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Abstract 

Bio-fouling on underwater cables may lead to varied effects such as increasing weight, growing hydrody-

namic loads and distortions of the texture of the cable sheathing material. There is a shared recognition 

among experts that these effects probably influence the period of the underwater cable’s life-time.  

It is also known that local conditions of the aquatic environment are important regarding the number and 

distribution of marine species. Therefore it is important to take into account that the result of an analysis of 

marine bio-fouling may vary according to the aquatic conditions. The rule is that the lower the gradient of 

salinity the higher the biodiversity.  

The local conditions of the south-western Baltic Sea are well known for both the high gradient of salinity 

and the poor biodiversity. But, the species living here are generally robust. This also applies for bio-fouling 

organisms. 

To obtain information on the relation between different cable sheathing materials and bio-fouling organisms 

living here long-term storage tests were done at a shallow water site during the period from September 2007 

to September 2008.  
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Introduction 

While adverse affects of bio-fouling on hulls of ships and submerged parts of offshore structures have been 

intensely analysed for decades (see Melo & Bott, 1997) and modern environmentally friendly, long lasting 

and anticorrosive antifouling coating are in use publications on scientific investigations concerning bio-

fouling on the surface of underwater cables seem to be rather rear. That’s a bit surprising because cables are 

one of the most important elements in underwater applications. Nowadays underwater cables are high-tech 

products based on many years of experience in the manufacture and development.  

Underwater cables are in use for the transmission of electrical power and the transmission of electronic sig-

nals. Regardless of the intended use underwater cables are usually applied in three different ways: 

1. as a part of a permanently installed technical equipment and fixtures, 

2. as permanently installed cables in multi-directional moveable underwater systems and 

3. additionally to its original task as a multi-directional moveable pulling system. 

As underwater cables are often installed for a longer period they are generally prone to microbial colonisa-

tion and additional forms of detrimental bio-fouling. Fouling in fact impacts the characteristics of the sheath-

ing materials of cables. Bio-fouling may lead to changes of material composition as well as electrical prop-

erties of the sheathing material and increases both the weight and the hydrodynamic drag of the cables.  

The present paper will give a short report on both methods used and results of underwater tests with differ-

ent sheathing materials on cables which were stored in the south-western Baltic Sea for approximately one 

year. The priority scientific objective of these long-term tests was to study the development of bio-fouling 

on different sheathing materials. This objective automatically leads to the question if there is a sheathing 

material which is less preferred as a substrate for marine microorganisms.  

As it was not possible to protect the process of growing of bio-fouling from predators like starfishes, crusta-

ceans, fishes and diving ducks, the tests allow a qualitative statement relating to the results,only. The authors 

are also convinced that these results could be transferable to such brackish waters which have got similar 

environmental conditions i.e. the same high gradient of salinity, same temperature and a poor biodiversity 

like several estuaries under tidal influence.  

These tests are part of studies which have been started to analyse the basics of ageing process of different 

underwater cables during their life circle (Koldrack, 2009 and Rudorf, 2010).  

  

Material and methods  

Study area 

The tests were done on the edge of an area which belongs to an artificial reef. It is located in a protected fish 

area of the south-western Baltic Sea. The project location is directly adjacent to the shore of the coastal re-

sort Nienhagen, approximately 8 km west of Warnemuende, the northern district of the City Rostock (see 

Fig. 1). The geographical position is 54°10.50’N and 11°56.60’E. 

This artificial reef was established in the 1990-ies. Since that time the reef has mainly been used for im-

proved research on fisheries and aquatic ecology by numerous scientists.  

The territory covers an area of about 50,000 m
2
. The water depth is between 11 and 12 m. The test rigs used 

as specimen holders for the cables were positioned close to the north periphery of the reef (see Fig. 2). As 

the artificial reef is at least 1.5 km away from the costal line and the current close to the coast flows from 

west to east any significant influences of the shore on the test results can be neglected. 

The advantage of this test region is the good accessibility, the improved infrastructure for scientific under-

water experiments and the immediate proximity to other scientists. 



