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Description 

Subsea Well Pressure Monitor 

Tecbnical Field 
This invention relates in general to sul:>sea well 

structures, and in particular to a method for 
•!, 

10 remotely monitorinq pressure in a subsea tubular 
member. 

Bac1taround Art 
A need exists to periodically monitor the 

15 pressure in certain tubular members in subsea well 
ins't;allations. !'or example, in one type of subsea 
well, an outer wellhead housing will enclose an inner 
wellhead housing. The inner wellhead housinq 
directly supports casinq, tubinq and the like which 

20 is subject to hiqh pressure. The annulus surrounding 
the casinq is normally not under any pressure. The 
annulus surroundinq the casing communicates with the 
interior of the inner wellhead housing. In the event 
o~ leakaqe in this casing, the inner wellhead housing 

25 wou1d be subjected to pressure. 
Checlcinq the pressure in the inner wellhead 

·housing would indicate whether or not any casinq 
:l.8akage has oc:c:urred. In the prior art, this is not 

-,,,:i oftenr done because installing: a pressure· s~sor would 
30 ;u~. reqii.tre:Sdrilling a hole through the· side wall of the 

·i: -:.:~~•.:wel?heac1· housing. ·wires would_ have to be 
: ·_, ,':'·)ipro;;sd&:"'-.tt'd~-a;.:·surface platfo:at.- Because of the 

·r ~rpoila!ii:ii!t.y. t:of!tPleakage·, ·. operators. · pr~fer to avoid 
dri~~les:t.t:brouqh. the si~-wall. .of the wellhead . 

.. ·.(· : ·1!~~{~~-:r·.-,~' •,,·~:: ~- .· i;-:._.::.'-" ·---~---2_____ __·. --~---
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housing. Also, an assembly of this nature requires 
maintaining e1ectrical lines for the pressure sensor. 

sugary of the Invention 
5 :tn this invention, the preSSUfe is monitored by 

a stationary unit that mounts to the exterior of the 
tubular member, such as an inner wellhead housing, in 

which pressure is to be monitored. The sensor is 
preferably a strain qage that will monitor tensile 

10 strain in the tubular member that would occur if 
there was an increase in pressure. 

~e strain gage connects to ~ oscillator for 
varying the frequency of the oscillator depending 
upon the strain sensed by t;he strain qaqe. This 

. .• 

15 variance is compared with a reference oscillator also 
mounted to the exterior of the wellhead housing. The 

~ference between the reference freqllency and the 
variable frequency corresponds to the pressure 
increase. This difference is applied ta a light 

2Q emitter, such as a light emitting diode for creating 
pulses. -

25 

.i . 

. . 

Power for the stationary unit is supplied by a 
photocell mounted in the stationary unit~ When 
pressure is to be monitored, a remote operated 
v&hicle (ROV) will be lowered next to the wellhead 
housing. The PJJV has a laser which will supply a 

beam o~ 11qht to the photocell to power ~ 
· components o:f the stationary unit. !rhe light pulses 

:~~~ ·: . emit:te(t ~ tb 1 •ntt~ -"· il ·\<d;-
4 

,. ~ • ' -z · e <r.!"t!'-t ~tter w. 1 be received by 
·,.;_:?~· :·.~··receiver mounted ~ the ROV. ~e receiver l1aS a 
'; .,;_., ~-~Oder, which preferably is a frequency counter for 

e'.fr. . 
-~;;;:,~~~·the pulses. '?his data can be record.ad or 

-~:·. - · .~tted to · the surface over a data line of the 
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Brief Description of the Drawings 
Figure 1 is a quarter sectional view of a subsea 

wellhead housinq showing a stationary pressure 
monitorinq unit mounted to the exterior of the 

5 wellhead housinq. 
Figure 2 is a schematic view illustratinq the 

circuitry of the stationary pressure monitorinq unit 
Of Figure 1. 

Fiqure 3 is a schematic view of a movable unit 
10 mounted to· an ROV (not shown) for use with the 

stationary unit of P~e 2. 

