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ABSTRACT

At the end of the {wentieth century, 200 years after the discovery of electricity, 5O vears after
the first subsea well, subsca electrical systems are one of the major causces of modern subsea
control systern failures, costing operators significant operational downtime and operating
oxpenses {opox ).

‘I'his paper reviews the electrical insulation resistance problems that the FxxonMobil group in
the North Sea has had 10 deal with in recent years with regards to their subsea tie-backs, It
explains the tools and methods used fo identify the location and causes of the faulis, and also
shows how the eurrently available techniques are still inefficlent and time-consuming. In
addition it includes suggestion for industry consideration.

In most cases, @ design that enables fault diagnosis and simple repair methods, mixed with
meticuleus quality control in manufacturing, is the key to minimising expensive future subsea
controls interventions and ensuring greater reliability of the systems. This paper will highlight
the following, often under valued, lesson learned: that minimal upfront expenditure for
engineering and quality control at the project phase could save hundreds of thousands of
doliars of opex in the future.

With the industry driving subsea technology into deeper water, there is an urgent need to
design subsea architecture that facilitates diagnosis and future interventions, as well as the
need to develop subsea imtelligent diagnosis instrumentation in order to locate faults in
complex subsea architecture and monitor the performance of subsea elecitics remotely.
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INTRODUCTION

Mobil North Sea Limited (MNSL), a subsidiary of ExxonMobil Corp, operates over 40
subsca wells in the southern and northern North Sea of the UK sector. The first subsea wells,
instatled around 1976, were single tie-backs to existing platforms. With the improvement of
technology, and an increased demand to develop fields adjacent to platforms that could not
justify the high costs of a new fixed installation, more complex subsea field architectures were
developed. The MNSL portfolio of subsea wells includes all generations of wells ranging
from the first subsca clectrical systems, which were backed-up by sequential hydraulic
systems, through o today’s modern electro-hydraulic control systems, which have some
redundancey but do not have a fully independent backup,

It would be expected that over 30 plus years of subsea lechnology improvements, subsea
slectrics would no longer be a concern for operators but, for MNSL, electrical problems have
been one of the major subsea operational challenges faced during recent years,

MNSL have experienced electrical problems in the Nevis, Ness, Buckland and Gawain fislds,
The wells affected by these problems aecount For 88%6 of all the MNSL subsea wells and
constitute a significant proportion of MNSL’s current production. These wells are located
between depths of 30 and 120m. None of these developments are considered to be in deep
water and they were lnstalled by divers, although they contain some ROV compatible
features. Most of the electrical problems experienced are dus to a loss of Insulation Resistance
(IR}, which impedes communication and power to the subsea control modules.

This paper will describe in detall the experfence gained in subsea control electrical system
operations by MNSL during the last few years, highlighting how the faults were first
diagnosed and rectified in three different fields. Additionally, a presentation of the lessons
learmed from the investigations of the recovered components aims to raise operators’
awareness of potential fhilure modes of electrical connectors presently installed. The paper
will continue to explain the history of design weaknesses, underlining the need to consider the
failure of each component. In conclusion, a list of issues and guidelines, which designers
should consider taking into account when designing new subsea fields will be discussed.

The paper is divided into the following four sections:

Section 1 — The Electrical Problems: This section describes the electrical problems
experienced in the Buckland, Nevis and Gawain fields, exploring the methods used to find
and rectify the faulfs,

Section 2 - Lessons Learned: This section outlines the lesgons learmned from the faulty
components retrieved from subsea and subsequently inspected.

Section 3 — A Close Look at the Design: This section analyses the problems with the design
of ficld architecture in the Nevis and Gawain fields, which has complicated the diagnosis and
rectification proecess.

Section 4 — Design for Diagnosis and Reparability: This section outlines high-lovel
concepts that should be considered when designing complex subsea field architectures,
essecially for deep-water developments where diagnosis work Is also hindered by the need to
use remotely-opzrated tools,
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This paper does not aim to identify problems with the design of any particular manufacturer’s
product, design or solution, aor advertise any particular service provider. Both serviee
providers and electrical components manufacturers have been involved in the investigation
process and collaborated in the development of this paper. The alms are to stimulate thought
around issues to be considered when designing new ficlds and preparing intervention
campaigns for existing ftelds.

SECTION 1 - THE ELECTRICAL PROBLEMS

J’VEV.I:S

'The Nevis field was a phased development starting in 1996 with initially two subsea wells
connected to a single Subsea Distribution Unit {813}, There are currently 11 wells connected
to this SDU. The depth of the well-heads varies between 110 and 115m (refer to Figure 1.1.1).
The control sysiem is served by two power and two signal lines, Line A and Line B, via a
7.5km umbilical connected to two separale electrical disteibution units. Figure 1.1.4 represemnts
a simplified version of the electrical field architecture (based on the original design of 10
wells).

Originally in 1996 the single Electrical Dstribution Unit {EDU} was installed inside the $DU
to support 10 wells. This unit failed in 1998, Unfortunately it couid uot be retrieved for
investigation since this unit afso included the hydraulic system suppty for the field, Two new
EDUs, splitting Line A from Line B were retrofitted by a diver, resolving the IR problem.
Each of these units supplies one power and orie signal to each well.

In 2000 the platform reported that the Lime Insulation Monitoring (LIM} system was
indicating low IR values oscillating between 100 kO and 200 k€2 on both Power A and Power
B, compared with design values greater than 1 GQ. Taking readings every day to monitor the
situation was inconclusive and no trends were found in the data to predict when failure would
oeclr, Although the sysiem had not failed, it was decided to investigate the root cause of the
problem and how to rectify 1t in order to prevent a fiture, potentially significant, impact on
production.

Time Domain Refractometry (TDR) and IR megger were used from the platform, aiming to
localise the fault within the system. The results of this first investigation are shown In Figures
1.1.2 and 1.1.3.

Both. signal and power vores indicated leakage at the end of the main umbilicals. Due to the
distance, it was niot possible to identify the precise point of the defect, so the faull could have
been in the umbilical end tenminations; Electrical Distribution Units (EDUs); individual well
jumpers; the tree cables or the Subsca Contrel Modules (SCMs). Additionally, Power B
indicated an arca of water leakage, which seemed to be isolated to the first 500m of the
umbilical, and was therefore affecting the insulation of the umbilical.

NOTE 1: Figure 1,12 shows a leakage in the A signal line al 2.6km, which could be a
manufacturing splice or carly signs of a defect,

NOTE 2: Figures 1.1.2 and 1.1.3 illustrate poor performance at the interface 0 the TDU with
earth leakage being indicated.
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The results excluded the umbilical as the major confribuior to the problem, however they
could not identify the exact focation of the fault or whether multiple faults were present in the
system. This was due to the fact that both chiannels were experiencing whai seemed to be
identical problems. It therefore seemed logical that the fault could have heen located in any
components hosting both lines. With failures of this fype having been ohserved previously
with this design of SCM, it was determined that multiple faults were likely to be presemt
within the system.

