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This validation report outlines the background to the flooding issues 
associated with the existing Dutch River Flood Alleviation Embankment 
at Goole; the technological solution proposed by Eco Foundations and 
Envirotreat Technologies; and implementation, observations, results 
and associated conclusions surrounding the successful trial undertaken 
on behalf of the Environment Agency. 
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1.0 Project Background 

 

1.1 History 

 

There are around 7,500km of coastal and river flood embankments in England and Wales. Effective 

performance of these embankments during extreme flood events is critical for the provision of sustainable 

flood risk management. 

 

Embankments can become less effective over a period of time for a number of reasons including: 

 

Å They experience greater loading than they have been designed for or have historically managed to 

withstand 

Å The required standard of service or some other functional requirement has changed 

Å They have deteriorated from their intended condition - as constructed or maintained. 

 

This tendency for the performance of earth embankments to deteriorate over time is of particular concern 

when considering the increasing loading that will continue to be placed on defences as a result of climate 

change, and the increasing rate of occurrence of extreme events. 

 

It is the Environment AgencȅΩǎ responsibility to ensure that flood embankments are designed and 

maintained to achieve optimum performance, requiring that the design and management of these 

embankments are considered within an appropriate asset management framework.  

 

This project concerned part of the flood defense system near Goole. The embankment is to the immediate 

north of Greenland Lane (east off the A614), approximately one mile southeast of East Cowick and 3 miles 

west of Goole, in the East Riding of Yorkshire, at approximate National Grid Reference (NGR) SE 670201. 

The embankment protects the Greenland Lane highway and associated fields, dwelling and businesses. The 

Dutch River runs west-east immediately north of, and parallel to, the embankment. 

 

The Dutch River is a re-engineered section of the River Don (by Vermuyden) between where the River 

Went joins the river and Goole where it flows into the River Ouse. The Dutch River has a significant tidal 

influence. Directly north of the Dutch River is the Aire and Calder Navigation (canal). 
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Figure 1 ς Extract for EA IMNE790192 HIRP GREENLAND LANE BANK SE67169 20240 [Environment Agency] 

 

 
 

Figure 2 Photograph showing the flood embankment near Goole - looking east towards the M18 

motorway, Greenland Lane is just visible to the RHS [photo courtesy of the Environment Agency]. 
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Figure 3 Photograph showing the flood embankment near Goole - looking west towards the A614 highway, 

the A614 road bridge over the Dutch River and Aire & Calder Navigation just visible on the horizon [photo 

courtesy of the Environment Agency]. 

 

 
 

In order to manage these flood management systems to achieve optimum performance, it is important to 

understand the nature and potential variability of typical flood embankments. The generic components of a 

flood embankment are outlined below. 

 

Figure 4 Typical features of a flood embankment. 
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Figure 4 indicates some typical features of a flood embankment. These include: 

 

Embankment body 

The main embankment structure providing the mass obstruction against flood water. 

Toe of embankment 

The bottom of either the outward or inward embankment faces. 

Inward face 

The embankment face exposed directly to water to varying degrees. 

Outward face 

The embankment face on the landward side and hence not normally exposed directly to water, except 

under overtopping conditions. 

Embankment crest 

The top of the embankment, typically flat and (ideally) several metres wide for safe access. 

Surface protection 

{ƻƳŜǘƛƳŜǎ ǘŜǊƳŜŘ ΨǊŜǾŜǘƳŜƴǘΩ. A protective layer covering part or all of any embankment face. The 

protective layer may be natural (e.g. grass), manmade (e.g. concrete) or a combination of different 

materials. 

Drainage ditch 

!ƭǎƻ ƪƴƻǿƴ ŀǎ ΨǎƻƪŜΩ ŘƛǘŎƘ ƻǊ ΨŘŜƭǇƘΩ ŘƛǘŎƘΣ ǘƘŜȅ ŀǊŜ ǘȅǇƛŎŀƭƭȅ ŦƻǳƴŘ ŎƭƻǎŜ ǘƻ ǘƘŜ outward toe of the 

embankment to drain any seepage and control water levels through the embankment.  

