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GLOSSARY OF TERMS
BAHS B. A. Hydro Solutions Limited
ng/kg Micrograms per kilogram
ng/l Micrograms per litre
bgl Below ground level
BGS British Geological Survey
BH Borehole
CA Coal Authority (renamed the Mining Remediation
Authority (MRA))
CAMS Catchment Abstraction Management Strategy
DWI Drinking Water Inspectorate
DWS Drinking Water Standard
EA Environment Agency
EHO Environmental Health Officer
GP3 Groundwater Protection Policy
GSH/C Ground Source Heating/Cooling
ha Hectare
HSE Health and Safety Executive
HGA Hydrogeological Assessment
HTGA Hydro-Thermogeological Assessment
LA Local Authority
m Metres
m?2/day Square metres per day
m3/day Cubic metres per day
maOD metres above Ordnance datum
mg/kg Milligrams per kilogram
mg/l Milligrams per litre
MRA Mining Remediation Authprity (MRA), formerly
known as the Coal Authority (CA)
NE Natural England
NGR National Grid Reference
NRW Natural Resources Wales
PWL Pumped Water Level
RWL Rest Water Level
] Drawdown in metres
SEPA Scottish Environment Protection Agency
SPZ Source Protection Zone
SSSI Site of Special Scientific Interest
SvC Volumetric Heat Capacity
T Transmissivity
TGA Thermogeological Assessment
UKAS United Kingdom Accreditation Service
UXO Unexploded Ordnance
A Thermal Conductivity
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2

Introduction

B. A

. Hydro Solutions Ltd. (BAHS) has been commissioned to complete a

Thermogeological Assessment of conditions present at the following site. This
Assessment considers the geological and thermogeological characteristics of the
ground beneath and surrounding the site. The geological and thermal properties
reported are for use in developing a closed loop collector array design to sustain
a ground source heating/cooling system.

The

site location is illustrated in the following figure; for the purpose of

considering geological strata and depths to each stratum, a mean site elevation

has b

een adopted throughout this report, as listed below:
Site Address: Littlecott Mill
Enford Pewsey
Wiltshire
Postcode: SN9 6AW
Drill position NGR: SU 14243 51747
Elevation adopted: 85 | maOD

Table 1: Site details

Objectives

This

o

Assessment seeks to fulfil the following objectives:

Confirm the geological sequence.

Document the lithological conditions present.

Document the reported flood risk and implications.

Document the presence and direction of groundwater movement.

To quantify the thermal properties of the ground to ¢250 metres depth.
Provide bulk thermal values for different drilling depths.

Identify potential drilling & geological hazard that may be encountered.
Report the regulatory conditions applicable.

Provide a thermogeological summary for the ground beneath the site.
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Geological Setting
Geology

The following discussion of the geology beneath the site is based on a site-
specific literature review and historical borehole records that have been
obtained for the purpose of predicting the geological unit thickness, nature and
depths. As geological units are not laterally continuous, vary in thickness and
are not homogeneous, the predicted thickness and depths may differ slightly if
or when proved by drilling.

It is recommended that during drilling B. A. Hydro Solutions Limited are
consulted in order to compare the confirmed geology with that anticipated in
order to refine the thermal properties reported. The geology and thicknesses
reported are based on the assumption that the borehole(s) is drilled at the
National Grid Reference (NGR) listed in Table 1 from the elevation stated. If
the drill position changes the findings of the Assessment will need to be updated.

I
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Figure 2: Geological Map
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The geology mapped at ground level across the local area is illustrated in Figure
2; the location of the site is outlined in red, the following table summarises the
strata present, their names, lithological nature and the anticipated thicknesses of

each unit.
. . Anticipated
Geological Ge010g1.c al Lithological Nature Thickness
Group Formation
(metres)
i i Soil and/or Worked Ground ©
and/or Made Ground
- Alluvium Clays, silts, sands and gravels 2to4
. New Pit &
Wslllll;e rC(l)Illlalk Holywell Nodular Chalk & flints 31to 34
group Chalk Formations
Grey Chalk Zig Zag Chalk Mudstones with limestones, 251027
Sub-Group Formation siltstones and ironstones
Grey Chalk West Melbury Marly | Mudstones with limestones, 44 to 47
Sub-Group Chalk Formation siltstones and ironstones
Selborne Group Upper Gre@nsand qustones w1th‘11mest0nes, 49 to 48
Formation siltstones and ironstones
Selborne Group Gault Formation Clays and Mudstones 25t0 45
Selborne Group Lower Gre§nsand Silty sands and sandstones 1to 12
Formation
Portland Group Portland Group Sand, silt & clay 10to 15
Ancholme Group Klmmerldge Clay Mudstones and siltstones 100 to 120
Formation

Table 2: Summary of Geological Sequence

3.2 Structure

The main geological structures present and affecting the ground beneath the site
are listed below. The tectonic events and the sequences leading to the resulting
structures are not considered by this Assessment as such detail does not affect
the conclusions drawn by this study.

e Faults in the local area are anticipated to affect the geological sequence or
the presence/abundance of groundwater beneath the site

e The strata considered by this Assessment have experienced minor tectonic
deformation since their deposition, they have been gently folded/tilted and
faulted.

e The strata dip at 1 to 2 degrees to the north-west.
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4 Lithological Characterisation

4.1 Soil & Drift
4.1.1 Soil

All sites are underlain by some form of soil, worked ground, made ground or a
combination of the above. This Assessment does not seek to characterise the
nature of this layer as it is normally relatively thin and has a very limited
influence on the thermal properties of the ground. Where sites are underlain by
known or possible contamination, appropriate professional advice should be
sought. If the ground is contaminated the approach to drilling and completion
of closed loop boreholes would need to reflect the conditions present.

As a precautionary approach, it should be assumed when designing a new
abstraction borehole, that the soil could be liable to collapse, and that temporary
casing would be needed through the soil and drift deposits present beneath.
Soils and the first 10 metres below ground level [depending on ground
conditions] should be sealed out of new boreholes on completion in order to
form a reliable sanitary seal.

4.1.2 Drift

Alluvium at this location comprises unconsolidated, geologically recent fluvial
sediments (clay, silt, sand, and gravel) deposited by running water in
streambeds, floodplains, or alluvial fans. Typically poorly sorted to semi-sorted,
it may include occasional organic-rich layers and variable grain sizes from fine
clay to coarse pebbles At the site, this alluvial unit ranges between 2 and
4 metres in thickness, forming a continuous cover of fluvial material over the
underlying substratum.

4.2 New Pit & Holywell Nodular Chalk Formations

The rock head beneath this site is formed by the New Pit & Holywell Formation
which is likely to be weathered to a depth of 5 to 10 metres below rock head.
Weathering, erosion and exposure will have reduced the strength of the ground
resulting in it becoming weaker, less able to stand without temporary support
and liable to collapse when drilled.

The New Pit Chalk Formation is firm and smooth-textured and lacks the
nodularity and abundant shell remains of the underlying Holywell Nodular
Chalk, but, in its upper section, bands of nodular flints do appear. The New Pit
Chalk Formation is generally blocky in appearance, and is firm to hard, with
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increasing numbers of marl seams, which are slightly more noticeable than in
the Holywell Nodular Chalk Formation below. Several thick marl beds, more
than 0.1 metre thick, occur in the upper part of the New Pit Chalk. Flint seams
occur towards the Formation base, with these most noticeable over geological
structural highs, and towards the margins of the Chalk outcrop.

The Holywell Nodular Chalk Formation tends to be hard, nodular and
distinctively shell-rich. It contains regularly developed thin beds of marl
throughout and an interval with several beds of greenish-grey marl at the base,
up to several metres thick, named the Plenus Marls Member. A known hard-
band within the Holywell unit occurs just above the Plenus Marls, and is named
the Melbourn Rock. This is a very hard thin layer of around 3 metres, made up
of blocky fractured chalk and often with nodular chalk. It is much more resistant
than the surrounding chalk.