Detailed Description of the Invention 
Referrinq to Figure l, subsea inner wellhead 

15 housing 11 is a larqe tubular member mounted on the 
sea _ floor and. axtendinq partially into an outer 
wellhead housinq (not shown). Wellhead housinq 11 
will house at least one casinq hanqer (not shown) 
once the well is completed. · 'Tiia casinq. hanger will 

20 be supported in the bore · 13 of· ·wellhead housinq 11. 

Normally, there will be no pressure in the bore 13 as 
the· pressure will be· maintained within tubing and 
other structure contained in the wellhead housing 11. 

If pressure is found to exist in bore 13, normally a 
25 leak in the casinq or casing hanqer will have 

occurred. 

30 

• 
A stationuy unit 15 will be mounted to the 

exterior of wellhead housing ll so that the pressure 
in· bore 13 can be: monitored from time. to. time. 
Stationary unit 15 is mounted in a recess 17 on the 
sidewall of wellhead. housinq 11. There ·,Will. be no 
holes ~illed through the sidewall - of wellhead 
housing 11 to the bore 13.. Rather, the-JllOnitorinq of 
the presslire within bore 13 will be dona antir&ly on 

~s the exterior or ·wellhead housing .11 ... ,~ Additionally, 

' . 
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;_.,··~·or power source will connect stationary unit 
·Surface pl.atform. · 

. ~-'.t< '(j.·· movab1e unit 19 {Fig. 3) will. be periodica1ly 
.... , .. -~ to detm:mine pressure in cooperation with the 

.i·'::·: statiomu:y unit 15. Movabl.e unit 19 wili be mounted 
lf:t to an ROV (remote operated vehicl.e) lowered :from. the 

10 

15 
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surface usua1ly on an umbilical line (not shown). 
stationary unit 15 monitors pressure by use of a 

strain qaqe 2lr as shown in Pigure 2. Strain qaqe 21 

is a conventional. strain qaqe that will monitor 

tensile stress in metal structures, includinq tul:>ular 

members. J:f sUfficientl.y greater pressure exists in 

bore 13 than on the ext:erior of we1lhead housinq 11, 
stress will. be imposed in wellhead housi.nq 11, which 

will J:?e sensed by strain gage· 21. 

S~in gage 21 is connected to a variable 
oscillator 23. strain gage 21 operates aa a variable 
resistor, which coopm:ates with a capacitor 25 to 
vary the oscillation frequency of the variable 
oscill.ator 23 depencling ... upon - the: ·.stress. measured. 

Variable oscillator may be of various types, such as 

an LM 3909 LEO (liqht emitting diode) flasher chip 

manufactured by National Semiconductor. 

A re:tarence oscillator 27 is al.so incorporated 
in stationary unit 15. Reference oscillator 27 is 

preferably of the same type as the variable 
oscillator 23. Reference oscillator 27 has a 
frequency that is determined by resistor 29 and 
capacitor 31, such as 20 kilohertz. !rhe frequency 
will be sUbatantiall.y constant once· installed in its 
subsea location. 

The two outputs on pins 5 of the oscillators 23 
and 27 connect to an infrared emitter 33, which is a 
light emitting diode. connecting the two· outputs in 
this 

! 
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output that equals only the difference between the 

frequencies of the oscillators 23, 27. capacitor 25 
and strain qaqe 21 are sized so that the frequency of 
the variable oscillator 23 will be the same as the 

5 frequency of the reference oscillator 27 when no 

pressure exists in bore 13 other than normal ambient. 
When· tlie frequencies are the same, the emitter 3 3 

will not produce any liqht pulses. If, on the other 
hand, internal pressure causes strain gage 21 to vary 

10 in resistance, the frequency of oscil.J.ator 23 will 
change, with this change resulting in light pulses 
emitted by emitter 3 3, the frequency of which is 
proportional to the pressure being monitored. 

