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EXECUTIVE SUMMARY

An open-cut crossing across the Alltami Brook is proposed as part of the HyNet North West
project. The crossing is required to allow for a pipeline to be installed which will be used to
transport carbon dioxide. The planning consent for the project is being applied for under a
Development Consent Order (DCO) that has been submitted to the Secretary of State (SoS) for
the Department of Energy Security and Net Zero under Section 37 of the Planning Act 2008
(‘the PA 2008’). The Application relates to the Carbon Dioxide (CO2) pipeline which constitutes
the DCO Proposed Development.

During the consultation process for the DCO, Natural Resources Wales (NRW) has expressed
concerns regarding the potential effects that the open-cut approach may have on water
resources, and subsequently the possibility of a detrimental impact to the Water Framework
Directive (WFD) status of the Wepre Brook surface water body. NRW’s primary concern is that
the proposed open-cut crossing method could ultimately result in a loss of flow from the Alltami
Brook to bedrock, (e.g., through cracks, faults, fissures, and joints), either in the short or long
term. NRW also considers that any former mine workings in the vicinity of the proposed
crossing point may also be a potential receptor of flow which is lost from the Alltami Brook. In
turn, this loss of flow could cause a deterioration of hydromorphology, water quality and
ecological elements downstream. resulting in the negative impact to WFD status.

To address NRW’s concerns a Hydrogeological Impact Appraisal (HIA) has been prepared. The
objectives of the HIA are to develop a conceptual understanding of the groundwater flow regime
at the Alltami Brook; to consider the potential effects from construction and operation of the
pipeline; and to identify key uncertainties in the understanding of site conditions under different
flow scenarios. The HIA is informed by baseline information that was collected from multiple,
relevant sources including geological maps, memoirs, reports, online resources, historic
borehole logs, and field information (observations and photos from walkovers).

The preliminary conceptual site model indicates that, based on the current level of
understanding, there is likely to be an upwards hydraulic gradient from the bedrock aquifers into
the Alltami Brook. The key lines of evidence for this are as follows:

e site walkover observations indicating that the made ground (which sits above the bedrock) is
discharging water into the Alltami Brook;

e recorded water levels in nearby historic boreholes in the bedrock (same or similar geology)
indicating an upwards water pressure following water strikes;

e literature information states that the bedrock aquifers are primarily driven by fracture flow
which is laterally discontinuous leading to a ‘compartmentalised’ groundwater flow regime;

e there is no evidence of flow loss along the fault line (running perpendicular and parallel) that
follows the route of the Alltami Brook, where fracturing would be expected to be substantial;
and

e there is a widening of the watercourse in the area of the fault, without any surface water

tributary contributing to flow in the watercourse i.e., there is a groundwater baseflow
contribution (site observation).
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The presence of nearby mine historic mine workings is also discounted as a possible receptor in
terms of acting as a recipient of discharge. The age and shallow depth of the workings suggest
any remaining mine voids would be saturated or otherwise have returned to a state of
equilibrium. Unsaturated mine voids (i.e., which could act as a recipient of flow) situated
hydraulically downgradient of the preferred open cut crossing point are very unlikely based on
available information. Additionally, geophysical survey undertaken offers no indication of open
mine voids being present.

The conceptual site model considers the potential effects of the preliminary design of the open-
cut crossing, which will be excavated into the bedrock. At this stage, there is no evidence of
fracturing or fissuring in the bedrock at the preferred crossing point. Based on the conceptual
site model, any groundwater flow encountered during the excavation of the trench would be
upwards from the underlying bedrock, rather than vertically downwards from the watercourse.

Given NRW’s concerns in relation to loss of flow in the watercourse through fractures and
fissures, a geotechnical ground investigation will be implemented as part of the detailed design.
Should the findings of the ground investigation demonstrate that there is evidence of fracturing
etc. with potential high permeability flow zones, then the scheme design will incorporate
additional mitigation to reduce the risk of ‘flowing features’. Such works would normally include
a form of grouting (permeation grouting or jet grouting) to effectively ‘cut-off’ flow in the targeted
bedrock zone. The design of such works will depend on the findings of the investigation but is a
commonly applied method of ground treatment.

