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Solar powered cathodic protection systems

The use of solur power in cathodic protection systems for
pipeline installations is now established as a viable practice,
particularly in North Africa, the Mid-east and Gulf.

The presence of some major operational schemes demons-
trates that the approach has progressed beyond the purely
experimental phase.

One of the biggest recent installations is at the Sarir Field
in Libya. where Metal and Pipeline Endurance Ltd. has
provided a scheme worth close to £1m for cathodically pro-
tecting well casings and part of the main 300 mile-long 32
inch-diameter pipeline from Sarir to Tobruk.

140 Deepwell anode groundbeds

Supplied to the Arabian Gulf Exploration Company (Libya).
this scheme is of the impressed-current type.

The MAPEL scheme involved a total of 140 deepwell
anode groundbeds. These were installed in wells originally
bored to provide water for drilling. but no longer in use.

Each groundbed consists of a number of silicon iron
anodes, and is energised by its own 32ft.’ multi-panel solar
array and a 2000 ampere-hour lead-calcium battery bank
providing a ten-day operating reserve. The cp station is thus
self-contained and automatic, requiring no external power
supply and virtually no maintenance.

Solar energy is collected by silicon photo-voltaic cells and
converted directly to electrical energy, which is stored in
batteries specially designed to meet continuous powér
demand. A charge regulator limits the output voltage from
the array to prevent battery overcharging.

Each array contains a number of-solar cells mounted on a
galvanised steel framework engincered and weighted to with-
stand wind gusts up to 150 knots and clevated to ensure
adequate clearance of winter floods. ’

The panels face due south — to ensure they receive max:-
mum sunlight intensity — and are angled at 54 degrees, an
inclination determined by computer studies. Among the
features incorporated into each installation are a blocking
diode to prevent battery discharge back to the arrays in weak
light, and protecting’ circuitry to guard against lightning-
induced surges.

In addition to the well casings, the scheme protects some
flowlines at lower current levels — by applying rheostat
current control facilities across the insulated flanges — and
extends from the Sarir end of the main pipsline approxima-
tely 150 miles north to the new booster station. The pipeline
from the booster station to Tobruk — a distance of about
150 miles — is also protected by MAPEL cp systems, eleven
solar-powered stations having been installed on the route in
advance of the Sarir Field scheme. The entire. facility, frem
the Field to the Tobruk terminal, is thus cathodically pro-
tected by ‘solar’ installations. )

Benefits

As well as conserving cnergy, the scheme solves the pro-
blem of providing electrical power sources throughout the
Sarir Field and in particular the main line carrying oil to the
Tobruk terminal. The pipeline previously utilised thermo-
electric generators (ten stations over :he final 120 miles to
Tobruk) but these necessitated much time and travel in
inspection, servicing and maintenance, and were not noted
for their efficiency or reliability.

Another advantage is that the scheme can be left unat-
tended for long periods. Solar-powered ¢p installations have
no moving parts — they are composed principally of semi-

One of the Mapel solar arrays.

conductors — and require no fuel or lubrication. The panels
are cleaned naturally by rainwater and the batteries need
topping up no more frequently than every one to two years.

THE PROTECTION OF SUB-SEA PIPELINES
Continued from page 11

tar coatings for the protection of sub-sea lines at their highest
operating temperatures.
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Figs. 2~7. Fouling of non-toxic, empty-matrix paints after 21 days exposure in running seawater.

Fig. 2. The heavy silt layer, referred to in Table 1, filamentous microorganisms, a diatom chain (D) and the paint sur(ace (PS) can be
seen. Fig: 3. Diatom chains (D) and bacteria (B). Fig. 4. Bacteria have produced sheet-like adhesive {arrowed) which anchors the
cells to this relatively uneven paint surface. Fig. 5. These rod-shaped bacteria have produced small amounts of adhesive (arrowed).
Fig. 6. Swabbed area: all the fouling has been removed. Fig. 7. Swabbed area: the silty fouling layer has been removed, but not these
ba:teria which were lying in a slight depression in the paint surface. ’ :
(Bar markers, Figs. 2 and 3: 100 um: Figs. 4-7: 10 um) :

Botanica Marina / Vol. XXIV / 1981 / Fasc. 4
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Figs. 8-13. Fouling ot the toxic paints aftes 21 days exposurc in running seawater.