When drilling through the New Pit & Holywell Nodular Chalk Formations, one
can expect a minimum thickness of 31 metres, potentially reaching up to 34
metres. Below a weathered upper surface, the hardness and competence of the
formation increase, leading to stable ground conditions once drilled. The top of
the Chalk may be weathered and degraded, forming Putty Chalk, a white clayey
material with less weathered chalk blocks. As drilling depth increases, the
clayey nature diminishes until reaching firm natural chalk. Although no
encounters are anticipated at this location, it is possible to come across such
formations. It is important to note that drilling through this unit may result in
high drilling fluid losses.

4.3 Zig Zag Chalk Formation

The Zig Zag Chalk Formation forms the topmost unit of the Grey Chalk
Subgroup and is generally firm but blocky, with a pale grey appearance; the
lower portion is characterised by regular alternations between marl bands and
marly chalks within firm white chalk. Marker beds of silt rich, gritty material
can be found within this sequence too.

The base of the Zig Zag Chalk Formation layer is a hardground called the
Totternhoe Stone Member. The Totternhoe Stone Member is typically brown-
grey colour, formed of fine grained, hard calcite cemented chalk material. The
layer may be referred to as being “sandy” due to the coarse fossil fragments
found within it, rather than actual sand grains being found. This unit is thin to
thickly bedded and can contain hard pellets of dark brown phosphatic
cementations within the softer chalk in places; the pellets are up to a few
centimetres across.
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Totternhoe Stone may be difficult to visually distinguish from the overlying
chalk of the Zig Zag Chalk Formation, the Member is noticeably harder than
that above, and slightly coarser grained. The lower boundary of the Totternhoe
Stone Member is often indistinct.

When drilling through the Zig Zag Chalk Formation, which has a minimum
thickness of 25 metres up to 27 metres, one can expect hard conditions. Once
drilled, the ground will normally stand without support; however, this unit is
often associated with a moderate to high level of loss of drilling fluids.

4.4 West Melbury Marly Chalk Formation

The West Melbury Marly Chalk Formation underlies the Zig Zag Chalk, apart
from where it is known to be absent over the Mid-Dorset Swell. It is typified
by its creamy, buff or grey colour chalk. This chalk is soft, with marly layers
throughout and interbeds of hard grey limestone, generally alternating
throughout the Formation. The upper boundary with the overlying Zig Zag
Chalk Formation is noted by the change from chalk with marls above, to the
well-defined alternating limestone and marl bands of the West Melbury Marly
Chalk below.

The lower boundary of the West Melbury Marly Chalk Formation is an
unconformable erosional surface. This surface is known as the Glauconitic
Marl Member in most of the Southern Province, the Melbury Sandstone
Member in the Western Southern Province and the Cambridge Greensand
Member in the immediate Cambridge area of the Transitional Province reaching
into East Anglia.

When drilling through the West Melbury Marly Chalk Formation, which has a
minimum thickness of 44 metres and can reach up to 47 metres, one can expect
firm conditions. Once drilled, the ground will normally stand without support;
however, it is important to note that some drilling flush can be lost during the
drilling process.

4.5 Upper Greensand Formation

The composition of the Upper Greensand Formation varies from site to site, but
typically consists of interbedded fine sand and sandstones. Sometimes the
arenaceous sediments are so fine grained they form silt or silty
sands/sandstones. The sands may also have a calcareous or clayey matrix and
often contain shell fragments.
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The sandstones of the Upper Greensand are commonly glauconitic and have a
high iron content. The glauconite and iron minerals when freshly exposed are
green in colour, giving the Upper Greensands their name. The Upper Greensand
quickly weathers to red brown upon exposure. Bioturbation and ripple marks,
made at the time of deposition, may still be found within the strata. Shells,
particularly those of bivalves, mark out bedding planes.

When drilling through the Upper Greensand Formation, which has a minimum
thickness of 42 metres but can reach up to 48 metres, expect weakly
consolidated and very unstable ground that is prone to collapsing. To stabilise
the hole, temporary casing or carefully managed drill muds will likely be
necessary. There is a high likelihood of encountering running sands in this unit,
and some drilling flush may be lost during the drilling process.

4.6 Gault Formation

The Gault Formation consists chiefly of dark grey, clayey mudstones that are
often sandy, glauconitic and sometimes even micaceous. With increasing depth
from the top of the unit a distinction between softer clay and harder mudstone
horizons should become apparent as distinct interbedding. Towards the base of
the Formation, there are thicker, harder layers of mudstone, gritty mudstones,
and phosphatic beds.

When drilling through the Gault Formation, which has a minimum thickness of
25 metres and can reach up to 45 metres, well-consolidated conditions are
typically encountered. Normally, drilling through this unit results in little loss
of flush.

4.7 Lower Greensand Formation

The Lower Greensand, also known as the Woburn Sands Formation, is
comprised of sandstones and loose sands of marine origin. The sand and
sandstones are formed of rounded quartz grains which range from fine to coarse
in size. The unit contains some silty and clayey layers which locally develop
into Fullers Earth.

The sediments are cross bedded yellow to brown in colour with some pebble
and phosphatic nodules towards the base of the unit. Overall, it tends to have a
moderate glauconitic, iron and phosphorous content. The unit has an
unconformable lower and upper boundary indicating it was deposited following
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a period of erosion of older strata and itself was partially eroded before younger
sediments were laid on top.

The upper part of the Formation is sometimes found to have layers of carstone,
mudstone, marls and occasional clays. This layer, sometimes known as the
Junction Beds, may be a partial re-working of weathered Lower Greensand prior
to or during the deposition of the younger strata.

When drilling through the Lower Greensand Formation, which can range from
1 metre to up to 12 metres in thickness, weakly consolidated and very unstable
ground conditions are to be expected, making it prone to collapsing. To stabilise
the hole, temporary casing or carefully managed drill muds will likely be
necessary. There is also a high likelihood of encountering running sands within
this unit, leading to potential loss of drilling flush during the drilling process.

4.8 Portland Group

The Poole Formation is comprised of four depositional sequences with erosional
bases and surfaces. The sequence is as follows; lower sand units overlain by an
upper clay unit. The Sand units usually have a pebbly base and are medium to
coarse grained with planar cross-bedding and water escape structures.
Generally, they coarsen westwards with gravels being developed in places with
large proportions of quartz pebbles. The Clay units are kaolinitic with silt which
is usually mulitcoloured and interbedded with organic rich clay layers and
laminated clays. The kaolinitic clays tend to be dominant around Wareham but
the laminated clays are more seen in the Bournemouth-Poole area.

The upper boundary of this Formation is marked by the erosional contact
between clays and silts of the Parkstone Clay Member and Branksome Sand
Formation.

The lower boundary is defined by the coarse-grained sands of the Poole
Formation overlying the sands and clays of the London Clay Formation. The
Poole Formation appears to thin towards the North and East of Poole itself, into
the higher beds of the London Clay.

When drilling through the Portland Group, some drilling flush can be lost due
to the presence of discrete layers that could produce running sands. This
geological unit has a minimum thickness of 10 metres, with the potential to
reach up to 15 metres. The formation is hard, indicating that drilling may require
more effort and specialised equipment to penetrate through the rock.
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4.9 Kimmeridge Clay Formation

The Kimmeridge Clay Formation is the uppermost geological horizon of the
Ancholme Group and outcrops across the country, from Yorkshire to Dorset.
The Kimmeridge Clay is typically seen as a grey to brown coloured unit
dominated by mudstones. The Formation consists of small-scale cyclic bands
of bituminous, calcareous, silty and sandy mudstones. There are also many thin
siltstone horizons and cementstone beds inter-bedded with the mudstones.
Discrete sandstone and thin conglomerate layers occur regularly through the
unit and are locally named as Member horizons, as they are not laterally
continuous, are rarely well mapped and represent very small sections of the
lithological sequence, they are not documented or named individually within
this Assessment.