 

The flood embankment on the Dutch River near Goole essentially acts as a low-level dam for short 

retention periods. For the majority of the time, the embankment is exposed to no or to low, hydraulic head 

and remains largely unsaturated. However, during flood events and / or particularly high tides, the 

embankment needs to withstand a rapid rise in water level on the outward face, along with the 

corresponding changes to internal water pressure (and perhaps seepage) driven by the higher hydraulic 

gradients across the embankment.  

 

Accurately predicting the performance of flood embankments and understanding potential breach 

initiation or other failure mechanisms under these extremes in loading is difficult.  

 

Methods of construction 

Many flood embankments are relatively old structures that have evolved over decades or even centuries 

from original constructions. In contrast with the modern construction of embankments for highway and 

dam projects using heavy earth compaction equipment, many flood embankments have been built using 

low cost traditional techniques. These traditional methods have often evolved to suit local sources of fill 

material, which have been excavated from surface deposits or retrieved from river sediments. As a result, 

the construction of flood embankments can be highly variable across the country, and this can affect the 
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performance and potential failure mechanism for embankments. One form of failure often associated with 

more historical embankments is that of seepage and piping. 

 

Seepage and piping 

Seepage through or under an embankment constitutes a failure of a flood embankment to perform its 

main function of water retention. However, especially in its early stages, the volume of water lost is often 

relatively small and this seepage is acceptable. If left untreated, finer particles of soil will probably be 

washed out of the embankment or its foundation by the flow. Thus, the problem is one of progressive 

deterioration; as the soil becomes more permeable, the flow rates increase and as a result, more particles 

of soil are eroded. Seepage will also increase the likelihood of slip failure as a result of changes to the soil 

water regime within the embankment, causing a weakening of the fill materials or increasing the uplift 

pressures beneath an embankment toe. 

 

Seepage through an embankment is generally caused by the presence of permeable layers or lenses within 

the fill or by the existence of cracks or fine fissures (see Figure 5). Seepage beneath an embankment is 

most likely to be caused by a permeable layer (sand, gravel or possibly peat) within the foundation soils. 

The occurrence of seepage will usually be indicated by areas of standing or flowing water, by damp patches 

on the ground in front of the embankment or on the side of the embankment or by changes in the type or 

condition of vegetation. Seepage may not always be apparent; in some cases it will only be noticeable 

during conditions of high water level or flood. 

 

Fine fissures form as a result of weathering of clay fill (in particular, the annual process of drying in the 

summer and wetting in the winter). They have the effect of increasing the permeability and decreasing the 

strength of the clay fill within the embankment. Fine fissures predominate near the surface of 

embankments in the zones which are not frequently wetted. Embankments with fine fissures will therefore 

be more at risk during flood events when water levels approach the crest in extreme flood events.  

 

Fine fissuring will only be visible to the naked eye on careful inspection, particularly if the surface 

vegetation cover is good. Even if cracking near the surface is observed, it will not be possible to determine 

the depth to which the cracking penetrates without careful excavation and inspection. Such an approach is 

not usually advocated because the damage caused by the inspection may be worse than that caused by the 

cracking itself. However, the tendency for clay to crack seems to be related to its plasticity and hence basic 

ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ǘŜǎǘǎ Ŏŀƴ ƎƛǾŜ ŀ ƎƻƻŘ ƛƴŘƛŎŀǘƛƻƴ ƻŦ ŀƴ ŜƳōŀƴƪƳŜƴǘΩǎ ǇǊƻǇŜƴǎƛǘȅ ǘƻ form fine fissures.  
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Figure 5 Potential seepage paths [source Coltrup, 1984]. 
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Figures 6 &7 illustrate the presence of near surface fine fissures within a predominately clay embankment, 

with figure 7 indicating potential water pathways through the fissures which further erode the surrounding 

soils (not Dutch River at Goole). 

  
 

Most flood defences are constructed on foundations that are permeable to some degree. This means there 

will be some seepage under the defence when the defence is under hydraulic loading (that is, when the 

water level on the river side is higher than on the defended side). In the case of a flood embankment, there 

may also be seepage through the defence. 

 

The seepage can range from an inconsequential damp patch on the landward side of the defence to 

complete failure of the defence due to piping.  

 

Seepage through and under embankments is not uncommon, but is generally only a serious problem if it is 

concentrated. The best way to avoid seepage through an embankment is to use relatively impermeable fill 

material. The presence of seepage through existing defences can sometimes be highlighted by more lush 

vegetation, as well as by damp or boggy ground. 

