GROUNDWATER SPECIALISTS

COMMONWEALTH GAMES
AQUATICS CENTRE

SUSTAINABLE GROUNDWATER RESOURCE MANAGEMENT DURING THE CONSTRUCTION
OF THE COMMONWEALTH GAMES AQUATICS CENTRE, SANDWELL, BIRMINGHAM

BACKGROUND LICENSING

The Agquatics Centre for the 2022 Commonwealth Games In January 2018, the UK Govemment brought
located in Sandwell, Birmingham, is cumrently under into law legislation that made construction
construction and due for completion early 2022. dewatering a regulated activity, requiring a

li f the Envi t A EA).
With the requirement for deep earthworks at the site (7m icence from the Environment Agency (EA)

below ground level) below water table for consfruction of The purpose of this legislafion is to ensure that
the competition pool, dive pool, plant room and the UK's groundwater resources are protected
surounding infrastructure, the sustainable control of from over-abstraction, and to reduce the
groundwater to comply with cumrent legislation was a potential risk of impacts on the environment
significant challenge. from abstraction activities.

ABSTRACTION

Groundwater Absiraction is
relied upon heavily throughout
the world for the supply of water.

In 2010, total global groundwater
abstraction was estimated to be
circa 1,000 km3/a of which
72 km3/a within Europe, and
with England alone absiracting
groundwater at a rate
over 2 km3/a.

THE SITE

The site is located within the EA’s
Birmingham Groundwater
Management Unit, which has the
status of ‘restricted water available’.

v L g ,>A B2 D, In general the site is underlain by
Fig. 1 Photograph showing construction of the Sandwell Aquatics Centre| variable superficial deposits of Clay
? s 2 and Sand. Beneath the superficial

deposits is the Chester Formation

Sandstone (interbedded sandstone
LEGISLATION and conglomerate).

Site investigation revealed a
piezometric head close to
ground level, and in some
cases, even artesian.

The high dependence on water supply means that groundwater abstraction
during underground consfruction needs to be planned and managed
carefully so that water resources are protected.

In particular, when structures are built below water table where groundwater is being
abstraction from permeable stratq, it is required to lower the water table below the
construction formation level, or to reduce artesian head to prevent ground heave.

This abstraction of groundwater for construction, known as “Groundwater Control” or “Construction Dewatering” can be
achieved using a number of different techniques. Each of these techniques can be designed to match the particular
soils & groundwater conditions expected to be encountered on site.



GROUNDWATER RECHARGE

MATHEMATICAL MODELLING

In most parts of England & Wales, the Environment
Agency grants a licence to abstract groundwater This approach first required the development of a
below an agreed pre-determined abstraction rate. multi-dimensional groundwater flow model for the site.
This model enabled the simulation of groundwater flow
resulting from pumping from a series of abstraction wells,
with this groundwater recharged under pressure info a
series of recharge wells.

However, due to the current over-abstraction of
groundwater from the Principal Aquifer underlying
Birmingham (the Chester Formation), the EA specified
the net abstraction rate as Zero for the Sandwell
Commonwealth Games Aquatics Centre Project. During the project, there were periods when certain
areas of the site required the lowering of the artesian
head, with water recharge to wells elsewhere on the site.
At later stages the locations for abstraction and recharge
were swapped to enable underground construction in
ofther areas on site.

This meant that 100% of the groundwater abstracted
during the construction period was required to be
recharged back to the same aquifer from which
abstracted.

To ensure that this sustainable water conservation
constraint  was achieved, Wates Construction
(Principal Contractor), engaged OGI Groundwater Limits of Drawdown using a Groundwater Recirculation System
Specialists fo Design and Manage this operation.

RECEPTION
The Groundwater Control operation itself would have SHAFT Recharge Well Al WAY @
been relafively straight-forward if the abstracted

groundwater could have been discharged by
conventional means, i.e., directly to sewer or a wafter M
course. However, this traditional approach would AR T
have likely resulted in the loss of groundwater in the y
order of 250 million litfres over the period of XN S
construction dewatering. :
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MICROTUNNEL ALIG NMENT

OGlI's innovative approach for sustainability provided:

o Environmental benefits by the protection of the
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SYSTEM METHODOLOGY

The groundwater control abstraction and recharge
system designed by OGI was installed by
established groundwater control contfractor Alba
Dewatering Services, who rose to the challenge of
working under extreme wet weather conditions.

The system ifself ultimately required over 120
abstraction wells and 50 recharge wells, with each
well  individually specified so groundwater
abstraction and recharge were tfargeted at the
appropriate aquifer.

Figure 3 presents the location of the various
abstraction and recharge wells and cross-sectional
output of the fwo-dimensional mixed confined-
unconfined aquifer model GEMOS.

PROJECT SUCCESS

Most challenging for the groundwater recharge operation was
that the natural piezometric head in this area was close to
ground level, and in places even flowing-artesian.

For this reason, the recharge system required the pressurisation of
the water with a 3m head established above ground level at
each recharge well head. This was achieved by pumping the
abstracted groundwater to an elevated location on the site,
with the recharge pipes maintained under pressure to overcome
the artesian pressure within the aquifer.

Most importantly, it was essential to abstract clear groundwater,
filtered so as to prevent silts from being removed from the
ground, and so dllowing recharge of clear water to avoid
frequent blockage. Note that regular cleaning of the recharge
wells was required, with a regular inspection maintenance
routine in place for this pumpose.

Clearly, the objective of the groundwater control operation was to lower the water table and the piezometric head to
the required level beneath the various structures. With recharge wells sometimes as close as 10m from the abstraction
wells, the system had to be carefully designed and modelled to ensure a successful outcome.

This successful outcome was achieved using a combination of innovative design, regular monitoring and careful system

installation by Aloa Dewatering.

The Wates construction tfeam was highly involved with the logistics to ensure protection of the system during a complex

and dynamic construction operation.




ig. 8 Groundwater Control System. Fig. 9 Groundwater Control System installed close
operation during Site _ to the Sheet Pile Wall and Contiguous Piles on Site
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Fig. 10 View of Groundwater Control System and Excavation

PROJECT SUMMARY

In summary, the construction of the 2022 Commonwealth Games Aquatics Centre at Sandwell, Birmingham, required a
particularly challenging Groundwater Control operation for the deep excavation works for the Competition Pool, Dive
Pool, Plantf room and surrounding Infrastructure.

As a consequence of historic over-abstraction in the area, the most sustainable way that the project could receive an
abstraction licence from the Environment Agency was if 100% of the abstracted groundwater was recharged back to
the same aquifer within the site boundary.

This challenging operation required a combination of the development of a multi-dimensional groundwater flow model,
latest design techniques, combined with skilled installation practices and astute site management.

The project achieved all objectives by ensuring a zero net loss of groundwater resource from the aquifer, lowering the
groundwater level so enabling underground structures to be constructed safely, and providing an exemplary project
that promotes this environmentally sustainable technique across the supply chain.
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