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CASTLEHAVEN COAST PROTECTION & SLOPE STABILISATION 
WORKS, NITON, ISLE OF WIGHT , UK.  

 

 

S. Bomont,  A. R. Clark, D. S. Fort, J. Holliday, A. Gillarduzzi   

ABSTRACT:   A major landslide at Castlehaven on the Isle of Wight occurred as a reactiva-
tion of pre-existing landslides as a consequence of both coastal erosion and high groundwater 
levels caused by the very wet and stormy winter of 1994/95.  The Castlehaven landslide lies 
within the Undercliff landslide complex and a strong relationship between landslide move-
ment, groundwater level and the 4 month antecedent effective rainfall (4AER) has been de-
veloped for the area. In the site area movement occurs when the 4AER exceeds approxi-
mately 380 mm. Castlehaven also lies within an environmentally sensitive area with both 
national and international designations. The selection of remedial measures was influenced 
by the need for environmental protection but also needed to be robust to cope with predicted 
future changes in climate including increased storminess and winter total and effective rain-
fall, rising groundwater levels and sea level changes. A scheme including siphon wells, and 
electro-pneumatic wells, both used in UK for the first time, was designed and constructed to

 
 

 
 

 

1. INTRODUCTION  
 
Castlehaven, situated on the south coast of the Isle of Wight, is the site of the recently com-
pleted construction of a coast protection and landslide stabilisation scheme which won the 
2005 Fleming Award of the British Geotechnical Association. This paper will describe the de-
tails of the scheme and how the impacts of predicted climate change have influenced the de-
sign and successful implementation of the works. 

The site is located at the southern most point of the Island at Reeth Bay, south of the vil-
lage of Niton (Fig. 1) and lies within the area known as the “Undercliff”. This is a complex  

 

Figure 1.  Aerial Photograph of Site 
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landslide system which fringes the whole south coast of the Island and is some 12 km in 
length and up to 0.6 km in width and contains the town of Ventnor and other areas of de-
velop- 
ment including St. Lawrence, Bonchurch and southern Niton. The area is considered to be the 
largest urbanised landslide in western Europe. 

Landsliding within the Undercliff is an ongoing post glacial phenomenon and has caused 
significant distress to the development and infrastructure throughout the area over recent cen-
turies. The historic record of landsliding in the area has been well documented (Ibsen 2000 a-
b, Hutchinson 1991, Ibsen & Brunsden 1996) with landslides of different sizes being a fre-
quent event caused by the combination of marine erosion at the toe of the sea cliffs combined 
with recurrent periods of high rainfall, high ground water levels and susceptible geology. Sev-
eral “great” landslide events occurred in the Undercliff in the very wet and stormy winter of 
1994/95 including at Castlehaven where the reactivation of the pre-existing postglacial land-
slides has affected an area up to 400 m inland from the coast. If left unchecked this landslide 
had the potential to cause direct and consequential losses estimated in £20 million at 2004 
prices. 

 To address the problem of landsliding and to reduce the risk to public safety, property and 
infrastructure a coast protection and landslide stabilisation scheme was designed. However 
the choice of the design and the implementation of the scheme was further complicated by the 
fact that the area is highly designated and protected for the environmental quality of the area 
and consequently the final scheme not only had to address the technical issues of preventing 
erosion and improving the stability of the landslides, including provision for predicted climate 
change, but had to incorporate design principles and methodologies that did not compromise 
the environmental quality of the area. The details of the environmental issues and the process 
undertaken to develop a scheme which met these criteria and the lengthy process required to 
achieve approval through the consultation and planning process has been the subject of a 
separate paper (Clark et al. 2002).  

2. GEOLOGICAL BACKGROUND TO SCHEME  

The regional solid geology of the area dips towards the south at approximately 2 degrees 
however locally the dip is towards the southeast due to the influence of the shallow St. Law-
rence syncline (Hutchinson & Bromhead 2002). The strata consist of an interbedded sequence 
of high and low permeability Cretaceous rocks including the Upper Greensand which forms 
the inland cliff of the landslide backscarp some 500 m inland from the coastal cliffs. This is 
underlain by the Gault Clay, which is notorious locally for being susceptible to instability and 
is known as the “Blue Slipper”. This in turn is underlain by the Carstone and the Sandrock of 
the Lower Greensand. The coastal cliffs at Reeth Bay are formed by intact near vertical San-
drock which has been subjected to marine erosion and on the basis of historic map analysis 
and local history the cliff line has retreated into the pre-existing landslide complex by up to 
40 m since records of 1862. 