Fig. 8. Cu;0 paint: the almost continuous, sheet-like nature of the bacterial/adhesive-polysaccharide fouling layer is apparent.

Fig. 9. Detail from Fig. 8: the Lacterial/polysaccharide (BP) laver lies in close contact with the paint matrix (PM). Fig. 10. TPTF
pafit: this bacterial colony has not produced much adhesive material. Fig. 11. TPTF paint: these bacteria have produced some thin
strands of adhesive materiai (arrowed). Fig. 1. Swabbed TPTF paini: almost all the fouling has been removed. Fig. 13. Swabbed
Cu,0 paint: some adhesive material and embedded bacteria still remain attached (arrowed).

(Bar markers. Figs. 8~13: 10 um)

Botanica Marina / Vol. XXIV / 1981 / Fasc. 4
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Table 1.

EXPOSURE TESTS OF FOUR PAINL SYSTEMS ON THE US. DEEP WATER TEST S4TE AT

FORT LAUDERDALE, FLORIDA

Twelve steel (52) panels, measuring 15 x 15 x 0,4 cm, were grit blasced

until SA3 of the Swedish scale (SIS 055300~1967). These panels, three

at a time, were coated with the following paint systems:

system 1:

system 2:

system 3:

system 4:

0f each paint system:

- one panel was exposed on the test site as such

- one panel has been given a score of about 10 cm length,
paint system on to

~ ane panel has been

a sacrificial zinc anode.

-128 -

the steel substrate, before exposition

one coat zinc rich epoxy primer 25 um
one coat iron oxide epoxy sealer 25 upno
two coats coal tar epoxy, 200 um per coat 400 pm
one coat vinyl resin sealer 25 pm
two coats cuprous oxide contact leaching

a.f. paint (US. spec. 121), 50 pm per coat 100 um
one coat iron oxide epoxy sealer 25 pm
two coats coal tar epoxy, 200 um per coat 400 um
one coat vinyl resin sealer 25 pn
two coats cuprous oxlde contact leaching

a.f. paint (US. spec. 121), 30 um per coar 100 pm
one coat zinc rich epoxy primer 25 pm
-three coats two component polyurethane

tar, about 130 pm per coat 400 pm
one coat vinyl resin sealer 25 um
two coats cuprous oxide contact leaching

a.f. paint (US. spec. 121), 50 um per coat 100 um
three coats two component polyurethane

tar, about 30 pm per coat 400 am
one coat vinyl resin sealer 25 pm
two coats cuprous oxide contact leaching

a.f. paint (US. spec. 121), 350 um per coat 100

through the

scored and furthermore cathodically proctected by
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= Dr. D.J.Crisp. Marine Science Lab., Gwynedd, U.K.
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s 1 Adhesion of byssus pads of Mytilus edulis (W30 D to solids of
different surface erergy (from Young, 1981)

Surface Force for 50% detachment Critical surface energy
N M2 N M
4 -3
Slate 56 x 10 (Feb) Av100 x 10
4
85 x 10 (June)
4 -3
Glass 32 x 10" (Feb) ~ 50 x 10
4
75 x 10" (June)
4 -3
Acetal 11 x 10 (Feb) ~ 40 x 10
L 4 -3
Paraffin wax 2 x 10 (Feb) ~ 31 x 10
4 3
Polytetra- 1.3 x 10 (Feb) ~ 18 x 10
fluorethylene
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SYNOPSIS