When drilling through the Kimmeridge Clay Formation, which has a minimum
thickness of 100 metres and can reach up to 120 metres, one can expect firm
conditions. Normally drilling through this unit results in little loss of flush.
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5 Flood Risk

The Environment Agency’s flood designation for the site is summarised below,
this Assessment is not, and cannot be used as part of, a flood risk assessment.

Flood risk from River or Sea:

High Risk

Description of Risk:

High risk means that this area has a chance of
flooding of greater than 3.3% each year. This
takes into account the effect of any flood
defences in the area. These defences reduce,
but do not completely stop, the chance of
flooding as they can be overtopped, or fail.

Flood risk from Surface Water:

Very Low Risk

Description of Risk:

Very low risk means that this area has a chance
of flooding of less than 0.1% each year.
Flooding from surface water is difficult to
predict as rainfall location and volume are
difficult to forecast. In addition, local features
can greatly affect the chance and severity of
flooding.

Flood risk from Reservoirs:

Unlikely (Low)

Description of Risk:

Flooding from reservoirs is unlikely in this
area. An area is considered at risk if peoples'
lives could be threatened in the event of a dam
or reservoir failure.

Flood risk from Groundwater:

Possible (Medium)

Description of Risk:

Flooding is possible in the local area when
groundwater levels are high. This is due to the
site resting on permeable ground in which the
water table can rise to flood below ground
structures such as basements. Under very wet
(often prolonged) conditions the water table
could rise above ground level causing standing
water in low lying areas.

Table 3: Flood Designation

Based on the flood risk status above, the site this Assessment provides the

following guidance:

The overall flood risk for this site is assessed as being HIGH; boreholes should
always be sealed with grout over at least the top 10 metres below ground level
and chambers for manifolds, etc, should be positioned to avoid them becoming
flooded, they should be sealed and if possible raised.
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6 Thermogeology

It is unlikely that any of the geological units beneath the site have a sufficient
thickness to individually sustain the planned closed loop ground source heating
system. Any new system developed at this site will operate using one or more
boreholes drilled through a number of horizons. For this reason, this section
considers the thermal properties of each unit individually and then provides
estimates of the bulk average thermal properties of the ground for different drill
depths.

The geology beneath the site to a depth of over 200 metres is divided in to 11
thermogeological units based on lithology, weathering and saturation. Table 4
summarises the thickness and the thermal properties of each horizon. The values
within this table have been derived from field measurements, laboratory tests
and published results. Some of the ranges of thermal values are wide, which
reflect natural variabilities within the thermogeological unit.

The wider the thermal value range, the more important it is for closed loop
designs to be revised to reflect confirmed ground conditions during installation.
On large projects a thermal response test may be considered if the range of
thermal values is wide, as such testing accurately confirms actual thermal values
across the final drill depth.

Maximum Thermal Volumetric

Strata Name/Unit Description thickness Conductivity | Heat Capacity

(metres) (W/mK) (MJ m-3 K-1)
Alluvium - Unsaturated 4 0.60 | -] 090 | 1.70 | - | 1.90
New Pit & Holywell Formations - Putty Chalk - 1 150 -1 175 1 180 | -1 2.00
Unsaturated
IS\I;vl;Iri; (fc Holywell Formations - Putty Chalk - 9 170 | -1 200 | 220 | -1 230
New Pit & Holywell Formations 24 1.80 | -] 245 | 220 | -] 2.30
Zig Zag Chalk Formation -Fractured & Jointed 27 279 | -12.89 | 210 |-] 220
West Melbury Marly Chalk Formation 47 215 | -] 2351205 ]-] 215
Upper Greensand Formation 48 2.57 | -| 2.67 | 2.00 | - | 2.10
Gault Formation 45 1.98 | -] 2.08 | 2.25 | -] 2.35
Lower Greensand Formation 12 254 | -] 2.64 ] 2.00]-]210
Portland Group 15 1.70 [ -] 230 [ 205 |-| 22
Kimmeridge Clay Formation 120 14 |-]1165|235]|-]245

Table 4: Table of thermal properties

Table 5 below lists the thermal conductivity and volumetric heat capacity of the
ground for different drill depths.
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Drill Depth Thermal Conductivity Volumetric Heat Capacity = Thermal Diffusivity

(Metres) (W/mK) (MJ m-3K-1) (msq/day)
50 1.92 - 2.34 2.13 - 2.24 0.074 - 0.095
55 2.00 - 2.39 2.13 - 2.23 0.077 - 0.097
60 2.06 - 2.43 2.12 - 2.23 0.080 - 0.099
65 2.12 - 2.46 2.12 - 2.23 0.082 - 0.100
70 2.12 - 2.46 2.12 - 2.22 0.082 - 0.100
75 2.12 - 2.45 2.11 - 2.22 0.083 - 0.100
80 2.12 - 2.44 2.11 - 2.21 0.083 - 0.100
85 2.13 - 2.44 2.10 - 2.21 0.083 - 0.100
90 2.13 - 2.43 2.10 - 2.21 0.083 - 0.100
95 2.13 - 2.43 2.10 - 2.20 0.083 - 0.100
100 2.13 - 242 2.10 - 2.20 0.084 - 0.100
105 2.13 - 242 2.09 - 2.20 0.084 - 0.100
110 2.13 - 2.42 2.09 - 2.20 0.084 - 0.100
115 2.14 - 242 2.09 - 2.19 0.084 - 0.100
120 2.16 - 2.43 2.09 - 2.19 0.085 - 0.101
125 2.18 - 2.44 2.08 - 2.19 0.086 - 0.101
130 2.19 - 245 2.08 - 2.18 0.087 - 0.102
135 2.21 - 2.46 2.08 - 2.18 0.087 - 0.102
140 2.22 - 2.47 2.07 - 2.18 0.088 - 0.103
145 2.23 - 2.47 2.07 - 2.17 0.089 - 0.103
150 2.24 - 2.48 2.07 - 2.17 0.089 - 0.104
155 2.25 - 2.49 2.07 - 2.17 0.090 - 0.104
160 2.26 - 2.49 2.06 - 2.17 0.090 - 0.104
165 2.25 - 2.48 2.07 - 2.17 0.090 - 0.104
170 2.25 - 2.47 2.08 - 2.18 0.089 - 0.103
175 2.24 - 2.46 2.08 - 2.18 0.089 - 0.102
180 2.23 - 2.45 2.08 - 2.19 0.088 - 0.101
185 2.23 - 2.44 2.09 - 2.19 0.088 - 0.101
190 2.22 - 2.43 2.09 - 2.20 0.087 - 0.100
195 2.21 - 2.42 2.10 - 2.20 0.087 - 0.100
200 2.21 - 2.41 2.10 - 2.20 0.087 - 0.099
205 2.20 - 2.40 2.10 - 2.21 0.086 - 0.099
210 2.21 - 2.41 2.10 - 2.20 0.087 - 0.099
215 2.21 - 2.41 2.10 - 2.20 0.087 - 0.099
220 2.21 - 2.41 2.10 - 2.20 0.087 - 0.099
225 2.20 - 2.41 2.10 - 2.20 0.086 - 0.099
230 2.19 - 2.41 2.10 - 2.20 0.086 - 0.099
235 2.18 - 2.40 2.10 - 2.20 0.085 - 0.099
240 2.16 - 2.38 2.10 - 2.21 0.084 - 0.098
245 2.14 - 2.37 2.11 - 2.21 0.084 - 0.097
250 2.13 - 2.35 2.11 - 2.22 0.083 - 0.096

Table 5: Bulk average thermal properties over different drill depths
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The thermal conductivity initially increases from a depth of 50 metres to a peak
value of 2.378 W/mK at a depth of 160 metres. Subsequently, it decreases to a
minimum value of 2.241 W/mK at a depth of 250 metres. The volumetric heat
capacity decreases as depth increases. The values in the table show that the
thermal diffusivity initially increases from a depth of 50 metres to a depth of
160 metres, peaking at 0.0973 m* day, and then decreases gradually until a depth
of 250 metres, reaching a value of 0.0896 m*day.