This undermining of the toe of the landslides and steepening of the slope, combined with 
high rainfall and groundwater levels are the triggers for the reactivation of landslide move-
ment within the Caslehaven area and the Undercliff in general.  

3. GROUND MODEL  

In order to address the options for remediation of the instability a ground model was devel-
oped on the basis of geomorphological mapping and borehole investigations in 1996 and 2002 
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to assess the ground conditions, groundwater behaviour and aquifer characteristics of the area. 
The scope of these investigations is summarised in Table 1.  
                                                                                                                                                 

Scope of Ground Investigations                                      Table 1. 
                
 Activity 1966

No. 
2002 
No. 

Geomorphological Mapping yes yes 
Boreholes   

Rotary Core (100 mm) 5 7 
Rotary Core (300 mm)  2 

Rotary Open Hole (100 mm)  4 
Trial Pits   
Shallow 11 7 

Deep 5  
In-site Testing   

Natural Gamma 6  
Neutron – Neutron 6  
Gamma - Gamma 6  

Caliper 6  
Absolute/Differential Temperature 6  
Absolute/Differential Conductivity 6  

Flow 6  
Permeability Tests   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Pumped Well Step & Constant 

Rate  Discharge 
 2 

Borehole Variable Falling Head  8 
Trial Pit Variable Rising Head  2 

Instrumentation   
Standpipe Piezometer 4  

Vibrating Wire Piezometer  3 
Inclinometers 2 2 

 
 
 
 
 
 
 
The landslide debris in the upper tier varied in thickness across the site increasing inland 

and consisted of an upper zone of Upper Greensand debris up to 10.5 m in thickness overly-
ing a zone of Gault Clay debris up to 25 m in thickness. The overall geological section of the 
site area based on geomorphological mapping and the borehole interpretation is shown in 
Figure 2. 

The landslides can be divided into an upper tier or inland area of multi-rotational failures 
separated from a seaward or lower tier of compound landslides by exposure of a Gault clay 
scarp. the upper tier landslides was determined from the degree of disturbance of the Gault 
Clay within the exploratory boreholes which separated the slipped “Gault Clay Debris” from 
the intact Gault and from inclinometer data. This model confirmed the preliminary landslide 
model developed from the geomorphological mapping undertaken soon after the major land-
slide of 1994/95 (Moore et al 1995).     

The landslide was also characterised 
by the widespread occurrence of 
springs, seepages and sinks, discon-
tinuous surface and groundwater flow 
from north to south with a hydraulic 
gradient of around 12% towards the sea 
and by low to moderate permeabilities 
of the landslide materials. Local zones 
of high flow were also suspected along 
a fossil valley axis cutting through the 

  Figure 2.  Geological Section 
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escarpment and behind back tilted blocks.    

4. SCHEME DEVELOPMENT AND DESIGN 
 

4.1 Overwiew 
In view of the overall thickness of the landslide debris within the model coupled with the se-
vere environmental constraints imposed on construction in the area by the environmental con-
sultees and the planning conditions it was evident that improvement in the stability of the up-
per tier landslide could not be achieved by major construction and the installation of physical 
strengthening of the ground with techniques such as piles, deep counterforts, regarding, etc.  

Accordingly a design concept was developed which consisted of two elements, firstly the 
prevention of the erosion by the sea and landward retreat of the Lower Greensand cliff by 
construction of a rock armour toe and apron and secondly improving the stability of the upper 
tier landslide by drainage techniques. The design concept requirement was a fifty year design 
life as determined by Department for Environment, Food and Rural Affairs (DEFRA), the 
government funding department. 