Knowing that the fault was beyond the subsea umbilical termination and having exhausted
topside diagnosis methods, a subsea investigation was required to test individual components,
The subsea diagnosis were designed to minimise the number of tests required by first testing
the segment of the system where i1 was thought {from previous expericnee) the faults were
most likely to be, [n the field, six different types of comneclors were present, including 3-
ping/i-pins, male and females, diver-matable and bulk-type {refer to Figure 3.1.4) Therefore
4 testing downline, complete with six connectors o interface with the combination of subsea
comnectors, was designed and manufactured {refer to Figure 1.1.6).

The diagnosis process was based on testing the longest possible branches of the system first in
arder to identify where specific components needed to be tested imdividually, thereby
reducing infervention times. An additional advantage of testing a “well branch™ was that only
electrical isolations were required, which could be accomplished as per original design
without the loss of production. A risk assessment verified that it was acceptable to run the
field without electric power whilst maintaining ESD capability through the hydrautic system.

The normal IR specification for subsea electrical systems is in the region of 100 ML
However, based on the age of the system facilities and knowing that the system would have
worked efficiently at lower values, a 10M) acceptance criteria was used lo identify failed
components.

Upon completion of the preparation of the diagnosis program it was eslimated that in the
worsl-ease scenario, it would take 8 days of diving intervention time to locate all possible
faults. This estimate was based on 15 minuies per lest. For safety reasons, the diver had to
walk in and out of the SDU for each individual test (refer te Figure 3,1.1). This aspect will be
further discussed i Section 3, underlining how to design for diagnosis to improve diver and
intervention costs.

In order 1o minimise the campaigns required and the high mobilisatior: costs of using a DSV
10 reclify the faults, a spare strategy was put in place based on the requirement to rectify at
least one full channel (power and signal A or B) in the syslem during the same dizgnosis
campatgn, A “like-for-like” replacement for each of the components was the base case spares
procurement strategy, with the exeeption of the tree jumpers (Components “C™ and “1” {refer
to Figure 1.1,5)) as these components were considered to be too difficult to rectify due to the
lack of access. Should these parts require remedial action, it was accepted that a new
engineering solution would have to be developed with the repair being carried out under a
separate mobilisation.

The completion of a S-day campaign identified muitiple faults, The following components
were identified as faulty by not meeting the set 10 MQ criteria:
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»  Well #1 Power A, Signal A, Power B, Signal B, Component “C” (2x) and “D” (2x) tree
Jumpers

= Well #2 Power A, Signal A, Power B, Signal B, Component “C™ {2x} and “D" {2x) tree
Jumpers

» Well 9 Power A and Signal A line of Component “F” jumper bundle assembly {1x)
between the SIIU and the tree

s Well #10 Signal A and Signal B lines, Component “C” tree jumpers

An electro-hydraulic jumper bundle {Component “F™) was rectified using a purchased spare,
but mest of the faults were located in the tree jumpers {Components “C” and “D'™), for which
replacements were not available for the reasons stated above,

Detailed video surveys using divers and ROVs were taken to enable the feasibility of “like-
for-like” replacement of the tree jumpers (Components “C” and “D)™). With the previous data
collected, the risk of performing this operation dering a campajgn withoeut any contingency
was considered too high, therefore a contingeney based on the bypass of the SCMMB (Subsea
Contrel Module Mounting Base {Component *B™)) was designed (refer to Figure. 1.1.7).
Figure 1.1.7 below summarises the options available for the second campaign: (NOTE: The
diagramn shows only one line for two wires and only one Power and Signal Line are shown for
simplicity.}

g} In Green: “Like-for-like replacement of tree jumpers”. The suceessful solution.

b) In Blue: Contingency designed in case “like-for-like replacement™ did not succeed. This
was based on the modification of the SCM using sideways top-entry connectors (refer to
Iigure 1.1.8).

¢) In Red: A further contingency was designed in case the connectors at the tree stabplate
“E” could not be disconnected and replaced. This solution involved bypassing the tree
stabplate, therefore losing the ROV operability,

This latter contingency was not the preferred solution since it was going to remove the ROV
change out capability of the current design of SCM {Component “A™) and tres stabplates. In
addition, the fleld would have two different designs of SCM, complicaling future spares
managemnent.

A second campaign took place and, with meticulous pianning, the substitution of the faulty
Jjumpers proved possible, therefore the bypass contingency was never utilised. Two signal
lines and one power line were rectified, using a total of two power jumpers “C” for Well #1
and Well #2, and six signal jumpers “I>” for Wells #1, #2 and #10. The second power line
could not be rectifled due 1o the lack of spare components available at the time of the second
campaigti. The objective of the campaign was to rectify one power and one signal line IR but
all of the signals had to be replaced in order to meet the objeciive because it became apparent
that the signal lines were connected in the SCM, therefore if “A” was faulty, it would “affect
B” as well. This issue will be further discnssed in Section 3 when discussing weakness in
design. The faulty components were recovered and investigated, The results are detailed in
Section 2 of this paper.

Afler the second campaign, Power A JR was improved from 0.87 M 10 16 MQ, Signal A IR

was improved from 0.07 MG 10 12 MO and Signal B IR was improved from 0.1 MQ @ 14
M€ These values are acceptable, although they are not in the GO range as per design
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specification. This Is acceptable because with aging, virtually all materials absorb water, and
this is true for the conductor insulation material and explains why in-service IR readings will
be lower than post-manufacture readings taken before deployment.

Buckland

Installed in 1998, [2.5km from the host platform, this five well development is n 1 10m water
depth. The control system is based on g short 300m electro-hydraulic umbilical that takes the
controls from the platform 10 the bottom of the riser to interface with a pipeline bundle. Asin
the case of the Nevis field, two power and two signals lines are present. In this case Power B
had completely failed in 2002, with the system continuing to operate on Power A alone (refer
o Figure 1.2.23.

TR and IR testing from the platform indicated that the fault was at the connection between
the bundle and the tie-in shorl umbilical. Closer interpretation of the fraces suggested it was
probable that the fault would be in the umbilical side of the connector. If this was the case, a
bypass jumper could be conuected from the bottom of the platform J-tube spare connection to
the bundle towhead, thus bypassing the faulty umbilical connector. However if the fault were
located in the bundle side of the connector, 4 simple rectification would not be available since
the bundle connector could not be replaced.

A bypass jumper was manufactured and using the same downline used for the Nevis IR (refer
o Figure 1,1.6) the connection between the umbilical and the bundle was tested. The fault
was confirmed to be in the umbilical connector as predicted, and the bypass jumper was
installed thus rectifying the fault.

