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ABSTRACT 

An investigation was made to locate a gas leak in an under-sea e lec t r ic 
power cable. Krypton-85 was used as the tracer. Despite problems with 
the in ject ion there was strong evidence to suggest that the leak was in 
the j o i n t between the land and sea portions of the cable. 
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INTRODUCTION 

The three cables of the Cook Stra i t e lec t r i c power transmission system 
are pressurised with nitrogen to improve the i r d ie lec t r i c properties and 
to prevent damage arising from entry of water. The gas is contained 
wi th in the core of the cable by a lead sheath extending along i t s ent i re 
length. 

In March 1985 the rate at which nitrogesi had to be supplied to cable 2 
to maintain i t s pressure began to increase. I t was subsequently d is 
covered that gas was leaking from the shore j o i n t , the j o i n t between the 
land and sea portions of the cable. 

This did not necessarily mean that there was a defect in the j o i n t . I t 
is possible that there was a hole in the lead sheath out at sea and 
that the gas made i t s way back to the j o i n t via armouring outside the 
sheath but s t i l l within the cable before f inding a suitable path to vent 
to the atmosphere. This was in fact the case in 1982 when INS assisted 
in locating an undersea leak in cable 1 [ 1 ] , 

Following the success of that investigation INS was asked by the 
E lec t r i c i t y Division of the Ministry of Energy to assist in locating 
th i s new leak. I t was suspected that the leak was in fac t in the j o i n t 
and a f i r s t experiment was planned with th is in mind. 

EXPERIMENTAL 

The gas flow control system at the cable station at Oteranga Bay (south 
west of Wellington) is shown in Fig. 1 with the cable 2 supply 
emphasised. 

The in ject ion of tracer (100 mCi of 8 5 K r ) was carried out at 2240 hours 
on 27.4.85. The inject ion was made by insert ing a l i ne incorporating a 
gate valve, which could be operate ' to break a glass v ia l of tracer con
tained within i t , between valve 23 and valve 27. The flow to the con
t r o l panel (shown at the l e f t of F ig . 1) was diverted through th is l ine 
by closing valve 26 and opening valves 23 and 27; the v ia l was broken 
and the valve positions were then reversed to re-establish normal f low. 
I t had been intended that th is procedure would enable the in ject ion to 
be carried out with no disturbance to the normal f low. Unfortunately 
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there were noticeable traces of radioactivity left in the region of the 
vial after injection and attempts to eliminate this resulted in high and 
varying pressures and flow rates into the cable for about an hour. 

Three detectors were set in place around the joint; these were standard 
INS underwater scintillation counters. Two were attached to the cable, 
one (designated Dl) about 1 m before the joint and the other (D2) 2-3 m 
after. A third detector (D3) was housed in a cylindrical container 
500 mm long by 210 mm diameter through which was passed the gas leaking 
from the joint; this was collected by an inverted drum arrangement set 
in place over the joint. 

The rationale behind this arrangement was that if the leak was at the 
joint the tracer would appear at 03 a short time after appearing at Dl. 
On the other hand if the sea cable was defective the tracer would have 
to pass D2 on both its outward and return journeys (probably not dis
tinguishable if the leak was close to shore) before being detected at 
D3. 

As mentioned above Dl and D2 were placed on the cable itself. With the 
cable being in use it was feared that the magnetic fields to which the 
detectors would therefore be subjected would affect their performance. 
Accordingly records of the amount of energy transferred through the 
cable over the relevant period were supplied by Electricity Division in 
order to correlate any changes. 

RESULTS 

The responses of the detectors and the energy transmitted through the 
cable from three days before to 12 days after the inject ion are shown in 
F ig . 2 . The detector responses for a few hours around the in jec t ion are 
shown in Fig 3. 

The time from in ject ion to arr iva l at the j o i n t was about 15 minutes. 
From a comparison of the leak rate with that occurring during the 
previous investigation i t had been expected that i t would take about 
16 hours; the speedy passage must have been due to the high flow rates 
and pressures Involved at in ject ion time as described in the previous 
sect ion. 

