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DETECT! ONpghogRELENTI AL FOR CORROSI ON OF STEEL REI NFORCED qy{P | PE
Field of the | ?\/ﬁéll:-nt ion 5 This invention rel ates ’gjgaﬁge‘ghni gue
for detection of the potential for corrosion of steel reinforced conposite
pi pes due to contact between electrolytic nedia foreign to the pipes and
the steel enbedded within their walls. Broadly, this technique involves

detecting th_e presence Oor DEDPECTION OF m'tsal\ﬁw\erpgtmgkamd}ebpeen t he st eel
condui ts, such as of I and gacs PreRrNESRCRR ORI Pre,2cConst v uct ed
with conventional steel pipes. These pipelines are subjected to both
the 15 1 ui HOUAPnBIRRRBEE, 1O P pe. Ext ernal pressure 15
created By the wei ghttugfinugstipn selates:tera seehnipepfop detassionrfthe rotentiabifene i s
et S Lot ookl I i e et bt e
they have a hi gReadBmstl & TeRpssFhesp ST Ambageed Witk el s, droscly;
environnent is fhisteshaidudjnvobses aletedsingwhe prasetes nazbs{)enmtaiﬁga sitﬁgf ;pggegmiglna
EEZ g![ :gfrol)?/t Lgetgdggpggfs%re{ ﬂ@%e@ﬁééw(%eﬁ uc'F?L;eforgi gn rrgdi a and the
steel . ThB external forei gn nedia could be soil in cases where the pipe is
buri ed undergrmgrwndsgqhm@mb,m cases V\/nere the pipe is subnerged in an
o exposed To rain. (GPPLERHE SCHELUSh ahel BREesPIRy PRty gRoeraly bedlioe
t he pipe to | eatonstrubtedsvitiuocierentions steebpipes. These pipelines are subjected to both
internal and external pressures. Internal pressure is required to transport the

16 fluids or gases within the pipeline. External pressure is created by the weight of
soil or water on the pipeline when the pipeline is buried underground or
submerged in water.

While steel pipes provide the requisite strength for withstanding the
internal and external pressure, they have a high susceptibility to corrosion.

20 A corrosive environment is fostered by contact between internal foreign media
{e.g.. the electrolytic liquids or gases being transported by the pipeline) and the
steel, or by contact with external conductive foreign media and the steel. The
external foreign media could be soil in cases where the pipe is buried
underground, or sea water in cases where the pipe is submerged in an ocean, or

25 water in cases where the pipe runs along sewer systems or is exposed to rain.
Corrosion decreases the pipe’s strength and may cause the pipe to leak or burst
under pressure.

To overcome this disadvantage, steel reinforced composite pipes have
been developed. These pipes have a wall of steel coated with a polymeric'

30 material, or of steel embedded in a fiber reinforced composite, such as a
fiberglass-resin system. The coating or resin system protects the steel from
corrosion by shielding it from any contact with the foreign media. One example
of steel reinforced composite pipe is disciosed in the Cocks patent, U.S. Patent
No. 4,351,364, the subject matter of which is hereby incorporated by reference.

35 The pipe disclosed has a structural walt section sandwiched between inner and
outer linings. The linings are resin-rich layers reinforced with glass or other
fibers. The structural wall section is made of three or more structural steel
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To overcone this disadvantage, steel reinforced conposite pipes have been
devel o e pipes have a wall of steel coated with c 30 ,
mat er i 2?696;{%%? steel enbedded in a fiber. reinforced cor%ggﬁyéngétch as a r
fiberglass-resin system The coating or resin systemprotects the steel
fromcorrosion by shielding it fromany contact with the foreign nmedia. One
exanpl e of steel reinforced conposite pipe is disclosed in the Cocks

patent] U.S. r@aﬁmtngl‘ibyerép&&éd&@msttd&ﬁ:r&b&ijoﬁﬂesl‘mt'tﬂmdﬁndﬁﬁl I8Yerk of tHar eby
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resin-rich | apaeline.ciBechriving lavemisgloased by hetiinally hiristings resTih evestedutibarr al

