GROUND INVESTIGATION

Reservoir observations
Geotechnical engineering for a new reservoir involved the use of large
scale observation pits, a 3D model and a geotechnical baseline report.
Helena Russell reports.
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s demand for water
continues to rise and
environmental concerns
restrict options for
abstraction, long term planning is a
central issue for the UK’s water
authorities, particularly in the south
of England.
New supply or storage facilities such
as reservoirs can take years to develop,
build and deliver, so water resource
management plans have to predict
demand well into the future. With
planning permission granted in June,
the scene is now set for construction of
the first reservoir to be built in the UK
for three decades.
Havant Thicket Reservoir in
Hampshire is designed to provide
storage for excess water from the
artesian springs fed by the chalk
aquifer under the South Downs.
Havant is the site of the largest
artesian spring field in Europe and
while some of this spring water is used
by Portsmouth Water, there is an
excess in winter that overflows to the
sea. By capturing it and storing it in
the reservoir, Portsmouth Water is
creating a back up supply that can be
exploited by Southern Water at times
of severe drought.
Currently water is supplied to
Southern’s customers in the Hampshire
area through abstraction from local
chalk streams, but the new £120M
facility will allow this practice to be
reduced, particularly in high demand
and drought conditions, so that these
chalk streams – the Test and the Itchen
– can be kept healthy and the habitats
given greater protection.
Creating new infrastructure on this
scale – an area of 160ha capable of
holding 8.7bn.l of water and supplying
an average of 21M.l of water each day
– takes time, but Portsmouth Water
16

has had the project in mind for more
than 50 years, having purchased the
land in the 1960s.
Bidding is now underway for the
contract to design and build the new
facility, underpinned by a two year
programme of ground investigation
and geotechnical modelling that was
completed at the end of 2020.
Consultant Atkins was appointed to
develop an outline design to take
through to planning, and to procure a
design and build contractor.
Alongside this was the planning and
oversight of an £860,000 programme
of ground investigation by specialist
contractors Socotec, Careys and RSK
(Structural Soils), and the creation of a
3D ground model.
Three phases of ground investigation
were designed to confirm the geological
profile of the site, assess the suitability
of the material for use in the earth
embankment, and gather information
that could be incorporated into the

Identifying shear
surfaces within
the head
deposits was
crucial for the
reservoir design

digital geological and hydrogeological
model created by Atkins.
Specific surveys were commissioned
to identify the presence of any
anomalies or features that might have
implications for the safety of the
embankment or the operation of the
reservoir, and to assess the risk of shear
surface reactivation.
DESIGN CRITERIA

The site is underlain by a classic
succession of Hampshire Basin
geology consisting of London Clay
Formation, including the Bognor Sand
Member, Harwich Formation,
Lambeth Group and White Chalk
Subgroup. Large deposits of head
overlay the bedrock, and the possibility
of the presence of periglacial features
including relic shear surfaces within
the head and London Clay Formation,
pingos and dissolution features had to
be considered.
The main embankment structure
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P will be 3km long, up to 20m high,

and will incorporate some of the
bedrock material as fill. This material
will also be repurposed as lining for
the reservoir. As a result of the ground
investigation, the proposed location of
the main embankment culvert was
moved away from the head deposits
and onto the London Clay Formation.
Key to the successful development
of the facility is using the natural
topography as far as possible to create
the required storage capacity. The
infrastructure also includes a pipeline
to bring in surplus water for storage, and
to pump it out when demand is high.
“Critical to our role was to
demonstrate how the reservoir volume
could be achieved and highlight things
that the contractor needs to consider
in the detailed design, with an outline
bill of quantities so bidders could
accurately price the scheme,” explains
Atkins investigations supervisor
Hollie Fisher.
Design criteria included limits on
leakage from the reservoir, and the
need to ensure the embankment,
which has slopes of up to 1 in 5, is
stable and suits the local topography.
Maximising the reuse of material
from borrow pits within the site while
keeping excavation within the clay
strata is one of the balancing acts in
the design.
Embankment stability not only has
to be analysed during construction
and filling of the reservoir, but also in
emergency situations where rapid
drawdown of the water level might be
necessary.
Long term seepage through the
embankment must be modelled,
including any impact this could have
on the stresses within it. All designs
and construction methodologies are
reviewed by an independent panel of
engineers in line with industry best
practice. The contractor will be
required to design and build a trial
embankment before full construction
begins to confirm the design
assumptions and optimise the design
and construction process.
THE PITS