 

4.2 Allowing for Climate change 
Since the initial study phase it was obvious that predicted climate change (e.g. IPCC 2002, 
Hulme et al. 2002, Hulme & Jenkins 1998, Bray et al. 1997) had the potential to alter coastal 
processes and slope stability at Castlehaven and consequently the design of the scheme had to 
be robust and to allow for this scenario. The approach adopted at this site included the identi-
fication of all the factors influencing the stability of the area followed by a determination of 
the extent to which climate change could influence them. The key climate variables consid-
ered to influence the stability of the site and in turn to be influenced by climate change are: 
− Sea level; 
− Nearshore waves; 
− Effective rainfall; 
− Infiltration and additional leakage from pipes, soakaways and septic tanks and increased 

run off from roads and houses.   
The study highlighted the complexity of the site and the complex inter-relation of the key 

triggering factors. In particular the effect of climate change on the groundwater and hydro-
geology of the slopes was anticipated to be complex. Therefore the design of the foreshore 
and of the slope stabilisation works was based on two different approaches.  
− The foreshore works were designed on the basis of the most recent predictions (at the time) 

in sea level rise for the future and wave modelling.  
− The design of the slope stabilization had to be flexible ad adaptable to a relatively wide 

range of scenarios. 
In terms of the foreshore works a sea level rise of 6mm/year (Environment Agency 1999) 

was allowed with an overall sea level rise of 0.3 m in 50 years.  
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    Figure 3.  4 Month AER and Ground Movement. 
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well commissioning
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The provision for increased storminess and near shore waves was allowed and the rock 

armour stability was based on physical modelling and 1 in 100 year return period wave condi-
tions. The slope stability design philosophy included the ability to cope with increased rainfall 
and groundwater levels raised to existing ground levels (i.e. total saturation). 

The close relationship between rainfall, groundwater levels and landslide movement within 
the Undercliff, particularly to the 4-month antecedent effective rainfall (4AER) level has been 
recognised for some time. However the threshold levels at which significant movement is ini-
tiated varies at different locations within the Undercliff due to varying sensitivity to move-
ment based on local ground conditions and physiographic features (Hutchinson 1991, Moore 
et al 1995).  

At Castlehaven since the major movements in the spring of 1994 and the winter of 1994/95 
there have been subsequent significant movements during the winters of: 1997/98, 1999/2000, 
2000/01 and 2002/03. No significant movement was observed during the summer periods or 
dry winters. There is a continuous rainfall record for the area since 1992 based on a Ventnor 
weather station supplemented in 2004 by an automatic station at Castlehaven set up as part of 
the works. Analysis of this data shows a good correlation between the onset of movement and 
a 4AER in excess of c. 380 mm (Fig. 3). 
At the site groundwater and the hydrogeology of the landslide is influenced by rainfall and in-
filtration, recharge at the rear of the landslide from the main Upper Greensand aquifer 
perched on the underlying impermeable Gault and confined aquifers within the Sandrock. The 
area is also influenced by artificial recharge from leaking sewers, septic tanks, gutters, road 
runoff, etc.,( Fig. 4 ). 

Groundwater levels have been monitored in standpipe piezometers since 1996 and in both 
standpipe and vibrating wire piezometers continuously since 2002. In December 2002 move-
ment was again recorded by two inclinometers installed during the 2002 ground investiga-
tions and by surface movement and datum point monitoring when the 4AER exceeded c.380 
mm which was equated to a triggering groundwater level at the site.  

The considerable limitations placed on the scheme for environmental reasons, including 
the elimination of ground improvement construction options meant that the only feasible op-
tion was to lower groundwater. Thus the main criteria for the improvement in the stability of 
the landslide was to lower and maintain groundwater locally within the upper tier of the land-
slide to a level comparable to that experienced during previous summer levels when no sig-
nificant movement occurs. A further constraint also precluded lowering of the groundwater 
below equivalent summer levels because of the potential of damage or stress caused to the lo-
cal flora. This approach maintains partial activity of the spring line that occurs at the Gault 
Clay scarp and causes localized slope movement which is important for unstable slope habitat 
creation. 

  Thus the remedial measures available could not completely stabilise the landslide and the 
design approach was to achieve a target improvement on the current factor of safety based on 
a required minimum groundwater drawdown to achieve a minimum “Factor of Improvement” 
in excess of 1.10. Accordingly a groundwater control system was selected and designed that 
would eliminate the peak groundwater levels during periods of prolonged wet weather that 
trigger landslide movement. Furthermore the system had to be flexible and robust to be able 
to cope with the anticipated increase in “climatic events” that could occur as a result of a 
changing climate and the consequential seasonal increase in groundwater levels. 