Unfortenately the faulty connector on this occasion was not retrieved because the operation of
clearing the faulty flying leads from the other leads was too complicated and time-consuming. In
addition, it was judged unsafe for the diver to perform a cutting operation with other live cables in
close proximity. Therefore no investigation on the causes of failure could be performed.

This {s a good example of where TDR traces used to determine the locationn of in-line
connections are a successfll method of locating faults when combined with expert
interpretation. Figures 1.2.3, 1.2.4 and 1.2.5 summarise the resulfs obtained during the TDR
investigation.

Figure 1.2.3, representing the full signal line trace (0km to 12.5km}, is fairly uneventful. This
is typically due 1o the high impedance of the system, The trace shows that the signal systems
are healthy and no faults are present.

Figure 1.2.4 represents the full power line trace. The bundle towhead midline {4) (Figure
1.2.1% at 10km and the towhead (5) (Figure [.2.2) at 12km can all be clearly seen (indicated
by vertical lines). The interface at the end of Bundle 2 (-10km) is downward beceuse the [oads
of the individual SCMSs are parailel conrected at this point,

Figure 1.2.5 represents the initial TR frace section of the power lines (up to 2km). Note: In
this trace the two waveforms are separated and moved from the centre line for clarity. Due to
high capacitance, a fairly large pulse width was used for this short-range test; this resulted in a
large initial pulse with a se¢ondary reflection at around 160m. The point of interest is the
interface between the riser short umbilical and the bundle,
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Note 1 shows that the general transition between the umbilical and the bundle appears to be
good although it seems that the cable Power B is slightly flooded. However, providing that
the integrity of the conductor insulation remains good, this normally would not cause a
problem and the connector seems to be healthy.

On the other hand, Note 2 shows a classic wet joint trace and indicates complete breakdown
to water within the riser umbilical interface with Bunle | (refer wo Figure 1.2.2).

Note 3 {Fipure 1.2.6) shows an expanded comparison between the good trace (Power B -
Green) and the bad trace (Power A — Red). The point where the trace falls is an indication of a
transition, The fact that the trace falls, indicates leakage at the {ransition point; a transition
with no leakage would be reversed, The small flat just before the trace dropped is frregular,
normally the transition from the line or slight curve is instantaneous (ie no flat). This line was
in faet caused by a leakage fault before the main transition; this would normally be shown as
another dip, but because of the clese proximity to the main fransition dip, it has been
cancelled out by a reflection (the reflection being inverse to the original), Hence a flat trace 1s
displayed.

Gawain

Located in the southern North Sea, the Gawain field installed in 1996 is a three well template in
30m of water, 15.5km away ftom the host platform (refer to Figure 1.3.1). The umbilical serves
an ail-filled Elecirical Distribution Unit (EDU) located inside the umbilical termination unit via
two powerfsignal lines with the signal superimposed on the power (refer to Figure 1.3.2). The
umbilical is connected to the EDU by a single quad connector. In 1998 the Platform Line
Insudation Monitoring (LIM) svstem staried to show low IR in the 30 k€3 range. This value
should be in the G£ range, but after only 4 years it dropped dramatically, In 2001 the values
dropped further 1o below 30 k€), tripping the system. The Line Insulation Monitoring system
had to be taken off-line in order to allow uninterrupted production to continue.

As for the previous cases TDR and IR tests were performed from the platform indicating that
the umbilical was healthy and that the fault lay atl, or bevond the umbilical end (Figure 1.3.2).
Figures 1.3.3 to 1.3.7 suminarise the TDR results. The circle with the arrow represents the
location of the fault, which was then confinmed by adjusting the range of the instrument
(Figures 1.3.4 and 1.3.6}.

In 2001 during subsea inspection, the individual jampers and SCMs were megger tested using
a downline from the intervention vessel and they showed no sign of fault, It was decided not
to disconneet the quad connector from the EDU due 1o lack of access since no contingency
was available in casge the diver damaged the connector during diseonnection. This could have
caused the field to be shut-in for an undetermined period of time.

A comingency was developed to replace the EDU, and retrieve the umbilical and re-terminate
it, if required. This opetation would have been very expensive and time-consuming, due to the
excavation of the trenched umbilical. In addition, the procedures and tooling were prepared to
perform a full umbilical splice should water be found to have entered the umbilical cores.

If subjected to water ingress it was impossible to determine how far the water could have

passed along the umbilical. Therefore it was decided that the umbilical should be re-
erminated 15m from the Umbilical Termination Distribution Assembly {UTDA) using a
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double barrier connector that would return contain the water within the umbilical, but reduce
the risk of contact with the fermination inside the connector that would be pre-terminated to a
new UTDA.

Due to the declining production from this field and the cost of the rectification, the repair
would only be undertaken in the event of full failure. To date the system has not failed,
therefore the electrical fault has not been rectified.

SECTION 2 - LESSONS LEARNED FROM NEVIS

This section owutlines the results of the investigation performed on the components, which
were retrieved from subsea. The following components were rettieved:

. The electro-hydraulic jumper bundle (Component “F” in Figure 1.1.3) illustrated in
Figures 2.1.1 and 2.1.2

s  Two tree power jumpers from Wells #1 and #2 (Component “D™ in Figure 1.1.5)
llustrated In Figures 2.1.3 and 2.1.4

. Six signal jumpers, two from each Well 4] and #2 (Component “C* in Iigure 1.1.5)
llustrated in Figures 2.1.3 and 2.1.4

These components were first tested at the subsea control system supplier, where IR testing
and asscmbly checks for obvious signs of a misfit were performed on the electrical cable and
the connectors, The results obtained were as follows:

Investigation after the First Nevis Diggnosis Campaign

The jumper bundle assembly had two faulty connectors, Power | and Signal 1, The electrical
cable was healthy.

All of the resulfs obtained by the manufacturer showed that the problem was inside the
connectors. The electrical power connectors were “controlled environment connectors” 50 no
further testing could be done. Since the signal clectrical connector was not a controlled
environment connector, it could be further taken apurt. It was found on removing the insert
from the housing that the IR fault disappeared and when refitting the insert in the housing, the
IR fault re-appeated.

Because the insert and the power connector were seated and purchased direcily from the
manufacturer, the connectors were returned to the manufacturer for further testing.