This makes the interpretat ion of the results d i f f i c u l t as i t would cause 
tracer to be forced to flow past the j o i n t as the cable pressurised 
regardless of whether or not a leak was present. The detector response 
at th is short time is in the form of a sharp spike at Dl and 02 (see 
F ig . 2) ; th is probably represents the passage of the great bulk of the 
t racer . The short reponse is followed by a much more dif fuse response 
at a l l three detectors, more marked at 02 and D3 than at D l ; th is is 
consistent with tracer flowing from the seaward side of the j o i n t past 
D2 and via the leak past D3 as the cable returned to i t s normal 
operating pressure. 
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However, the situation is complicated by the fact that the cable does 
not respond instantly to pressure changes, both because of its sheer 
size and because of effects such as the slow depressurisation of the 
paper insulation; thus it is not inconceivable that some tracer should 
return past Dl and be detected there, as seems to have happened. The 
situation is further complicated by the effects of current passing 
through the cable. Comparison of the transmitted energy and the 
detector responses (Fig. 2) reveal a strong correlation between cable 
use and the responses of Dl and D2; this is presumably due to the effect 
of the changing magnetic field around the cable. There is even some 
correlation 3-6 days after the injection between the D3 response and 
cable use even though D3 was not physically close to the cable; unless 
it was a chance occurrence this may well be due to the heating and 
cooling of the cable (which occurs when the current is turned on and 
off) resulting in changes to the physical size of the leak. 

The evidence mentioned so far is consistent with the leak being at the 
joint but by no means conclusive. Much stronger evidence is available 
from an examinction of the initial tracer responses as shown in Fig. 3. 
It can be seen that some tracer is detected at D3 no more than 15 
minutes after passage of the initial spike of tracer past Dl and D2. 
This implies that there is a leak from the core of the cable clos? to 
the joint and the most obvious place for this leak is in the joint 
itself. 

CABLE DECONTAMINATION 

Due to the high injection pressure it was feared that a considerable 
fraction of the injected tracer might be retained in the under-sea 
portion of the cable and that when a joint repair was carried out this 
gas would vent with resulting hazard to those involved in the repair. 
Thus it was decided to try to clear all remaining tracer from the cable 
by maintaining a higher pressure at the South Island end than at the 
North; the gas leaking at the joint would then tend to come from the 
seaward side where the contamination would occur. 

A large volume (over 85,000 litres at NTP) of N 2 was released into the 
cable between May 13 (16 days after injection) and June 12 at an average 
rate of 120 litres/hr for most of that time and at about 360 litres/hour 
for the last few days; during this latter period gas was also vented at 
the control panel and monitored there by a fourth detector (D4). The 
results are shown in F1g. 4. 

No particular effect can be seen on Dl and D2. These are both affected 
by the transmission of current through the cable and may also have been 
affected both by changes in background due to variation in the depth of 
water covering the joint and by instrumental problems (Dl actually 
failed during this time). 

In D3 however there is a period of increased count rate covering approxi
mately the time during which the cable was being fed from the South 
Island. The level of radioactivity however is low (note that the res
ponse shown for 03 in Fig. 4 is expanded relative to that shown in 
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Fig. 2; compare for example the sizes in the two figures of the spike of 
activity of unknown origin, possibly a detector malfunction due to water 
entering the canister containing the detector, just over ten days after 
injection). If real this low level is unlikely to be a health hazard. 

There is no sign of tracer appearing at D4; the various spikes and 
shifts, with the exception of the small excursion at about 41 days after 
injection, are attributable to problems with and shifting of the 
detector location. 

SUMMARY 

The evidence suggests that there is a leak in the joint between the land 
and sea cables, this evidence mainly being that only a very short time 
is required for some tracer gas to appear in the leaking gas after 
appearance at the joint. It is unlikely that a leak would simultan
eously occur elsewhere so it is assumed that this is the only one. It 
should be noted however that the experiment described here is not a good 
test for a leak at sea because of the problems connected with the injec
tion. 

A low concentration of tracer appears to be left in the cable. This 
amount is presumably decreasing as the leak continues but all the tracer 
will not be cleared from the cable until it is degassed prior to a 
repair to the joint. It would be advisable to monitor the radioactivity 
in the gas at this time although it is highly unlikely that radio
activity levels anywhere close to dangerous levels will be found. 
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