These values should be recalculated to reflect the actual thickness and
lithological characteristics of the ground once proven by the driller after
completion of the first one or two holes.

The values listed above should be used to develop a model to design and then
simulate the performance of the borehole collectors for a ground source heating
system at this site. The average ground temperature at the site between ground
level and 200 metres depth based on published values is 10.39 degrees
Centigrade.

BAHS have been measuring ground temperatures around the UK for over 20
years, based on this data set, the average ground temperature between ground
level and 200 metres depth below this location is estimated to be 11 to 12
degrees.

Generally ground temperatures are higher than reported values, however BAHS
and other designers of GSH borehole arrays should use the published values [for
compliance with Professional Indemnity insurances] until site-specific
measurements can be made. Once confirmed by measurements, higher ground
temperatures will normally enable a smaller borehole array to be installed and/or
a more efficient system to be developed.

The heat originating in the centre of the earth is true geothermal energy, only a
very small amount of heat in the shallow ground below a site (down to several
hundred metres) has geothermal origins, the vast majority originates from solar
thermal recharge. The geothermal component is measured as a background
warmth rising up to the earth’s surface, this is known as the geothermal heat
flux which varies across the earth’s surface.

While the influence of the geothermal heat flux is small and not a large factor
in the overall design of most ground source heating collectors (+/-2.5%), on
large borehole arrays this influence can be more significant and effect the
number of boreholes needed. The British Geological Survey (BGS) have been
measuring and calculate the geothermal heat flux for many years and publish
the following map of thermal values.
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Figure 3: BGS Geothermal Heat Flux Map

BAHS have been measuring geothermal heat flux for at least 17 years across
the UK, these values complement and expand the BGS dataset. The BGS map
indicates the geothermal heat flux beneath the site is in the order of 50 to 60
mW/m?, BAHS’ measured values close to this site indicate a value of 30 to 40
mW/m?. The BGS values should be used when modelling the geothermal
contribution, unless site-specific measurements are made as part of a thermal
response test.

Groundwater is anticipated to flow towards the south beneath the site.
Groundwater flow can have the effect of transporting chilled or warmed water
in the same direction. Where possible boreholes should be configured to avoid
shadowing as passing groundwater is chilled or warmed.

For example, a line of boreholes, or a grid of boreholes should have their long
axis perpendicular to groundwater flow. Any closed loop boreholes drilled at
the site should also be separated by an adequate distance determined by careful
design, in order to minimise thermal interaction over the lifetime operation of
the ground source heating system.
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7  Regulatory Considerations

7.1 Source Protection Zone(s)

Source Protection Zones (SPZs) indicate the presence of sensitive licensed
groundwater abstractions from the underlying aquifer(s), often those used for
public/private potable supply. The EA and NRW use these zones in conjunction
with their Groundwater Protection Policy (GP3) to set up pollution prevention
measures in areas which are at high risk, and to monitor the activities of
potential polluters nearby that may result in contamination of these sources.

Is site within a SPZ: No
SPZ number: N/A

Table 6: Source Protection Zones

Based on the SPZ status beneath the site, this Assessment provides the
following guidance:

Although this site is not within a Source Protection Zone, a new borehole should
be correctly grouted, headworks sealed and any activities that could pose a risk
of contamination must be excluded from around the borehole. For example no
soakaways, chemical stores, heating oil storage, septic tanks, etc., within 50
metres of the borehole, and no livestock kept within 20 metres of the borehole.

7.2 Permitting

The EA are moving most regulated activities to a permit-based system which
will include abstraction licenses. At present permits are needed for certain
activities in close proximity to watercourses and/or where there is a release to
the environment. This can include soakaways, direct and indirect discharges to
groundwater, open loop ground source heating/cooling systems and drainage
activities. It may be possible to avoid a formal permit by ensuring compliance
with general binding rules, please refer to the EA, NRW or SEPA websites.

Ground source heating and cooling systems shall be covered by a permitting
system with exemptions where compliance with general binding rules can be
achieved.  The definition of ‘pollutant’ in the Groundwater Directive
2006/118/EC meant that heat in ground was not regulated in the UK. Prior to
the Groundwater Directive, heat was considered a pollutant in the ground. The
changes to the EPR regulations reinstate heat as a pollutant in ground.
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The EA do not consider that heat from closed loop boreholes is one of the
significant sources of heat which could pose a risk to the environment; and so
are putting in measures to reduce the burden to the GSHP community as much
as possible.

Projects that comply with the following binding rules should not need to notify
and would not need a permit from the EA. Rules and conditions may change
between issue of this report and drilling, therefore BAHS recommend seeking
clarification prior to drilling. The rules at the time of drilling are summarised
below with an assessment of compliance:

. Minimum
Can this system Distance from
Closed Loop GSHP Permit Exemption Criteria comply: site to
Yes/No
(metres)
The system must be fully sealed, i.e. grouted: YES N/A
The installation must not mobilise contamination
to cause pollution of surface water or YES N/A
groundwater:
The scheme cannpt place a closeq loop system YES N/A
adjacent to a septic tank or cesspit:
Not within the inner zone of a source protection YES N/A
zone, SPZ 1:
Not within 250 metres of protected sites (e.g. NO <50
SSSI) or ancient woodland; with some exceptions:
Not within 50 metres of a well, spring or borehole
supplying water used for domestic or food YES 200
production:
All equipment used must comply with British
Standards and Ground Source Heat Pump YES N/A
Association Standards:
Eventual' decommissioning must not cause a risk YES N/A
of pollution.

Table 7: Permit exemption criteria

Based on the above, this Assessment concludes that a development at this site
could not comply with the binding rules. Where a system cannot comply, a
bespoke permit must be sought from the Environment Agency.
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7.3 Mining Remediation Authority Reporting & Permitting

Where a site is underlain by coal bearing strata and strata termed Coal Measures,
a Mining Remediation Authority (MRA) Report (formerly known as the Coal
Authority (CA)) is recommended to determine whether there are any known
mine workings or shafts on or beneath the property. This report will also inform
whether a permit to drill is needed to complete the planned drilling work.

This site is not within a Coal Mining Reporting Area. There is therefore no
reason to contact the Mining Remediation Authority (MRA), formerly known
as the Coal Authority (CA) and a permit to drill from the MRA is not needed.

7.4 Bylaws

There are some local bylaws which prohibit or limit drilling within certain areas.
This Assessment cannot provide a definitive list of bylaws, if any may exist that
could affect activities on the site, the LA should be consulted in advance of
drilling works.

BAHS are not aware of any bylaws that apply to groundwater
abstractions/drilling in this area. =~ When consulting with local drilling
contractors BAHS recommend raising this with them and/or checking with your
Local Authority or planning department.

7.5 Borehole Registration

There is a requirement under the Water Resources Act 1991 (as amended by the
Water Act 2003) that boreholes are registered with the British Geological
Survey and the Environment Agency. Please find a registration form at the end
of this report for use once your borehole has been completed, alternatively
registering the borehole(s) can be delegated to your drilling contractor.
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8 Geological & Drilling Hazards

The following table summarises the primary geological and drilling hazards this
Assessment has identified in the research and production of this document.
While every effort has been made to capture all possible risks, drilling boreholes
is always challenging and thus it is impossible to foresee and avoid all risks.
There can be no guarantee that drilling will be successful, although preparation
and careful design should reduce the risk significantly and/or allow an informed
decision to drill. See notes in Additional Information 1 at the end of the report.

Geological Unit:

Drilling Issues:

Alluvium

New Pit &
Holywell Nodular
Chalk Formations

Zig Zag Chalk
Formation
West Melbury
Marly Chalk

Formation
Upper Greensand

Formation
Lower Greensand

Formation

Portland Group
Kimmeridge Clay
Formation

Risk of needing shallow temporary casing

Risk of needing deep(er) temporary casing

Risk of unstable ground too deep to case

Risk of running sand present

Likelihood of artesian groundwater conditions

Likelihood of swelling clays being present

Risk of near vertical joints and fractures

Likelihood of groundwater presence and flow beneath the site

Risk of encountering cavities, voids, caves, etc.

