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FLUORESCENCE MEASUREMENT SYSTEM 
FOR DETECTING LEAKS FROM SUBSEA 

SYSTEMS AND STRUCTURES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The present invention is generally directed to the 
?eld of detecting leaks from underwater systems, and, more 
particularly, to a ?uorescence measurement system for 
detecting leaks from subsea systems and structures. 
[0003] 2. Description of the Related Art 
[0004] There are many existing subsea production systems 
and structures that are employed in the production of oil and 
gas from subsea Wells. Due to environmental, regulatory and 
perhaps safety regulations, it is important to be able to readily 
detect the leakage of undesirable materials from such subsea 
structures. For example, the detection of leaks of hydrocar 
bons or hydraulic ?uid and/ or other chemicals from such 
underWater systems is very important as it enhances the envi 
ronmental and operational e?iciency of such subsea systems, 
e.g., subsea hydrocarbon production facilities. 
[0005] Many techniques have been employed to attempt to 
detect undesirable leakage of material from such subsea sys 
tems. For example, it is knoWn in the prior art to employ 
acoustic, ?uorescence, temperature and gas based measure 
ment systems to detect such leakage. In most cases, such leak 
detection systems Were non-permanent in nature in that they 
Were used during periodic survey operations. In some cases, 
hoWever, such systems Were permanently positioned subsea 
adjacent the subsea system being monitored. 
[0006] The majority of underWater ?uorescence, tempera 
ture and gas sensors used for leak detection have a very small 
or limited ?eld of sensing capability. That is, they are essen 
tially point sensors. In the case of temperature and gas sen 
sors, such devices are typically only capable of making mea 
surements at the actual sensing device. Fluorescence sensors 
have slightly greater range than temperature or gas sensors, 
but it is still very limited. For example, FIG. 1 is a schematic 
depiction of a prior art ?uorescence point sensor device 10 
With a very small sensing ?eld depicted by the circle 12, e.g., 
approximately 2 cm. Thus, such ?uorescence based systems 
typically only sense a very small volume of Water. 
[0007] The point sensing nature of prior art ?uorescence, 
temperature and gas based sensors can be detrimental to the 
detection of leaking materials. For example, employing leak 
detection sensors With such a limited range means that, in 
order to be detected, the plume of leaking material has to 
actually reach such sensors before it can be detected. This 
means that a very large number of permanent sensors of this 
nature Would need to be employed to effectively monitor an 
underWater production system. Obviously, deploying a large 
number of permanent point-type sensors to effectively moni 
tor a subsea facility Would be very expensive and poses a 
number of practical problems relating to the deployment of 
such sensors, as Well as providing poWer and data communi 
cation With such sensors. 

[0008] On the other hand, acoustic based leak detection 
devices are capable of detecting leaks in a larger area via the 
noise that may be produced by material leaking from the 
underWater structures. HoWever, such acoustic systems only 
detect a secondary effect of the leak, i.e., noise. The perfor 
mance capability of such acoustic systems may be severely 
restricted in noisy environments. Such acoustic systems are 
generally not able to precisely locate the source of the leak. 
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[0009] The breakage or movement of components of a sub 
sea facility, such as pipes, may provide direct evidence of a 
leak location or information on potential future leak sites. In 
some cases, such breakage or movement can be visually 
observed using video cameras or other like devices. HoWever, 
current practice typically only alloWs for visual inspection via 
video cameras during routine surveys, or, in a feW instances, 
via permanently deployed subsea camera systems. In both 
approaches, the detection of breakage or movement of subsea 
components, such as pipes, relies on the observational skills 
of the camera operator. This makes such camera based ob ser 
vation highly dependent on the skill, subj ective judgment and 
diligence of the operators of such systems, and generally 
makes them less desirable for long-term, continuous moni 
toring of subsea facilities to detect leaks. 

[0010] The present invention is directed to various devices 
and methods for solving, or at least reducing the effects of, 
some or all of the aforementioned problems. 

SUMMARY OF THE INVENTION 

[0011] The folloWing presents a simpli?ed summary of the 
disclosed subject matter in order to provide a basic under 
standing of some aspects of the subject matter disclosed 
herein. This summary is not an exhaustive overvieW of the 
technology disclosed herein. It is not intended to identify key 
or critical elements of the invention or to delineate the scope 

of the invention. Its sole purpose is to present some concepts 
in a simpli?ed form as a prelude to the more detailed descrip 
tion that is discussed later. 

