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Site Background & History

The site is the former Adult Learning Centre
located off Middlehouse Lane, Redditch. It
occupies an area of approximately 0.9 Hectares
and is bounded by the Alvechurch Highway to
the north and east, Middlehouse Lane (and the
Batchley Brook) to the south and the existing
Fire Station to the west.

Historically, the site comprised of agricultural
land. The site underwent significant quarrying
activities from circa 1938 until the early 1960’s
when it was infilled with wastes, including gas
works derived waste.

The site was subsequently developed with the
construction of the Adult Learning Centre. This
was demolished in 2009 and the site had lain
derelict since.

The site is shown in Figures 1 and 2 below.
Figure 1 shows the site in 2009, just prior to the
demolition of the Adult Learning Centre. Figure
2 shows the site prior to site clearance and
remediation.

Figure 1 — Historical Layout (circa 2009)
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The site will be redeveloped for the construction
of a Combined Emergency Services Hub. Once
fully commissioned and occupied the existing
fire station buildings will be demolished /
remediated and the site redeveloped for
potential residential end use.

Site Investigation

An initial intrusive site investigation was carried
out by Ground Investigation Specialists [GIS] in
January 2020. The findings of this study
recorded elevated concentrations of PFOS /
PFOA compounds in both soil and groundwater
on the site. In addition, elevated concentrations
of ammonia and petroleum hydrocarbons
(consistent with infill materials) were identified.
Heavy metal pollutants were also identified
along with localised cyanide contamination,
assumed to be associated with deposited gas
works waste (spent oxide).
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Following the completion of the tendering
process, Speller Metcalfe (the developer / PC)
engaged Envirotreat to provide an outline
remediation proposal and recommendations for
supplementary site investigative works.

Envirotreat proposed, in the first instance, a
supplementary site investigation study to further
assess the impacts and extent of the PFOS /
PFOA compounds recorded by GIS. This
comprised of the installation of 5 No windowless
boreholes and 4 No trial pits across the site.
Parts of the site were occupied by the badger
setts, and therefore out of bounds at this point
(with a designated easement preventing any
works within the agreed wayleave). The
exploratory hole plan including the GIS locations
is shown in Figure 3 below.

Figure 3 — Exploratory Hole Plan
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The findings of the supplementary site
investigation carried out by Envirotreat
confirmed the presence of elevated
concentrations of PFOS / PFOA within both soils
and groundwater. The most elevated soll
concentrations were identified in the existing fire
station car parking area (the western side of the
proposed development area). Groundwater
contamination was predominantly identified in
the southwestern corner of the site.

In summary, it was established that there was a
significant PFOS / PFOA source area beneath
the existing fire station car park (consistent with
the fire station’s use of AFFF materials in
firefighting foams) which was confirmed to be
migrating in a south / south easterly direction
thus presenting an ongoing risk to controlled
waters (namely the nearby Batchley Brook).

Following the completion of the supplementary
site investigation works, Envirotreat were
requested to undertake a Remediation Method
Statement and provide an appropriate
Remediation Strategy & Remediation Method
Statement to address the identified risks to
controlled waters posed by the recorded
concentrations of PFOS / PFOA compounds.

The prime focus from a regulatory perspective
was to address the potential risks posed by
PFOS contamination.

Treatment of PFOS

PFOS (perfluorooctanesulfonic acid), as shown
in Figure 4 below, exhibits both polar and
hydrophobic properties due to the sulphonate
‘head’ and fluorocarbon ‘tail’ of the molecule
respectively.

Figure 4 — Structure of PFOS

PFOS is one of the PFAS group of chemicals
which are commonly referred to as ‘forever
chemicals’ due to their known persistence in the
environment. As a consequence, it is extremely
difficult to degrade PFOS using conventional
means thus limiting the conventional
remediation options in the market place.
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The use of organoclay technology to chemically
stabilise PFOS and to prevent migration is now
becoming an established remediation process.