The risk of washout of grout, also highlighted as a concern by NRW, can be reduced by using
appropriate grout materials and/or accelerators during construction. The long-term performance
(degradation) of the grout within a fissure is also considered unlikely as the grout will within the
rock mass surrounding the structure, and fractures and fissures will be sealed. Effectively, a
low permeability plug within the bedrock would be created, eliminating flow zones in the bedrock
at the open-cut crossing location. A concrete slab placed over the pipeline installation and a
reinstated riverbed would reduce potential scour / erosion effects. The reconstituted riverbed
would be monitored in accordance with an agreed inspection plan during the lifespan of the
project to confirm the integrity of the structure.

The conceptual site model identifies some uncertainties, such as the exact relationship between
the Alltami Brook and the surrounding groundwater level of the bedrock aquifer in terms of its
seasonal variability and any possible change in hydraulic gradient which may occur. However,
due to the laterally discontinuous fracture flow conditions and the design mitigation this is
considered to have limited consequences at this stage. Additionally, under normal conditions
the relationship is expected to be that of a gaining watercourse in term of groundwater baseflow
component. The presence (and extent) of fracturing at the preferred crossing location is also
currently not confirmed, however is also considered manageable due to the design features and
grouting approach.

The HIA is sufficiently developed at this stage to demonstrate that there is not considered to be
a mechanism present that would allow a significant loss of flow from the Alltami Brook, either in
the short or long term.

For this reason, the DCO Proposed Development is not considered by the Applicant to be a risk
to impacting the WFD status of the Wepre Brook surface water body and is considered by the
Applicant to be WFD compliant.
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A ground investigation which is sufficiently scoped to address the uncertainties in the current
conceptual understanding could be undertaken to inform the detailed design if required.

This would be informed through consultation with NRW and the design team, including
specialist geotechnical contractors with an expertise in dewatering and geotechnical grouting.

HyNet Carbon Dioxide Pipeline DCO
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INTRODUCTION

1.2.

1.2.1.

1.2.2.

1.2.3.

BACKGROUND

This document has been prepared on behalf of Liverpool Bay CCS Limited (‘the
Applicant’) and relates to an application (‘the Application’) for a Development
Consent Order (DCO) that has been submitted to the Secretary of State (SoS)
for Energy Security and Net Zero under Section 37 of the Planning Act 2008
(‘the PA 2008’). The Application relates to the Carbon Dioxide (CO.) pipeline
which constitutes the DCO Proposed Development.

REPORT CONTEXT

During the consultation process, Natural Resources Wales (NRW) has
expressed concerns about the proposed open cut crossing at the Alltami Brook,
the potential effects that this may have on water resources, and the possibility
of that impacting Water Framework Directive (WFD) status of the Wepre Brook
surface water body.

In particular, reference 2.5 of their Written Representations and Response to
ExA’s ExQ1 submission received for Deadline 1 [REP1-071], states
‘Specifically, NRW considers that there is a risk that excavating bedrock for the
proposed Alltami Brook open-cut crossing could create a pathway for surface
water to be lost to the ground/contaminated mine workings via disturbance,
cracks, faults and joints between proposed bedrock removal and concrete
backfill, even with the grouting of any fissures/fractures found and backfill of
existing bed material; this could cause water courses to dry up downstream of
the open-cut crossing, including Wepre Brook. This loss of flow may occur in
the short- or long-term, for example if the grouting was to deteriorate over many
years. Such flow losses, and any resultant contaminated mine water upwelling
elsewhere, are difficult to address in the long term and could cause
deterioration of hydromorphology, water quality and ecological elements
downstream’. Section 2.9 of their Written Representation [REP1-071] goes on
to advise that ‘The applicant proposes to address these concerns through
assessment, monitoring, and adaptive mitigation at the detailed design phase,
and argues that the mitigation measures would be technically and financially
feasible. Based on the lack of available site-specific information for Alltami
Brook NRW cannot currently advise whether or not this is correct'.

With regards to the potential dewatering required during construction of the
crossing, Section 7.4 of the NRW Written Representations submitted at
Deadline 1 [REP1-071] states that ‘the hydrogeological relationship between
the made ground, the bedrock, and the supetrficial sediments in the vicinity of
the Alltami Brook crossing point are therefore currently undefined’, and that ‘an
understanding of local hydrogeological conditions is relevant to understanding
the nature of dewatering works that may be required at this location’.