Animal Fouling

Dr, K.S, Goodman, British Petroleum, Environmental Control Centre

Dr. R. Ralph,  Offshore Marine Studies Unit, University of Aberdeen

Regular surveys of the marine growth present on the Forties platforms
(central North Sea) have indicated the presence of four basic fouling
commnities which change with increasing wate: depth:

1) The mussel community - principally composed of the blue ,
mussel Mytilus edulis with a number of associated organisms
such as starfish and anemones. This community type is = .
distributed between O' and approximately -100' although small
clumps of mussels have been recorded at much greater depths,

2) The hard colonising community - composed of severil tubeworm
species, both solitary and colonial, together with other forms
such as barnacles and saddle oysters., This commmity type
develops rapidly on newly installed jackets and on Forties is
distributed between the bottom of the mussel zone and the
mudline with maximum abundance and complexity being found
between -100 and -250 feet, After two to three ycars the hard
colon%sers are progressively overgrown and replaccd by community
type (3). : :

3) The soft overgrowth community - forms an extensive turf-like
layer composed of large numbers of hydroids, encrusting
bryozoans and sponges, Its distribution closely parallels
community type (3) which it rapidly overgrows,

4) The deep-water community - below -250.feet marine growth is
increasingly dominated by characteristically deep water species
including barnacles, seasquirts and bryozoans,

. Of the 60 or so species which have been recorded on the Forties jackets,
the great majority consists of small forms such as hydroids, bryozoans
and solitary tubeworms which have reached or which are approaching
their maximum attainable size, Together they constitute a complex
fouling turf which rarely exceeds 5S5cm in thickness, However, several
'key' animal species having large individual and/or collective size can
be identified; these are primarily responsible for the large increases
in fouling thickmess which have been observed on parts of the Forties
jackets, ‘

The present paper reviews selected aspects of the biclogy and ecology of

each key species and discusses how this information may be relevant to
engineering and inspection personnel,
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PLANT FOULING

DR.. B. MOSS
DEPARTMENT OF BIOLOGY
NEWCASTLE UNIVERSITY

Coastlines bordering the North Sea are covered with dense
growths of a rich variety of seaweeds or marine algae..

01l platforms are located many miles offshore in very
exposed environments.

Relatively few species of marine algae have colonised them
and like all plants, marine algae require light for '
growth and so they will colonise offshore structures only
throughout the photic zone, while animals are able to
settle and to grow at greater depths. The lower limit of
the photic zone will vary with the locality. Recently
Clokie et al. (Ref.l.) have recorded a red crustose alga.
from a depth 0f. .96 m off the Rockall Plateau and this is
probably around the lower limit at which plant fouling

is likely to be found in the North Sea.

B) =y rao—v 3Ry
Dr. Ghanem (= Y7 +) {2 [HR %8 U TOHREREICNT 2 8 EHENCH T % “Corrosion Map " %
51 %HELTHCLICHEL, Dr. Ghanem DRFEOMEL ~THREM T EN -2 C LiCD& | FEMICRETD
AN RHELE UIBIEOERH ~1c, CDORBICHET S5 —< b COIPMOMEANTIE E AT & Chairman, Dr.
Romanovsky itk Wr &7 b0 &bz, Map lEERO 702 27 b id BRI 703, REABEBNEAESE
STIRPE & 4072 I BB BRI Vol . 13, Na 2 TTBEEBRBICH O 2 MM OSER BR % v 27 20tk ] DK, &
BMICRT 28R DAHICOE, WHFLEBT, MEEL THELL, FHRNEICE D, BMAREOR O 120 TH B,
CNEWMETH, BEICHT 5 L4, #o THE DO marine atmospheric factor, %7k t °C, ¥/ e, pH, C
OD 4 corrosion CEBSLBIONELEZ LT, TV 7 PEPT S22 v b &L,

6.2 XRHER20ECOIPM#RETFE

BT = a—A ) — vz R

Bl 9 Hbfy . 1982
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