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Executive Summary
The Duke’s Lake provides the surface water
attenuation for the newly constructed
Defence Medical Rehabilitation Centre
(DMRC). The DMRC provides rehabilitation
to injured service men and women and is part
of the wider Defence and National
Rehabilitation Centre (DNRC) programme.
Adjacent to the lake is a natural watercourse,
the Kings Brook, which disperses into the
River Soar.
The lake was previously classified as a
reservoir, retained on one side by a mass
concrete retaining structure, which was
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starting to show signs of failure. To ensure
that the lake can hold the increased volume
of surface water from the new development,
significant repairs were required.
BS Stanford Ltd commissioned the repair
works on behalf of the Black Stork Charity,
with Arup fulfilling the role of Employer’s
Representative, project managing the works
from inception to completion. Cain Bioengineering Ltd, a river restoration specialist,
were appointed to design and build a soft
engineering solution.

Whole Project Impact
The Duke’s Lake, located at the Stanford Hall
Rehabilitation Estate near Loughborough, is a
26,500m2 lake that provides the surface water
attenuation for the newly constructed Defence
Medical Rehabilitation Centre (DMRC) located
on the same estate. The DMRC provides
rehabilitation to injured service men and women
and is part of the wider Defence and National
Rehabilitation Centre (DNRC) programme
which was the initiative of the late 6th Duke of
Westminster, Gerald Grosvenor. It seeks to
provide 21st century clinical rehabilitation for
the armed forces and potentially the nation on
the same estate.
The Duke’s Lake plays a pivotal role in the
running of the DMRC. Not only does it provide
the surface water attenuation for the
development, but it also provides a restful
environment for the patients receiving treatment
at the centre and, in the future, the opportunity to
participate in other activities such as angling, art
classes etc. Research in the field of Evidence
Based Design confirms that patients with access
to a restful healing environment, experience less
stress, require less pain relief and recover
quicker. This strengthens the social benefits of
getting injured service men and women returning
to work.

BS Stanford Ltd requested that a sustainable cost
-effective design solution was sought instead of
the originally proposed reinforced concrete
solution. Arup looked to source alternative
solutions and recommended Cain Bioengineering Ltd, a river restoration specialist,
who specialise in soft engineering solutions.
Implementing a soft engineering solution, rather
than a hard engineering solution ensured that the
healing environment is enhanced for the patients.
The dam repair included realignment of the
King’s Brook (located to the south of the dam) to
extend the rear embankment which included
installation of a post and geotextile revetment,
raising of the dam crest and creation of a two-tier
post and geotextile revetment to the front of the
dam.

# Duke’s Lake as part of the surface water strategy for DMRC
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Project Management and Procurement
The decision by the Client to look for alternative
solutions to carry out the repair works is a great
success of the project. The design that Cain Bioengineering have implemented is a good example
of where a soft engineering solution is more
appropriate than a hard engineering solution. The
works required a small team throughout the
construction and sustainable measures such as
using bio-diesel in the plant equipment during the
construction period were implemented.
A design and build contract was used to
implement the works. Careful quality assurance
processes were set up which included using the
original designers, who identified the potential to
use the existing lake as attenuation for the DMRC
development, and the engagement with an All
Reservoir Panel Engineer (ARPE) as technical
reviewers. This provided assurance to the Client
that the soft engineering was a robust solution.
The engagement of an ARPE also protects the
future of the lake should the Flood and
Management Act be revised, and the reservoir
capacity threshold be lowered. This was in large
part due to the Client’s leadership to provide a
durable solution in line with the occupancy of the
DMRC.
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# Image of the significant crack in the existing concrete dam
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# Image showing the extent of the erosion on the Kings Brook side
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# Image showing the close proximity of existing trees to the Duke’s Lake
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# Image of root exposure due to erosion on the Kings Brook side
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Application of Engineering Principles and Judgement
The site investigation and design preconstruction included
for a visual site inspection, topographical survey and
geotechnical soil profiling (test pits).
Existing access restrictions on site (restricting ability of an
excavator to access the dam embankment) meant no test
pits beyond a shallow depth (<1.0m depth) in the dam
embankment could be undertaken to ascertain the soil
characteristics and parameters down to existing dam
foundation level.