HyNet Carbon Dioxide Pipeline DCO Page 1 of 53
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1.2.4.

1.3.

1.3.1.

1.3.2.

1.4.

1.4.1.

1.4.2.

The Applicant has acknowledged these concerns in its response to the Written
Representations at Deadline 2 [REP2-041] and recognises that further work is
required to support this aspect of the DCO Proposed Development.
Consequently, and in order to promote further dialogue with NRW, this report
has been prepared to present the current understanding of the hydrogeological
conditions, to identify key areas of uncertainty in this understanding, and to
explore the consequences of these in relation to potential impacts on surface
water flow in the Alltami Brook (and other potential associated impacts as
described in NRW'’s responses).

OBJECTIVES

The objectives of the hydrogeological appraisal are to develop the conceptual
understanding of the groundwater flow regime in and around the catchment of
the Alltami Brook; to highlight key areas of uncertainty in this understanding;
and to consider the potential effects on the watercourse from the proposed
construction (and subsequent operation) of an open cut crossing in the channel
bed of the Alltami Brook.

It is intended that the report is used to clearly set out the Applicant’s reasoning
for why the proposed open cut crossing approach does not represent a risk to
WEFD status of the Wepre Brook waterbody. Additionally, it will aim to identify
the uncertainties in the conceptual understanding in order for them to be
addressed through the commitment for site-specific ground investigation and
monitoring (at the detailed design stage).

APPROACH

The approach to developing the conceptual understanding of the groundwater
regime has been undertaken in general accordance with established principles
for developing conceptual models as published in regulatory guidance (Ref 3).
The conceptual model considers the DCO Proposed Development during
construction and operational stages, with reference to NRW’s concerns relating
to the current understanding of hydrogeological conditions at the site.

The conceptual model is the framework for identifying and describing the
uncertainties in our understanding and will help determine the requirements for
further data collection and assessment. It recognises that the information used
will often be incomplete and that realistic and justifiable assumptions need to be
made. In line with published guidance, the development of the conceptual
model is an iterative process, which will be updated as more site-specific
information becomes available through ground investigation or surveys
undertaken at detailed design. The HIA review process will be progressed
through commitment D-WR-035 of the OCEMP [REP4-237] which requires a
Dewatering Management Plan. This will be secured through Requirement 5 of
the dDCO [REP4-008].

HyNet Carbon Dioxide Pipeline DCO Page 2 of 53
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1.5. INFORMATION EXAMINED
1.5.1. The information used to inform this report includes:
e Technical Note — Wepre Brook Crossing, EniProgetti, April 2022 [REP4-120
to [REP4-129]
e D.6.3.11.2 Environmental Statement (ES) — Appendix 11.2 Coal Mining Risk
Assessment — Part 9 [REP4-128]
e D.6.3.11.2 Environmental Statement (ES) — Appendix 11.2 Coal Mining Risk
Assessment — Part 1 [REP4-120]
e Geological maps (1:10,000 and 1:50,000 scale), British Geological Survey
(BGS), 1990 and 1999 (Ref 4 and Ref 5)
e Geological memoir for the country around Flint (map sheet 108), BGS, 2004
(Ref 8)
e Deeside (North Wales) thematic geological mapping, technical report, BGS,
1988 (Ref 7)
e Hydrogeology of Wales technical report, BGS, 2015 (Ref 1)
e Field information from site visits undertaken on the 14" and 27" of March
2023
e Parrys Quarry Landfill Hydrogeological Risk Assessment. Rep. White Rock
Geo-Environmental Ltd. 2020 (Ref 2)
1.6. LIMITATIONS
1.6.1. This report is based on preliminary designs and mitigation based on details
available at the end of May 2023. Should the assumptions and/or
understanding of the site conditions stated within the report materially change
as new information or data is presented, then this report should be reviewed
and updated accordingly.
1.6.2. It should be noted that this report does not assess the potential impact of the
embedded pipe bridge crossing option (PS25) as this option has been assessed
separately in the 2023 Environmental Statement Addendum Change Request 2
[CR2-017].
1.7. SUMMARY OF PROPOSED DEVELOPMENT
1.7.1. Various methods have been considered for the construction of the pipeline
crossing of Alltami Brook, including the open cut option, which is the preferred
option by the Applicant. It is noted that open cut methods are usually simpler,
safer, and require less complex construction tools and planning to execute than
other pipeline installation methods as outlined in Technical Note — Wepre Brook
Crossing, EniProgetti, April 2022 [REP4-120 to REP4-129].
1.7.2. An indicative preliminary design is presented in Fiqure 1.1Figure-11.
HyNet Carbon Dioxide Pipeline DCO Page 3 of 53
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Tim