In stating this it should be noted that PFOS
exhibits surfactant properties and is highly
soluble in water (in the anionic sulfonate form).
It therefore requires a suitable modified
organoclay with the capability to sorb and
immobilise the pollutant, taking into account the
complex chemical properties of the pollutant —
this equally applies to the PFAS group of
chemicals in general with widely ranging
chemical properties.

PFASorb is a purpose designed modified
organoclay which provides this capability.

Remediation Strategy

In order to address the identified risks to
controlled waters from PFOS compounds,
Envirotreat propose the following integrated
remediation strategy (in line with the agreed
Remediation Options Appraisal):

¢ In-situ stabilisation of the source area using
PFASorb® (a specialised form of E-Clay).

¢ Installation of a trenched E-Clay Permeable
Reactive Barrier [PRB] along the southern
and eastern site boundaries.

The integrated remediation strategy is shown in
Figure 5 below.

Figure 5 — Integrated Remediation Strategy
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Prior to the commencement of the works
Envirotreat carried out treatability studies to
identify the optimum mix for the proposed
source treatment works. The optimum mix
achieved a 99% reduction in PFOS leachability.

The remediation strategy and PRB design
document was discussed in detail with Land
Quality Management [LQM] prior to submission
to the regulatory bodies for approval (Redditch
Borough Council [RBC] and Worcester
Regulatory Services [WRS] respectively. LQM
has been engaged by the client in a consultancy
capacity; RBC are responsible for human health
considerations and for the discharge of planning
conditions relating to land contamination; WRS
are responsible for the protection of controlled
waters (specifically the necessary protection of
the Batchley Brook — a tributary of the River
Arrow). WRS liaised with the Environment
Agency as necessary.

The relevant pre-commencement planning
conditions were discharged by RBC.
Discussions were subsequently held with WRS
to agree provisional remediation target criteria —
WRS required overall betterment and agreed to
a minimum 95% reduction in PFOS leachability
for the source treatment works. It was also
agreed to aim for a nominal groundwater
treatment target value of 50ng/l subject to
establishing background concentrations. The
prime objective was to protect the Batchley
Brook and accordingly the brook was monitored
on a regular basis to confirm that there was no
adverse environmental impact.

Remediation Works

The PRB was installed initially followed by the
source treatment works. The PRB was
subsequently extended from the southwestern
corner in a north westerly direction.
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PRB Installation

The installation of the PRB commenced in the
southwestern corner of the site as this was
conformed from the investigative work as the
presenting the highest risk to controlled waters.

The PRB was installed using a trenching
methodology. Discrete 5m trenches were
excavated to the appropriate depth (based on
ground conditions). A purpose designed pillared
E-Clay slurry was prepared in the Mobile
Treatment Area using a bespoke grout mixer.
This is shown in Figures 5 and 6 below.

Figure 5 — Mobile Treatment Area
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The E-Clay slurry was pumped to the trench and
mixed in-situ using a conventional excavator
and bespoke bucket to the required depth.
Excavated soil was reinstated and mixed to
bring back up to existing ground level. This was
repeated for each trench section along the entire
PRB length.

The width of the installed PRB was increased in
the southwestern and southern areas to provide
greater treatment capacity and residence time
(to reflect the observed increased contamination
levels in those areas). In addition the E-Clay mix
was modified along the barrier length to reflect
anticipated loading.

The PRB installation is shown in Figures 7 — 10
below:

Figure 7 — Pilot Trench for PRB Installation
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Figure 9 — Fully Mixed Completed Section Excavated soils were added back into the mix
oo until a homogenous product was achieved.

Controlled amounts of cementitious materials
were added to dry out the treated mass and to
enable subsequent safe access. It should be
noted that the sorptive properties of PFOS are
pH dependant which means that cement
additions in a stabilisation process need to be
effectively controlled for optimal resultant pH.