Geotechnical design, including embankment stability and
king post wall design, utilised interim information from
shallow hand test pits and the soil profile which was
exposed on the eroded downstream face of the dam which
formed the true left-hand bank of the Kings Brook.
Conservative parameters were utilised using best
engineering judgement until plant access was made
available at the start of construction to complete deep test
pits enabling design soil parameters used to be checked
and geotechnical analysis updated as required.

During execution the soil parameters varied considerably
along the alignment of the front face of the king post
retaining wall (more than expected from the limited
geotechnical assessment which could be completed ahead
of mobilisation on site). Therefore, further geotechnical
analysis had to be undertaken during construction to
check for the range of soil parameters which were likely
to be encountered and post embedment depths and
anchoring requirements adjusted according to the variable
lake bed conditions.
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# Section through proposed design
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# Image of soil sample taken preconstruction
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Innovation
The design and installation of the dam embankment repair
and crest raising incorporated innovative softer
engineering techniques. The design solution utilises
traditional king post retaining wall design with bioengineering techniques (the use of living plant materials to
provide an engineering function as a soil binding
mechanism for erosion control and long-term slope
stability).
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# Installation of king post retaining wall on the damside

Native marginal plants were utilised within the retaining
wall structure (geogrid system with gravel/soil filled
retained behind hardwood posts) which acts as a living
grow-bag. The colonising roots of the native marginal
plants provide long-term stabilisation as it becomes
entwined with the geo-grid. This solution also allowed
existing large mature trees to be retained along the crest of
the dam with no detrimental effect on their root systems.
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# Installation of geogrid system with gravel and soil behind posts

The design provided a cost-effective alternative solution
which allowed for utilisation of site won fill from the
adjacent DMRC development and pushes the boundaries
of conventional hard engineering solutions for the repair
of existing historic structures.
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# Establishment of damside native marginal plants post construction
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Sustainability
The repair works for the lake had originally been
part of the main contract between the client and
their main contractor for the DMRC. However, as
part of a Value Engineering exercise, the works
associated with the lake were omitted. The client
requested that Arup seek a more sustainable, cost
effective solution for the works.
Arup recommended a river restoration specialist,
Cain Bio-engineering Ltd, who were approached
to undertake a detailed site investigation and to
provide a sustainable cost-effective design. Cain
Bio-engineering’s solution not only looked at the
repair works required to the defects in the dam
but also looked at the wider site and considered a
longer-term solution in realigning the Kings
Brook away from the dam side of the lake.
Providing robust erosion control measures
ensures the longevity of the lake and brook.
Arup promoted the sustainable concept of reusing
materials from the realignment of the adjacent
Kings Brook and the arisings from the
construction of the DMRC, to create the two-tier
revetment structure used to seal up a large crack
in the existing structure and increase the capacity
of the lake. Further materials used in construction
included sustainable coppiced hardwood posts
(utilised for the king post retaining wall
revetments), and locally sourced gravel material.

The design solution has a very low maintenance
requirement for its on-going operation.
Maintenance is reduced to routine vegetation
maintenance (mowing/trimming) to the dam
embankment itself in accordance with good dam
safety practices. Native marginal plants and
seeding was used to establish vegetation to the
new dam structure. In the long-term once these
plants have become established and colonised the
dam embankment, no further maintenance (other
than routine vegetation maintenance) is required.
With the establishment of vegetation, the
retaining structure is expected to have a design
life in excess of 25 years.
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# Installation of king post retaining wall following realignment of Kings Brook