Figure 1.1: Preliminary design for open-trenched Alltami Brook crossing approach
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CONSTRUCTION STAGE

1.7.3. During the construction stage, excavations will be required along the banks
and within the Alltami Brook to lay the pipeline. The likely maximum depth
of the excavation beneath the watercourse is approximately 4 metres below
ground level (mbgl) and the maximum width of the excavation parallel to the
pipeline is expected to be 4 m.

1.7.4. The pipeline will be laid upon bedrock and surrounded by bedding material
(i.e., sand/gravel). Any visibly identified significant fractures within the
excavation would be sealed with grout to prevent any future water ingress.
Potential washout of grout would be controlled by appropriate grout
materials and/or accelerators to ensure rapid gel setting and strength gain.
A concrete slab will be constructed in-situ above the pipeline to protect it
from scour over its lifetime. The slab will then be covered with the reinstated
bedrock from the watercourse to recreate the natural bed of the
watercourse as closely as possible. During detailed design the Construction
Contractor will consider the most appropriate specifications for concrete
design and any permeation grouting in accordance with industry standards
(e.g., BS EN 12715:2020).

1.7.5. During construction, the stream flow would be maintained by installing a
temporary culvert across the open cut or diverting the stream to the side
and sequencing excavations. The temporary diversion will prevent water
from entering the works area, allowing excavation of the bedrock under ‘dry’
conditions. Any minor residual seeps entering the working area will be
pumped to a settling tank from where it will be re-introduced to the stream.
Appropriate consents/permits will be obtained from NRW prior to works
commencing. After reinstatement, the stream would be returned to its
original hydraulic conditions.

OPERATIONAL STAGE

1.7.6. In the operational stage, the top of the pipeline is expected to lie
approximately 1.5 m below the base of the watercourse with the concrete
slab placed above the pipeline. It is expected that the concrete slab would
be integrated with the new riverbed. The fill material surrounding the
pipeline is expected to be sand/gravel backfill.
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SITE SETTING AND CHARACTERISTICS

2.1.

21.1.

2.2

2.2.1.

2.22.

2.2.3.

2.3.

2.3.1.

INTRODUCTION

This section presents the baseline information and site setting, including the
location, topography, details of site walkovers, geology, hydrogeology, and
hydrology as well as relevant anthropogenic influences i.e., coal mining
history.

SITE LOCATION

The preferred location for crossing the Alltami Brook via open cut
construction is located northwest of land at Pinfold Lane, Hawarden,
Northop Hall, Flintshire, Wales, CH7 6LE.

The preferred crossing location is in a rural setting between the villages of
Northop Hall and Mold and is approximately 200 m northeast of the A55.
The preferred crossing location and setting are shown in Figure 2.1Figure-2.

There is an approximately 200 m stretch of the Alltami Brook within which
the river crossing could be built within the Newbuild Infrastructure Boundary
(shown in Figure 2.1Figure-2). Within the Newbuild Infrastructure Boundary
the preferred open cut crossing location from an engineering perspective is
near NGR SJ 27650 67144. This is the crossing location that is considered
within this report although the crossing could be located anywhere within
the Newbuild Infrastructure Boundary.

TOPOGRAPHY

The preferred crossing location is located at the bottom of a steep sided
valley with an elevation of approximately 78 metres above Ordnance Datum
(mAOD). The ground elevation rises to 92 mAQOD in the northwest and 87
mAOD in the southeast towards Pinfold Lane.

HyNet Carbon Dioxide Pipeline DCO Page 6 of 53
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2.4,

241.

2.5.

2.5.1.

2.5.2.