At the manufaciurer, the initial investigation found that the power connector of the jumper
bundle was extremely contaminated at the solder comnections, whereas the signal connector
was clean, Initia]l megger testing on the signal and the power connectors proved that there was
tracking between the solder connection and the body of the housing (refer to Figure 2.15).
When both connectors were removed from their housing and re-tested with the megger,
fracking was still present, more so on the contaminated power insert, Only a small amount of
contamination was retrieved during the investigation, which unfortunately was not sufficient
1o perform gas testing to determine its composition, Thereafter a solvent was used to remaove
‘he contamination from the power and signal connectors. Although this improved the

10 FO041002/2004



condition of the IR fault, it was still evident, A selvent flux remover was then applied to the
two connectors, which were then re-tested, The results showed that the two inserts had fully
recovered and showed no breakdown of the insulation resistance.

Investigation after the Nevis Rectification Campuign

Divers removed six signal, and two power tree, jumpers (Components “C™” and “D” (refer to
Figure 1.1.5)). Of the eight cables, all had faulty connectors. These were identified by
performing IR testing on the back harness; they all gave readings lower than acceptable. Due
10 the findings from the first investigation, the jumpers were sent directly to the electrical
connecior manufacturer.

After testing all the retrieved comnectors, the worst power and worst signal cable were
selected to be stripped down for further investigation. The investigation started with testing of
the individual connectors at either end of the cable. From this testing all four connectors
displayed low IR values.

Once the connector was stripped down, the cable was cut rather than de-soldered from the
connector, to identify if the fault lay with the soldering. All solder joints were acceptable and
both electrical cables were healthy, therefore the fault was elsewhere.

The diclectric oil was removed from the connector and collected in beakers for further
investigation. The conneclor was then stripped down and tested, and the IR fault was stili
evident. However, when the connector was ¢leaned using a degreasing agent and reassembled
the fault was no longer evident,

It was therefore concluded that the fruit was due to incorrect assembly. It was possible that
during assembly the connector was placed in a vice with the solder buckets vertieal (IMigure 2.16
shows the correct crientation). Prior to soldering a cleaning agent would be applied and the
joints would then have been soldered. The connector would then be fully assembled and oil-
fitled. Should there have been too much flux cleaning agent used, this would have found its way
imo the body of the connector, and not been allowed to evaporate prior to oil-filling, This
trapped solvent would have no immediate affect on the elecrdeal inlegrity of the connector.
However, over time the sobvent could use the dielectric oif ay a carrler and creep along the
surface of the insulating components until it reached the point of soldered termination {refer to
Figure 2.1.5). At this stage degradation of the clectrical integrity would become evident. When
{he connector was initially tested il would have passed the initial testing, but once in operational
mode there would have been a breakdown of the IR of the connector. This is because this mode
of failure 1s tHime-dependent, ie it requires some time before the contaminant can reach the
solder cup from the interface of the insert back plate with the insert main body.

Figure 2.1.5 shows the leak path of the solvent contaminant, which with time, break the oil
malecules and migrate through the interfaces of the insert following the contours and reaching
the solder cup.

The subsea comnector manufacturer recommendation was that the connector be placed
horizontally in a vice for soldering and a special type of degreaser and solder be used for the
soldering of the joims. Moreover, since the initial connectors were made the subsea condrol
system manufacturer ne longer uses dielectric oil to fill the enclosure, and it is now
recommended {by the connector manufacturer) 1o use silicon to fill the back of the connector.
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All four connectors investigated showed the same results when cleaned and re-assembled.
They recovered to more than acceptable results,

The flux residue, as shown in Figures 2.1.8 and 2.1.10, needs to be completely removed when
performing a termination. In this case the traces shown could have been g mode of failure,
however In fact the temperature induced by the current through the wire can activate a
reaction between the flux and the gold plating which reduces the amount of gold plating. This
alone doesn't necessarily cause IR degradation however flux residue on the insulated upstand
below the solder cup could lead to IR degradation over time.

Conelusion

In conclusion, it was found that the canse of failure was a conduetive deposit (refer to Figure
2.1.5, imerface between main insert plate and back insert plate ‘red fine' and on top plate
"blue line™) an the connectors assembled by the supplier {(potentially from the dielectric fluid
used to protect the cables or an extensive amount of flux or degreaser used during assembly),
The cause of failure was mosi [ikely the way the connector was terminated to the cable, as itis
unlikely that the dielectric fluid itself is the cause of the fault,

The assembly of the cables was started in 1996 by the subsca control supplier, who used
dieleciric fluid o protect the solder joints, At some point shortly after this, the supplier
changed and adopted the recommended practice of the electrical connector mamufacturer;
using silicon to fill the solder joint cavities and gel filling instead of the dielectric fluid, which
ix now becoming standard practice.  Protection to the solder cup-vonductor assembly is
provided by individual termination sleeves. The dielectric gel which is hydrophobic, prevents
water ingress to the connector cavities and affords pressure compensation in the same way as
a fluid; this would not protect against any contaminants introduced during the ternination
process by incorrect termination methods. The use of gel should minimise the risk of
contamination of the solder cup arrangement, Due to its high viscosity, the gel tends to stay in
place and not migrate through the void interface spaces.

With the benefit of hindsight it is evident that there were guality issues in the manuofacture of
jumpers, in particular involving personnel training and competence, and adherence to
standards and qualifications.

Die o the fact that electrical termination procedures are to be performed with a high level of
accuracy and precision, without omitiing important procedural steps, it is important for all
subsea control suppliers 10 enforee strict quality control and quality assurance practices. To
supporl the above, the leading mamufacturers of electrical connectors provide high quality
training courses for termination of connectors and familiarisation courses for project
managers and engingers,

An inspector experience in the termination of electrical connectors can play a vital role in
saving large opex costs at a very low up-front investment.

Another lesson was related to the doubt that the trec jumpers on the tree could be replaced.
This led to tree jumpers not being purchased as part of the spares strategy at the beginning of
tie project. Following consultation with the system designers, the engineers involved with the
diagnostic process thought that these components were unlikely to have failed and assessed

FOO4/G02/2004

ny



that they were nol replaceable subsea. Although the jumpers were not purchased, the
rectification due to multiple fanlts in the systemn could not have been performed in only one
campaign. Although, being prepared to repair multiple faults is unlikely to be cost effective,
consideration of repairing all odes of failure should be given at the planning stage.

SECTION 3 — A CLOSE LOOK AT THE DESIGN

Section 1 discussed the complex diagnostic process required to find an IR fault in an electrical
systemn. This section of the paper will look in detail at some aspects of the design of these
fields that complicated the diagnostic process.

Nevis

The design of the electrical system at Nevis is typical and widely used in the subsea industry.
Allhough diagnosis and repairs were performed on the electrics, the system could have been
designed better had it been designed considering that electrical faults could develop during the
life of the field.