The ground model indicates landslide debris thicknesses varying up to a maximum in ex-
cess of 35 m at the rear of the landslide. The groundwater levels similarly varied throughout 
the site with maximum recorded winter levels of approximately 6m and 1m below ground 
level at the rear and the front of the upper tier respectively. Slope stability analyses indicated 
that the groundwater drawdown required to achieve the required factor of improvement was 
between 11.4 m and 7.7 m at the rear and front of the landslide respectively. The analyses 
were conducted on a number of cross sections for typical slope and basal shear geometries us-
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ing laboratory determined residual shear values, worst case ground water conditions with an 
assumed existing factor of safety marginally above unity. 

To achieve the required level of 
drawdown a series of lines of deep 
pumped wells was considered the most 
appropriate approach and a  number of 
pump options were considered including 
electrical submersible, electrical pneu-
matic, electro-pneumatic and gravity fed 
siphon wells. Based on the thickness of 
the landslide debris that had to be pene-
trated by the wells, the level of draw-
down required and a cost-benefit analy-
sis of the whole life costing of each 
option, a combination of deep electro-
pneumatic and gravity fed siphon wells 

was adopted. The details of the siphon drain concept are described in Bomont et al. 2005 and 
the main principles of the system are described below. 

             Figure 4. Sources of Groundwater 

 

4.3 Siphon drain principle  
Small diameter siphon drains are placed 
in vertical drilled drainage wells.  These 
drains are generally spaced at between 3 
m to 6 m centres and are sufficiently deep 
to provide the required drawdown. The 
wells are dewatered using the siphon 
principle and are able to drawdown under 
the influence of gravity up to approxi-
mately 8 mbgl. Siphon tubes are intro-
duced into a permanently water filled res-
ervoir at the base of the well with an 
outlet down stream at an outlet manhole, 
situated down slope   (Fig. 5).    

If the water level rises in the well, the 
siphon will flow and abstract water out of 

the well. The flow will continue until the water level in the well falls to the level of the outlet, 
provided that the flow rate in the siphon is sufficient to keep the siphon primed. As the water 
rises towards the top of the siphon the pressure falls, and may approach a prefect vacuum. In 
the upstream section the low pressure causes small bubbles to appear. Theses bubbles tend to 
coalesce into larger ones further downstream. Two forces act on the bubbles, firstly buoyancy 
and secondly hydraulic force due to the flow in the pipe. If buoyancy becomes the major 
force, the bubbles will collect at the summit of the pipe and combine into a single large bub-
ble, which in time would break the siphon flow. This is avoided by using a system that auto-
matically flushes out bubbles by turbulent flow. 

Figure 5. Section of Siphon Drain Principle 

The flushing system consists of a number of PVC pipes at the downstream end of the si-
phon pipe which acts as a hydraulic accumulator. When there is no flow in the siphon pipe the 
water level will be nearly the same as at the upstream end in the drainage well. When the wa-
ter in the PVC accumulator reaches a certain level, the stored water is quickly emptied by a 
simple flushing system requiring no energy. The sudden lowering of the level of water in the 
accumulator causes flow in the siphon pipe. This rapid flow flushes out any air bubbles within 
the siphon (Fig. 6). It is important that the pipe work in the accumulator is sized to achieve a                          
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sufficient flow rate and duration to remove the air bubbles from the siphon tube. The flow 
continues until the siphon is clear of air bubbles when the flushing system stops the flow. The 
water level will then rise in the well and flushing system up to the predetermined level in the 
accumulator. The flow is then primed and the flushing cycle starts again.  

One of the reasons for the selection of the system, which had never been used in the UK 
before although at various sites in Europe (Gress 1996), was it’s simplicity of operation and 
cost since the siphon does not require any source of power to operate. In addition the siphon 
system is extremely flexible and is able to respond to changing conditions. The system as de-
signed was capable of pumping at least twice the required rate to allow for increased inflow 
due to higher predicted rainfall intensities. Furthermore in the event of major climatic and sig-
nificant ground water changes, the system if required could be retrofitted with additional tub-
ing to increase the discharge output of the system. 

 The diameter of the siphon tubes can be varied from 10 mm and 20 mm achieving flows 
of around 2.9 m3/day up to 24 m3/day per well respectively and sufficient space was allowed 
for such a retrofit of multiple tubes within the design of the ducting of the drain system.  