2.5.3.

254.

2.5.5.

2.5.6.

SITE OBSERVATIONS

Two site walkovers were undertaken by the Applicant on the 14th and 27th
March 2023. The photographs and details are provided in Annex A and the
main outcomes of the site visits are discussed throughout this report.

GEOLOGY
INFORMATION USED

The geological setting has been characterised using the 1:50,000 scale
geological map sheet 108 (Flint) (Ref 5), 1:10,000 scale geological map
sheet no. SJ26NE (Ref 4), the geological memoir associated with map
sheet 108 (Ref 8 ), and various BGS technical reports (Ref 7 and Ref 1).

MADE GROUND AND SUPERFICIAL DEPOSITS

The BGS geological maps do not record made ground at the preferred
crossing location. However, made ground was observed to be present
during the site walkovers along the eastern bank (see walkover photos in
Annex A) and whilst it is assumed to be material resulting from the
construction of the A55, the origin of this is not confirmed.

The geological map indicates that there are no superficial deposits
underlying the Alltami Brook in the reach that is situated within the Newbuild
Infrastructure Boundary (bedrock shown to be present at outcrop in site
walkover photos — see Annex A). There are none recorded until
approximately 0.7 km upstream of the Newbuild Infrastructure Boundary,
and none downstream, until close to the edge of the Newbuild Infrastructure
Boundary, where glaciofluvial deposits are recorded as present. Further up
the banks to the northwest and southeast (30-40 m uphill from the preferred
crossing location), glacial till (a mixture of clay, sand, gravel, and boulders)
is present and as shown on the maps, is widespread in the region.

Landslide features are also present approximately 150 m southeast of the
preferred crossing location according to BGS map data. These are formed
by the relatively rapid movement of a mass of rock, earth or debris down a
slope. The material of landslip is dependent on the nature of the upslope
material and the type of slip failure (Ref 6).

BEDROCK GEOLOGY

According to the geological map, the preferred crossing location overlies the
Gwespyr Sandstone, which is further underlain by the Bowland Shale
Formation (both form part of the Millstone Grit Group).

Further upstream and downstream (15-20 m) of the preferred crossing
location and in the surrounding area, the Pennine Lower Coal Measures
Formation is situated beneath the made ground and superficial deposits.

HyNet Carbon Dioxide Pipeline DCO Page 8 of 53
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2.5.7.

2.5.8.

2.5.9.

2.5.10.

The Middle and Lower Coal Measures Formations of the Pennine Coal
Measures Group in the region were formerly targeted for coal mining (see
Section 2.6).

The region is heavily faulted and the closest mapped geological fault to the
preferred crossing location is located approximately 50 m upstream of the
preferred crossing location (within the Order Limits, towards the A55). This
fault dips towards the southwest and uplifts the older Pennine Lower Coal

Measures Formation. There is another fault located approximately 135 m
downstream of the preferred crossing location (slightly north of the Order
Limits), which dips towards the southeast and uplifts the Gwespyr

Sandstone. This fault runs approximately along the corridor of the Alltami
Brook for approximately 80 m.

The BGS geological maps and the Coal Authority’s (CA) coal mining report
indicate that there are no faults expected to be present at the preferred
open cut crossing location. However, it is recognised that there may be
unmapped faults or faults beneath the surface where difficult to ascertain.

The Hollin Rock Member of the Pennine Middle Coal Measures Formation
and the Etruria Formation of the Warwickshire Group (formerly known as
the Red Measures) both outcrop beneath the superficial deposits
approximately 50 m southwest of the preferred crossing location, west of

the closest fault.

The geological sequence and lithological description of the strata is
summarised in Table 2.1.

Table 2.1: Geological sequence and lithological descriptions

HyNet Carbon Dioxide Pipeline DCO

Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook

Group Formation Lithological Description Expected
Thickness*

Warwickshire Etruria Formation — | Red, purple, brown, ochreous, ~100 m
Group mudstone, green, grey and commonly

sandstone, and mottled mudstone, with

conglomerate lenticular sandstones and

Etruria Formation — conglomerates (generally

lacking coal)

sandstone
Pennine Coal Pennine Middle Interbedded grey mudstone, ~100 m
Measures Coal Measures siltstone, pale grey sandstone
Group Formation and commonly coal seams

Hollin Rock Sandstone locally interbedded ~100 m

Member with thin mudstones. The Hollin

(sandstone) of the Rock Member represents a

Middle Coal widespread deltic sandstone

Measures body, or series of bodies, within

Formation the Flintshire Coalfield

Page 9 of 53



2.5.11.