 

Concentrated local seepage needs thorough investigation to establish the cause. Potential solutions include 

reconstructing the defence locally or providing a local cutoff.  

 

In the case of the embankment at Goole there was evidence of extensive seepage and areas of localised 

flooding to neighbouring land and the Greenlane Lane itself. The seepage particularly manifested itself on a 

section of embankment where the inward face was held back by a section retaining wall, see figures 8, 9 

and 10. 
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Figure 8 Inward face of embankment retained by section of wall, showing evidence of seepage [source 

Environment Agency]. 

 

. 

 

Figure 9 Inward face of embankment retained by section of wall, showing evidence of seepage and 

localised flooding to the Greenland Lane highway. 
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Figure 10 Greenland Lane and adjacent farmland showing evidence of localised flooding. 

 

 
 

1.2 Consultancy site investigation 

On the basis of this seepage the Environment Agency (the Client) commissioned WYG Environmental to 

investigate the material properties within the embankment to assist in the selection of an appropriate 

remedial solution. WYG was further instructed to provide an interpretation of the information gathered 

during the investigation, with a discussion of potential solutions. 

 

Their Executive Summary is as follows; 

 

The following executive summary provides a high level overview of the conclusions.  

 

Å The ground investigation identified embankment and natural material to be cohesive (very low 

permeability) in nature. 

Å It would not normally be expected for leakage to be present through such material. No permeable 

materials that could cause a flow path to develop were found during the ground investigation. 

Å The embankment appears to be constructed broadly as would be expected to impound water. No 

obvious issues with the embankment make-up were found. 

Å It is therefore considered most likely that the leakage has developed over the years along isolated 

very thin layers/lenses of more permeable material too small to be picked up in the ground 

investigation but which would get worse with time as flow paths become more established. 

 

In order to intersect and cut off these flow paths and prevent further deterioration, the following options 

are possible: 
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Å Sheet pile cut-off wall extending into the natural material below the embankment, 

Å Soil mix wall to improve the existing embankment materials in situ, 

Å Slurry cut-off wall to replace the embankment core with concrete and/or an impermeable 

membrane. 

 

2.0 Proposed Technological Solution 

 

2.1 Eco Foundations / Envirotreat design  

Based on the WYG investigative studies, Eco Foundations and Envirotreat were able to design a strategy to 

resolve the perceived problems with the embankment. 

 

The section chosen for the trial by the Environment Agency is a section of embankment approximately 

270m in length, currently used as pasture. The embankment is supported by a brick retaining wall on its 

south side (inward face). The embankment is failing along the length of the retaining wall and causing 

intermittent flooding of Greenland Lane. 

 

The aim of the design was to protect low lying areas of land from flooding associated with the Dutch River. 

The Dutch River is tidal and although the low lying area is protected by an embankment, river water passes 

through the embankment flooding at nearby Greenlane Lane, this being a particular problem during flood 

conditions or seasonal high tides. 

 

The extent of this flooding is indicated by the Environment Agency Flood Warning Map. 

 

Figure 11 ς Environment Agency Flood Warning Map [source Environment Agency] 
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On this basis of boreholes undertaken by WYG, it was concluded that; 

 

ά¢ƻǇǎƻƛƭ ŀƴŘ aŀŘŜ DǊƻǳƴŘ ǿŜǊŜ encountered in all exploratory holes. On the foreshore, this 

stratum was described generally as grass over soft to firm brown sandy slightly gravelly CLAY 

or SILT (WS3 only) with localised cobbles of limestone. Gravel is angular to subrounded fine of 

quartzite and micaceous sandstone. Thicknesses varied between 1.40 and 1.95m (WS1 and 

WS4 respectively). 