This process was repeated across the
delineated source area. The source treatment
Figure 10 — Reinstated PRB Area area was constrained by the need for the

- , Gy required wayleave around existing drainage
(running north to south through the area) and
interceptor tanks, which had to remain live
during the works and subsequent development.
This source treatment is shown in Figures 11
and 12 below.

Figure 11 — Excavated Grid Area for In-Situ
PFASorb Treatment

Clean surface soils were used to reinstate the
upper surface of the trench.

Source Treatment using PFASorb® Stabilisation

It was initially decided to carry out trial pitting to
delineate the source area and confirm a
required treatment volume. It was determined
that a source treatment remediation criterion of
5ug/kg (5,000ng/kg) for soils should be adopted
for this purpose.

The confirmed source area was gridded into
approximate appropriately sized treatment
areas. Each treatment area was excavated to
the required depth — this was primarily
determined by ground conditions. The arisings
were stockpiled adjacent to one side of the
excavation. PFASorb Slurry (an adapted E-
Clay) was produced on site in the Mobile
Treatment Area and pumped across to the base
of the excavation. The slurry was mixed to the
required depth using the excavator and bucket.
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Validation

Representative samples of treated soil were
collected and submitted to ALS Global
Laboratories for leaching and analysis for PFOS
| PFOA.

It was noted that the identified PFOS
concentrations across the source treatment
area were variable and accordingly it was
decided to average out the concentrations for
validation purposes. The highest identified
concentrations were in the vicinity of the former
training tower. The average PFOS
concentration identified within the remediation
source area (10 no samples) was 214ug/kg.

In total 30 post remediation samples were
analysed . The average leachable PFOS eluate
concentration following treatment was 0.628ug/I
(628ng/l). The average leachable PFOS
concentration  following  treatment  was
6.28ug/kg (6,280ng/kQ).

Given that PFOS is highly water soluble (even
more so at alkaline pHs) and that the treated
samples were subjected to the more robust
granular leaching test it can be concluded that
the source treatment process was very
satisfactory in immobilising the anionic (mobile)
form of PFOS in particular. The PFASorb
chemical stabilisation process was shown to be
97% effective.

The overall objective of protecting the prime
receptor (the Batchley Brook) has been
demonstrated by validation of groundwater
monitoring and by monitoring PFOS levels
within the brook itself (which demonstrated that
the brook was not impacted following
remediation).

Other Works

There was a significant offsite disposal
requirement  necessitating  comprehensive
management and control due to the potential
PFAS contamination risks.

In total 802 loads were removed from site under
the management of Envirotreat (comprising of
758 loads of non-hazardous soils, 33 loads of
concrete and 11 loads of tarmac). This provided
the required cost certainty for the project.

Conclusions

Envirotreat has completed the designated
remediation works at the site for the new
Combined Emergency Services Hub at
Middlehouse Lane, Redditch. The remediation
works were carried out in accordance with the
agreed Remediation Strategy.

The remediation works comprised of source
treatment of the heavily impacted area at the
west of the development site and the installation
of a permeable reactive barrier [PRB] along the
boundaries of the site. The prime pollutant of
concern was identified as PFOS associated with
the use of firefighting foams for training
purposes etc. Source treatment was carried out
by PFASorb Chemical Stabilisation. The PRB
installation involved the use of pillared E-Clays.
The remediation approach was designed and
implemented as an integrated treatment system.

The source treatment was considered to be very
successful and achieved the target objectives
(shown to be 97% effective). The installed PRB
has also been shown to be very effective. The
Batchley Brook has been protected from the
potential risk of PFOS pollution.

The necessary protection of human health will
be provided by a combination of site remediation
and the installation of a suitable capping layer /
gas protection measures (primarily to address
the potential risks associated with other
pollutants on-site as PFAS are non-volatile).

The validation report has been approved by the
regulators who have recommended the
discharge of the respective planning conditions
in relation to the protection of controlled waters.
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