European International Journal of Science and Technology            ISSN: 2304-9693            www.eijst.org.uk 

 

 

54 

Cable types and test equipment 

6 different types of cables have been selected for the tests. The basic structure of these cables was identical. 

Each of them was a collectively shielded cable with three leads and a length of two metres. The sheathing 

material made the difference, only (see table 1).  

The test rig used as specimen holders for the cables consists of two similar designed frames.  Each of the 

frames offers clamps to fasten 10 cables. Based on a different method of attachment 50 percent of the cables 

were in immediate contact with the seabed. The other 50 percent of the cables remained approximately 40 

centimetres above the sea bed (see Fig. 3). During the test period the cables were not electrically connected.  

The test had been done exclusively for a first analysis of bio-fouling on the sheathing materials under natural 

ambient conditions. The objective for the two different kinds of cable installation was to clarify, too, if the 

test procedure could influence the growing of biological individuals during the test duration of 350 days.  

These tests had been accompanied by regular measurements of salinity, temperature and oxygen content of 

the water close to the test rigs. The objective of these measurements was to get additional knowledge regard-

ing the real local conditions and their temporal stability which is also substantial for the interpretation of the 

scientific results in a wider content.  

The observation of the process of growing of bio-fouling and its documentation as well as the identification 

of the species was periodically done in situ by scientific divers. The use of a scanning electron microscope 

allowed expanded studies regarding the observation of micro organisms on the cable’s surface as well as 

small-sized structural imperfections of the cable sheathing materials. 

 

Test procedure 

The frames were installed on the seafloor on September 25th 2007 with a distance of approx. 3 m. At first 

the cable types “A”, “B”, “C”, “E” and “G” were mounted. The type “S” was installed later on December 

13
th

 2007. Two samples of all cable types were mounted on both frames.  

The first set of cables was demounted on April 15
th

 2008 just before the main period of biological activities 

started. The second set of cables was demounted in September 11th 2008. This concept enabled a reliable 

observation of both the rest and the main growing period of bio-fouling organisms on the surface of the ca-

ble sheathing materials. 

The handling of the test equipment under water i.e. installation as well as dismantling of the rigs, sampling 

of bio-fouling for subsequent laboratory analyses and the continuous under water photographs of the test 

rigs were done by scientific divers, only. 

 

Test results  

Environmental conditions during the test period 

It is a matter of common knowledge that the duration between sunrise and sunset as well as the average 

temperatures progress with the seasons. The sunshine duration varies in this area between 7.2 hours in De-

cember and 17 hours in June, see fig. 4. According to the sunshine duration the ordinary water temperature 

varies in the course of the year. The measured difference between temperature in winter season and in sum-

mer exceeded approximately 14 centigrade, see fig. 5. This tendency was expected. But, observations to date 

suggested that the local conditions in the test area can significantly change throughout the day, see fig. 6. 

Depending on the main wind direction salinity, oxygen content as well as temperature of the south-western 

Baltic Sea can substantially change within some hours. 

Results of the investigations 

Since the property of the surface of substratum may affect the formation of bio-films (Melo & Bott, 1997) 

the initial state of the sheathing materials had been analysed by scanning electron microscopy.  
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As seen in fig. 7 the five represented types of cable show a different initial state of their surfaces. While the 

surfaces of the cables “A” and “B” were rough the cable “C” had got a comparatively smooth surface. How-

ever, this type of cable (“C”) showed irregularities in the sheathing material which covered the whole cable 

sheath. The cable samples “E” and “G” contained a number of pores and imperfections. It seemed reason-

able to assume that the condition of the cable sheath could be significant for the formation of bio-fouling.  

The analysis of the progress of bio-fouling growing took place by scientific divers in different time intervals. 

Fig. 8 illustrates images from four dives which were carried out after 8, 29, 43 and 50 weeks the underwater 

investigations had started. 

These in situ analyses as well as the subsequent studies of the taken samples in the laboratory produced fol-

lowing results: 

1. The formation of bio-fouling depended to a high degree on the way how the cables had been 

mounted. The cables without any contact with the seabed showed a thick growth of bio-fouling. In 

particular, following organisms had been found: juvenile common mussels (Mytilus edulis), common 

barnacles (Balanus improvisus), diatoms (both Centrales and Pennales), sea firs (Hydrozoa), amoeba 

and bacteria. Those cables which were in contact with the seabed showed a poor growth of bio-

fouling. Only, juvenile common mussels (Mytilus edulis) had been found.   

