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(54) Improvements in or relat ing 
to t h e inspection of underwater 
structures 

(57) A radiation detector for use in 
an underwater environment, com-
prising radiation detector tube 1 
(e.g. Geiger-Muller tube) having 
metal case 8 out of one end of 
which extends output lead 2 , 2a 
wherein the said end of the tube 

and the output lead are encased in 
resilient waterproof compound 7 so 
as to prevent the ingress of water 
into the body of the radiation detec-
tor tube. Marine structures incorpo-
rating such radiation detectors are 
described, whereby the presence or 
density of flowing cement grout in 
the legs of an offshore platform 
may be determined. 
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SPECIFICATION 

Improvements in or relating to the inspec-
tion of underwater structures 

5 
The present invention relates to the inspection 
of the underwater parts of marine structures, 
and in particular to the inspection of offshore 
oil and gas platform structures. 

10 It is well established that the integrity of 
metal structures can be investigated by tech-
niques which involve the irradiation of the 
structure with one or more forms of high 
energy radiation and the detection and mea-

15 surement of radiation which is transmitted 
through or back-scattered from the compo-
nents of the structure under test. Such tech-
niques are now being applied to structures 
such as offshore oil or gas platform structures. 

2 0 A particularly important type of inspection is 
so-called grout monitoring. 

Platforms for use in the recovery of oil or 
gas from offshore fields often have legs which 
are attached to piles which are inserted into 

25 holes drilled in the sea bed, and then secured 
in position by means of a cement slurry, 
known as grout, which is pumped down the 
piles, which are made hollow for that purpose. 
It is of the utmost importance that the grout 

3 0 should fill the cavity surrounding the pile, and 
that it should be of adequate density. 

One way in which the first of these parame-
ters can be monitored is to attach radiation 
detectors to strategic points of a given plat-

35 form structure and add a radioactive tracer 
material to the grout so that as it reaches each 
of the monitored points its presence can be 
measured. The density of the grout can be 
measured by means of an adaptation of a 

4 0 nuclear radiation transmission technique. The 
problem with putting such methods into prac-
tice is providing radiation detectors which are 
capable of withstanding the high pressures 
and arduous marine conditions in which such 

4 5 structures are built and used. 
In one aspect of the present invention there 

is provided a radiation detector for use in an 
underwater environment, comprising a radia-
tion detector tube having an hermetically 

5 0 sealed metal case out of one end of which 
extends an output lead, wherein the said end 
of the radiation detector tube and the output 
lead are encapsulated in a resilient impervious 
material so as to prevent the ingress of water 

55 to the part of the radiation detector tube 
where the output lead emerges. 

According to the invention in another as-
pect there is provided a structure for use in a 
marine environment having at least one posi-

6 0 tion at which it is desired to detect the 
presence or measure the density of a cement 
grout, a radiation detector tube which has an 
hermetically sealed metal case out of one end 
of which extends an output lead, wherein the 

65 said end of the radiation detector tube and the 

output lead are encapsulated in a resilient 
impervious compound so as to prevent the 
ingress of water to the part of the radiation 
detector tube where the output lead emerges, 

7 0 and a telemetry cable connecting the radiation 
detector to a recording station. 

Preferably, the radiation detector tube is 
mounted in a robust sealed metal outer hous-
ing from which it is isolated mechanically by 

75 means of a plurality of resilient spacers, the 
outer housing including a waterproof plug and 
socket connection for a telemetry cable. The 
outer housing of the radiation detector can be 
provided with means whereby the radiation 

8 0 detector can be attached to the structure. 
A suitable form of radiation detector tube is 

a Geiger-Muller counter, and a suitable resil-
ient impervious compound is a resilient epoxy 
resin compound. 

8 5 The invention will now be described, by 
way of example, with reference to the accom-
panying drawings, in which: 

Figure 7 is a longitudinal section of a 
radiation detector embodying the invention; 

9 0 Figure 2 is a general view of an offshore 
platform structure showing the positions of 
piles holding it to the sea bed; 

Figure 3 shows a view of an arrangement 
for monitoring the density of cement grout 

95 surrounding a portion of a pile; and 
Figure 4 shows an arrangement for monitor-

ing the movement of cement grout during its 
emplacement around another portion of a pile. 