 

4.4 Electro-pneumatic drain principle  
The electro-pneumatic drain has been de-
veloped to stabilise landslides by inter-
cepting groundwater at greater depths or 
lowering groundwater to lower levels 
than that capable using siphon drain 
techniques.  The electro-pneumatic drain 
design principle is similar to that for the 
siphon drains with a network of man-
holes and ducting for electrical cabling 
and pipework for water discharge.  The 
wells are equipped with slotted PVC well 
casing of 110 mm internal diameter and 
centralisers and fine gravel filter to en-
sure its central location and filtering of 
incoming water.  

The system is driven by an air com-
pressor and the air reservoir tank that can 
be located up to 3 km away from the con-

trol panel and electrical supply. 

Tank always full 
with water placed 
into well

Horizontal 
plan of
reference

PVC hydraulic
accumulator

Flushing
system

U shape turned
upwards

Siphon 
pipe

Complete
system

H
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with water placed 
into well
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plan of
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PVC hydraulic
accumulator

Flushing
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pipe
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H

Figure 6.  Siphon Flushing System 

Borehole 

When the water fills the well, it enters the pump by a non-return ball valve and fills it.                        
The low level sensor is reached, the water level continues to rise, and when it finally reaches 
the high level sensor, an electrical connection is made by water conductivity. These two sen-
sors are linked to a relay, which opens a solenoid and compressed air passes through the inlet 
air tube to the electro-pneumatic drain, filling it with air and pushing water out of the through 
the outlet tube. A non return ball valve prevents any water coming back into the pumping 
chamber. An electrical cable, which is connected to the water level detector, is linked through 
the duct to a control panel. The control panel contains a relay and solenoid that controls the 
operation of the compressed air-supply pumps. The solenoid switch controls the compressed 
air supply allowing it to pass from the air compressor and its air tank to the compressed air 
inlet tube to the pump. 
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5. SCHEME DETAILS 

5.1 Slope Works 
An extensive series of instrumented in situ permeability and pumping tests were carried out to 
define the aquifer characteristics and as anticipated within a complicated heterogeneous land-
slide mass the hydrogeological conditions were anisotropic and varied throughout the site.  In 
addition field trials to confirm the practical operation and performance of the siphon well sys-
tem were carried out. The results confirmed that the required abstraction rates and groundwa-
ter lowering could be achieved. Estimates of permeability were calculated from a number of 
in-situ tests and from back analysis of pump test data.  Results of these tests are summarised 
in Table 2  They indicate a range of permeabilities for the Upper Greensand (UGD) and Gault 
Clay (GCD) landslide debris of between 1.29 to 2.95 × 10-6 m/s and 3.95 × 10-6 m/s to 9.65 × 
10-8 m/s respectively.  The back analysed value of 4.43 × 10-6 m/s compared very well with 
the value estimated from previous studies of GDC of 4.9 × 10-6 m/s.  The design requirements 
were specified in a schedule of minimum drawdown or trigger levels to be achieved in each 
siphon and electro-pneumatic wells and these were included in the performance specification.   
 
 

Summary of Permeability Calculations.                    Table 2. 
 

  
 

Test No / 
Depth 
(mbgl) 

Calc.  
Method 

Calc. perme-
ability 
 (m/s) 

Av. perme-
ability (m/s) 

1 / 4.9 
(UGD) 

1.29×10-6

2 / 8 (UGD) 1.55×10-6

3 / 11.7 
(GCD) 

3.95×10-6

 
 
 
  

 
 
BH 102 

4 / 18.5 
(GCD) 

 
 
 
BS593 
Hvorslev  
 9.65×10-8

 
1.42×10-6  
(UGD) 
 
 
2.02×10-6 
(GCD) 

1 / 5.4 
(UGD) 

2.95×10-6

2 / 8.5 
(UGD) 

2.30×10-7

3 / 12.5 
(GCD) 

1.20×10-7

 
 
 
 
 

 
 
 
BH P2 

4 / 18 
(GUD) 

 
 
 
BS5930 
Hvorslev  
 

1.30×10-7

 
2.60×10-6  

(UGD)  
 
 
1.25×10-7  
(GCD) 

 
 
 
 
 
 
 
  

 
BH 101 

   
Full depth 

Back analy-
sis: pump 
test data &  
Dupuit-
Forcheimer  
equation 

 
10m spacing  
 
20m spacing 
 

 
3.79×10-6

 
4.43×10-6

 
 