Risk of solution features being present or developing

Likelihood of encountering hard layers/bands which may slow
drilling

Risk of subsidence due to drilling

Likelihood of losing flush during drilling

Risk of encountering natural gas (poisonous, explosive, compressed,
etc.): risk arises from deeper organic rich layers.

-~ |~~~ |~~~/ ~|XZ[~|™|~|™|™~]| Gault Formation

IS |-l rmrmee
- <L |- |-
- Z<|-|-|F-rTZ T Z (< |-
C Sl I ol = =l o ol = e o
T Z<|r| <8 |F|F|Z|rrFirmimre
r\rrrlr-|rrrcrcrITe |-

Risk of the ground being affected by landfills (and associated
leachate & gases)

Likelihood the site rests on strata that may have been mined

Risk of contaminated land being present

Risk of encountering buried structures, tunnels or other infrastructure

Possibility of unexploded ordnance (this is not a UXO risk
assessment)

-~~~ -\ "~~~""- """~~~ Fc~m™9$m"™™| I

R N T A R = A Nl Nl Nl i R

Medium to High Likelihood

High Medium

Low to Medium Likelihood Low Likelihood

Table 8: Geological & Drilling Hazards
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9 Assessment Summary

This Assessment has identified the strata present beneath the site in order to
develop a conceptual understanding of the thermogeological conditions present.
The thickness of each strata have been estimated based on data and information
available at the time of reporting. The thermal properties of each horizon have
been estimated or drawn from laboratory and field measurements. Bulk average
thermal values have been estimated for boreholes drilled to different depths and
finally specific heat extraction rates for boreholes of different depths have been

estimated.

Please refer to:

e Section 3 for geological & structural summary,

The findings from this study are listed below:

Section 4 for discussion on the lithology beneath the site,
Section 5 for discussion on the flood risk,
Section 6 for thermogeological properties,
Section 7 for relevant regulatory information, and
Section 8 for geological and drilling hazards.

Strata Thickness (m) Max Depth (m)

Alluvium 2to 4 4

New P1't & Holywell Nodular Chalk 31 to 34 38

Formations

Zig Zag Chalk Formation 25 to 27 65

West Melbury Marly Chalk 44 to 47 112

Formation

Upper Greensand Formation 42 to 48 160

Gault Formation 25 to 45 205

Lower Greensand Formation 1to12 217

Portland Group 10 to 15 232

Kimmeridge Clay Formation 100 to 120 352

CLOSED LOOP GSH

Direction of Groundwater Flow: South
The thermal conductivity initially increases from a
depth of 50 metres to a peak value of 2.378 W/mK at

Thermal Conductivity Summary: a depth of 160 metres. Subsequently, it decreases to
a minimum value of 2.241 W/mK at a depth of 250
metres.

Volumetric Heat Capacity Summary: The volumetric heat capacity decreases as depth
increases.

o e s The values in the table show that the thermal
Thermal Diffusivity Summary: diffusivity initially increases from a depth of 50
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metres to a depth of 160 metres, peaking at 0.0973
m?/day, and then decreases gradually until a depth of

250 metres, reaching a value of 0.0896 m?/day.
Long-Term Average Ground

Temperature (published values): 10.39 Degrees C
Geothermal Heat Flux (BGS): 50 to 60 mW/m?

Table 9: Summary table

The thermogeology assessed indicates that thermal values peak around to 135
metres below ground level although there is only a small decrease beyond
towards 200 metres depth.

Flooding is possible in the local area when groundwater levels are high. This is
due to the site resting on permeable ground in which the water table can rise to
flood below ground structures such as basements. Under very wet (often
prolonged) conditions the water table could rise above ground level causing
standing water in low lying areas.

The overall flood risk for this site is assessed as being HIGH; boreholes should
always be sealed with grout over at least the top 10 metres below ground level
and chambers for manifolds, etc, should be positioned to avoid them becoming
flooded, they should be sealed and if possible raised.

Although this site is not within a Source Protection Zone, a new borehole should
be correctly grouted, headworks sealed and any activities that could pose a risk
of contamination must be excluded from around the borehole. For example no
soakaways, chemical stores, heating oil storage, septic tanks, etc., within 50
metres of the borehole, and no livestock kept within 20 metres of the borehole.

BAHS are not aware of any bylaws that apply to groundwater
abstractions/drilling in this area. =~ When consulting with local drilling
contractors BAHS recommend raising this with them and/or checking with your
Local Authority or planning department.

This site is not within a Coal Mining Reporting Area. There is therefore no
reason to contact the Mining Remediation Authority (MRA), formerly known
as the Coal Authority (CA) and a permit to drill from the MRA is not needed.

Projects that comply with binding rules should not need to notify and would not
need a permit from the EA. Rules and conditions may change between issue of
this report and drilling, therefore BAHS recommend seeking clarification prior
to drilling. Based on rules published by the EA at the time of reporting, this site
could not comply with the binding rules. Where a system cannot comply, a
bespoke permit must be sought from the Environment Agency prior to drilling.
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Alluvium 5 (80to 85ma0D) o
New Pit & Holywell Nodular Chalk
Formations - Putty Chalk - Unsaturated

New Pit & Holywell Nodular Chalk
Formations - Putty Chalk - Saturated

=

New Pit & Holywell Chalk Formations

B.A. A 1.92-2.34 WImK,
SVC2.13-2.24 MJ m

Zig Zag Chalk Formation - Fractured & Jointed

B.A A 2.12-245W/mK, SVC 2.11 -2.22 MJ m? K-

7

o
3

West Melbury Marly Chalk Formation

B.A. Therm’ Cond’ 2.13 - 2.42 W/mK, Vol Heat Cap’2.10 - 2.20 MJ m™? K

100m

Upper Greensand Formation

Gault Formation

Lower Greensand Formation

Portland Group
Kimmeridge Clay Formation

Figure 4: Thermosummary

B.A.Thermal Cond' (A) 2.18 - 2.44W/mK, Vol' Heat Capacity (SVC) 2.08 - 2.19 MJ m= K

125m|

Bulk Average Thermal Conductivity (A)2.24 - 2.48W/mK, Veolumetric Heat Capacity (SVC) 2.07 - 2.17MJ m3 K-

150m

Bulk Average Thermal Conductivity (\)2.24 - 2.46 W/mK, Volumetric Heat Capacity (SVC) 2.08 - 2.18 MJ m? K

175m

Bulk Average Thermal Conductivity (A)2.21 - 2.41W/mK, Volumetric Heat Capacity (SVC) 2.10 - 2.20 MJ m™3 K-

200m

The Alluvium has an estimated
thermal conductivity of 0.60 —
0.90 W/mK and a volumetric heat
capacity in the order of 1.70 —
1.90 MJ/m?K.

The New Pit & Holywell
Formations - Putty Chalk —
Unsaturated has an estimated
thermal conductivity of 1.50 —
1.75 W/mK and a volumetric heat
capacity in the order of 1.80 —
2.00 MU/m3K.

The New Pit & Holywell
Formations - Putty Chalk —
Saturated has an estimated
thermal conductivity of 1.70 —
2.00W/mK and a volumetric heat
capacity in the order of 2.20 —
2.30 MJ/im*K

The New Pit & Holywell
Formations has an estimated
thermal conductivity of 1.80 —
2.45 WimK and a volumetric heat
capacity in the order of 2.20 —
2.30 MIm3K

The Zig Zag Chalk Formation -
Fractured & Jointed has an
estimated thermal conductivity of
2.79-2.89 W/mK and a
volumetric heat capacity in the
order of 2.10 — 2.20 MJ/m3K.

