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	Briefing no.  10

Answers to 15 key technical / practical questions about undergrounding

	
	

	The quest to find ways of avoiding all the damage to people’s health, landscapes, recreation, tourism etc that would result from the huge overhead power line proposed for the Beauly to Denny power line in the Stirling area has recently made a significant leap forward.  Europacable, the independent trade body that is the Association of European Cable Manufacturers, has come into the picture.  Their aims are to promote the use of underground cables for electricity transmission, and to ensure the complete and correct understanding of the technical specifications of underground cables by relevant stakeholders.  Stirling Before Pylons put to Europacable a set of 15 key questions regarding the technical and practical issues of undergrounding a high voltage power line in the Stirling area, and their answers are as follows.
Europacable prefaced their responses with the following caveat:

“Please note that with respect to the answers and comments provided below, Europacable has not performed a detailed study of the route for the proposed Beauly to Denny power line and have not received details of operating or ground conditions. A thorough understanding of the effective power rating is one of the most important points to be clarified in order to give a full answer to the questions. Partial cabling that seeks to match a very high overhead line power rating will result in higher costs (more cables and wider trenches). Cabling that is selected to meet the transportation of the effective load will result in a lower cost.” 

1. If a 400kV underground line is constructed, how wide is each trench? How deep are they? How wide would the whole construction site need to be?

Europacable would like to point out that one circuit formed by three single core 380 kV XLPE 2500 mm2 cables laid directly buried in trefoil formation can sustain a continuous load of approx 1000 MVA (depending on the type of cable). This means that two or three circuits in parallel can sustain continuously the required load of around 2300 MVA. Each circuit is installed in a trench approx 1.5 metres deep and 1 metre wide. If two circuits are to be installed in two separate trenches spaced 5 metres apart, the total space or right of way would be less than 10 metres. If three trenches are required, the total space would be less than 15 metres. 

It should be noted that the above solutions take into account the continuous load (24 hours per day) at 3000 MVA corresponding to the maximum thermal rating of the overhead line. This in practice is unrealistic because the rating of the overhead line (OHL) is dependent on other factors (e.g. voltage reductions/collapse) and generally the rating is lower and not continuous. As the maximum load is not constant, and the cable has a much higher overload capability due to the higher thermal constant, some economical considerations on the possibility of reducing the number of cables per circuit and/or the conductor size may be taken into account. This was the case for the Danish Eltra 400 kV cable project installed in rural areas in Jutland where the rating of the cable was selected for the effective load to be transported and not in accordance to the rating of the overhead line.

It should be noted that overhead lines have a standard design and a 1000, 2000 or 3000 MVA rating does not affect significantly the overall cost. On the contrary the cost and feasibility of underground cables is strongly affected by the electric load to be transmitted. 

2. How far away from dwellings would the line need to be?

The magnetic field at 1 metre distance on top of the cable may be higher than directly under an equivalent OHL. But the field falls rapidly to the side of the cable and at just a few metres from the centreline of the cable, the field is reduced to negligible values whereas for an overhead line a distance of tens or a hundred  metres from the centreline is necessary to achieve the same level at ground level. As such, the overall EMF emission along the right of way of the cable system is much lower than that of an equivalent overhead line. Moreover, the cable does not emit an electric field unlike the OHL. 

Cables can therefore be placed in close proximity to dwellings. In some cases, where the cables are installed in the proximity of permanent residences (i.e. within 2-3 metres), special screening devices can be applied to avoid any noise or dangerous effects. Such screening is not possible with overhead lines. With cabling, a minimum distance from dwellings is maintained for practical reasons, in order to allow the trenching, the cable installation, and eventual future works in a safe environment.

3. How tight a curve can the line take – or does it need to be constructed in straight line sections?

Cables do not necessarily need to be laid in straight lines. They are delivered on large drums so have the flexibility to deviate from a straight line. In almost all cable installations, the route is determined by existing road networks, land topography and existing subterranean services and as a result, the route will usually incorporate a series of bends. 

4. What are the implications of putting the line through agricultural soils? Through rock? Through an area of peat?

Knowledge of the environment through which a cable route will pass is essential. The thermal resistivity and make up of the indigenous soil should be understood to allow the cable cross section, cable spacing, depth of laying, backfill requirements, bonding arrangements to be defined to achieve the required power rating.

In general, cabling through areas with agricultural soils does not provide any major difficulties. After the cable is installed there are usually no limits to cultivation of the soil inside the right-of-way. The only recommendation is not to have high trees inside the right-of-way in order to avoid damages caused by the roots.

In most cable installations, the cable route selected will encounter obstacles such as rock. Various installation techniques have been developed to allow all eventualities to be overcome in a controlled manner but the preference would be to avoid rocky soil as the removal of this will require costly heavy equipment.

Construction of trenches in unstable soils such as marshland or peat will require the carrying out of a survey of the subsoil which can assess the most appropriate cable configuration and whether or not to use controlled backfilling materials. 