wal | section fogingBdeat slebl 18Fer?s fde8 by Heli : 17241
PCT/ USQ5/ 15347 1 es: ar e? nf org?rng ayerbg goggt"gﬁhd'ﬁ%%gslt?ed%%" raﬁa\‘ge%p%% resin.
The i ndi vi dua’les'I“ayers of ' the pi pe are successively built up, one upon the
~other, on a mandr el Siate pinpst Wifnehiesy pipeiiese ard=asitieli bi r@bhib)‘@éd | gishar med by

hel | l. f db
el oo A R Ay AR, PRk B e "0
these pi pel i nERe sgikbusving dlle pipe vl hajsdto bei exgavated fpeases wrhere the gipeisout er -

surface at | egsied unee reurfdf uﬁ@a&e@mer%&n@aﬁwseswmeéd fnl w&er,%émdy
buryln the p ‘ be excavated.in cases where the pipe’is

bur i ed Bnder grr‘%’ﬁnﬂ’ ?ﬁh‘éa‘g%'sa WHRPEtQMe \6?% inspectiof¥y iRy & pipgkineePosesi ver s

may 10 haimmsodntftculti‘es vi sual inspection. Visual inspection within a
pi pel i ne poses obv' s L C en i.f vjsual jinspections were
possibl e, the onse ;l ms@gﬂu&% v&% &g@suéle, 4he onset ! of sQee(i corrosion may {

not be vnsually detectlble, since the steel layers are coated or covered with a
fiber-resin system Inmany cases, the corrosion: becomes visually detectible only

15 when it has progressed far enough to affect the: protectlve layers. It is possible
that the pipes will leak or burst prior to the .corrosion ever becommg visually
detectible. It is imperative, therefore, that any contact of the steel with a
corrosion fostering foreign medium be detected so that timely action is taken te

prevent the corrosion onset. A system capable of detecting such contact would

20 reduce pipelinej‘nspection costs and reduce pipeline failures. To be successful,
s_uch a system must be capable of functioning without interfering with the

pipeline operation. in ot'h'er words, the pipeline operation should ‘not have to be

stopped every time a pipe section needs to be inspected. Otherwise, the costs

B involved in stopping the plpelme operation may make such a detection system
25 economically infeasible.

Description of the Related Art
_Verious systems have been disclosed for the detection of leakage or
corrasion of a pipe or vessel, none of which disclose the present invention. The
30 Kidd patent,'U.S. Patent-No. 4,110,739, discloses a "system for detecting leaks
in laminated vessels or. pipes filled with an electrolytic fiuid. The pipe or vessel
contains a conductive layer laminated between a fiberglass reinforced polyester
outer wall and a.corrosion-resistant thermoplastic inner wall. Detection of fluids
leaking from inside the pipe is. predicated on establishing an electrical circuit
35 connecting four components: an electrically conductive probe; a battery
connected to the probe; an alarm connected to the battery; and a wire
connecting the alarm to the conductive layer of the pipe. In operation, the circuit
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not be visually detectible, since the steel |ayers are coated or covered
wWth a fiwemet®main system In many cases, the corrosion bagapgdsihsawal |y
etectible only 15 when it has progressed far enough to affect the
protective layers. It is possible that the pipes will |eak or burst prior
to the corrosion ever becomng visually detectible. It is inperative,
therefore, that any contact of the steel with a corrosion fostering foreign
medi um bk det edt elgsed ang gtleal isxlejected byihe glarmiwien @ bpgakiiathe inner walirafsi on
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| eakage or corrosion o or vessel, none of which d |sc ose the

present i nvent ityHed ﬂf’ﬁ‘%‘ﬁctﬁ“g“v 9erductyeraediumie.g.. usderground, The ripp 'sﬁ'gd
di scl oses a sys#ietmahoslecteitalt cogluceiak Sluid (4.8171 tapt wdtevie dereletectric pupes &i | | ed
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| am nat ed bet ween a ass rerntorce er o
cor r osi on-r esi Suighin tmmlMpll'hsvp%agmgr@d:emisl analyzed ¢o idetermfnefﬂmllwtloeantl ng

frominside thahpidaR. Iord GAbSHNERL, %He?e%ﬁ:% b§9b8ﬂn§fér?§ :ﬁﬁﬁwébt‘éé'toﬁbru%' t 35
connect i ng f our CO onents: an eI ect rical | conduct i VegF) lg#dja% tery

connected to tHRdFhEHshery "ﬁ"ﬂ!"é? I qopReRted 4 ﬂE“b baneend ¢t ueter
connecti ng t he whiah s dmviiehaughdihetpipe td meamefthbh&:itag@gradnemoplaratatm, t he

circuit 1§' embodiment, a voltage source is connected to the fluid at opposite ends of the
pipe to establish a voltage gradient for the distance between those ends. The
voitage drop between the fluid at one end of the pipe and the ground is then
measured and the distance from that end to a leak point is established by a
relationship between these two voltages and distances. This system, unlike the
20 present invention, requires the use of a current source.