 

On the crest of the embankment, topsoil is present to a depth of 0.10m bgl. The Made Ground 

is variable. Generally there is a layer of firm brown very sandy slightly gravelly CLAY or SILT 

with frequent rootlets to between 2.0m (BH1) and 1.2m (BH2 and BH3) thick. This is underlain 

by a very soft dark brown sandy micaceous CLAY or SILT with rare angular-subangular fine 

gravel of limestone and coal. There is also a layer of brown clayey fine SAND in BH2 (1.20 to 

1.95m bgl) and BH3 (3.00 to 3.50m bgl). The base of the Made Ground strata varies between 

3.20 and 3.80m bgl (BH1 and BH2 respectively). Classification tests on two samples of the 

Made Ground within the embankment (BH1 at 1.85m bgl and BH2 at 2.50m bgl) returned 

liquid limits of 43 and 42 %, plastic limits of 27 % and plasticity indices of 16 and 15 % 

respectively. Corresponding moisture contents were 24 and 29 %. Particle size distribution 

(PSD) tests on three samples of Made Ground within the embankment showed that this 

stratum contains between 86 and 92 % fine particles (<0.063 mm). Permeability tests on three 

samples of Made Ground within the embankment returned results of 7.7 x 10-9 (BH1 at 1.5m 

bgl), and 1.4 x 10-10 m/s (BH at 3.5m bgl). Three pH / SO4 tests on samples of Made Ground 

from the embankment gave sulphate aqueous extract results of 92, 110 and 420mg/l SO4 and 

pH results of 8.8, 8.7 and 8.4. 

 

Cohesive alluvial deposits were encountered in all exploratory holes, from depths between 

3.20 and 3.80m bgl beneath the embankment, and 1.40 and 1.95m bgl on the foreshore (2.06 

to 3.08m aod, average 2.59m aod). There were generally two layers of material, only the first 

of which was penetrated in the window sample boreholes (with the exception of the base of 

WS1). The first layer was of very organic material, generally described as very soft dark brown 

slightly sandy very silty CLAY with frequent lenses of decaying organic matter and pockets or 

bands of black fibrous peat. An organic odour was noted. A thin band (25-30mm) of peat was 

identified in BH2, BH3, WS1 and WS2 at depths between 4.60 and 6.45m bgl (0.03 to 0.60m 

aod). Two classification tests carried out in WS2 at 3.60m bgl and WS3 at 1.50m bgl both 

determined an intermediate plasticity SILT (liquid limits 44 and 48 %, plastic limits 29 and 36%, 

plasticity indices 15 and 12%). Corresponding moisture contents were both 38%. Four particle 

size distribution (PSD) tests on this organic layer showed that the material contains between 

80 and 96 % fine particles (<0.063 mm). Two undrained shear strength tests were carried out 

on this organic layer. A sample from BH1 at 3.50m bgl showed an undrained shear strength, 
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cu, of 26 kPa (at 70 kPa cell pressure). The second test, on a sample from BH3 at 6.00m bgl, 

gave a result of 24 kPa at 60 kPa cell pressure, although the soil at this depth was described as 

peat. Two pH/SO4 tests returned sulphate aqueous extract results of 240 and 330 mg/l SO4, 

and pH value of 8.5. Three organic matter content test gave results of 3.0, 5.5 and 20 %. 

 

Beneath this layer, from depths of 7.00 to 7.50m bgl (-0.97 to -1.64m aod), a very soft to firm 

dark brown slightly sandy CLAY with occasional pockets of fine range sand and lenses of 

decaying organic matter was described. Two classification tests carried out in BH3 at 9.45m bgl 

and WS1 at 4.85m bgl both determined a high plasticity CLAY (liquid limits 57 and 53%, plastic 

limits 24 and 21%, plasticity indices 33and 32%). Corresponding moisture contents were 33 

and 27%. One particle size distribution (PSD) test on this deeper material showed it to contain 

98% fine particles (<0.063 mm). One permeability test on this material gave a result of 1.3 x 10-

9m/s (BH3 at 9.0m bgl). One pH/SO4 test on this deeper material returned results of pH 8.3 and 

240 mg/l SO4Φέ 

 

Figure 12 outlines the locations of the boreholes. Borehole logs for these (BH1, BH2 and BH3) can be 

found in the appendices, which are available on request. 
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Figure 12 WYG Borehole Positions [source WYG Report] 

 

 
For clarity purposes boreholes left to right are as follows 

BH1, WS1, WS2, BH2, WS3, WS4, BH3 

 

WYG undertook permeability testing on the embankment material from the boreholes and found that in 

general the soils had permeabilities which in principle would suggest that the embankment should be 

impermeable to the flow of water.  
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Table 1 WYG permeability testing on borehole samples 

 