Referring to Fig. 1 of the drawings, a 
100 radiation detector assembly for use in an 

underwater environment consists of a metal 
cased Geiger-MCiller tube 1 which has an 
output lead 2 projecting from one end 3 of 
the casing 4 of the Geiger-Muller tube 1. One 

105 wire 2a of the output lead includes a resistor 
5. The output lead 2 terminates in a water-
tight plug and socket assembly 6 to which is 
attached a telemetry cable 6 a The end 3 of 
the casing 4 of the Geiger-Muller tube 1, the 

1 1 0 output lead 2, resistor 5 and female part of 
the watertight plug and socket assembly 6 are 
all encapsulated in a moulding 7 made of a 
resilient epoxy resin compound. The Geiger-
Muller tube 1 is surrounded by a metal outer 

115 housing 8, one end of which is closed by an 
end plate 8a, and the other end of which is 
closed by means of an end plug 8b which 
incorporates the male portion of the watertight 
plug and socket assembly 6. The outer hous-

120 ing 8 is rendered watertight by means of an 
0-ring 9 which seats in a groove 10 former 
in the outer surface of the end plug 8b. The 
Geiger-Muller tube 1 is positioned within, and 
mechanically isolated from, the outer housing 

125 8 by means of resilient spacers 11. The end 
plug 8b is held in place by means of three 
grub screws 12 disposed regularly around the 
open end of the housing 8. The dimensions of 
the end plug 8b, the moulding 7 and the 

1 3 0 outer housing 8 are such that when the end 
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plug is in position, the moulding 7 and the 
spacer 11 at the closed end of the outer 
housing 8 are under a degree of compression. 
This aids the sealing of the output lead 2 and 

5 the mechanical stabilisation of the Geiger-
Miilier tube 1 within the outer housing 8. 
Two mounting studs 13 are welded to the 
outer housing 8 . 

The moulding 7 and the spacers 11 provide 
10 a resilient mounting for the Geiger-M tiller tube 

1 and effectively decouple the Geiger-Muller 
tube 1 from the outer housing 8 so as to 
provide vibration resistance. The resilience of 
the moulding 7 and the spacers 11 also 

15 enable them to accommodate distortions of 
the outer housing 8, whether these arise from 
pressure effects or mechanical shocks. 

In an alternative from of the detector, which 
it is not thought necessary to illustrate, the 

2 0 plug assembly 6 is such that the telemetry 
cable 6a emerges axially instead of at right 
angles to the longitudinal axis of the radiation 
detector, and the studs 13 are omitted. Thus 
the radiation detector is in a form in which it 

25 can be raised or lowered by means of a cable 
which can either be the telemetry cable 6 a if 
it is of a suitable type, or a separately at-
tached cable. 

Referring to Fig.2, an offshore platform 
3 0 structure indicated generally by the reference 

numeral 21 is attached to the sea bed 2 2 by 
means of a plurality of piles 2 3 some of 
which are attached to the outside of their 
respective legs 2 4 of the platform structure 

3 5 21 and the others of which are passed down 
the insides of the legs 2 4 of the platform 21 . 
Each of the piles 23 is in two parts, a first 
stage 2 5 which is surrounded by a pile sleeve 
26 , and a second stage 2 7 which is not 

4 0 surrounded by a sleeve. 
Referring to Fig. 3, which shows a portion 

of the first stage 2 5 of a pile 23 and a portion 
of its associated pile sleeve 26 , the pile sleeve 
26 has an inlet pipe 31 by means of which 

4 5 cement grout 3 2 can be pumped in to fill the 
annular gap between the first stage 25 of the 
pile 2 3 and the pile sleeve 26 . At the top of 
the pile sleeve 2 6 is an outlet pipe 3 3 for 
excess grout 32. Attached to the outlet pipe 