2.6.

2.6.1.

2.6.2.

2.6.3.

HyNet Carbon Dioxide Pipeline DCO

Group Formation Lithological Description Expected
Thickness*
Pennine Lower Interbedded grey mudstone, ~100 m
Coal Measures siltstone and pale grey
Formation sandstone, commonly with
mudstones and more
numerous and thicker coal
seams
Millstone Grit Gwespyr Fine-grained, feldspathic and ~150 m
Group Sandstone micaceous sandstones, cross-
Formation stratified on a variety of scales,
with conglomerate-lined scours
and intercalated siltstone and
mudstone beds.
Bowland Shale Mainly dark grey fissile and ~120 m
Formation blocky mudstone, weakly
calcareous, with subordinate
sequences of interbedded
limestone and sandstone

*Based on BGS Map Sheet 108 Flint
CROSS AND LONG SECTIONS

Cross and long sections of the geology are included in Annex B.

COAL MINING HISTORY
OVERVIEW

The preferred crossing location is located within the North Wales Coalfield,
which includes the Park Hill Colliery and Magazine Lane Colliery located
east of the Alltami Brook. BGS borehole records indicate that the two
collieries were present in this area at different times. The collieries were
located east and west of Pinfold Lane and along Magazine Lane.

Appendix 11.2: Coal Mining Risk Assessment - Part 1 of the ES [REP4-
120] indicates that the mines were developed in the 1930s and 1940s. The
mine abandonment plan for Park Hill Colliery shows the entrance adit north
of the route corridor (Appendix 11.2: Coal Mining Risk Assessment — Part 9
of the ES [REP4-128]). The adit extends northwards and targets coal
seams at several depths. The total depth of the mine below ground is not
confirmed; however, a newspaper article from 1947 records that operations
were undertaken at the Park Hill Colliery to a depth of 150 ft (~45 m) below
ground level.

Other adits are shown on the BGS 1:10 000 geological map to the northeast
of the preferred crossing location. However, these were not observed during
the site walkovers. Furthermore, there was no visual evidence of mine
water discharges (i.e., iron ochre) occurring as groundwater seepages
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2.6.4.

2.6.5.

2.6.6.

26.7.

2.6.8.

either along the landslip zone, or in the actual river valley. On this basis, it is
considered that the adits shown on the map are possibly buried beneath the
made ground and in the absence of any discharges could be ‘dry’ and/or
capped off. There are no mine water treatment schemes in the area that
would indicate active groundwater management in these mine workings.

The mine plans for the Magazine Lane Colliery indicate an adit access
parallel to Magazine Lane and running north-eastwards. The majority of this
mine extends out under Magazine Lane in the direction of the A55. Mining
of this area occurred in the 1940s and with an adit predominantly targeting
the Premier Coal at 7.3 mbgl (Appendix 11.2: Coal Mining Risk Assessment
— Part 1 of the ES [REP4-120]).

GEOPHYSICAL SITE INVESTIGATION

A geophysical ground investigation was undertaken by the Applicant in
January and February 2022 to identify the presence of void spaces resulting
from historical mining activity. Surveys were undertaken within the field to
the northeast of the preferred crossing location, where made ground is
present, and along Pinfold Lane.

BGS maps (Ref 5, 6) and the CA’s Consultants Coal Mining Report
(appended to Appendix 11.2: Coal Mining Risk Assessment — Part 1 of the
ES [REP4-120]), however, indicate that there are no faults, shallow
workings, or probable shallow workings at the preferred crossing location.
Further, the results of the geophysics provide no indication of voids of
shallow coal mining across the area. However, the Northop Hall Mine
Workings Geophysical Ground Investigation report [REP4-128] notes that if
the workings have been backfilled with the same material as the surface
material, then it may be difficult to differentiate between natural and made
ground areas.