The Fenner patent, U.S. Patent No. 5,214,387, discloses a detector for
detecting permeation of liquids through the walls of fiber reinforced composite
vessels. The detector is equipped with at least two and as many as four electric
sensors which are connected to form an electrical circuit. One sensor takes the

25 form of a wet common reference point by penetrating into the interior of the
vessel. The otherg are dry reference points which are embedded at various
depths within the vessel wall. An ammeter is used to measure the resistance
between the electiode penetrating the liquid in the interior of the vessel and the
dry electrodes. Permeation of the liquid into the vessel wall is denoted by the

30 measurement of a low resistance. This technique is limited to the detection of
permeation of liquid into the vessel walls at the location of the sensors. [If a leak
occurs in a location different from the location of a sensor it would not be
detected. The present technique, however, allows for the detection of leaks
through the composite layers occurring anywhere along the pipe. Furthermore,

35 Fenner employs galvanometers in leak detection, while the present invention
detects leakage based on the stability of electric potentials measured using
millivolt sensors. ‘
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is closed and_a | eak is detected by the alarmwhen a break in the inner
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| i qui ds through osite vessels. The

detector is edifl d’v\,\@' f'PF %ff’e'l‘@ﬁglth? Wbte%ﬂ f&%c?fﬁ Phs four electric Sensors

whi ch ait® connect ed to forman-electrical circuit. One sensor takes the 25
formof a wet Wcﬁﬁcﬂ%@ d}gﬁﬁg by penetrating into the interior of
the FIG. 1 is a cross-sectional view of a steel-relnforced composne pipe
section. The view is not in scale. c
FIG. 2is a schematic drawing of a subterranean high 'pr'esshre pipeline
20 composed of steel reinforced composite pipe sections made of steel embedded
in fiberglass resin. Also depicted in the drawing is the system for detecting
contact between the steel within the plpe and ‘media forelgn to the pipe.
The drawmg is not m scale.

25 Detailed Description- _ )
Steel reinforced composite pipes are likely to be used in pipelines which
carry crude oil under pressure. These pip‘elih'es are typically buried underground.
- Contact of the steel with either the crude oil or soil leads to corrosion. Crude oil,
unlike refined oil, is both conductive and corrosive because it contains
30 electrolytic matter such as brine. To _protect the steel from such
corrosion-leading contact, these pipes have a steel structural wall section
sandwiched between inner 10 and ou’te_r 12 Iiriings; The linings are fesin-rich
layers reinforced with glass or other fibers and are therefore non-conductive.
The structural wall section is made of three or more structural steel reinforcing
35 layers 14 coated with a structural epoxy resin. The individual layers of the pipe
' are s'ucceséively built up, one upo'n the other, on a mandrel or pipe winding
machine. Each lining layer is formed by helically windihg resin wetted fiber
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contact with the steel layer. The opening-lead interface is then sealed.

The steel layers 14 do not span the whole length of the pipes. Rather,
they stop short of the pipe ends 15, as shown in FIG. 1. Therefore, there is no
continuous electrical path between each pipe on a pipeline. Hence, a lead 16
must be connected to each individual pipe in the pipeline. The leads run along
the exterior surface of the pipeline in the trench and surface at appropriate
intervals denoted as test stations 18. At each test station, these leads are
connected to a first terminal of a voltmeter 20. These voltmeters should have
greater than 10 megohm input impedance, otherwise, the steel may be polarized
by the voltmeter, affecting the electric potential measurements.

To establish an electrical path between lead 16 and the steel layers to
which the lead is not connected, wires 22 are used interconnecting all the layers.
When leakage through a protective lining occurs, the foreign media contacts
either the outermost or innermost steel layer. Since in most situations the
lead 18 is connected to the outermost steel layer, a connection between only the
outermost and innermost steel layers may be sufficient. Connections using
wires 22 may not be needed in steel reinforced composite pipes of the type
disclosed by the Cocks patent. It has been found that the steel layers in the
Cocks-type pipe are in electrical contact with each other even though they are
coated with layers of resin. This is so because during fabrication the resin
coating spreads thinly, and apparently non-uniformly, creating openings which
allow for contact between the steel layers.