Extensive use of previous
investigations was made, including the
digitisation of the records. These
earlier investigations included cable
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percussive boreholes with subsequent
laboratory testing of samples and more
than 40 trial pits. Shear surfaces were
identified and logged in some of these
trial pits.
“It demonstrated that they were
all doing what we expected, and
following the topography of the area,”
recalls Fisher.
But more information was required
to establish and confirm the conditions
across the whole site, hence three
phases of ground investigations were
carried out under Atkins’ guidance.
In the first phase the main boreholes
were sunk through the clays, as well as
some that required the use of rotary
coring to penetrate the stiffer clays into
the chalk. A series of standard trial
pits, logged from the ground surface,
was opened and a network of
piezometers – retained for ongoing
monitoring – was installed.
More unusually, in the second phase
seven “person-entry” observation pits
were opened up to facilitate closer

Seven
“person-entry”
observation pits
were opened
on the site to
allow engineers
to observe and
record ground
conditions at
close quarters

observation of the ground conditions.
These are rarely used in the UK as they
require an extensive risk assessment
and health and safety measures.
The pits were up to 7m deep,
compared to the 3.5m depth more
commonly used for trial pits, and the
sides had to be stepped back at a 45°
batter. They had to be fenced, and
temporary access stairs installed with a
secondary means of escape in the
event of an emergency.
But the ability to examine the
exposed faces within the pit, and
particularly under Covid-19
conditions to live stream the process so
that colleagues back in the office could
direct those present to examine certain
features, made it an invaluable tool,
explains lead geotechnical engineer
James Apted.
“The shear surfaces that we are
looking for are only as thin as a piece
of paper,” he adds.
“You really can’t distinguish them
from a distance, you have to get
P
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P right up next to the wall of the
excavation and peel the clay away with a
trowel and open it out.”
These pits along the line of the
embankment were initially planned for
the first phase of the ground
investigation but had to be held over to
the second due to unfavourable weather.
Geophysical profiling across the site
enabled engineers to look for evidence
of hidden periglacial features such as
pingos, which are formed through the
uplift of underlying material and can
cause voids.
These features are present just a few
miles away in the vivinity of Rowlands
Castle, and if present, could be an issue
for watertightness and embankment
stability. Their presence is indicated by
anomalies in electrical conductivity
surveys due to the material being wetter
or more granular, and this would show
up as a different colour on the output.
The survey at Havant Thicket, which
was carried out by RSK. It took about
four weeks to complete across the whole
site and did not pick up any anomalies,
confirming the findings from the desk
study. But it clearly highlighted the
boundary between the Lambeth Group
and the Harwich and London Clay
deposits, providing valuable
information for the 3D model.
Other areas of investigation included
an examination of aerial photos,
geomorphological mapping and an
analysis of the boreholes through the
geological model which backed up these
findings and did not identify any pingos.
MODELLING

A key part of Atkins’ geotechnical work
was creating a digital model for the
design. This used existing Lidar data as
a starting point, bringing in data from
previous ground investigations and
then adding the new results as they
came in. A further aerial survey of the
site was subsequently commissioned.
Atkins 3D geological modeller and
spatial data specialist Stephanie BoffeyRawlings says: “You start with the data
that you are absolutely certain of, which
would be the borehole logs and the
topography, and essentially play ‘dot to
dot’ and use engineering judgement to
interpret the area in between. Then as
our own ground investigation data
came through, we were checking it
against the model and making
adjustments.”
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She says that while plans, lab results
and borehole data are fundamental
tools, there is no substitute for seeing
the different elements within a 3D
model, enabling their geospatial
arrangement to be properly
understood and viewing them in
relation to the topography.
Good data management is crucial,
keeping records of when and why
changes are made, by whom and why.
Anyone subsequently using the model
has to be aware of the assumptions that
have been made, and the extent to
which any interpretation relies on
them.
BASELINE REPORT

Another unusual aspect of the project
was the production of a geotechnical
baseline report (GBR), which will be
used for contractual purposes to set
out the threshold for particular ground
conditions or features at which a
compensation event can be
established.
Apted explains that the criteria for
the baseline statements were that they
should be measurable, or assessable,
without the need for significant
additional investigation; they should
be reasonable, and set a value that is
not so far outside the expected design

Rotary cored
boreholes were
sunk up to 72m
into the chalk as
part of the first
phase of the
ground
investigation

range that it represents conditions that
are unlikely ever to be reached. They
should be relevant and appropriate to
the works being considered. The GBR
helps in placing ground risk with the
contractor in a considered and
balanced way.
Although such reports have been
around for 20 years or more, having
been first developed in the United
States by the American Society of Civil
Engineers, they are more typically used
in the UK for tunnels. This approach
was considered appropriate for Havant
Thicket and proposed by project
manager Agilia Infrastructure Partners
after discussions with Atkins.
Apted explains: “We anticipate it will
give the contractor the confidence to
approach the project with an open
mind and consider innovative
solutions, while knowing there is a
commercial safety net.”
Detailed design is expected to start
in March 2022 with construction of
advance works such as the
embankment culvert starting in
autumn the same year. Three
earthworks seasons will be needed for
the embankment to be fully built, with
the reservoir filled naturally over a
further three seasons and starting
operation in 2029.
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