The West Melbury Marly Chalk
Formation has an estimated
thermal conductivity of 2.15 —
2.35 W/mK and a volumetric heat
capacity in the order of 2.05 -
2.15 MIIm3K

The Upper Greensand Formation
has an estimated thermal
conductivity of 2.57 — 2.67 W/mK
and a volumetric heat capacity in
the order of 2.00 — 2.10 MJ/m3K.

The Gault Formatio has an
estimated thermal conductivity of
1.98 - 2.08 W/mK and a
volumetric heat capacity in the
order of 2.25 — 2.35 MJ/m3K.

The Lower Greensand Formation
has an estimated thermal

conductivity of 2. 54 — 2 64 W/mK
and a volumetric heat capacity in
the order of 2.00 — 2.10 MJ/m*K.

The Portland Group has an
estimated thermal conductivity of
1.70 - 2.30 W/imK and a
volumetric heat capacity in the
order of 2.05 — 2.20 MJ/m3K.

The Kimmeridge Clay Formation
has an estimated thermal
conductivity of 1.40 — 1.65 W/mK
and a volumetric heat capacity in
the order of 2.35 — 2.45 MJ/m*K.
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Disclaimer — Littlecott Mill, Enford Pewsey, Wiltshere, SN9 6AW

The information and analyses provided in this report are based on data and information made
available to B. A. Hydro Solutions Ltd. and represent the professional opinions and
interpretations of B. A. Hydro Solutions Ltd. This report is prepared with the utmost care
based on the current state of knowledge and technology and the data provided by the client
along with data specifically collected for this assessment.

B. A. Hydro Solutions Ltd. makes no warranties, expressed or implied, regarding the
accuracy, completeness, or utility of the information contained in this report. While we strive
to provide accurate and up-to-date information, the conditions of the subsurface environment
are inherently variable and complex. As such, B. A. Hydro Solutions Ltd. cannot guarantee
that the conditions described in this report will be representative of all areas of the site or that
they will remain unchanged over time.

Clients considering the implementation of projects based on findings within this report should
be aware that natural conditions, including but not limited to groundwater presence, quantity,
and quality, as well as thermogeological and soakaway performance, may not meet
expectations. These conditions can vary due to factors beyond our control, including seasonal
variations and other external influences not accounted for in this study.

Decisions and actions taken based on this report are the sole responsibility of the client. B. A.
Hydro Solutions Ltd. shall not be liable for any direct, indirect, incidental, or consequential
damages resulting from the use of this information. Clients are encouraged to engage in
further consultation and to conduct additional studies where necessary. This disclaimer
applies to this report and any other related documentation provided by B. A. Hydro Solutions
Ltd. Use of this report constitutes acceptance of these terms.

No part of this report may be reproduced, distributed, or transmitted in any form or by any
means, including photocopying, recording, or other electronic or mechanical methods,
without the prior written permission of BAHS Ltd., except in the case of brief quotations
embodied in critical reviews and certain other non-commercial uses permitted by copyright
law.

AUGUST 2025
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Guide to GSH&C & How BAHS Can Help...

BAHS produce many different types of
feasibility studies and can provide an
impartial second opinion.

N

A

Design the heat pump system, including the closed
loop boreholes, standing columns, horizontal
ground [collectors] or lake/pond collectors based
on thermal values and loads.

Collate costs for the drilling, connections, and
internal installation.

If the scheme proceed the actual geology
confirmed during drilling should be reported so
that the collector design can be updated. On larger
systems testing may be completed on boreholes,
temperature measurements taken, and the samples
collected for lab analysis; all to refine the design.

Once installed ground collectors are connected to
the plant room, flushed and primed ready for
commissioning.

The MCS website is a great place to start
looking for accredited installers in your
area.

BAHS produce project specific
indemnified ground collector designs
and specifications for drillers to price
against. Costs starts from £450+VAT.

BAHS compare & review quotes to
ensure specification compliance, and/or
complete the tender process, site visit
with contractor, etc. (hourly rate).

BAHS offer full, part time or ad hoc
supervision of site setup, drilling,
installation and testing.

BAHS provide laboratory testing of soil,
rock, grout and glycol samples.

BAHS revise designs to reflect geology
reported, field measurements and/or lab
results.

BAHS’ field staff are UKAS & ISO
17024 accredited ensuring sampling is
reliable and accurate.

Retain or engage a local specialist to maintain and service the GSH/C system in line with the

manufacturer’s recommended frequency. Complete routine sampling & analysis of the brine/glycol
within the collectors. Ask for annual balancing of the collectors to ensure all are contributing to the heat
recover/rejection. A periodic review of performance vs design assumptions can be completed by BAHS.
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Additional Information 1 — Geological and Drilling
Hazards Explanatory Notes

The following discusses the primary geological and drilling hazards that could be
encountered. While every effort is made to capture all possible risks, drilling boreholes
is always challenging and thus it is impossible to foresee and avoid all risks. There can
be no guarantee that drilling will be successful, although preparation and careful design
should reduce the risk significantly and/or allow an informed decision to drill. This
Assessment has identified, in the research and production of this document, the risks
that can be anticipated. See the earlier Geological and Drilling Hazards Table.

Temporary casing is essential to stabilize the ground and prevent collapse, thereby
allowing the borehole to reach the required depth. Typically, most boreholes necessitate
at least a short section of temporary casing. However, as the depth increases, the casing
not only becomes heavier but also more challenging to install and subsequently remove.
The removal difficulty arises as the surrounding earth may exert a 'gripping' effect on
the casing, necessitating drilling rigs with increasingly robust pull-back capabilities.
Installation of temporary casing is therefore a time-consuming process.

The availability of appropriate casing is another consideration; not all contractors
possess the necessary casing on hand, and even when they do, the available lengths and
diameters may not meet specific project requirements. Drillers must be prepared in
advance to ensure preparedness, although unforeseen circumstances may still
necessitate additional casing that could not be initially anticipated.

Running sand, a phenomenon where sand and water cascade into a borehole, can occur
naturally or be induced by drilling activities. Running sand does not occur in all
geologies, it is more common where the ground is formed of sands and weakly
cemented sandstones. This issue typically arises due to a flow of water or a disparity
in hydrostatic head between the interior and exterior of the borehole, leading to the
accumulation of sand within the hole. The situation is analogous to attempting to dig a
deep hole on a sandy beach, where the sand and water continually collapse into the hole.

To manage this challenge, methods such as casing or the use of specific drilling fluids
are employed. The latter involves adjusting the density and viscosity of the fluids to
support the sand-rich walls of the borehole, thereby preventing the ingress and collapse
of sand and water. Additionally, a horizon that appears stable can collapse due to
running sand if the hydrostatic head inside the borehole drops below that of the
surrounding aquifer. Consequently, running sand issues may not be immediately
apparent and can emerge as a significant problem during the drilling process.
Furthermore, if the sand horizon is not adequately sealed during drilling, running sand
can continue to plague the borehole, resulting in the hole filling, sandy ingress to the
pump, turbidity, wear on the pump, etc.
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Artesian groundwater conditions occur when water within a discrete horizon is under
pressure, causing it to rise up a borehole and settle above the ground level from which
drilling commences. For groundwater to be classified as artesian, it must be confined
beneath a layer of lower permeability or within discrete fracture networks. The recharge
area, where rainfall replenishes the groundwater, must be at a higher elevation than the
point of drilling. Artesian conditions vary in intensity: weak conditions are
characterised by a water level less than one metre above ground and/or a slow flow
from the borehole; mild conditions have a water level between one and ten metres above
ground and/or a low to moderate flow; strong conditions feature a water level more than
ten metres above ground and/or a strong flow.

Managing artesian flow requires designing boreholes with sufficient steel casing in the
upper sections to withstand the pressure, capped with a sealing plate. Uncontrolled
artesian boreholes, often termed 'wild,' pose significant risks as they waste water,
deplete source aquifers, and can harm the surrounding environment. Consequently,
allowing an artesian borehole to flow uncontrolled is illegal due to its adverse
environmental impacts and resource depletion.