To determine if the transported fluid (electrolyte) 24 being carried by the
pipe has made contact with the innermost steel layer of a pipe, the second
terminal of the voitmeter is connected to an electrode 26 or a piece of metal
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Variations of the potential within a predeterm ned range over a period of
time, dewetogg7dsfck of contact between the insul ated condlﬁ#,ﬁgg Eg%g.} a. On
the other hand, a stable, unchanging potential indicates that ?’

el ectrolyte has nmade contact with the steel with the potential for
corrosion. 15 Brief Description of the Drawings FIG 1- is a _
cross-sectional view of a steel-reinforced conposite pipe section. The view
i s not in scalwhicklissimmersedansba dlvid treVdﬁrwW\fMimtheapisebt'Ehermawa hiegkl
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secti ons nmade of st eel I n f| resi F cte
drawing is t hé“%‘ﬂ%ﬁeéﬁf%ﬁh%%ﬁeéb‘?}’?fﬁ "V,'HH‘E P'Bétwmé'erﬁ'! Recasianal elgryredenist he

pi pe and nedi aalf ﬂfaeisgmqhiﬁed BNy aQﬁpel'El%e 1t i bt Eorisfdersd nécfes§£i'§|t3 ha?¢€ an
Detaile Descrllg é)dq ot e% rei gf rcle 3 ih gor £S5 ar %/r?é‘o l?/e used
in pi peli nes FoCeIer FAgh RIRES T PR 82 n'%r@% Nig Hé'gﬁ bmp'élrF ab

typi cally burlmdqu ground. Contact of the steelr with eirther the crude
oil or soil |eads tl@tl@ﬂmﬂ% %km@&%‘a&'v&uth tH&' B#&morsgg*e@?g?[@ la confoi @3t N

conductive and corrosive because it cont ytic matter
such as brine. c"cu‘lto'sprB't"E‘&ta"E’r%S'Sa(bé%F"'\"YQ!Fne’%HL‘hPEGPF'E's!sdﬁg!séﬁiGQ’r?g‘ dent act ,

t hese pi pes havditnsetsi.c€n ﬁ'krdtﬁéruﬁﬁid WetHe inAér: maﬂcmdm&ih%r tbehmranunner _
10 and ther 1 I|n|n

f d th
D ot 8L R orthele, i B9 SstactiFa otpe niashr et oo yBY Pife. Br el 68k "unl
section is madembéddedripetherwalbiot the pipet dhalelestriepotestisif etwieeg tBE two is
| ayers 14 coat gehehib. hTﬁisﬂ' td&@rltua?@ﬁ%@é Wlﬂﬂiﬁie aﬁh%ﬁh nggérgfba&e nr%¥§lfl§ of {

t he pi pe are successi vel {) , upo
pi pe wi ndi ng nﬁc‘ﬁ?'héhmE&'& the .ﬂ?ﬂ%daveaﬁfeqﬂye'voﬁm e ﬁEP'l @a’Fth'W'ﬁ’lcﬂ'ﬂg
resi-n wetted fgstabilizestthe electric potential. The potential may or. may not be zero depending
15 on the electrolytic action, but at least it remains stable over short time intervals.
The stability of voltage can be observed regardless of measurable current flow
. between the qudid_ and the steel. o
To determine if the soil 28 burying the pipeline has made contact with the
outermost steel layer of the pipe, the ‘second terminal of the voltfneter is
20 connected to an electrode 30 or a piece of metal submerged in the surrounding
soil. The metal'eould .be any conductive structure, such as, a nearby steel
pipeline, a galvanized chain link fence post, a valve, or a steel stake driven into
the soil. If the soil is. fna,king electrical contact with the outermost steel layer,
a complete circuit is formed and a stable millivolt electric potential is registered
25 on the voltmeter. An-unstable potential indicates _a_bsence_-df electrical contact.
Testing is similar for a submerged pipeline wheré one lead of the voltmeter is
connected to a metal submerged in the surrounding water.
| : Hence, depending on the . connection of the second voltmeter lead, a
stable potentual reading is indicative of contact of either the soil or the
30 transported fluid and the steel layers within the pipe wall, denoting the potential
for corrosion. Stable potentials are those which do not change by more than
1 millivolt over .'-, pfedetermined time period. For this particular type of pipe, the
appropriate time peri_od.recommended_ is approximately ten seconds or less, with
one second being sufficient. ' |
35 The stability of the electric potential.can be readily observed visually with
a high impedance voltmeter (e.g., 10 megohms)} where less than .1 millivolt
change is indicated on a digital voltmeter and may be observed on an analog
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1 e Each steel layer is formed by helically t eel
wStrip coat ea W tf‘l resin. A preferred enbodi nent of the pr?sen é}lg/rll\g?é‘?lt i on
determ nes the electric potential between the steel enbedded within the
pi pe and a foreign electrolytic 5 medi um'fl ow ng inside the pipe, as
wel |l as between the steel enbedded within the pipe and a forei gn nedi um
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Therefore, t herimfmse they dmecbmeuapesatidrat t Futhérmuae htHeectechrsinue @ah @ peedoto a