An area of fenced off trees is present towards the northeast corner of the
field in which geophysical surveys were undertaken (northeast of the
preferred crossing location), which was the suspected location of mine adits
[REP4-128] (Geophysical Ground Investigation. This correlates with the
historic mine plans of an adit/shaft location, although, this area is located
over 100 m northeast of the crossing location and is not expected to be of
concern for the purposes of this report. Additionally, the presence of trees in
this area is not conducive to the presence of open mine voids.

The geophysical survey did not find any evidence that there are shallow
mining related void spaces beneath the Alltami Brook. This is considered
unlikely in any case, as mines did not normally extend directly beneath
rivers due to the risk of flooding and difficulties in controlling potential
inflows to the mine.
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2.7.

2.7.1.

2.7.2.

2.7.3.

2.7.4.

2.7.5.

HYDROGEOLOGY
AQUIFER PROPERTIES AND GROUNDWATER FLOW

Made Ground and Superficial Deposits

The made ground present to the east of Alltami Brook at the preferred
crossing location does not have an aquifer designation. Additionally, its
composition and hydraulic properties are not currently known, though due to
the prevalence of glacial till in the area it may have comparable composition
and hydraulic properties. However, during the site walkover by the Applicant
on the 14" of March 2023 (photos provided in Annex A), it was observed
that the made ground was near-saturated with evidence of extensive
surface water puddling. This suggests that a perched water table is present
within the made ground, which is likely to be responsive to rainfall events. In
areas of made ground where the material predominantly comprises low
permeability clays, recharge may also runoff e.g., via the observed areas of
surface water puddling. Although the composition of glacial till
predominantly comprises low permeability clays, perched water is expected
to be present within sand and gravel lenses.

Glacial till is designated as a Secondary (undifferentiated) aquifer, which is
a classification given to aquifers that are generally unproductive. The glacial
till predominately comprises low permeability clays and typically does not
support local water supplies or provide significant baseflow. The glacial till
can act as a layer which inhibits recharge to the Permo-Triassic Sandstone
aquifer.

The glacial till is also a limiting factor for recharge to the bedrock aquifers
underlying it, though some recharge is expected to occur (especially in
areas of elevated permeability).

Warwickshire Group — Etruria Formation

The mudstones and sandstones of the Etruria Formation generally have low
primary permeabilities. This means that water movement occurs within
joints and fractures. Recharge to the sandstones occurs via infiltration of
rainfall where the formation outcrops at surface or through fault blocks.

Pennine Coal Measures Group — Lower and Middle Coal Measures
Formations

The Lower Coal Measures Formation and Middle Coal Measures Formation
of the Pennine Coal Measures Group are also designated as Secondary A
aquifers in the region (Ref 1). These strata are expected to behave as a
multi-layered aquifer system in which lower permeability mudstones act as
aquicludes between sandstone aquifer horizons. Both the mudstones and
sandstones are expected to be well cemented with minimal primary porosity
(Ref 12). Groundwater flow within these strata will therefore predominately
occur within joints, fractures and fissures. Such flow may occur at depths up
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2.7.6.

2.7.7.

2.7.8.

2.7.9.

2.7.10.

2.7.11.

to 250 mbgl with fracturing often having been enhanced by mining
subsidence (Ref 12). Groundwater movement will be controlled by the
connectivity of these features, and in some instances will be
compartmentalised (due to faulting).

Recharge is via rainfall where the formation outcrops or through fault blocks
and former mine workings that may by-pass natural pathways. It is
considered that direct recharge is limited where there is widespread glacial
till coverage. Lateral groundwater movement and recharge is also
considered to be limited as the hydraulic continuity is restricted by extensive
faulting, which divides the aquifer into isolated blocks (Ref 12). Historic coal
mine workings may also act as sinks and pathways for groundwater
movement to occur.

There is limited information on groundwater levels for the Coal Measures
Group at the preferred crossing location. However, the Applicant is aware of
groundwater monitoring information available for a site approximately 830 m
southwest of the preferred crossing location, which indicates that
groundwater levels are between 85 and 100 mAOD and the groundwater
flow direction towards the Alltami Brook (Ref 5).

