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Project Overview 
7here are around ����� km of coaVtal and river flood embankmentV in 
England and WaleV. Effective performance of theVe embankmentV during 
e[treme flood eventV iV critical for the proviVion of VuVtainable flood riVk 
management. 

EmbankmentV can become leVV effective over a period of time. 7he 
tendency for the performance of earth embankmentV to deteriorate over 
time iV of particular concern Zhen conVidering the increaVing loading 
that Zill continue to be placed on flood defenceV aV a reVult of climate 
change and the increaVing rate of occurrence of e[treme eventV. 

It iV the Environment Agency
V reVponVibility to enVure that flood 
embankmentV are deVigned and maintained to achieve optimum 
performance.  

7hiV proMect related to the effective maintenance of a Vection of the  River 
Flood Defence SyVtem near *oole.  7he  River iV a reêengineered Vection 
of the River Don betZeen the River Went and River OuVe. 7he  River haV 
a Vignificant tidal influence. 

7he flood embankmentV on the  River eVVentially act aV CloZêlevel dam
 
for Vhort retention periodV. For the maMority of the time� the embankment 
iV e[poVed to minimal or loZ hydraulic headV and remainV largely 
unVaturated. +oZever� during flood eventV and � or particularly high 
tideV� the embankment needV to ZithVtand a rapid riVe in Zater level on 
the outZard face� along Zith the correVponding changeV to internal 
Zater preVVure driven by the higher hydraulic gradientV acroVV the 
embankment.  

Seepage ZaV occurring along an e[tended length of the embankment 
Vection reTuiring improvement. 7hiV Veepage ZaV clearly viVible in a 
Vection Vupported by a retaining Zall and in adMoining fieldV� Zhere 
ponding ZaV obVerved. 

Seepage through or under an embankment conVtituteV a failure of a 
flood embankment to perform itV main function of Zater retention. 
+oZever� eVpecially in early Vtage failure� the volume of Zater loVt iV 
often relatively Vmall and thiV Veepage iV conVidered acceptable.  

Figure 1 – Flood Defence 
Embankment on the River 

Figure 2 – Evidence of 
Seepage through Embankment 
Retaining Wall. 
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If Veepage iV not addreVVed in the longer term� 
finer particleV of Voil Zill probably be ZaVhed out 
of the embankment � foundation by the floZ. 
3rogreVVive deterioration iV likely to occur. AV the 
Voil becomeV more permeable� the floZ rateV Zill 
increaVe and conVeTuently more particleV of Voil 
Zill be eroded� leading ultimately to cataVtrophic 
failure. 

On the baViV of thiV identified Veepage the 
Environment Agency commiVVioned W<* 
Environmental to undertake an inveVtigation into 
the material propertieV Zithin the embankment 
and to aVViVt in the Velection of an appropriate 
remedial Volution. 
WV* propoVed three potential VolutionV�ê 

v Sheet pile cutêoff Zall e[tending into the 
natural material beloZ the embankment�

v Soil mi[ Zall to improve the e[iVting 
embankment materialV in Vitu�

v Slurry cutêoff Zall to replace the 
embankment core Zith concrete and�or an 
impermeable 
membrane.

'eViJQ 
%aVed on the WV* inveVtigative VtudieV� DS0 
Zere able to deVign a Vtrategy to reVolve the 
perceived problemV Zith the embankment. 7hiV 
deVign iV depicted in Figure � beloZ. 

mix. The objective was to ‘toe’ into the underlying
clay to create a continuous cut-off curtain which
would minimise water ingress and egress through
the embankment during high tides and flooding.
The water ingress / egress was considered to be
as a consequence of fissures within the
embankment structure and permeation through the
embankment under constant hydraulic pressure.

Installation 
Prior to installation, DSM conducted a series of 
pilot trials to determine the correct auger drilling / 
mixing head, additive consistency and mode of 
DSMimplementation.  undertook the 
installation. A Continuous Flight Auger (CFA) rig 
was employed to soil mix the additive slurry with 
the embankment material. The order of column 
mixing was column No.1 followed by column No. 
3 then No.2, No.5 and No.4. This sequence was 
repeated along the length of the barrier. 

The column diameter was 700mm with a column 
overlap of 200mm. 

The barrier was installed to a depth of 7.0 to 
8.0m below ground level and keyed into 
underlying clay layer. 

)iJXre � q  'eViJQ� 
In Vummary the deVign conViVted of inêVitu Voil 
mi[ing of the embankment and underlying VoilV 
Zith a purpoVe deVigned cementitiouV �bentonite

)iJXre � – %arrier InVtallation. 
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)iJXre � q &oOXPQ $rrDQJePeQt� 
7he original propoVal reTuired the repair of a 
���m Vtretch of embankment ê thiV ZaV later 
e[tended to ���m. 

DS0 adhered to a Vtrict 4uality AVVurance 
3rogramme Zhich demonVtrated confidence in 
the inVtallation proceVV. 7hiV included�

v OnVite obVervationV both at the rig and
batching plant �Zhich Zere Vome diVtance
apart�.

v 4A output from the batching plant
performance ê thiV confirmed that each and
every treatment Vlurry batch had been
manufactured aV Vpecified.

v 4A outputV from the &FA rig ê theVe clearly
VhoZed the depth of the inVtallation of any
Voil mi[ed column� the Tuantity of the
additive inMected into the column and the
inMection �mi[ing time.

5eVXOtV 
Several methodV Zere utiliVed to demonVtrate the 
efficacy of the proceVV. ViVual obVervationV 
folloZing inVtallation demonVtrated that the 
adMoining road and fieldV rapidly dried out. No 
Zater egreVV ZaV obVerved through the 
embankment Zall aV VhoZn in Figure �.  %orehole 
Vample coreV Zere taken along the barrier 
inVtallation and analyVed � evaluated to confirm 
compliance Zith target obMectiveV �Vee Figure ��.  
All core VampleV demonVtrated effective mi[ing 
Zith permeability valueV leVV than ��ê�m�V. 
WV* alVo inVtalled a VerieV of boreholeV 
complete Zith data loggerV Zhich demonVtrated 
that the barrier ZaV functioning in accordance 
Zith the deVign. 7he complete barrier inVtallation 
iV VhoZn in Figure �. 

)iJXre � ê AdMacent road folloZing 
inVtallation. Significant improvement compared 
Zith Figure �. 

)iJXre � q %orehole &ore. ShoZing 
%entonite 3lugging. 

)iJXre � q /ocation and E[tent of 
&omplete Embankment %arrier InVtallation. 
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