[0012] In one illustrative embodiment, a system for detect 
ing leaks from a subsea system is disclosed Which includes at 
least one subsea structure anchored to a sea ?oor, a ?uores 

cence detector attached to the subsea structure, the ?uores 
cence detector adapted to generate a light beam having a 
Wavelength that Will ?uoresce material leaking from the sub 
sea system When the material is irradiated With the light beam, 
and a camera adapted to observe the ?uorescence of the 
material as it is being irradiated by the light source. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The invention may be understood by reference to the 
folloWing description taken in conjunction With the accom 
panying draWings, in Which like reference numerals identify 
like elements, and in Which: 
[0014] FIG. 1 is a simpli?ed schematic depiction of a prior 
art ?uorescence detection device; 
[0015] FIGS. 2 and 3 are schematic depictions of a subsea 
facility employing one illustrative embodiment of the leak 
detection system described herein; and 
[0016] FIG. 4 is a schematic depiction of an illustrative 
?uorescence detection device that may be employed to detect 
leaks from subsea facilities, as described herein. 

[0017] While the subject matter disclosed herein is suscep 
tible to various modi?cations and alternative forms, speci?c 
embodiments thereof have been shoWn by Way of example in 
the draWings and are herein described in detail. It should be 
understood, hoWever, that the description herein of speci?c 
embodiments is not intended to limit the invention to the 
particular forms disclosed, but on the contrary, the intention is 
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to cover all modi?cations, equivalents, and alternatives fall 
ing Within the spirit and scope of the invention as de?ned by 
the appended claims. 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] Various illustrative embodiments are described 
beloW. In the interest of clarity, not all features of an actual 
implementation are described in this speci?cation. It Will of 
course be appreciated that in the development of any such 
actual embodiment, numerous implementation-speci?c deci 
sions must be made to achieve the developers’ speci?c goals, 
such as compliance With system-related and business-related 
constraints, Which Will vary from one implementation to 
another. Moreover, it Will be appreciated that such a develop 
ment effort might be complex and time-consuming, but 
Would nevertheless be a routine undertaking for those of 
ordinary skill in the art having the bene?t of this disclosure. 
[0019] The present subject matter Will noW be described 
With reference to the attached ?gures. The Words and phrases 
used herein should be understood and interpreted to have a 
meaning consistent With the understanding of those Words 
and phrases by those skilled in the relevant art. No special 
de?nition of a term or phrase, i.e., a de?nition that is different 
from the ordinary and customary meaning as understood by 
those skilled in the art, is intended to be implied by consistent 
usage of the term or phrase herein. To the extent that a term or 
phrase is intended to have a special meaning, i.e., a meaning 
other than that understood by skilled artisans, such a special 
de?nition Will be expressly set forth in the speci?cation in a 
de?nitional manner that directly and unequivocally provides 
the special de?nition for the term or phrase. 
[0020] The present disclosure is directed to a system for 
detecting leakage of undesirable materials, e.g., hydrocar 
bons, hydraulic ?uid, chemicals, etc., from a subsea facility. 
FIGS. 2 and 3 are, respectively, schematic side vieWs and top 
vieWs of portions of a subsea facility 100. As depicted therein, 
the subsea facility 100 comprises a plurality of subsea com 
ponents 22 that may have a plurality of interconnecting con 
duits 24, e.g., pipes, Wherein ?uids, such as oil and gas, 
chemicals, etc., may ?oW betWeen and among the various 
subsea components 22. 
[0021] It should be understood that the system 100 depicted 
in FIGS. 2 and 3 is intended to be representative in nature in 
that it may represent any type of subsea facility Wherein it is 
desirable to monitor and detect the leakage of material from 
the system 100. For example, the illustrative system 100 may 
be a subsea oil and gas production, drilling or storage facility, 
subsea processing, etc. Moreover, it should also be under 
stood that the components 22 are intended to be representa 
tive of any of a variety of different types of components that 
may be found or employed in such a subsea facility 100. For 
example, the illustrative components 22 may be a Christmas 
tree, a production manifold, a bloWout preventer (BOP), a 
pump, a compressor, etc. Thus, as Will be recogniZed by those 
skilled in the art after a complete reading of the present 
application, the present invention should not be limited to use 
With any particular type of system or any type of components 
of such a system. 
[0022] As shoWn in FIGS. 2 and 3, the system 100 further 
comprises a plurality of ?uorescence detectors 30 and cam 
eras 32. The number and locations of the ?uorescence detec 
tors 30 and cameras 32 depicted in FIGS. 2 and 3 is provided 
by Way of example only, as the ?uorescence detectors 30 and 
camera 32 may be positioned at any desired location Within 
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the system 100. Moreover, it is not required that each ?uo 
rescence detector 30 be deployed With an associated camera 
32. Rather, the system described herein provides great ?ex 
ibility as it relates to the number and positioning of the ?uo 
rescence detectors 30 and cameras 32 throughout the system 
100 such that leak detection monitoring may be e?iciently 
conducted. The camera 32 and the ?uorescence detector 30 
may be positioned in the system 100 as individual compo 
nents, or the camera 32 and detector 30 may be packaged 
together as a single unit. 
[0023] FIG. 4 is a schematic depiction of an illustrative 
?uorescence detector 30 that may be employed as described 
herein. The ?uorescence detector 30 projects a modulated 
beam of light 34 to illuminate a volume of Water adjacent any 
desired portion ofthe system 100, e.g., a portion ofa pipe 24 
or a component 22. In general, the ?uorescence detector 30 
should be designed such that the sensing range of the ?uo 
rescence detector 30 is as large as possible. In one illustrative 
embodiment, the ?uorescence detector 3 0 should have a sens 
ing range of about l-2 meters, or greater. The greater the 
volume of Water encompassed Within the modulated beam of 
light 34, the more effective the ?uorescence detector 30 Will 
be at detecting leaks. The light 34 may be generated using a 
range of light sources including lasers and LED based sys 
tems. 