Swelling clays, which are geological layers composed of clay-rich soil that remains
plastic due to incomplete hydration, pose significant challenges during drilling
operations. As these clays absorb water introduced into the environment through
drilling, they expand, encroaching into the borehole space. This expansion is further
exacerbated by the unloading of pressure during drilling and the creation of a void,
leading to a reduction in the diameter of the drilled hole.

In some instances, this can cause the borehole to contract to the extent that casings and
liners may collapse. To manage this issue, it may be necessary to ream the holes to
accommodate the installation of casings, ground loops, and other structures.
Additionally, swelling clays can cause temporary casings to become stuck,
complicating drilling operations. While it is challenging to completely prevent the
effects of swelling clays, mitigative strategies such as drilling with a larger initial
diameter can be employed to account for potential shrinkage.

Nearly vertical joints and fractures can lead to deviations in drilling trajectories from
the intended vertical path. Larger fractures may also lead to partial or complete loss of
drilling fluids, which can halt the progression of the borehole. Highly fractured zones
are prone to creating unstable borehole walls, potentially leading to collapses or the
falling of large blocks of ground into the borehole. Additionally, subsurface voids,
caves, and historical workings complicate drilling operations.

These features not only pose stability issues but also complicate the lining and finishing
of boreholes. They disrupt the flushing process necessary for clearing drill cuttings, as
these cuttings tend to accumulate in the voids rather than returning to the surface.
Although sometimes predictable, voids are often encountered unexpectedly,
necessitating immediate operational adjustments which can have cost implications,
including potential redesigns while the drilling rig and crew incur downtime.

Page 27



B. A. HYDRO

THERMOGEOLOGICAL ASSESSMENT
LITTLECOTT MILL
AUGUST 2025

Understanding the presence and flow of groundwater is crucial in the planning and
design of new boreholes. Groundwater at shallow depths can complicate drilling
operations, particularly when using compressed air techniques. Such conditions often
lead to the emergence of large volumes of water that necessitate diversion and
management strategies to prevent interference with the drilling apparatus and to
maintain safe, manageable working conditions.

The presence of groundwater can significantly affect the dynamics of water flush
drilling, potentially leading to the unintended intake or loss of water through permeable
strata. This interaction necessitates careful management of drilling fluids to maintain
the efficiency and safety of the operation. Moreover, when drilling in aquifers, it is vital
to consider the potential impacts on the aquifer to prevent any temporary or permanent
reduction in yield or degradation of water quality that could affect local water users.

Solution features pose similar challenges to those discussed around voids, caves, and
historical workings; and are associated with zones of high groundwater movement,
including the occasional presence of underground rivers. These geological structures
can form rapidly in geologies where the host rock is weak, soluble, or susceptible to
erosion. Historical solution features pose a risk of inducing sinkholes during drilling
activities.

The process of drilling or subsequent groundwater abstraction can lead to ground
removal, potentially resulting in void collapses, which may occur sometime after the
drilling and not necessarily immediately around or below the borehole. Although rare,
there are documented instances globally where a direct link to drilling activities has
been established, with many more cases where the link is inferred. Solution features
often complicate the completion of boreholes as initially planned. However, if
encountered below the water table, they can sometimes yield large quantities of water,
thus boreholes should not be immediately abandoned. Proper decommissioning of
boreholes is crucial if they are to be abandoned, to prevent further geological hazards.

The loss of drilling fluid, commonly referred to as "losing flush," presents significant
challenges. This impedes the return of drilling fluids and cuttings to the surface, which
can disrupt the drilling process. The inability to efficiently remove cuttings from the
borehole can lead to several complications: the drilling pace slows, the drill head may
become clogged, and the drill bit is prone to overheating. The cuttings effectively
levitate or float within the rising drilling fluid, they can collapse back into the bottom
of the hole once the drilling rods are withdrawn or drilling is paused.

This collapse often fills in the previously drilled depth, preventing the hole from
reaching its intended depth. Additionally, the stability of the borehole can be
compromised by cuttings that adhere to the hole's walls or lodge within wall pockets.
These materials can subsequently collapse into the borehole during drilling or while
installing, leading to further difficulties. Such problems require careful management of
drilling fluids and strategies to mitigate the risks.
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During drilling operations, there is sometimes a risk of encountering natural gas,
particularly in areas with historical mining activities, such as coal mining regions.
Natural gas accumulations can also originate from organic-rich layers of clay, silt, and
mud, or from hydrocarbon-rich strata. The release ore mobilisation of gases can be
triggered by drilling, chemical processes, increased temperatures or decreased pressure.
Oxidation of organic matter in the subsurface can generate gases, along with other less
common sources of gases of various types.

Gases pose significant hazards due to their potentially poisonous, explosive, or
suffocating nature, and the pressure at which they are found can lead to dangerous
blowouts. The hazards are posed not only to the drilling crew but also to nearby humans,
animals, and the environment, during and after completion of works.

In regions known for such geological conditions, it is imperative to implement safety
measures including gas monitoring and venting, and to avoid the use of compressed air
in drilling operations to prevent the migration of gases to adjacent areas. In coal mining
areas, obtaining a drilling permit is legally required, which helps manage risks by
ensuring appropriate drilling methods are employed. Even in areas where permits are
not required, adopting a similar risk assessment approach and developing a suitable
drilling methodology is strongly advised where there is any possible risk. Despite
thorough risk management, unforeseen gas encounters still occur, necessitating
immediate cessation of drilling activities and professional assessment and management
of the situation.

Drilling a borehole into or near a landfill site presents significant risks primarily due
to the potential release of landfill gas and leachate. Landfill gas, predominantly
composed of methane and carbon dioxide, is generated through the anaerobic
decomposition of organic waste. If disturbed by drilling, these gases can escape into the
atmosphere or accumulate in enclosed spaces, posing serious fire, explosion, and health
hazards.

Leachate, a contaminated liquid that percolates through/from waste material, can also
be mobilised by drilling activities. This leachate often contains a variety of harmful
chemicals and biological agents, which, if released, can contaminate local soil and
water bodies, leading to significant environmental and health risks. Therefore, careful
risk assessment, monitoring, and management strategies must be implemented when
drilling near or into landfill sites to mitigate these hazards effectively, especially
historic landfills which may not have been engineer or managed appropriately.

Drilling a borehole in areas that have been previously mined for minerals, salt,
coal, or other resources presents significant hazards. Such regions often exhibit
increased subsurface instability due to voids and weakened structural integrity resulting
from the extraction processes. This can lead to a higher risk of subsidence, where the
ground above the voids collapses, potentially causing damage to infrastructure and
posing safety risks.
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The presence of abandoned mine workings can complicate drilling operations, as
encountering unexpected voids or old mine infrastructure can lead to equipment failure
or loss, drilling delays, and increased costs. Furthermore, these areas may also be
associated with the accumulation of hazardous gases or contaminated groundwater,
which can pose environmental and health risks during and after drilling activities.
Therefore, thorough assessments and the use of appropriate drilling technologies are
crucial to mitigate these risks as well as compliance with permit requirements.

Drilling a borehole in potentially contaminated ground poses significant risks, both
environmental and health-related. The primary concern is the mobilisation of
contaminants, which can occur when the drilling process disturbs the subsurface
environment. This disturbance can lead to the spread of contaminants into previously
uncontaminated soil layers or groundwater systems, exacerbating the existing pollution
and potentially leading to broader environmental degradation.

There are direct health risks to workers involved in the drilling process, as they may be
exposed to hazardous substances released during drilling. Such exposure can lead to
acute or chronic health issues depending on the nature and concentration of the
contaminants. Furthermore, the introduction of drilling equipment into contaminated
zones can lead to cross-contamination, where contaminants adhere to the equipment
and are transported to other, previously uncontaminated sites. Therefore, careful
assessment and management strategies must be implemented before initiating drilling
activities in contaminated areas to mitigate these risks.

