects a person
from instant death due to electric shock underwater in the majority of cases and greatly
contributes towards the safety of underwater use of electricity.

The results of investigation are summarized as follows :

(1) It was inferred that the instant death from electric shock due to single line ground fault
underwater can be prevented by the d. c. leakage operated circuit breaker and the high resistance
grounding.

(2) The instant death due to fault of both lines underwater is also prevented in the cases that ;
i) the time interval between faults is beyond the operating time of breaker,

ii) the progress of fault (i.e.decrease of insulating resistance) is slow,

iii) the fault locations are inside of conducting screen (e. g. metal casing, etc.),

iv) a person is not located in hazardous domain around a fault area.

(3) When a person is located in hazardous domain produced by a fault of both lines, death from
electric shock may occur in a certain range of frequency according to the conditions. In the
experiment with rabbits, a serious effect which may lead to instant death occurred twice in 52
shocks by artificial fault underwater.

(4) Rabbits were instantly killed by shocks in the experiment without protection of circuit
breaker.
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When a local protection method such as a double insulation or a conducting screen fails, the

supply system may remain in undetected hazardous state. Therefore, it should be considered to
protect by a method whose effect covers whole line, such as an earth-leakage circuit breaker, in

addition to local protections.

Keywords ; Industrial Safety, Electric Shock, Diving Work, Protective Device, Underwater work,
Safety device, Offshore Engineering, Circuit Breaker.
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COM : Common pole (Grounding electrode),
Vs © AC source voltage,

R, : Resistance for grounding midpoint,

C., Gy : Stray capacitances against ground,
R,, Rs, R . Leak path
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Table 1 Estimation of protection effect against death due to electric shock underwater
EEES L FRENSC L 2 HREROBRIEHLDROME

Type of Single line Both lines
ground fault fault fault
Time interval
*1
between faults ! Long Short
Progress .
of fault 1) i Slow Rapid
Fault locati .
2 o.ca tons to ! ) J Inside Outside
conducting screen
Human’s location to
hazardous domain*? ! ! ! ! Out In
Effect of
?
protection o o O O o ’

% 1 Interval > Operating time of breaker.

% 2 Hazardous domain : Domain in which the intensity of electric field is

beyond 10 V/m (10 s in duration).
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Table 2 Experiment on protection against electric shock by d. c. leakage

operated circuit breaker

BREDOHLEDRCMET 3 RBROWE (RERMLHER)

Type of ground fault Both lines fault underwater
Kind of water 3.5 9% salt water Tap water
Leakage Resistance 160 10 0 10 0
to electrode Rpi (Q)
Number of rabbits 3 2 5 2 4
chigttl,t ﬁtlig) y 3.50 2.69 3.19 3.47 3.02
onductivity o
water (S/m) 5.87 5.83 6.03 0.025 0.021
(Range) (5.6—6.0) (5.9—6.1)| (0-024— | (0.016—
T ¢ ¢ wat 0.026) 0.026)
empera (‘iée) ob water | 30.0 30" 30.5 30.3 30.2
Number of tests 3 2 6 2 4
Number of shocks 64 50 52 10 51
Fault current Iy (A) 0.895 8.40 34.6 0.133 0.108
(s. d.) (0.016) (0.11) (2.5) (0.010) (0.013)
Shock duration (ms) 69.2 72.8 61.8 71.1 72.2
(s. d) (8.4) (4.0) | (10.0) (9.2) (13.5)
Number of
*2 *2
instant death 0 0 (%) (1) 0

% 1 Estimated value. Others are shown in average.
% 2 Extremely slow heart beat and respiration were observed, not killed.
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Fig. 5 Change of heart rate in the tests that caused
serious effect (Both of slow heart beat and slow
respiration) .
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Fig.6 Change of respiratory rate in the tests that caused
serious effect (Both of heart beat and slow respira-
tion).
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Table 3 Comparison of mean intensity of electric field between electrodes
with the protection effect in the experiment.
RROBRGFICE T IREMOTHBA LBHLEHE

Kind of water

3.5 % salt water

f Tap water

Leakage Resistance

Rpr {Q) 100

0 10 0

Voltage between

Vap (V)*!

electrodes 10.5 16.0

100 98.7 100

Mean intensity of
electric field 33
En (V/m)*?

310 306 310

Observed

protection effect

®)

O FAN

% 1 Estimated from Vag=100— Rp; In
% 2 Enm= Vap/d, d=0.323m (Average distance between electrodes)
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Table 4 The post-experimental courses on animals
KRBREOIYXOER
Experimental | Test No. | Rabbit | Number of
“ . .
conditions & date No. shocks Aftereffect Survived period
Salt water 1 2/17 1M-1 20 — (3 s shock*?)
10 @ 2 3/10 | 2M-1 30 Observed 1 day
3 3/18 3M-1 11 Not observed Survived
Salt water .
100 © 4 4/10 4M-1 33 Not observed Survived
5 4/14 5M-1 20 Not observed Survived
12 6/ 1 9M-1 3 Observed Survived
13 6/ 4 6M-3 4 Observed 4 days
Salt water 14 6/ 8 9M-2 10 - (3 s shock*?)
0 Q 15 8/18 | 10F-1 12 — (3 s shock*?)
16 8/24 | 11F-1 12 - (1's shock*?)
17 8/31 | 12F-1 11 - (1s shock*?)
Tap water 6 4/17 | 3M-2 0 — (7.2 s shock*?)
10 Q 7 4/21 4M-2 10 Observed 4 days
8 4/24 5M-2 24 Observed The day of test
Tap water 9 5/14 TM-1 10 Observed 4 days
0 Q 10 5/19 6M-2 2 Not observed Survived
11 5/22 8M-1 15 Observed The day of test

% 1 Paralysis of hind half-length or hind legs.
* 2 Instant death from electric shock after the test, on the condition of no

protection.
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