[0024] The light 34 has a Wavelength that is close to the 
absorption band associated With the ?uorescence emission of 
the leaking material, e.g., oil, hydraulic ?uid, chemicals, test 
dyes, etc. Different hydrocarbon materials have varying exci 
tation Wavelengths, as do hydraulic ?uids and commonly 
employed leak detection chemicals. Thus, in one illustrative 
example, to detect the leakage of oil from the system 100, the 
light 34 may have a Wavelength of approximately 349 nm 
Which is suitable for the excitation of hydrocarbons or other 
hydrocarbon mixtures and other materials. Of course, to 
detect other types of material, the Wavelength of the light 34 
may be different. Determining the appropriate excitation 
Wavelength for the light 34 may be readily determined based 
upon the intended application. 
[0025] In one illustrative embodiment, the ?uorescence 
detector 30 may be like the ones described in UK patent 
application GB 2405467 and Us. Pat. No. 4,178,512, both or 
Which are hereby incorporated by reference in their entirety. 
[0026] The camera 32 may be any of a variety of different 
camera systems that are suited for the intended purpose 
described herein. The camera 32 may be permanently a?ixed 
to some portion of the system 100. In some applications, the 
lens of the camera 32 may be coated With a marine anti 
fouling coating to limit the groWth of material, such as algae, 
on the lens. The groWth of such material might adversely 
impact the ability of the camera 32 to perform its intended 
function. 

[0027] In one illustrative embodiment, the ?uorescence 
detector 30 may be mounted on a schematically depicted pan 
and tilt scanning stage 40 to provide a means to direct the 
beam of light 34 toWard various desired portions of the system 
100. The cameras 32 may also be mounted on such a pan and 
tilt scanning stage 40. The design, structure and operation of 
such pan and tilt scanning stages 40 are Well knoWn to those 
skilled in the art. In one particularly illustrative embodiment, 
both the ?uorescence detectors 30 and the cameras 32 are 
permanently mounted on various portions 22, 24 of the sys 
tem 100, and the ?uorescence detectors 30 and cameras 32 are 
each mounted on pan and tilt scanning stages 40. 
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[0028] In operation, the ?uorescence detector 30 generates 
the modulated beam of light 34. The light 34 may be gener 
ated continuously, periodically or intermittently. Any leaking 
material Within the volume occupied by the light 34 Will 
?uorescence Which can be readily observed by use of the 
camera 32. Given the relatively large volume occupied by the 
beam of light 34, the visual observation of ?uorescing mate 
rial, i.e., leaking material, may be more readily observed by a 
system operator as compared to the prior art ?uorescence 
detectors described previously. In one illustrative example, 
the light 34 may occupy a volume of approximately 0.5 m3. 
[0029] Moreover, by mounting the ?uorescence detectors 
30 and/or cameras 32 on pan and tilt scanning stages 40, the 
true source of the leak may be more readily detected. In some 
applications, depending upon the number and location of 
?uorescence detectors 30 deployed, it may be possible to use 
tWo or more of the ?uorescence detectors 30 to more precisely 
locate the true source of the leak. 
[003 0] The present system may also provide the potential to 
assess the quantity of the material that is leaking via the 
magnitude of the detected ?uorescence signal as the ?uores 
cence intensity for a given volume is proportional to the 
concentration of the ?uorescent material in the volume. Such 
capability may permit operators to monitor any increase in the 
leakage rate based upon the amount of the leaking material 
detected over a period of time, e. g., the volume of the leaking 
material may decrease or increase from day to day. Such 
capability enables maintenance personnel to make informed 
decisions on the appropriate time to repair the source of the 
leak and/or to make future failure predictions. 
[0031] The particular embodiments disclosed above are 
illustrative only, as the invention may be modi?ed and prac 
ticed in different but equivalent manners apparent to those 
skilled in the art having the bene?t of the teachings herein. For 
example, the process steps set forth above may be performed 
in a different order or the various components stacked and 
assembled in different con?gurations. Furthermore, no limi 
tations are intended to the details of construction or design 
herein shoWn, other than as described in the claims beloW. It 
is therefore evident that the particular embodiments disclosed 
above may be altered or modi?ed and all such variations are 
considered Within the scope and spirit of the invention. 
Accordingly, the protection sought herein is as set forth in the 
claims beloW. 
What is claimed: 
1. A system for detecting leaks from a subsea system, 