pi pel i ne. Hencepergmm;jgreﬂcgony% pdiEof MIARELIRE pbllodicifl Atgﬁénvc M}ram Rfcdd! the

pi peline. The l'eads r e exterl xCe o In the
trench ah@ surfﬂ%‘ébaPaﬁrﬁﬁr@rﬁ“‘WételdrﬁVéF%F@td%’ﬁét&‘z\dmw*t?@ eﬂ\atq BiRslineg. At

each test statif@ém U&?ﬁ'ai pdtfonar e«o?@neters a@%lae%ﬁdséa@ioa édr pleds@remial  of
a voltneter 20. Thes %/0 tneters sh #etoﬁgave er t han 10 rre%rtrﬁg%lfendput

i npedance, ot he?SiFatals fqfgach pige agsign FLAtR tﬂ‘? "P‘F‘Pe"”(ﬁf?‘f%?
affecting the etosttomputeoinhirh aaluatestieesvability.of Toe mebsiokd phtesmials| fec eaghcal

path betveen | egde Lid ABthrinttfesSt fate IsbREatt P the steel layers with either the soil or
15 transported fluid, fostering corrosion. If there is such contact, a code identifying
the pipe affected is passed to a central station so that remedying actions can be
taken. Inthe alternative, all the voltmeter readings may be passed directly to the
central station where a central computer evaluates the readings from each pipe
in the pipeline and determines if potentially corrosive contact has occurred.
20 Since these pipelines are typically many miles in length, it may be beneficial to
beam the information from the test stations to a satellite which in turn wiil beam
it to the central station.

Once the potential for corrosion is detected the affected pipes can be
repaired or replaced. The timing for the repair or replacement of the affected
25 pipes may depend on the time period between the onset of corrosion and failure
due to such corrosion, The pipe disclosed by the Cocks patent is designed to
withstand at least a year of corrosion formation before failure. In other words,
from the onset of corrosion, this pipe can safely operate a full year in a corrosive
environment. Therefore, if the onset of corrosion is detected immediately,
30 no action to repair or replace the pipe is required for a year. Furthermore, this
critical time period between the onset of corrosion and failure can be used to set
inspection intervals. For exampile, if pipe has a critical time period of one year,
the pipe can be inspected {monitored for the potential for corrosion} once a year.
However, if monitored only once a year, the pipe should be repaired or replaced

35 promptly since the actual time of corrosion onset would be unknown.



which the lead is not connected, wires 22 are used interconnecting all the

| ayers. When | eakage through a protective linin
foreign ne |1<';1’24clont acts either the outernost or |nnerms%§f@§5ﬁﬁ%‘{7er. Since ¢
in nost situations the lead 16 is connected to the outernost steel |ayer, a
connection between only the outermost and innernost steel |ayers nay be
sufficient. Connections using wires 22 may not be needed in steel
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netal can be, anple, a valve or other fitting that is in contact with
the fluid but |ns%ﬁ%>e(1ted fromthe steel layers within the pipe wall. An
occasi ottl electrode is all ‘that is required along a pipéline. It is not
consi dered necessary to have an 5. el ectrode for each piece of pipe as -
|l ong as the foreign nediumis reasonably conductive. If the fluid is nmaking
contact with the innernpst steel layer, a conplete circuit is forned and a
stable mllivolt electric potential is registered on the
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voltneter. On the other %ﬁm “'l IH r non- conductive layer is intact
and 10 IS no t between the |i pi pe
and the stee{;%ﬁgedded |l ‘Lj B e pipe, the elect %%égsé#tz?al