Drilling boreholes presents several risks, particularly when encountering below-
ground abandoned structures, tunnels, and utilities. These encounters can lead to a range
of issues and operational challenges. Drilling into unknown or unmapped structures
such as foundations, walls, drains, etc can prevent the progression of boreholes
necessitating a move in drill positions and/or damage to drill bits and equipment.

Hitting existing utilities, such as gas lines, water pipes, or electrical cables, can result
in utility outages, costly damages, and pose serious safety risks including explosions or
electrocutions. Such encounters can lead to significant project delays, increased costs,
and legal complications if prior surveys and utility surveys are not conducted
thoroughly. Therefore, trial pits should be dug prior to drilling and where appropriate
utility mapping is recommended before commencement to mitigate these risks.

Drilling in areas where there could be unexploded ordnance (UXQ) presents
significant risks, including the potential detonation of explosives, which can lead to
severe injury or death of personnel and extensive damage to equipment. To mitigate
these risks, comprehensive precautions must be implemented where there is a risk of
encountering UXO. Prior to drilling, desk studies should be completed leading on to
geophysical surveys to detect the presence of UXO.

Surveys typically involve the use of magnetometers or ground-penetrating radar to
identify metallic objects or anomalies beneath the surface. Only trained explosive
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ordnance disposal (EOD) professionals should safely remove or neutralise UXO.
Where the risk remains despite desk studies and surveys, holes should be progressed by
specialist contractors who can use downhole geophysics to check ahead of the drill bit
for possible UXO. All drilling personnel should receive specific training on the risks
associated with UXO and the protocols for emergency response.
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Additional Information 2 — Hydrogeological Terms

The hydrogeological properties of strata and the ground as a whole is a function
of its permeability and the ease at which water is able to move through the
various strata. The ground can broadly be divided into three hydrogeological
rock types, the aquifers which contain water, aquitards which can contain water
but restrict the movement of water and aquicludes which do not contain water
and act as a barrier to groundwater movement.

Groundwater moves through the ground via either pore spaces in the rocks,
fractures and joints which dissect the strata or sometimes through solution
features such as caves. The interconnectivity of the pores, joints, fractures and
solutions features determines the amount of water which can accumulate and
the ability of the ground to transmit.

The storage potential of the ground is described by its storativity [S] which is a
dimensionless value ranging from zero up to one. The larger the number the
greater the proportion of the saturated ground, in terms of total volume, which
can be drained by lowering the water table. If the storativity was one it would
be space entirely filled with water and no rock.

When the storativity is very low or zero there is no space in which water can
accumulate or none of the water in the ground can be abstracted by lowering the
water table. Due to the number of observations needed to quantify the
storativity of the ground it is uncommon to be able to derive such values from
historical data.

The grounds ability to transmit water is measured by its transmissivity [T], the
larger the number the easier the water is able to move through the rocks.
Theoretically there is no maximum T value, practically it is limited by the
aquifer thickness, the volume of water in the aquifer and the capacity of the
borehole and pump used to test the ground conditions.

The productivity of boreholes is simplistically measured by its specific yield
[Sy] which is a measure of the sustainable yield a borehole can deliver per day
per metre the water table is lowered. This can easily be derived from
measurements recorded during pump tests or reported steady state yield and
drawdown values.

Page 32



B. A. HYDRO

THERMOGEOLOGICAL ASSESSMENT
LITTLECOTT MILL
AUGUST 2025

Additional Information 3 — Borehole Registration
Document WR38
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WR38: Borehole record form
Borehole record form British Environment

Geological Survey

i . LW Agency

Water Resources Act 1991 (as amended by the Water Act 2003)

A Site details

Borehole drilled for | |

Location L I
NGR (ten digits) | | Please attach site plan
Ground level (if known) | | metres Above Ordnance Datum

Drilling company | |
Date drilling commenced | | (DD/MM/YYYY) Completed | | (DD/MM/YYYY)

B  Construction details

Borehole datum (if not ground level) | | metres (m). Please tick if this is above [] or below [ ground level.

(point from which all measurements of depth are taken, for example, flange, edge of chamber)

Borehole drilled diameter mm from | | to | m/depth
mm from | | to| | m/depth
mm from | | to | m/depth
mm from | | to | | m/depth

Casing material | | diameter.L____ | mmfrom| | tol | m/depth

and type (for example, if plain steel, plastic slotted). Please record permanent casing details, not temporary casing.

Casing material | | diameter mm from | | tol | m/depth

Casing material | | diameter mm from | | tol | m/depth

Casing material | | diameter mm from | | tol | m/depth

Grouting details | |
Water struck at = 1. | | m (depth below datum — mbd) 2.1 ' m (mbd)
3. | | m (mbd) 4. | | m (mbd)

C Test pumping summary (Please supply full details on form WR39)

Test pumping datum m. Please tick if this is above [ or below [J ground level.
(if different from borehole datum)

Pump suction depth mbd

Water level (start of test) mbd

Water level (end of test) L | mhd

Type of test (for example, bailer, step, constant rate)
[ |

Pumping rate m?/hour [ or litres/second [. Please tick as appropriate.
for | | days, | | hours, L | mins

Recovery to mbd in | | days, | | hours, mins

(from end of pumping)

Date(s) of measurements Pump started (DD/MM/YYYY)

Pump stopped (DD/MM/YYYY)

Please supply chemical analysis if available. If you have included this please tick this box []

WR38 Version 2, February 2011 page 1 of 3

Page 34



THERMOGEOLOGICAL ASSESSMENT

LITTLECOTT MILL
AUGUST 2025
WR38: Borehole record form
D Strata log
Geological Description of strata Thickness Depth
classification m (to base
(BGS only) of strata)
m
(continue on separate page if necessary)
Other comments (for example, gas encountered, saline water intercepted)
E Completing this form
How long did it take you to fill in this form?
For Official use only
Date received (DD/MM/YYYY) File Consent number BGS reference number
| | L |1 |
Accession number Wellmaster number SOBI number NGR
| |
LICNO Purpose EA reference number
| | | |
Copy number Entered by
| | |
WR38 Version 2, February 2011 page 2 of 3
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WR38: Borehole record form

F  The Data Protection Act 1998

The Environment Agency will process the information you
provide so that we can:

e deal with your application;

e make sure you keep to the conditions of any consent; and
® process renewals.

The Environment Agency will pass the information provided on
this form to the British Geological Survey, in accordance with
Section 198 of the Water Resources Act 1991, which states
that any person drilling a well or borehole mare than fifty feet
below the surface, shall notify the British Geological Survey of
this and provide them with the information as requested on
this form.

We may also process or release the information to:

e offeryou documents or services relating to environmental
matters;

e consult the public, public organisations and other
organisations (for example, the Health and Safety
Executive, local authorities, the emergency services, the
Department for Environment, Food and Rural Affairs) on
environmental issues;

e carry out research and development work on
environmental issues;

e prevent anyone from breaking environmental law,
investigate cases where environmental law may have been
broken, and take any action that is needed;

e assess whether customers are satisfied with our service,
and to improve our service; and
e respond to requests for information under the Freedom of

Information Act 2000 and the Environmental Information
Regulations 2004 (if the Data Protection Act allows).

We may pass the information on to our agents or
representatives to do these things for us.

The British Geological Survey will use the information you
provide to assist in its geological mapping programme and
other research activities.

The British Geological Survey will process, or release, the
information to:

offeryou documents or services relating to environmental
matters;

consult the public, public organisations and other
organisations (for example, the Health and Safety
Executive, local authorities, the emergency services, the
Department for Environment, Food and Rural Affairs) on
environmental issues;

carry out research and development work on
environmental issues;

assess whether customers are satisfied with our service,
and to improve our service; and

respond to requests for information under the Freedom of
Information Act 2000 and the Environmental Information
Regulations 2004 (if the Data Protection Act allows).

We may pass the information on to our agents or
representatives to do these things for us.

We will also publish the information on our website; and
provide the technical details of the borehole (for example,
the depth, geology and water levels) to others. This will not
include information about ownership of the borehole.

WR38 Version 2, February 2011
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