Emitter 33 will flash the pulses throuqh a lens 
15 35 to the exterior, which will be sensed by the 

movable unit 19. Power for the stationary unit 15 

comes from a selenium type photocell 37. Photocell 
37 is mounted behind a lens 39 for receiving a beam 
of liqht from a light source. Photocell 3 7 will 

20 convert the light received into electricity. The 

electrical power will power the two oscillators 23, 

27 of the stationary unit 15. Photocell. 37 is 
connected to the anode of emitter 33. The opposite 
lead of photocell 37 connects to ground. 

25 The circuitry of the stationary unit 15 also 

30 

35 

includes a resistor 41 connected between the cathode • 

of emitter 33 and pin 2 of oscillator 27. Similarly, 
a resistor 43 connects the cathode of emitter 33 to 
pin 2 of oscillator 23. 

A light source for powering stationary unit 15 

is carried by movable unit 19. This light -source 
includes a high- intensity narrow band·width laser 45 

which will supply beam of light through a lens 4 7. 
The wavelength of laser 45 is pr~ferably about soo 
nm. Filters· will be incorporated with lens· 39 in 
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stationary unit 15 so as to filter light having 

wava1engths out of a selected ranqe of that provided 
by l.aser 45. 

'?he pul.ses fJ:aJll emitter 33 will pass through a 

s lens 49 and be received by a phototransistor 51. A 

filter of al:Jout 800 nm·· band width associated with 

I.ens 49 filters any l.ight :from other sources. 
Phototransistor 51 detects the pulses. The pulses 

are amplified by ampliliers 53, 55. Amplifiers 53, 

10 55 are connected conventionally with various 
resistors and capacitors. 'l!he ampl.i~ied_pulses pass 

to a decoder circuit 57 .. 
Decoder circuit 57 may be of various types. 

Preferably it is a :fmquency counter which counts the 

15 pul.ses received within a given tillle increment to 
determine the frequency. '?he output may be 

· transmitted to the surface over a data line or other 

tel.ametry method.. If recorded in the ROV, the 
decoder 57 output can ba displayed subsequentl.y when 

20· the 'BDV "'i.s pulled to the surface. ~e ~quency 

detected can J>e correlated throaqh various circuitry 

to detel:::mine the corresponding pressure. 

In operation,. !>afore the well.head housing 11 is 
instal.l.eci,. the stationary mU.t 15 will. l:>e mounted in 

25 recess 17. Perioclical~y, an ROV will be lowered into 

the sea to l.ocate next to the stationary unit 15. 
Power· 1fill be. supplied down to the ROV to cause laser .. 

45 to beam light over to photoce11 37. Photocell 3 7 

provides power to the stationary unit 15. 
30 · Oscil1ators 23, 27 will provide output frequencies on_ 

35 

line 5. 
,, · I:f -there is- no internal pressure in bore 13, 

· other tban ·normal amJ>ient, the output frequencies 

will. be tile. same.. ~e will ~ no outpue on ~tt~ 
33. · .. Ir, on the other baim, pressure. has. increased in. 

. -· ·····-----·--·----··- --·------
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bore 13 over amaient, this will cause a change in the 
frequency of oscillator 23. The difference in the 
frequencies between oscillators 23 and 27 will be 
applied to emitter 33. These pulses will be 

5 transmitted as liqht through lens 35. 

The mavable unit 19 will receive the light with 
phototransistor 51. Amplifiers 53, 55 amplify the 

pulses and pass the siqnal to a decoder circuit 57. 

The · frequency of the pulses will be determined by 
10 decoder circuit 57 and converted to a pressure 

readinq. 
'?he invention has significant advantaqes. The 

invention enables pressure to be monitored in the 
interior of a sul:>sea tubular member without havinq to 

15 drill any holes from the exterior. The pressure is 
:manitareci an the exterior, eliminatinq the need far 
any equipment to be located in the in~erior of the 
tubular member. No permanently mounted power source 
nor data wires are required. The power is supplied 

20 

25 

30 

35 

remotely without any physical connection beinq 
required. The power and the data transmits by liqht, 
avoiding any need for any electrical connections to 
be made. 