bet ween the..two i s unstable. This ground potential varies \Mth fJ_ng_Q,q.dE can
be seen to: be unstabl.e. A |€ak t hrough the inner | ayer| B SHEETHAS BREN § s
the steel to the |IQUId -and-'stabilizes the electric potentlngLm
potentiai my ogHEIVISTCLAIMEDZES:-0 dependi ng 15 on hke—etectTotytTT
action, but at least it remains stable over short tinme intervals. The
stability of voltage can be observed regardl ess of nmeasurable current flow
between the Iiquid and thensdthed forTdetdetimy poteatially bheoslmi-broﬂ&cbgrqdmgctt he
pi pel i ne has t h t f t he
second term ng}a&(ﬁf&?ﬁe&\g/‘})l trJt;ber% gg%ﬁcgq%dé ﬁ%&:" fff)orgne%}? rodey30 or
a pi ece Bf net donseandpeaimedia; Remplsipe trrIFteEsS §6i | . The metal coul d be any

conductive structure, sucdetérninidg BE 8leBiticpolstitiaPbdt@leen the ins@ateddBdhd@stivehai n
link fence post, a Steel stake driven into the soil. If the

soil is making @P@E@F.%@Pcﬁ%t’%‘?‘em the outernost steel |layer, a
conplete circuit is for nmtcemdnmgs&mher vériationobf thel patential, pedrenperid ofs
regi stered 25 abl e potential indicates
absence of el ec rple'c%P ont Péé’ﬂ(lgggfh% ngﬁlrgﬁ%tm | ar for a subnerged pipeline
where on&0l ead of the voltmeter is connected to a netal subnerged in the

surroundi ng water. Hence, A%@é&ﬁmlaa%afhcmeclsﬁnmem% @Eetdiethae.@aaacuve
i S |nd| cative.of cqnt

| t met | ead t.ab
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wi t hin the pi pesesahd coddumiive mgeditme ip atreediuml fofeign twtheogipeand tBe atded, and
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predeternined tine perio I's particular type o
appropri aPe ti momprrsingthectermefided is approxi mately ten seconds or |ess,

with one second being sufddnhb&tiig méasuring means for nﬁb@uﬁﬁg’ﬁh sibétyic pbtdritial as
electric potent|] ﬁmc%on o?%meel?eque n Il1) Sgtre\é dmgéfcj'é%l |¥hm tﬁe wall of the pipe and

the conductive foreign medium; and

measuring an electric potential as function of time between the
20 steel embedded within the wall of the pipe and the conductive foreign medium.

3. A method as recited in claim 2, wherein the set range of electric
potential variation is smaller than 1 millivolt.

25 4. A method as recited in claim 2, wherein the step of connecting the
measuring means comprises the steps of:
connecting a first lead of a high input impedance voltmeter to the
steel within the pipe; and
connecting a second lead of the voltmeter to the foreign medium.

30
5. A method as recited in claim 4, wherein the step of connecting the
second lead to the foreign medium comprises the step of connecting the second
lead to an electrode, valve or other conductive intrusion within the pipe which
is exposed to an electrolytic fluid carried by the pipe but not to the steel within
35 the pipe wall, or to any foreign metallic or other conductive structure, embedded

in soil, which is not in electrical contact with the steel within the pipe.
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determnes if potentially corrosive contact has occurred. 20 Si nce

these pipelines areg typigalabyardRIzY adlirbéited fh IRRAL 7, vderBRYtRE nfaRE o @l O
15 determlmng the electric potential compnses a hlgh input impedance voltmeter

and further comprising: _
means for connecting a first lead of the voltmeter to the steel
within the pipe; and | _
means for connecting a second lead of the voltmeter to the foreign |
20 medium.

9. An appératus as recited in claim 8, wherein the voltmeter is
sensitive to voltage variations of less than 1 millivolt.