Diver Access to the EDU inside the SDUT

The SDU distributes electrics, hvdraulics and chemicals to 11 wells; although it was
origirally designed fo serve 10 wells. The divers were located at this location for the majority
of the campaign time, performing electrical ests on the umbilical, the EDUs and each branch
of the system to the wells, The IR testing was performed using a test downline from the DSV
(refer to Figure 1.1.6). For safety reasoms, during IR testing, the diver would have to locate
himself $m away from the connections tested, this meant that for every connection the diver
had to ¢limb into the structure, locate the conmector to be tested, connect i 1o the fest
downiine from the diving support vessel, clear the structure and wait for the test to be
completed prior to re-entering the struciure, This operation took between 10 and 15 minutes
for eack commection. Inside the SDU the diver was required to perform over 60
connections/disconnections.

Figure 3.1.1 is a photograph of the SDU before deployment. The two retrofitied EI2Us are
installed in the middle of it, as shown in the plan view Figure 3.1.2. The diver has to climb
into the protective structure to access the units for gach test.

Bulk Head Connector versus Diver Locking Mechanism

At the EDUs, the diver had to use an Allan Key to unscrew all the connectors. Figare 3.1.3
shows the EDU assembly. Marine growth and lack of space between each of the connectors
lengthened the time required to disconnect and reconnect.

To connect a right-angle conmector to the downline connector, a bolt and a nut were also
required. This process can be simplified ¢ither by using pressure-balanced connectors such
that the diver need only to stab the two connectors together (held by a set of latching kevs), or
using a diver-matable connector, which only required the diver fo turn the mamual hand-tight
nut. In this case the deqlgner was limited sinee the EDUs were retrofits and they had to be
compatible with the current jumpers connectors.
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Figures 3.1.4, 3.1.5 and 3.1.6 above illustrate the difference between the bulk head connectors
which require serews 1o hold them engaged and a standard diver-matable cormector which is
kept engaged by the locking thread.

Combined Electric Jumpers with Hvdraulic or Chemical Jumpers

Compaonents “F” and “(” shown in Figure 1.1.5 are jumpers serving both electrics and
hydraulics to the wells and terminated with single stabplates. Due to this arrangement, the
electric-hydraulic jumper bundle needed to be discounecied to allow testing during the
diagnosis wark. To compleie this operation, the hydraulics had to be isolated and the wells
shut-in, resulting in production losses. Most of the diagnostic work performed on only
electrical lines did not require isclation of hydraulics so the field could be fully tested whilst
still producing.

The SCMMB to Tree Stabplate Fumpers (Components "C" and “D”)

The design of the clectrical jumpers that serve the SCM, ie comnecting the receiver tree
stabplate 1o the SCM via the SCMMB (Componems “B™), assumed full reliability of the
compoenents. These have proved to be the most problematic, however it was belfeved that
replacement was not going to be required during the life of the ficld, whereas, in fact these
jumpers are difficult to install onshore, The design of this section of the system had several
negative points:

¢ Very little access underneath the SCMMB inside the tree for a diver to position himself
Underneath the SCMMB, the connectors were all packed closely together not allowing
sufficient space between the cables joining the connectors (refer to Figures 3.1.6 to
3.1.9), Figures 3.1.14 w 3.1.16 show the diver struggling to pass the connector within
the pipework. In certain instances he had to spread apart the pipework with his hands
being careful not to permanenily damage the hydrautic system

. The welded hydraulic pipework had to be routed on top of the connector from the centre
of the SCMMB (refer to Figure 3.1.18)

+  The size of the screws used was not ideal for any normal diving intervention. Figure
3.1.9 displays the screws packed together. Figure 3.1.12 shows the tool the diver used to
unscrew the connectors

. The earthing strap required by each of the connectors was very small and hard to access
for installation and removal. Figure 3.1.19 shows the diver strupgling to connect the
earthing strap

. Insufficient space was allowed behind the swabplate 1o connect and disconnect the
connectors (refer to Figure 3.1.18)

L] The stabplate needed to be rigged to the tree to ensure it would not fhll when
disconnected. In this case, longer cenire bolts would have aliowed the diver to either
disengage the stabplate without having to rig it, or completely remove it, when
performing elegtrical testing

The above sequence fllustrates the disconnection of a connector from the SCMMB,. The diver
struggles 1o undo the small screws and manoeuvre the connector out between the pipework.

‘The above sequence illustrates the disconneetion of the connectors at the tree stabplate. If is
important to underline that in order for the diver {0 be able to disconnect the right bottom
corner connector, the diver had to remove the left and right top cotnectors first to allow him
access to the screw {refer to Figure 3.1.26}, This configuration, having twe connectors on lop
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of another two connectors, with limited space fo access the screws between the two rows, I8
not ideal. In fact, it cases where only the bottom line eonnectors need to be replaced, the top
row of connectors will have to be removed to create space for the bottom row, incurring lost
tirne.

The Combined Signal of the SCM

During the initia]l 5-day diagnostic campaign it was found that each time a signal line was
reporting & Jow IR, the redundant line was also showing a low [R. This generated suspicion
sirce the values rcad for Line A were almost identical to Line B. This situation resulted in an
unrecessary SCM change-out at Well #10. In fact, when testing subsea through the signal free
jumpers {Component “C™) with the SCM connceted, both lines were showing low IR, It
therefore seemed logical that the fault would be located in the SCM. When the SCM was
tested on the vessel by inserting a blanking cap on one of the two signal lines, it was found
that the SCM was healthy and therefore it was concluded that the signal lines had to be
connected in the SCM. Thereafter the manufacturer explained that the ¢lectrical wiring in the
SCM connected Signal A to Signal B but that the system would function if one line failed
completely. This was due to a series of resistors in the internal wiring, which guaranteed
protection in case of & short cirenit. This problem underlings the importance of verifving the
design details f the equipttient and using detailed documentation when preparing a diagnosis
prograi.

The Original Flectro-fyydrautic Distribution Unit

The first electric distribution unit, installed at Nevis in 1996, was a single, oil-filled chamber,
combining the two powers and two signal lines. This design reduced the redundaney of the
system. Also, this unit distributed the hydraulics to the fleld; in the untikely scenario of
catastrophic failure the field could have lost both clectrics and hydraulics. The unit was not
retrieved to minimise intervention costs. At the presenl time the original electro-hydraulic
distribution unit Is still operational and serving the hydraulics to the entire fleld.

Grawein

The Gawain example is different from Nevis because in this field, nat only was the Gmbilcat
Termination Distribution Assembly {[UTI3A) not designed for diagnosis and reparability, but
the desipn of redundancy was minimal {refer to Figure 1.3.2 and 3.2.3).

Redundaney Design Problems

1. The use of a quad comnneclor for the lermination of the umbilical gave rise to the
possibifity of & single point of failure, therefore removing redundancy, The two service
Lines A and B wers ferminated in one connector ouly, Failure of this connector would
have brought down both lines at the same time (refer to Figure 3.2.41.