5. What does the construction process require, in terms of access roads, borrow pits, etc?

Access roads will be required during construction but permanent access roads are not necessary. Joint bays are required (which are usually at 800-900 metres distances along the cable route). However, in rural areas it in principle uses the same trench as used by the underground cable but slightly wider in order to allow the jointing operation. As regards inspections of joints and cross bonding connections these are checked every 2-4 years but in a rural environment, this does not necessitate the construction of additional roads. The position of the joint bays will be selected in order to make their inspection possible (i.e. at the edge of a field or alongside existing roads.

6. What are the requirements for linking an underground section to an overground section? How much land is required? How easily can this be camouflaged from view?

The size of the transition compound would depend to some extent on the number of cables, but if two circuits of three cables are used, the analogy is more like a “tennis court” than a “football field”. If the transition compound is placed in a woodland area, it can be easily camouflaged from view. In Denmark, the compounds had to be camouflaged through tree and shrub planting. With today’s technology, the transition of a 275 kV line can be housed directly on the last tower and, it may be that in the near future the same transition solution will be available at 400 kV. 

7. What is required to give access for maintenance and repairs?

Once installed in the ground, cables are intrinsically maintenance free. Since their introduction, EHV XLPE cables have an excellent track record with hardly any outages. It is only external influences that could damage the cable. In this case, remote monitoring of the cable circuit allows the rapid location of the fault, so that a targeted intervention can be conducted and if the system design includes a spare cable, unavailability can be reduced to a few hours. With today’s technology, full remote monitoring of the cable circuit is possible, hence there is no specific need for a permanently staffed route surveillance team.

8. The proposed overhead route to the east of Stirling has to go down the scarp southern slope of the Ochil Hills, through an area of woodland. Would it be feasible to put an underground route down this slope? How much damage would there be to the woodland?

Cables can be laid down slopes (some are placed in vertical shafts), but the preference would be to use open land rather than woodland. It should be noted that in order to obtain quick consensus/authorisation, the best route for underground cables is alongside existing roads.

9. SSE identified (but rejected) a potential overground route to the west of Stirling. It does not appear to cross any particularly difficult terrain. Would this route be feasible for an underground section?

Europacable has not performed a detailed study for this project and has not received details of operating or ground conditions. But in principle, the western route is flatter and more open and may be better than the eastern route through the hills and woodland.

10. Would it be feasible to construct an underground line from, say, Kinbuck in the north, to the motorway (near Denny) in the south, in a single section (of about 23km)?

It is feasible to construct an underground section of 23km. A study would be required to see whether reactive compensation would be required. If necessary, reactive compensation may be applied inside the sub-stations at the extremities of the cable circuit. Intermediate reactive compensation in the middle of the cable circuit would not be necessary unless the cable length was some 30-50 km.                                                 
11. How would the underground line cross the motorway?

Underground cables can be laid alongside motorways and can be placed in ducts or tunnels underneath them. Cables can be buried directly along the side of roads/motorways with only partial impact on the traffic (e.g. dedicated lane). The motorway crossing may be realised by directional drilling, pipe jacking or micro tunnelling and will depend on the technique most appropriate to the particular site. 

12. How would the underground line cross the River Forth?

When installing cables, it is possible to cross rivers using bridges, installing the cables under the river bed (using directional drilling) or by installing the cables in ducts placed on or in the river bed. Disturbance of river beds and water flow to fish and other species can therefore be minimized and the use of XLPE insulated cables removes any risk of damage to the surrounding environment from leaks.
13. The potential route identified to the west of Stirling lies within a corridor that already contains an underground oil pipeline and an underground gas pipeline. How close to the existing oil and gas pipeline could an underground power line go?

The presence of other pipelines and cables is something faced on a regular basis by cable installers, particularly in urban areas. Existing trenches containing oil/gas pipelines should not represent any significant barrier and might be advantage in that rights of way have already been agreed. The minimum clearance to be observed between a gas pipeline and an EHV cable would usually be determined by the gas transportation company and would depend on the diameter of the pipe and the gas pressure.

14. How long would it take to construct the 23km section to the west of Stirling?

It is not possible to answer this question without carrying out a survey of the land characteristics. In Denmark, however, cabling of three underground sections did not add to the overall construction time of the project. The most time consuming part is the trench digging and this took between 7-10 months for the sections that were on land and just over a year for the section that passed under a river crossing.

15. What are the typical costs for all the above? How do they compare with overhead power lines?

Europacable recognises that underground cables are – at installation – more expensive than overhead lines. Cost comparisons often only address cost of installation and ignore costs such as maintenance, decommissioning, losses and outage costs that a comprehensive life cycle analysis should address.

Recent independent studies carried out in Germany by the Universities of Duisburg/Essen and Hannover/Oldenburg and independent consultants working for the Highland Council in Scotland (into the proposed 227km 400kV Beauly to Denny line) and the Public Debate into the proposed 150km 380kV Cotentin-Maine line in France, have all shown that the cost differences over the life cycle of cables/OHLs can be as low as only 2 to 5 times depending on the individual case. Europacable therefore rejects any generic cost multiples and recommends that each specific case is examined to identify realistic costing scenarios taking into account a full life cycle analysis. 
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