25 10. An apparatus as recited in claim 8, wherein the foreign medium
~ comprises an electrolytic fluid carried by the pipe or soil in which the pipe is
embedded, further comprising means for connecting the second lead of the
voltmeter to an electrode, valve or other conductive intrusion within the pipe
_ which is exposed to the carried fluid but not the steel within the pipe wall, or
30 an electrdde, or any foreigri metallic or other conductive structure, embedded in
soil which is not in electrical contact with the steel within the pipe wall.

35

This Sheet-Has Been Rei

WA



beam the information fromthe test stations to a satellite which in turn
ALY bea he central station. Once the potential f nis
tdet ect ed tﬁ ?Mgcted pi pes can be repaired or replaced. cnﬁg&%gﬁgpfor t he
repair or repLaoenent of the affected 25 pi pes may depend on the tinme
period between t he onset of corrosion and failure due to such corrosion.

The pi pe disclosed by the Cocks pate 9 is designed.to withstand at |east a
year of corrosion formation before fai‘l'ure. In other words, fromthe onset
of corrosion, this pipe can safely operate a full year in a corrosive
environment. Therefore, if the onset of corrosion is detected i medi ately,
30 no action to repair or replace the pipe is required for a year.
Furthernore, this critical tine period between the onset of corrosion and
failure can be used to set inspection intervals. For exanple, if pipe has a
critical time period of one year, the pipe can be inspe¢ted (nonitored for
the potential for corrosion) once a year. However, if npnitored only once a

year, the pipe should be repaired or replaced 35 pionptly since the
actual time of corrosion onset would be unknown. -7- WO 96/ 17241
PCT/ US95/ 15347 1 Al t hough the desired enbodinent is specific to

steel reinforced conposite pipes, the nethod can just ag easily be applled
to any pipe or vessel that is fabricated from conducti\
| ayers of material enbedded in non-conductive materials.
shoul d be noted that the terns "conductive material" ang
medi um’ as used in this specification refer to materi al

degree of conductivity (e.g., sem -conductive material).
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ret hod f om #8ntially corrosion-produci‘fhg contact between two or

nore conductive nedia insulated fromeach other by 5 non- conducti ve
medi a, gonpri s{nng‘z ;\f . determning an electric potential between
the i nsﬁl ated con tc F@éﬁﬁng%?% as a function of time; and ascertaining

whet her variations of the electric potential, over a period of tine, are

greater or less thap a sgt mgg@ﬁqop%{ﬂiﬁgﬁéérggw_Q:gglogigﬁ _[prgéutqm@o contgc& he

set range indi cate a potenti y Ccorros roduci ng con met hod
as recited i n ketweenl twaherf cnareo rendyctiviee madind desutated nrama sashsether by

enbeddeg i n a héNEEndiRkiVE Phédisl conipPiRimgitae Btdps ot |, wherein a second
conductive nediumis a rr&di umforeiﬁgﬁn tlo theuﬁ'hge and tR‘g Ftefl q@nfi 15
wherein the fiber reinfofCEHMPERGADSREIGRIATIY RETER 108 SHRITd eonalgHY,
further conprimedg dshefgictipn obftimec@ndect i ng neasuri ng neans for neasuring

an electric potential asas%emﬂcﬁﬁd‘ Whefer VaPBridHst e dib&ris toedmaiisvk e
within the wall of the pipe an . ..
period of time, are greater or less than a set range wherein variations iess than

10 the set range indicate a potentially corrosion-producing contact.

2. A method as recited in claim 1, wherein one of the conductive
media is steel embedded in a fiber reinforced composite pipe wall, wherein a
second conductive madium is a medium foreign to the pipe and the steel, and
15 wherein the fiber reinforced compasite forms the non-conductive medium, further
comprising the steps of:
connecting measuring means for measuring an electric potential as
a function of time between the steel embedded within the wall of the pipe and
the conductive foreign medium; and
20 measuring an electric potential as function of time between the
steel embedded within the wall of the pipe and the conductive foreign medium.

3. A method as recited in claim 2, wherein the set range of electric
potential variation is smaller fhan 1 millivolt.
25
4. A method as recited in claim 2, wherein the step of connecting the
measuring means comprises the steps of: )
connecting a first lead of a high input impedance voitmeter to the
steel within the pipe; and
30 connecting a second lead of the voltmeter to the foreign medium.