comprising: 
at least one subsea structure anchored to a sea ?oor; 
a ?uorescence detector ?xedly positioned proximate the 

subsea structure, the ?uorescence detector adapted to 
generate a light beam having a Wavelength that Will 
?uoresce material leaking from the subsea system When 
the material is irradiated With said light beam; and 

a camera adapted to observe the ?uorescence of the mate 
rial as it is being irradiated by the light source. 

2. The system of claim 1, Wherein said at least one subsea 
structure is a Christmas tree. 

3. The system of claim 1, Wherein said camera is also 
?xedly positioned proximate to said subsea structure. 

4. The system of claim 1, Wherein the ?uorescence detector 
is movable so as to direct said light beam in different direc 
tions. 

5. The system of claim 4, Wherein said ?uorescence detec 
tor is operatively coupled to a pan and tilt scanning stage. 
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6. The system of claim 3, Wherein said camera is opera 
tively coupled to a pan and tilt scanning stage. 

7. The system of claim 1, Wherein said light beam has a 
Wavelength of approximately 349 nm and is adapted to ?uo 
resce a hydrocarbon material. 

8. The system of claim 1, Wherein said light beam is 
adapted to be projected for a distance of at least 2 meters. 

9. The system of claim 1, Wherein said light beam is 
adapted to irradiate at least 0.5 m3 of Water. 

10. A system for detecting leaks from a subsea system, 
comprising: 

at least one subsea structure anchored to a sea ?oor; 

a ?uorescence detector attached to the sub sea structure, the 
?uorescence detector adapted to generate a light beam 
having a Wavelength that Will ?uoresce material leaking 
from the subsea system When the material is irradiated 
With said light beam, Wherein said light beam is adapted 
to irradiate at least 0.5 m3 of Water and to be projected for 
a distance of at least 2 meters; and 

a camera adapted to observe the ?uorescence of the mate 
rial as it is being irradiated by the light source. 

11. The system of claim 10, Wherein said camera and said 
?uorescence detector are packaged together as a single unit. 

12. The system of claim 10, Wherein said camera is also 
attached to said subsea structure. 

13. The system of claim 10, Wherein the ?uorescence 
detector is movable so as to direct said light beam in different 
directions. 

14. The system of claim 13, Wherein said ?uorescence 
detector is operatively coupled to a pan and tilt scanning 
stage. 

15. The system of claim 12, Wherein said camera is opera 
tively coupled to a pan and tilt scanning stage. 

16. The system of claim 10, Wherein said light beam has a 
Wavelength of approximately 349 nm and is adapted to ?uo 
resce a hydrocarbon material. 

17. A system for detecting leaks from a subsea system, 
comprising: 

at least one subsea structure anchored to a sea ?oor; 

a ?uorescence detector attached to the sub sea structure, the 
?uorescence detector adapted to generate a light beam 
having a Wavelength that Will ?uoresce material leaking 
from the subsea system When the material is irradiated 
With said light beam, Wherein said light beam has a 
Wavelength of approximately 349 nm and is adapted to 
?uoresce a hydrocarbon material; and 

a camera attached to the subsea structure, the camera 
adapted to observe the ?uorescence of the material as it 
is being irradiated by the light source. 

18. The system of claim 17, Wherein the ?uorescence 
detector is movable so as to direct said light beam in different 
directions. 

19. The system of claim 18, Wherein said ?uorescence 
detector is operatively coupled to a pan and tilt scanning 
stage. 

20. The system of claim 17, Wherein said camera is opera 
tively coupled to a pan and tilt scanning stage. 

21. The system of claim 17, Wherein said light beam is 
adapted to be projected for a distance of at least 2 meters. 

22. The system of claim 17, Wherein said light beam is 
adapted to irradiate at least 0.5 m3 of Water. 
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