Borehole Sample Depth (m) Coefficient of permeability (K) @ 

20oC (m/s) 

 

BH1 

 

1.5 7.7 x 10-9 

BH2 

 

3.5 1.4 x 10-10 

BH3 

 

9.0 1.3 x 10-9 

 

On this basis WYG concluded that  

 

άLǘ ƛǎ ǘƘŜǊŜŦƻǊŜ ŎƻƴǎƛŘŜǊŜŘ Ƴƻǎǘ ƭƛƪŜƭȅ ǘƘŀǘ ǘƘŜ ƭŜŀƪŀƎŜ Ƙŀǎ ŘŜǾŜƭƻǇŜŘ ƻǾŜǊ ǘƘŜ ȅŜŀǊǎ ŀƭƻƴƎ ƛǎƻƭŀǘŜŘ 

very thin layers/lenses of more permeable material too small to be picked up in the ground 

ƛƴǾŜǎǘƛƎŀǘƛƻƴ ōǳǘ ǿƘƛŎƘ ǿƻǳƭŘ ƎŜǘ ǿƻǊǎŜ ǿƛǘƘ ǘƛƳŜ ŀǎ Ŧƭƻǿ ǇŀǘƘǎ ōŜŎƻƳŜ ƳƻǊŜ ŜǎǘŀōƭƛǎƘŜŘΦέ 

WYG Report 

 

This is represented in figure 13. 

 

Figure 13 Graphical depiction of water flow (seepage) through embankmeƴǘ ōŀǎŜŘ ƻƴ άisolated very thin 

ƭŀȅŜǊǎκƭŜƴǎŜǎ ƻŦ ƳƻǊŜ ǇŜǊƳŜŀōƭŜ ƳŀǘŜǊƛŀƭέ 
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On reviewing the available data / information and our understanding of the factors influencing 

performance, we concluded that water egress could also be a consequence of water under hydraulic 

pressure being forced under the embankment through the relatively more permeable substrate (see figure 

14 below). 

 

Figure 14 Graphical depiction of water flow (seepage) under the embankment through relatively more 

permeable soils. 

 

 
We also considered that there may an element of egress around existing embankment or via services 

through embankment if present. 

 

On the basis of this information Envirotreat and Eco Foundations were able to design a solution on the 

basis of WYDΩǎ hǇǘƛƻƴ κ tǊƻǇƻsal 2 - Soil mix wall to improve the existing embankment materials in situ. 

 

We proposed using advanced soil mixing / piling technology to incorporate a bentonite / Portland cement 

slurry blend vertically to form a barrier along the length of the embankment, the length of which was to 

coincide with the section bounded to the south by the retaining wall.  

 

We proposed ŀ ōŀǊǊƛŜǊ ŘŜǇǘƘ ƻŦ ŀǇǇǊƻȄƛƳŀǘŜƭȅ тΦрƳ ǎƻ ǘƘŜ ōŀǊǊƛŜǊ άƪŜȅŜŘ κ ǘƻŜŘέ ƛƴǘƻ ǳƴŘŜǊƭȅƛƴƎ Ŏƭŀȅ ƭŀȅŜǊ 

found at about 7.0 to 8.0m below ground level. This is normal practice for this type of barrier. Our 

proposed scheme is depicted in figure 15. 

 

 

 

 

 

 



 

 
 

17 

Dutch River (Goole) Flood Embankment Repair  
 

2010 

Figure 15 Graphical depictions of how the Eco / Envirotreat barrier would resolve the seepage issues 

outlined above and depicted in figures 13 and 14. 

 

 
The extent (length) of the trial barrier section is shown in figure 16. 

 

Figure 16 Extent of barrier installation. 
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2.2 Soil mixing cut off walls 

Historically, vertical barriers have been used on construction projects for many decades to prevent inflow 

of groundwater into deep excavations, as well as to protect adjoining areas from contamination. Sheet pile 

walls (first of wood and later of steel) have been installed throughout the world for many decades. The 

1950s saw the development of slurry trenching technology, in which bentonite was used to support the 

sides of trenches under excavation before they were backfilled. 

 

By the end of the 1960s, cement-bentonite cut-off wall technology had also been developed in Europe to 

allow deep excavation below the groundwater table for power plants and locks, or to act as a cut-off 

through pervious overburden soils on dam projects. In Europe to date, the use of cement-bentonite 

remains the preferred technique for seepage control.  