5. A method as recited in claim 4, wherein the step of connecting the
second lead to the foreign medium comprises the step of connecting the second
lead to an electrode, vaive or other conductive intrusion within the pipe which

35 is exposed to an electrolytic fluid carried by the pipe but not to the steel within
' the pipe wall, or to any foreign metallic or other conductive structure, embedded
in soil, which is not in electrical contact with the steel within the pipe.
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theuﬂmgm gn nedi um and 20 Pl asur 9(’5 a(n'le‘he 61
pot ﬂmnﬂum& n of tinme between the steel enb;aé?p%, i 96
t he pi pe and#the conductive forei gn nedium 3. as reC|te in
cIa|m2 wherein the set range of electric potential vari‘ation is snaller
thanlmlllvolt 26 4. A nmethod as recited in claim?2, wherein the step

of connedting the mefisuri Al reB#ratusofer idetesting eccentags mweemmmmrng\qe
first lead of achhdiltiBPHedidMRSANES HOM! rﬁ&ﬁramtb@ SdrRdndlictiDa Nrledtz,

pi pe; and 30 connecting a second |ead of the voltneter to
the foreign nedPOMPHSNG: A nethod as recited in claim4, wherein the step

of connecting the second hﬁ%ﬁls?&&?ﬁﬂﬂﬁ@hﬂ@lemmméimt‘hb@nsiﬂﬁBdOf
connect i ??g the se ‘ﬁ‘@?ﬁl ead,.to _an eI ectrode, valve or other conductive

i ntrusiof withi f°F ¢ edigi is exposed to an electrolytic fluid
carried by the pi pe but nmahs)fdrhecmmhgw'ﬁetﬁawhhalqusm th@blectrizrpotentiny

foreign netalli Sv& ﬁ%&%’ca&mﬂ{,‘%“ﬁﬂd%h%r sattlﬂﬂ?q_la, %?Qd%gn&@onss 'eLg th%ﬂ t?\h I's

not in electricalc act e eel
apparat us for deeter@meng»d@m apotargiaibe earresion-prodycing @@mCtuve medi a
i nsul ated from each other by non-conductive nedia, conprising: rreans for

determ ning an electpic potential between th ulated 5 uctive
medi a; ar@ means forsasceﬂPéPHF’ﬁ&’%?éFﬁ'éﬁd & "3{? S¥Reresp Wﬁ@féq’%ﬁq uctive
potential over mepariscdedifenbetiied i al fit2s réihfurcel sarhpésiegpipe Wasll, avRerein a

variations | essséct}%g ctolpt(auctive medium is a medium foreign to the pipe and the steel, and
wherein the fiber reinforced composite forms the non-conductive medium.

15 8. An apparatus as recited in claim 7, wherein the means for
determi'ning the electric potential comprises a high input impedance voitmeter
and further comprising:

means for connecting a first lead of the voltmeter to the steel
.within the pipe; and

20 means for connecting a second lead of the voltmeter to the foreign

medium.

9. An apparatus as recited in claim 8, wherein the voitmeter is
sensitive to voltage variations of less than 1 millivolt.
25
10.  An apparatus as recitad in claim 8, wherein the foreign medium
comprises an electrolytic fluid carried by the pipe or soil in which the pipe is
embedded, further comprising means for connecting the second lead of the
voltmeter to an electrode, valve or other conductive intrusion within the pi
30 which is exposed to the carried fluid but not the steel within the pipe w
an electrode, or any foreign metallic or other conductive structure, emb
soil which is not in electrical contact with the steel within the pipe

35
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(54) Title: DETECTION OF POTENTIAL FOR CORROSION OF STEEL REINFORCED COMPOSITE PIPE

(57) Abstract

This method and apparatus de-

tect the potential for corrosion of / /<’/ ZZ
pipes having walls fabricated out of /4“\ L 2 é
conductive material (14) embedded in
non-conductive material, the conduc-
tive material (14) being sandwiched
between inner (10) and outer (12) lin-
ings, due to contact between a con-
ductive medium foreign to the pipe
and the conductive material (14) em-
bedded within the pipe wall. The
electric potential between the foreign
medium and the pipe conductive ma-
teral (14) is determined. The stability
of the potential is then ascertained. If
the potential does not vary beyond a
predetermined range over a period of
time, the potential is deemed stable
and is indicative of electrical contact
between the foreign medium and the
conductive material (14) within the
pipe, fostering corrosion. An unsta-
ble voltage indicates lack of electrical
contact.