   
 
  

BRE 365 
Method  

   
 1.58×10-6 

TP3 

Rising 
head  
Pit at 4.5 
m (gravely 
clay) 

CIRIA 113  1.13× 
 
 

10-6
 
 
 
 
 
 

 

BRE 365 
Method  

 5.67×10-6 
 
TP5 

Rising 
head  Pit at 
3.4 m 
(sandy clay) 

CIRIA 113  4.12×10-7
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The designed drainage system was constructed between September 2003 and October 2004 
and comprised 151 deep drainage wells installed to depths up to 25 mbgl. The wells are 
equipped with slotted uPVC well casing of 110 mm internal diameter and centralisers and 
fine gravel filter to ensure its central location and filtering of incoming water.  A total of 116 
siphon wells were supplemented with 35 electro-pneumatic wells. The wells were connected 
by a system of trench drains, ducts and manholes, predominantly sited within the public 
highway for ease of access for construction and subsequent maintenance. They were arranged 
in three overlapping lines across the landslide with the elecro-pneumatic wells (Line 1) sited 
at the rear of the landslide where the required drawdown was greater than the capability of a 
siphon system (Fig. 7). 

Each siphon well (Lines 2 & 3) was 
installed from the base of a manhole be-
tween 1.5 m and 3.5 m deep which con-
nected the trench drains and improved the 
theoretical drawdown to approximately 
12 m. The electro-pneumatic pumps were 
required to draw down to a minimum of 
15 mbgl. 

The total drainage installation quanti-
ties included a total installed well depth 
of 3180 m, 4800 m of twin wall plastic 
pipe, 1700 m of drainage trench, 206 
manholes, 7500 t and 18,000 t of gravel 
trench backfill and spoil disposal respec-
tively. Of a total construction cost for the 
project of £4.5 million, the wells, siphons 
and underground compressor chamber 
was £1.1 million and the drainage and in-

frastructure £1.4 million. 

LINE 1 

LINE 2 

LINE 3 

Figure 7.  Layout of Wells and Drains 

 

5.2 Foreshore Works 
The foreshore coast protection works which cost £2.0 million consisted of a rock armour 

buttress revetment with a 3.5 m wide buried toe placed in front of the erodible 8 m high San-
drock cliff which formed the foreshore and the toe of the landslide. The rock armour, which 
consisted of 45,000 t of Carboniferous limestone, was imported by barge from Calais in 
northern France.  

The primary armour ranged in size from 3 to 6 t placed on 5 to 500 kg sized core stone. 
The revetment had a 1in 1.5 front slope with a 3.5 m crest at an upper level of 5m above ord-
nance datum. 

6. SCHEME PERFORMANCE AND POST CONSTRUCTION MONITORING 

It was recognised that the performance of the drainage system would require regular monitor-
ing and maintenance during its design life to ensure that the design objectives and assump-
tions were met and the system dealt effectively in the long term with the consequences of cli-
mate change and continued to comply with the performance specification.   
A comprehensive system of instrumentation was installed as part of the construction works 
and comprised: 
− Pressure transducers and dataloggers installed in observation wells between rows of siphon 

drain and electro-pneumatic pumping wells to measure water levels (9 no.);  
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− Vibrating wire piezometers installed in selected siphon and electro pneumatic wells and 
linked to multi-level dataloggers to monitor water level drawdown in the wells (42 no.);   

− Vibrating wire piezometers installed and sealed at discrete levels within boreholes and 
linked to individual dataloggers to measure pore water pressures within the landslide (6 
no); 

− Borehole inclinometers installed at various locations within the landslide to monitor lateral 
subsurface ground movements (4 no.);  

− Survey of a network of ground markers by a global positioning system;  
− An open channel flow logger to measure the discharged water flows within drainage pipe 

works (2 no.);   
− An automatic weather station to monitor local meteorological input parameters during the 

contract and Defects Correction Periods. 
The pumping system was commissioned in July 2004 and immediately there was a re-

sponse within the pumping wells and in the observation wells situated between the lines of 
pumping wells. Typical results of the pumping and the drawdown of groundwater levels are 
shown on Figure 8.  

The total discharge to the sea outfall has been monitored as part of the Environment 
Agency’s conditions for discharge consent to the sea outfall.  