 

More recently these concepts have been utilised in applications to minimise the spread of hazardous waste 

within contaminated sites. Containment barriers are structures installed around the contaminated soil in 

order to avoid the possible spreading of contamination into water sources (receptors) near to the site or to 

avoid the dispersion of contaminants displacing from the contaminated site. Hydraulic containment 

systems are used to control the movement of contaminated groundwater, preventing the continued 

expansion of the contaminated zone.  

 

¢ƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǎƻƛƭ ƳƛȄŜŘ ōŀǊǊƛŜǊǎ Ŏŀƴ ōŜ ǘǊŀŎŜŘ ōŀŎƪ ǘƻ ǘƘŜ ŜŀǊƭȅ мфслΩǎ ¦{!Φ Envirotreat (together 

with May Gurney) were the forerunners in developing the use of soil mixing technology for these 

applications in the UK over the last 15 years.  
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Figure 17 depicts the technology being utilised to protect low lying ground from a high water table.  

 

 
 

Figure 18 depicts the technology being utilised to protect a near receptor from contaminated groundwater 

associated with a contaminated site. 
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This technology was developed on a real project in West Drayton, Middlesex. The scheme consisted of two 

types of barrier scheme, including an in-situ (soil mixed) reactive permeable scheme to allow the passage of 

groundwater through the barrier where upon active additives within the barrier complexes with the 

contamination (associated with the groundwater) resulting in clean up of the groundwater. The other part 

of the scheme involved the construction of an in-situ physical barrier of low permeability. This physical 

(passive) barrier was designed to prevent migration of contaminated groundwater from the treatment 

zone and also prevent ingress of ground water into the treatment area. Two months following installation, 

coring of the treated area showed that the treatment was fairly homogeneous and consistent. The cored 

samples were tested; the Unconfirmed Compressive Strength (UCS) ranged between 990 and 1480kPa and 

the permeability between 0.64x10ς9 and 2.56x10ς9 m/s. General leachability of the cored samples was well 

below drinking water standards for heavy metals and around drinking water standards for polycyclic 

aromatic hydrocarbons. A wetςdry and modified freezeςthaw durability test (with a reduced freezing 

temperature from minus 20oC to minus 10oC in part of the test) produced satisfactory results. The same 

cored samples were then cured in the laboratory and tested at 1.2 and 2.3 year intervals, each showed 

general improvement of the above properties with time and hence the continual effectiveness of the 

immobilisation process. At 2.3 years the UCS ranged between 2000 and 3500 kPa, the permeability 

between 0.1x10ς9 and 1.1x10ς9m/s. An Engineering and Physical Sciences Research Council (EPSRC) funded 

project (1999ς2000) enabled a return to the West Drayton trial site in 1999 to extrude core samples at 4.5 

years after treatment to assess the longer term performance of the soil-mixed treated contaminated 

ground. The same physical and chemical properties were tested as before but substituting the NRA 

leaching test, which was the approved methodology adopted by the UK Environment Agency at the time. 

The results show very little sign of deterioration in any of the properties tested. The UCS ranged between 

1400 and 7550kPa, the permeability between 0.01x10ς9 and 2.5x10ς9m/s. 

 

Eco Foundations and Envirotreat utilise the soil mixing capability of piling technology for the 

implementation of such schemes. As the auger guides make their way through the ground, they break the 

soil loose and it mixes with the slurry that is injected through the auger. The slurry is a mix of 

predominately bentonite and cement designed to solidify or stabilize the soil. A continuous barrier wall is 

created by sequential penetration of the auger overlapping with the previous auger treated zone. See 

figure 19 which shows the overlapping nature of the piles. The numbers relate to the order in which the 

piles are installed and this sequence of piles minimises the risk of adjoining piles running into each other on 

installation. 
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Figure 19 Schematic of overlapping piles 
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Figure 20 Typical piling rig (source Eco Foundations installation at Goole). 
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Figure 21 Typical piling auger bit (source Eco Foundations installation at Goole). 

 

 
 

Figures 20 and 21 depict the equipment used in these applications. 

 

The vertical curtain of the piled wall prevents the egress of water through the structure.  

 