5 0 33 are two nuclear density gauges 3 4 each of 
which consists of a y-ray source 3 5 on one 
side of the outlet pipe 3 3 and a radiation 
detector 36 , such as that described with refer-
ence to Fig. 1, attached to the outlet pipe 33 

5 5 diametrically opposite the radiation source 35. 
The radiation sources 3 5 are of a known 
intensity, therefore the measured intensity of 
the radiation traversing the grout 3 2 flowing 
through the outlet pipe 33 is a measure of the 

6 0 density of the grout 32. 
Fig. 4 shows the lower end of a second 

stage 2 7 of a pile 23 . The lower end 41 of the 
second stage 2 7 of the pile 2 2 is closed off 
but for a centrally located non-return valve 4 2 

6 5 which communicates with a central grout sup-

ply tube 4 3 . The pile 23 is inserted into a 
hole 4 4 which is drilled in the sea bed. 
Cement grout 4 5 which is forced down the 
supply tube 4 3 passes out of the non-return 

7 0 valve 4 2 and fills up the gap 4 6 between the 
pile 2 2 and the hole in the sea bed, pushing 
before it a layer of drilling mud 47 . A radia-
tion detector 4 8 similar to that described with 
reference to Fig. 1 except that it does not 

75 have the mounting studs 13 and the plug 
assembly 6 is such that the telemetry cable 
6a emerges axially is suspended in the gap 
46 by means of a cable 4 9 which can incor-
porate the telemetry cable 6 a. A radioactive 

8 0 tracer such as tritiated water is mixed with the 
grout 4 5 so that as the radiation detector 4 8 
becomes immersed by the rising grout 45 , 
this fact is detected and suitably recorded by 
a recording station on the upper portion of the 

8 5 platform structure 21 . The radiation detector 
4 8 is then withdrawn a short distance and the 
process is repeated. If the cable 4 9 is cali-
brated, a direct measure of the position of the 
surface of the grout 4 5 can be obtained. 

9 0 
CLAIMS 

1. A radiation detector for use in an un-
derwater environment, comprising a radiation 
detector tube having an hermetically sealed 

9 5 metal case out of one end of which extends 
an output lead, wherein the said end of the 
radiation detector tube and the output lead 
are encapsulated in a resilient impervious 
material so as to prevent the ingress of water 

1 0 0 to the part of the radiation detector tube 
where the output lead emerges. 

2. A radiation detector according to Claim 
1, wherein the radiation detector tube is 
mounted in a sealed metal outer casing from 

105 which it is mechanically isolated by means of 
a plurality of resilient spacers, the outer cas-
ing including a waterproof plug and socket 
connector for a telemetry cable. 

3. A radiation detector according to Claim 
1 1 0 1 or Claim 2, wherein the radiation detector 

tube is a Geiger-Muller counter tube. 
4. A radiation detector according to any of 

Claims 1 to 3, wherein the resilient impervi-
ous material is a resilient epoxy resin com-

115 pound. 
5. A radiation detector according to any 

preceding claim incorporated into a structure 
for use in a marine environment. 

6. A structure for use in a marine environ-
1 2 0 ment having at least one position at which it 

is desired to detect the presence or measure 
the density of a cement grout) a radiation 
detector according to any of claims 1 to 4 
positioned at that point, a measuring station 

125 and a telemetry link connecting the radiation 
detector to the measuring station. 

7. A structure according to claim 6, 
wherein a radiation detector is positioned op-
posite a source of penetrating radiation of 

1 3 0 known intensity so as to measure the density 
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of the grout by means of the decrease in 
intensity of the radiation traversing a known 
thickness of the grout. 

8. A structure according to Claim 6 or 
5 Claim 7 including at least one radiation detec-

tor positioned to sense when the surface of 
the grout reaches it, the grout having been 
rendered radioactive. 

9. A radiation detector substantially as 
10 hereinbefore described, and with reference to 

Fig. 1 of the accompanying drawings. 
10. A structure for use in a marine envi-

ronment substantially as hereinbefore de-
scribed with reference to the accompanying 

15 drawings. 
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