While the invention has been shown in only one 
~ its forms, it should be apparent to those skilled 
in the art that it is not so limitec:l, but is 

• 
susceptible to various. changes without departinq from 
the scope o~ the inventio~. For example, a second 
light emitter could be employed, one for transmittinq 
reference frequency and the other for transmitting 
the frequency from the variable oscillator. The 
movable ·unit:·: could·· receive both l.iqht pul.ses and 
compute ·'·the ·pressure based on· the difference in 
frequencies. 

···---------··---····-········ ···--·--···· 
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Clajmp 

1. AD apparatus for measurinq pressure in a suhsea 
tubul.ar member, comprisinq in combination: 

a stationary unit mounted to the tubu1ar member 
I . . 

and a movable unit adapted to be lowered into the sea 
and placed adjacent the stationary unit When pressure 
is to l:>e measured, the stationary unit comprising: 

a sensor capable o:f sensing pressure in the 
'· 

_ .. __ 10 , tubul.ar member; 
circuit means· connected to sensor :for providing 

an ele~ical · indication correlating' with the 
pressure sensed by the sensor1 

a liqht emitter connected to the circuit means 
15 :for emitting light pulses to the moval>l.e unit that 

corral.ate with the el.ectrical indication; 
a photoce1l. connected to the circuit means and 

'-
-the light emitter :for supplying electrical. power to 
the circuit means and. light emitter when the 

20 photocell receives l.ight :frolll the lllOValJle unit; 

25 

30 . 

the movable unit comprising: 
a light source :for supplying: a 1ight beam to the 

photoce11; and 

a phototransistor :for receiving the light puises 
frOlll the light emitter an4 converting the light 
pulses into an electrical. indication correlating with 
the light pulses received by the phototransistor tct. 
enable the pressure in the tubular member to be 
determined. 

·& . 
~- ·.:· 

2. The apparatus accoJ:dinq to claia 1 whenin tl1't:"'° 
sensor ~omprises. a strain gaga that senses ~ ._. _,_,,;.:-'" 

the tubu1ar member due ta internal. prasaura-..,,,-;~:1,:..:· · 

111111111111111111111111111111 
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3. The apparatus accordinq to claim 1 wherein the 
sensor comprises a strain qaqe mounted to the 
exterior of the tubular member that senses stress in 
the tubular member due to internal pressure. 

4. The apparatus accordinq to claim l wherein the 
electrical indication provided by the circuit means 
to the liqht emitter is a signal, the frequency of 
which correlates with the pressure sensed. 

5. The apparatus accordinq to claim l wherein the 
light source comprises a laser. 

6. A method for measurinq pressure in a subsea 
15 tubular·member, comprising in combination: 

mounting a stationary unit to the exterior of 
the tubular member: 

lowerinq a movable unit into the sea adjacent 
the tubular member: 

20 emitting light from the movable unit to the 
stationary unit; 

converting the liqht received from the movable 
unit to electrical power in the stationary unit; 

sensing strain in the tubular wa11 of the 
25 tubular member and converting the strain sensed into 

an electrical signal by usinq the electrical power; 
emittinq liqht pulses from the stationary wiit 

to the movable unit that correlate with the 
electrical signal by usinq the electrical power1 and 

30 receivinq the liqht pulses from the stationary 
unit and converting the light pulses into an 
electrical indication to enable the pressure in the 
tul:nliar member to be determined. 

I lllllll llllll lllll llllUI 1111 
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7. The method accordinq to claim 13 wherein the 
step of converting the strain sensed into an 
el.ectrical. signa1 comprises: 

varying an oscillator freqwmcy in accordance 
5 with strain sensed; 

comparing the oscillator frequency to a 
r~erence frequency; and 

emittinq the liqht pulses at a frequency 
proportional to the difference between the oscillator 

10 frequency and the reference frequency. 

----~----
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