 The rate of discharge to the outfall with time for all pumps and drains, except the western 
limit of Line 2, is presented in Figure 9 and compared with the daily rainfall over the same 
period.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is evident from these records that there is a rapid response to rainfall and that the moni-

tored flows of up to 350 m³/day do not exceed predicted long term base flow rates of ap-
proximately 441 m³/day or maximum allowable rates of 500 m³/day prescribed by the Envi-
ronment Agency. 

During the construction period the data from the instrumentation was reported initially two 
weekly reducing to monthly. Up to 1 year after construction the contractor and the specialist 
supplier (TP Geo) carried out the two monthly performance review which compared the water 
levels in each well with the minimum drawdown levels (Trigger Levels) given in the per-

60

65

70

75

80

85

Ap
r-0

4

M
ay

-0
4

Ju
n-

04

Ju
l-0

4

A
ug

-0
4

S
ep

-0
4

O
ct

-0
4

N
ov

-0
4

D
ec

-0
4

Date

W
at

er
 le

ve
l i

n 
th

e 
w

el
ls

 (m
O

D
)

~7m

Electro-pneumatic pumps commisioned

System on

System off

Ground Level

60

65

70

75

80

85

M
ay

-0
3

Ju
l-0

3

A
ug

-0
3

O
ct

-0
3

D
ec

-0
3

M
ar

-0
4

M
ay

-0
4

Ju
l-0

4

A
ug

-0
4

O
ct

-0
4

D
ec

-0
4

M
ar

-0
5

M
ay

-0
5

Ju
l-0

5

S
ep

-0
5

Date

W
at

er
 le

ve
l i

n 
th

e 
w

el
ls

 (m
O

D
)

Winter 2003-04 instability

Pre-pumping water level

Winter 2004-05 

Siphon-drain commissioned

  Figure 8. Groundwater Response to Pumping 

Gwl in 
obs.well



 73

formance specification. Following the maintenance period the scheme responsibility trans-
ferred to the Coastal Authority (Isle of Wight Council - IOWC) and on site training was given 
to IOWC staff on all aspects of the scheme. In addition a detailed procedure for scheme per-
formance, monitoring and maintenance was prepared. The performance review procedure in-
cluded two water levels the “Alert” and “Action” level at 1m and 2m above the Trigger level 
respectively in each pumping well. If monitoring identified Action or Alert levels were oper-
ating in either single or groups of  wells, specified checking procedures, data interrogation 
and as necessary maintenance responses  were identified. Of particular importance was moni-
toring of the possi bility of siltation, iron or calcium carbonate encrustation or bio-fouling 
which could impede  
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 Figure 9.  Rainfall and Well System Out- 
 
the long term performance of the wells. Flushing of the system during the regular mainte-
nance which is scheduled every 6 months, should deal with any siltation problems and addi-
tional purging with low concentration solutions of mild biodegradable organic acid are able to 
reduce bio-fouling.  

With regular monitoring and maintenance it is anticipated that the siphon and electro-
pneumatic well system will effectively improve the stability of the landslide throughout its 
design life whilst at the same time minimising the impact on sensitive environmental assets 
yet being able to respond to any changes in the climate that increase seasonal rainfall, 
groundwater levels and wave climate.   

7. CONCLUSION 

The major landslide movement at Castlehaven was caused by a combination of coastal ero-
sion and high precipitation and groundwater levels. A close relationship between a 4 month 
antecedent effective rainfall of c. 380mm, groundwater levels exceeding trigger levels and the 
onset of movement was established for the site area. Because of the high level of environ-
mental protection at the site and an embargo on conventional ground strengthening techniques 
a design that reduced groundwater levels to equivalent summer levels, when movement did 
not occur, was designed and constructed using a system of siphon and electro-pneumatic 
wells. The design was robust and included for the effects of climate change. It allowed for 
ground water at ground surface and was capable of delivering twice the design flow rate in 
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the event of predicted higher rainfall intensities. The siphon system is effective in use and en-
vironmentally sustainable; it is gravity fed and needs no power to operate. The system could 
also be retrofitted with additional capacity to further respond to climate change. The design 
approach aimed at improving the stability of the area to protect property and infrastructure but 
at the same time the environmental assets of the area were safeguarded by retaining appropri-
ate levels of water within the slopes to maintain the important habitats. 
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