2. Only one EDU was used to distribute botk Line A and Line B, The redundancy in the
system is again taken away. Figures 3.2.1 and 3.2.2 show the electrical schematic and the
physical shape of the EDUJ,

3. Superimposing power and signal nol only reduces the amount of subsea facilities in terms
of jumpers and EDUs but alse decreases the redundancy of the system. Loss of Power A
automatically means loss of Signal A. In many cases the Master Control Siution (MCS)
can communicate with the 8CMs throngh poorly insulated signal lines.
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Design Problems for Diagnosis and Repairs

1. The umbilical was terminated Into a quad comnector without accommaodating for any slack
in the cable inside the UTDA (refer (o Iigures 3.2.1 and 3.2.8). By turning the locking
nut, the diver ¢ould have potentially damaged the connector during removal because the
repelling foree between the two mating parts of the connector would have acted on the
comnector gland. This could have potentially damaged the termination in the connection
body (refer to Figure 3.2.4),

2. Another fundamentsl problem raised by the lack of slack in the cable concerned the re-
termination of the umbilical in case the connector required replacement. In order to re-
terminate the connector, at least 150cm of cable was required, In this instance, once the
umbilical had been recovered to the vessel and the faulty connector removed {most likely
at the comnection), there would not have been enough cable o perform 4 re-lermination
with a new connector, and it would therefore have required a full umbilical sphce further
up from the TUTDA. '

3. Access to disconnect the connector from the EDU, as shown in Figures 3.2.7, 3.2.8 and
3.2.9, is extremely limited.

The UTDA housed the EDU. Although the manufacturer designed the EDU to be removable
for replacement, the diver access was very limited and the actual removal of the EDU would
have been 4 complex and fime-consuming operation,

Figure 3.2.7 shows the quad conneclor that needs to be disconnected to identify the location
of the fault. This guad connects the EDU to the umbilical. Access to the connector is
obstrueted by the chemical and hydraulic piping inside the UTDA,

To understand the feasibility of disconnecting the connector and what problems may arise, a
mock-up wooden Umbilical Termination Distribution Assembly was manufactured. The test
results showed that sufficient bend could be forced on the cable to make the disconnection. A
tlamping mechanism, to be mounted by the diver, was designed in order to minimise cable
movement inside the ¢onnector, This would protect the cable seals and the clamping
mechanism within the plug connector gland (refer to Figure 3.2.11).

SECTION 4 — DESIGN FOR IHAGNOSIS AND REPARABILITY

The following section aims 1o stimulate thinking on possible ways to improve the current design
of subsea electrical architectures, based on the lessons learned within 2 years of troubleshooting
on the small number of subsea systems described within this paper, The guidelines and-
suggestions made in this section need to be considered on a case-by-casc basis when designing
new fields and they are not intended to be mandatory for furure subsea electrics designs.

When desipning new electrical field architecture, regardless of water depth, several issues
should be given consideration to ensure that the field will operate reliably and will be
intervention-friendly in case of failure:

1. Reliability of the electrical components. Strict Quality Assurance (QA} and Quality

Control {QC} system must be ensurcd.
2. A *True” redundant system should be designed and implemented.

18 FO04/002:2004



3. The field should be designed with intervention-friendly features, although this needs to be
balanced with additional failure points and increased complexity.

4. Design for diagnosis. Operators should promote innovation in the design of electrical field
architeciure if they want to find a better balance between designing to minimise the
intervention time, to optimise capital invesiment and to minimise the number of failure
poinis.

5. Research ¢fforts should be made to design imtelligent diagnosis systems, which are able to
identify the location of the faulty components without extensive and costly subsea
intervention, or any reduction in the overall reliability of the system.

Reliabitity of Electrical Companents

The reliability of the electrical components 1§ paramount in subsea applications. The more
reliable the field, the less diagnosis and intervention will be required. When sclecting
manufacturers and their electrical components for assembling systems, it is important that ail
possible efforts are made to guaraptiee the reliability of the system chosen. This paper has
discussed the consequences of the particular instance a few years ago where QC and QA were
not given what is now considered to be the correct level of attention. This resulted in
component failures and high costs rectifying these problems. Control system supplicrs and
aperators should not only fully adopt the recommendations of the electrical components’
manufacturers, but also challenge their standards and practices, From the information
gathered for this paper, it seems that today it is not common practice to have experienced,
qualified Quality Inspectors witnessing the termination of elecirical connectors because
operators tend to assume that this s a well-known process which has becn done many times
over the years, [he criticality of terminating a connector should be regarded as very high and
the cost of well-trained inspeciors to ensure that the proper process, and a proper level of
testing, is performed is very low when compared to the cost of failure.

Ensuring “True” System Redundancy

Generally the beginning of the project, when the conceptual design is laid down, is the best
time to analyse redundancy requirements and understand how the electrical architecture
should take shape in the detafled engincering phase. Gathering information from leading
subsea control system suppliers, # would seem that the industry tends fo design pood
electrical systems with the right level and type of redundancy. However, as the project moves
inte implementation and capital cost reduction starts, the industry should try to avoid any
temptation to cuf redundancy and minimise the number of components in order to reduce
costs. Potentially, this practice could cost significant intervention time in the future.

A “True” redundant system should be 2 system that carries at least two signal lines and two
power lines from topside souree to each of the wells. It is not sufficient to insiall two lines in
the umbilical if these lines are then unified, either in the clectrical distribution unit, cotnectors
or instde the wiring of the control modules, An example of this is the Gawain svstem, which
is not a truly redundant system because the failure of the umbilical connector {quad) or the
EDU would cause both redundant lines to fall at once, Therefore it is critical that redundant
lines are maintained separate throughout the whole field design. As part of the rectification
strategy for (awain, a new EDU was purchased. This new EDU was based on individual, oil-
filled jumpers. This design was specified mainiy 10 reduce manufacturing lead-time and
potentially lower the probability of losing the whole systemn at once in case of a compenent
failure. The new EDU swas initially designed as ilustrated in Figure 4.2.2, where a 1 atm
splitter box served the first three wells and the second box served the remaining. The design
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wag then changed to have each of the 1 atm splitter boxes serving Ling A or Line B; this kept
the lines separate ensuring that if 4 failure cccurred in one of the 1 atm splitter boxes, the
other would continue to serve the svstem. The final design is illustrated in Figure 4.2.3.
However, this design could not remove the problem of lack of redundancy with the quad
connector. Note the extension jumper on the left inside of the drawing - - this was purchased 1o
make up for the lack of slack in the umbilical tenmination.

Designing for Intervention

Although operators should always try to ensure the highest standards of quality assurance and
quality control in order to assure the highest reliability, and they also should consider ensuring
that a proper [evel of redundancy is included in the design; they should not overlock the detailed
engineering for post-commissfoning intervention. Although it should not happen, it is possible
that intervention within the electrical system will be required during the life of the field,

The following paragraphs suggest some high-level concepts which promote ease of
inmtervention.