2. A correlation between the roughness of the cable sheath and the formation of the bio-fouling has not 

been found. 

3. The chemical composition of the sheathing material has a significant effect on the growing of bio-

fouling.  Comparing the different results from cable “A” and “B” revealed that the flame retardant 

which was added to cable sheath “B” led to a time leg relating to bio-fouling. However, after 29 

weeks no difference had been identified regarding bio-fouling any more. Cable “E” showed an iner-

tial slowness like cable “B”.  

4. Results of further analyses by scanning electron microscopy showed (see fig. 9) that bio-fouling was 

not grown into the sheathing material after 29 weeks. However, it can be assumed based on some 

shots of the scanning electron microscope that especially barnacles may influence the sheathing ma-

terial if the cable will stay a longer duration in the water. 

5. The original diameter of the cables investigated was approximately 8 mm which, finally, grew up to 

60 – 80 mm because of bio-fouling after one year storage.  

 

Conclusion 

Data from scientific research at sea in order to evaluate the formation of bio-films on the surface of under-

water cables showed that bio-fouling will be largely prevented if the cables lay on or in the seabed. Cables 

with free flows around are a suitable substratum for bio-fouling. 

Test results showed that the analysed chemical additives to the sheathing material may delay growing of bio-

fouling to some extent but these will not avoid bio-fouling at all. Further underwater tests have to be done to 

clarify especially the process of elution of chemical additives during long-term water immersions.  

The increased diameter of cables due to bio-fouling may have a dramatical influence on the cable weight 

and hydrodynamic resistance which is important for applications in marine research, seismic operations and 

oceanography. The designer of cables has to consider these effects in respect of the solidness of the cable. 
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Table 1: Sheathing materials of cables used for the long term analysis under water 

Nr. of 

cable 

Symbol in 

the text 
Sheathing material 

1 A Thermoplastic polyether based polyurethane 

2 B Thermoplastic polyether based polyurethane, flame retardant 

3 C Thermoplastic elastomer, based on polyester 

4 E Ethylene-Propylene-Dien-Monomere 

5 G 
Thermoplastic elastomer, based on polyolefine + Ethylene Propylene 

Rubber (copolymer) 

6 S Ethylene-Propylene-Dien-Monomere, flame retardant 
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Fig. 1: Location of the test range  

 

 

 
Fig. 2: Map of the artificial reef Nienhagen including the position of the test rigs (9) 
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Fig. 3: Frames prepared for long-term tests on the seabed with different kinds of mounting the cables 

(left: without contact to the seabed, right: with contact to the seabed) 
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Fig.4: Average duration between sunrise and sunset in the test area 
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Fig. 5:  Data of temperature, salinity and oxygen content over a period  

of 270 days (June, 15
th

 2007 till March, 10
th

 2008) 
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Fig. 6: Selected data of temperature, salinity and oxygen content over a  

48 hours period in June 2007 
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Fig. 7: Images of the initial stage of the cable by scanning electron microscopy 

 Left hand images:  overview scans (hundredfold magnification) 

 Right hand images: detail scans (eight hundredfold magnification)  
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Fig. 8: Development of bio-fouling after the installation of the frames (left: without contact to the seabed, 

right: with contact to the seabed) 
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Fig. 9: Status of cables after 29 weeks storage by scanning electron microscope 

 

1. group of common mussel (Mytilus edulis) 

2. single common mussel (Mytilus edulis) 

3. base plate of a common barnacle (Balanus improvisus) 

4. detail of a base plate of a common barnacle (Balanus improvisus) 

5. round diatoms  

6. rod shaped diatoms  

7. accommodation of deposits on the cable sheathing material 

8. deposits have been partially chipped away from individual parts of the cable surface  

9. cavities in the cable shearing material (overall view) 

10. cavities in the cable shearing material (in detail)  