The works produced a minimal amount of waste
material and will have provided a lower carbon
emission output than using a concrete-based
solution through the types of materials used and
project duration/plant requirements to complete
the works.
Several recent new employees of Cain BioEngineering worked on the project which
provided an excellent on-the-job training
opportunity for learning aquatic construction and
bio-engineering techniques. Local labour (short
term contract) was also incorporated into staffing
of the project to provide a benefit to the local
community.
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# Establishment of Kings Brook native marginal plants post construction
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Planning and Communication
The Duke’s Lake and Kings Brook is located on the
southern boundary of the Stanford Hall Rehabilitation
Estate. A regularly used public footpath is adjacent to this
boundary.
Due to the proximity of the public footpath, it was
anticipated that there would be local interest in the works
and that there could be some concern as to what effect the
works might have on the local wildlife and their habitat.
The project team therefore decided to investigate how best
to communicate the proposed works with the public.
It was agreed that ecology surveys would be undertaken
to establish the presence of protected species such as bats,
otters and badgers. An arboricultural survey was also
undertaken to establish the significance of the trees and

vegetation that the works would displace. Drawings and
visuals were produced to communicate the intended
vision for the realignment of the brook and lake works
and how the soft engineering solution which included the
native vegetation proposed would offset this initial
displacement. These findings were included as part of the
design and planning process and were formally
communicated through Rushcliffe Borough Council who
were engaged from the start of the works.
The works were carefully planned as to ensure that the
bird nesting season was avoided as part of the site
clearance. This allowed the works to continue in time for
the native vegetation to establish for the opening of the
DMRC.

Access to the Duke’s Lake site was difficult. Through
excellent collaboration and communication between the
Main Contractor for the DMRC, an access agreement was
established before the works began on site allowing a safe
and secure route through the DMRC development.
Another medium for communication was the use of the
Defence and National Rehabilitation Centre (DNRC)
website. The intention of the works was shared online and
outlined the programme for the works and welcomed any
comments from members of the public. All comments
received were responded to accordingly. The website was
regularly updated.
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# Visual of proposed planting submitted as part of the planning submission
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Safety
Cain Bio-Engineering provided a design and build service. The benefit of a design and build contractor
is the ability to apply forethought to the constructability of the project and being able to identify and
manage the risks (and health and safety considerations) to the environment and staff more effectively
from commencement of the design process.
Design and construction were undertaken in accordance with CDM legislation with hazards identified
from the design stage, right through to construction with relevant CDM documentation (i.e. Designer
Hazard Register, Construction Phase Plan, Traffic Management Plan and RAMS documentation) being
provided to the Client for review by an independent Health and Safety Consultant. Relevant preconstruction information was provided within the JCT contractual documents ahead of commencing
construction works on site. The project was identified as being notifiable and as such HSE was notified
ahead of construction commencing.
A safety culture was encouraged on site with regular tool-box talks and reporting of any accidents/near
misses as they occurred and recorded in weekly site reports. RAMS documentation was provided for
all works activities from design survey/investigation work through to construction to ensure that each
site activity was planned, hazards identified, mitigation implemented, and the work executed safely.
All sub-contractor RAMS and company H&S documentation were reviewed, and any required
amendments completed prior to their commencement on site.
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# Image on site tool-box talks during construction
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Resource Management
Due to the specialist nature of the river restoration
works, the project team were resourced based on
their experience and knowledge of the works.
This meant that the team were based outside of
the East Midlands region. To ensure that the
project team were ‘one,’ various communication
methods such as, meetings, (both on site and
virtual), progress reports and site visits were
planned well in advance by and through the
Employer’s Representative. This allowed the
project team to communicate and resolve issues to
allow the works to progress in a well-executed
manner.
Throughout the works, the team worked together
to resolve issues such as providing the technical
calculations to Eurocode for a soft engineering
solution that is based on tried and tested methods.
This involved engagement with geotechnical
engineers who provided in-depth analysis for how
the two-tier revetment would behave in the lake’s
ground conditions.
The team maintained an enthusiastic approach to
the works from the outset. The knowledge that the
lake would provide more than the surface water
attenuation but also a healing environment to the
patients being treated at the DMRC, who have
sacrificed for their country, was realised from
beginning to completion.
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# Image of completed realignment of Kings Brook
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