Power and Signal Interchangeability

Analysing the design of the fields in this paper, it seems that when separate lines are used io
supply power and signal, the screening of the power conduetor is left un-terminated, since it is
only required on the signal lines. This is done to reduce induced electrical noise from the
power conductors to the signal conductors. Power and signal conductor sizes are chosen o
accomumodate the offset distance, the worst-case, subsea power loading and the acceptable
signal attenuation for any given project. However in some cases, the signal conductors have a
different cross-sectional area than the power conductors, This {s often specified in order to
reduce costs but also to avold confusion hetween the two lines at the first installation phase,
since at commissioning time misplacing the power with the signal can have catastrophic
consequences. For the above reasons, the power and the signal are not interchangeable, IF the
two are made the same, and subsea failure ocours, in certain cases the time to repair can be
shortened by swapping conneclions subsea without requiring lengthy fault-finding.
Interchangeability needs to be carefully managed at first hook-up but this feawre could
deliver good results for minimal effort and costs.

Note: Communication on the Power Systert may or may not have sercens. In this instance
the issue is cross-talk between channcls. In all cases if sereens are used in the main wmbilical
they will be earthed ar the surface and only electrically-isolated subsea. It is now usual to
screen infield umbilical power and signal cables, but if deemed necessary this can be achieved
vig additional connector pins,

Diver Access and Position of the Components

An adequate level of access 10 each of the components should be considered. The designer
should go through a rigorous process of visualising each of the components and thinking that
the diver or ROV has te be able to access them for intervention or diagnosis. Operators and
designers should consider avoiding the assumption that the electrical components will be
reliable for the life of field; in Nevis and Gawsin erroneous assumptions of reliability
prompted the design of a soparate SCM and SCMMB which congested pipework and made
electrical cable non-diver friendly. The position of the SCM and SCMMB should alse have
been planned for intervention. Today the industry has made great advances in SIT practices to
ensure that ROVs are able to access all the areas required for the installation and operation of
the tree or manifold; has the industry thought about SIT for repairs?
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Tyvpe of Connector, Sizes of Screw and Interface with Hydraulics

For diving applications, diver-matable connectors should be used as muck as possible,
limiting the number of screws which complicate an infervention process. In cases where
bulkhead connectors cannoet be avoided, as in the example of stabplates, diver-friendly sized
screws and the relative position of the connectors on a plate should be accurately specified,
Electrics should be kept as far apart from hydraulics 4s possible to ensure that no unuecessary
hydraulic fsolation or pipe removal is required when intervening on clectrical components.
To implement the above, designers should consider balancing the size of the SCM in order to
accommodate more generous spacing.

Design for Diagnosis and the Balance between Initial Capital Tnvestment, Reliahility and
Intervention

‘Faking a close look at the design of current typical FI3Us , it can be found that most designs are
hased on comnecting the “well branches” (refer to Figure 1.1.5) of the system in parallel. As in
the example of the Nevis EDU, which is & common design for many subsea flelds in the
industry, it was required to test all of the branches one-by-one, going in a circle around the
EDU, in order to find which branches were faulty. It is possible to minimise the number of tests
by designing the EDU based on a ¢ascade arrangement (refer to Figure 4.4.1). With a cascade
arrangement, it is possible 10 jocalise the fault a lot faster, in fact it is possible to exclude half of
the field components with a first test, with a second test, another quarter of componenis are
excluded, The downside of this approach is that the number of connectors required to serve 12
wells significantly increases. Increasing the number of connectors, increases the number of
failure points, the initial capital Investment and the complexity of the electrical architecture.
Although, this design is a valuable theoretical solution 1o decrease the time required (o diagnose
a complex field, It may not be practical for the reasons above therefore the importance of
ensuting reliability through QA/QC should not be undermined. The use of this approach should
be considered on a case-by-cuse basis, aller a detailed costs benefit analysis has been conducted.
Considering that the probability of an IR fauit occurring should be minimal if quality control
pracedures and rigorous testing are strictly adhered to, it is suggested that the right reliability
halance is found. Adding only one extra connecter reduces the time for diagnosis by half; after
this the law of diminishing returns applies. Depending on the field size, it should be possible to
define an optimum cascade level, Regardless of the EDDU design chosen for the field, the
designer should consider allowing for possible future inlerventions.

Figure 4.2.4 and 4.2.5 represents a comparison between a cascade electrical architecture
arrangement and the common parallel electrical distribution arrangement,

Research for the Future

Today a lot of money is invested In improving the reliability of subsea connectors and the
development of fibre optics and high power connectors, Although the current subsea
connectors are a lot more reliable than some years ago, they still fail. The industry should
consider investing resources and applying innovation in developing a systemn for intelligent
diagnosis, which would aliow remote identification of the components that have failed or are
about to fail in a complex clecrical architecture. The costs of troubleshooting a complex
architecture using the conventional method of testing individual components can be
prohibitive, even without considering the impact of production downtime. In deep-water
development, conventional methods may not be possible.
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There are several areas to be considered in which more efforts and resources would be of
benefit. This paper {ists three;

1.
2

3

The use of 4 subsea robotic “clectrician™.

The use of subsea intelligent diagnosis toals to locate faults. Diagnosis equipment located
subsea,

The use of subsea electrical switches in order to isclate a sepment of the svstem to allow
fault-finding by exclusion,

Using a Subsea Robotic Electrician

For deep-water, IR investigation, the industry has used a subsea robotic “clectrician”. This
is a stand-alone unit, which contains an IR testing capability attached to an ROV, The
ROV disconnects each of the components 1o be tested, and tests them individually using
an ROV-mounted, subsea megger. This approach is the same one used during the Nevis
investigation deseribed earlier, the difference is the use of an ROV versus a diver, It is
easy to imagine that this process can be very time-consuming, given that ROV flexibility
is much lower than that of & diver.

Figures 4.5.1 shows the subsea rohotic eleciriclan used for rectification of decp-water
elecirical problems.

2. Using a Subsea Intelligent System

The following are concepts that require further study and their feasibility should be

assessed in order to provide remote diagnosis capabilitics:

» Install & diagnosis unit on each tree, This unit should be stand-alone and separate from
the SCM, to avoid loss of functionality in case of SCM failure, In case of failure of the
uzit itself this can then be substituted without changing the SCM which would also
require field shutdown

» The diagnosis unit should be designed to take power from not only the system (ie
power lines that supply the SCM} but also from a hot stab source (ie ROV) allowing
diagnosis to continue

*  With more research, it could potentially be possible to determine which component
has failed in the system {f SCM and IR tests can be performed from every tree
location. Looking at the polarisation of the conductor versus time, which could be
used as a distance indicator, the location of the fault in a component gould be
identified

« [ should also be possible 1o determine the location of the faults in the system by
running multiple TDR traces from different locations within the systern. This principle
is based on having & TDR instrument 4t each tree with an appropriate scanning range.
The TTIR traces will indicate IR faults if the electrical wire that is tested is not split (as
in an EDUY. The data will be sent back through the main signal system, if this is
operational, otherwise through the ROV hot stab

As an alternative to the suggestions above, which would allow for continuous “intelligent”
monitoring of subsea elecirical facilities, a simpler solution of installing only a wired hot stab
on each tree, where a downline can be conneeted, should be considered for passive
monitoring,
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3. Using Subsea Switches

Agcording to a leading subsea control system supplicr “on long offset development, where
step-down transformers are used, it is possible to use an “intelligent” distribution system
where cach output leg features remote on/off control from the surface, output current
monitoring with automatic shutdown and an LIM, again with automatic shutdown, monitoring
the leg as far as the isolation tramsformers in each SEM™ The use of this technology is
currently under review. Adding subsea switches 1o the system would allow the platform
operator to fully diagnose the system from the plarform, however the number of components
instatled subsea increases the complexity and the cost of the system, while also increasing the
number of potential system failure modes.

CONCILUSION

Today's field electrical architecture desigrers should consider the probability of component
failure in their design. They should consider designing fields without assuming full reliability
of subsen electrical components, even though these components are now standard technology
and are the result of vears of rescarch and development. From the learning acquired during
the recent years of operation in the North Sea, #f is evident that for future subsea
developments, some attention should be put into the following areas:

The importance of strict QA and QC is parsmount when dealing with subsca clectrical
components. The initial low-cost expenditure of ensuring that termination and componernts
used are of the highest integrity and specification is the key to success in the reliability of
subsea electrival architecture throughout the life of the flield I is supgested that
highly-trained quality inspectors are used to witness all of the lermination and testing of new
clectrical cable in order to guarantes that components are assembled to manufacturers’
guidelines and recommendations,

Redundancy should not enly be specified at the beginning of the project, but also maintained
if cost/benefit analysis justifies it during the entire life of the project phases. The right level of
redundancy and redundancy-flexibility can prevent complex and costly interventions, In
particular, decp-water developments cannot afford significantly high opex exposure and
significant loss in revenue because they are not repairable. These costs can be offset by
relatively minimum capex investment at the design phase of the projects, with expert
engineering resources. Increasing redundancy in the system might not seem such a small
investment a1 first, when in complex field architectures the number of components can grow
tremendously, but if the consequences of electrical failures are analvsed on a total system
costs basis, the later intervention cost and loss of revenues should justifv it for green field
developmenis. However, this philosophy can be difficult to implement on marginal fields
development, where initfal capex expenditure Is extremely sensitive, For both examples, case-
by-case basis studies should be undertaken,

Designing the detail of the architecture 1o allow for diagnosis and reparability should be
considered. This includes choosing the right type of “intervention-friendly™ components and
positioning the elements for ease of access, However, it is not recommended that the
complexity of the system is increased too much in order 1o cut the intervention time because
invreasing ihe number of componems will increase the likelihood of electrical failure and the
degradation of [R. Tt is suggested that the system engineer aims for a system where each of
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the electrical components is repairable withoul having to pull the entire subsea assembly (te x-
mas tree or manifold) out of the water.

With today’s deep-water developments and extended-reach fields producing directly to
onshore facilities, commitment, focus and resources are required in order to develop new
concepts for diagnosing and identifying the faulty components remotely without the need for
any subsea campaign.
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Figure 1.1.1 - Nevis Field Schematic TDR Trace for Signal A & B Lines
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Figure 1.1.6 - Nevis Testing Dowsnline
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Figure 1.1.7 - Rectification of the Tree jumpers.

Figure 1.1.8 - Modified SCM
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Figure 2.1.2 Electro-hydraulic Jumper Bundle Component *F"

Figure 2.1.3 Tree Signal Jumpers Component “C”
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Figure 2.1.4 Tree Signal Jumpers Component "
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Figure 2.1.5 Insert Assembly Section Drawing - No housing shown

Fig 2.1.6 Conaector orientated at 80 Deg. on the vice,
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Fig 2.1.7 Traces of solvent on insert top plate

Fig 2.1.9 Not removed Flux, Black Line

Figure 3,11 The Subsea Distribution Unit
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EDLs

Figure 3.1.3. Electrical Distribution Unit

Figure 3.1.4 Typical Bulk Head In Line Connector
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Figure 3,1.5 Typical Bulk Head Right Angle Connector

Figure 3.1.6 Typical Diver-matable Conpector

Figure 3.1.7 Restricted Access underneath the SCMMB

Figure 3,1.8 Obstructive Pipework
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Figure 3.1.9 Connector detail, Limited space and small screw

Figure 3.1.10 Restricted Access at the Tree Stabplate

Fignre 3.1.11 Tree Stabplate Close-out

Figure 3.1.12 - Diver Tool for Connector screws
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Figure 3.1.13 - Diver uuserewing connector

Figure 3.1.14 -Diver Removing Connector

Figure 3.1,15 - Diver bending pipework

Figure 3.1.16 - Diver maneuvering connector through pipework
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Figure 3.1.17 - Diver Inserting new connector

Figure 3.1.20 - Diver locating connectar to remove at Stubplate

FOC4/302/2004



Figure 3.1.21 - Diver using bend tool to unserew the connectors

Figure 3,1.23- Diver unserewing right Corner Connector

Figure 3.1.24 - Diver Removing right corner connector
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Figure 3.1.25 - Diver unscrewing bottom right connector

Figure 3.1.26 - Diver removing bottom right connector

Figure 3.1.27 - Preparing new connector

Figure 3.2.1 UUTDA Top view
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Figure 3.2.2 UTDA Side view

Figure 3.2.3 Isometric UTDA
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Figure 3.2.4 Risk of Damage Termination
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Figure 3.2.7 Umbilical Connector inside the UTDA. Clase Up

“igure 3.2.8 Umbilical Connector, Pipe work obstruction

Figure 3.2.9 - Connector and Cable



Figure 3.2.11 Diving Cable Clamp
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Figure 4.2.1 - The New Replacement Gawain EDU
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Figure 4.2.2 - First Draft of the Gawain KU Design
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Figure 4.2.3 - Gawain EDU Final design

Figure 4.2.4 Theoretical Representation of Cascade Well Arrangement
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Figure 4.2.5 Standard Electrical Distribution Configuration

Figure 4,3.1 - Subsea robotic electrician mounted an the ROV
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