Millstone Grit Group — Gwespyr Sandstone

The Gwespyr Sandstone directly underlies the proposed crossing location
and is designated as a Secondary A aquifer (Ref 6). The Gwespyr
Sandstone is part of the Millstone Grit Group. The Millstone Grit Group is
well cemented with very low primary porosity and intergranular permeability,
and, therefore, groundwater flow is expected to occur predominantly within
the joints, fissures and fractures (Ref 12).

Springs occur at the junctions of the jointed sandstone with underlying
mudstones and shales (Ref 12). During the site walkover, groundwater
seepage issuing from the bedrock was observed at NGR SJ 27726 67182
(see photos in Annex A). This is located at the boundary of the Lower Coal
Measures Formation (mudstone) and the Gwespyr Sandstone according to
the geological map. This observation suggests that the Gwespyr Sandstone
in the area is likely to be saturated and may contribute baseflow to the
Alltami Brook.

It was noted on a walkover in March 2023 that the Alltami Brook visually
appears to widen further downstream of the preferred crossing location
(visible from the bridge over the Alltami Brook on Chester Road). This
approximately corresponds to where the Alltami Brook flows along the path
of a fault.

HISTORIC BOREHOLE LOGS (BGS)

A search for relevant historic borehole logs was undertaken for the purpose
of gathering relevant site-specific information (or as near to site as
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possible). Several borehole logs were obtained, which are for boreholes all
within 0.5 km of the preferred crossing location.

2.712. The locations of these are shown in Figure 2.2. The relevant information
from these borehole logs is shown in Table 2.2 and the borehole logs are
presented in Annex C.

Key

@® Historic_GI_boreholes

+  Preferred crossing location

Pipeline

PINFOLD LANE

Preferred crossing location

Vinegar Hill

Gell Farm

5J2
Ewloe Wood
House

Figure 2.2. Nearby historic boreholes (source: BGS Geolndex, 2023)
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Table 2.2. BGS historic borehole information

Borehole / SJ26NE726 SJ26NE727 SJ26NE723 SJ26NE724 SJ26NE725 SJ26NE728 SJ26NE729 SJ26NE30
Information
Well NGR: SJ 27480 67090 SJ 27530 67060 SJ 27630 67000 SJ 27610 66990 SJ 27610 66970 SJ 27570 67020 SJ 27650 66960 SJ 27950 67530

Easting/Northing

327480, 367090

327530, 367060

327630, 367000

327610, 366990

327610, 366970

327570, 367020

327650, 366960

327950, 367530

Ground Elevation | 89 mAOD 79.5 mAOD 90.5 mAOD 90.5 mAOD 91.5 mAOD 88.5 mAOD 91.5 mAOD 84 m AoD

Distance from ~180 m WSW ~150 m SW ~140m S ~160m S ~180m S ~150 m SSW ~190m S ~490 m NE

preferred

crossing location

Name HAWARDEN BY-PASS, HAWARDEN BY-PASS, HAWARDEN BY- HAWARDEN BY- HAWARDEN BY- HAWARDEN BY-PASS, HAWARDEN BY- NEAR EWLOE
(EXPLORATION (EXPLORATION PASS, PASS PASS (EXPLORATION PASS WOOD

ASSOCIATES). NO.15

ASSOCIATES). NO.16

(EXPLORATION

(EXPLORATION

(EXPLORATION

ASSOCIATES). NO.17

(EXPLORATION

ASSOCIATES). NO.5 | ASSOCIATES). NO.6 | ASSOCIATES). ASSOCIATES).
NO.7 NO.18
Completion Date April 1975 April 1975 April 1975 March 1975 April 1975 July 1975 August 1975 October 1979
Completion Depth | 21.3 m 151 m 14.5m 15.7m 12.2m 40m 40 m 145 m
Aquifer Hollin Rock (presumed). Hollin Rock (presumed). Hollin Rock Hollin Rock Etruria Formation Hollin Rock (presumed). Etruria Formation Coal Measures

Lower Coal Measures
Formation

Lower Coal Measures
Formation

(presumed). Lower
Coal Measures

(presumed). Lower

(presumed) -

Coal Measures

Warwickshire Group

Lower Coal Measures
Formation

(presumed) -

Warwickshire Group

Formation Formation
Rest water level 0 mBGL 0.3 mAGL (above ground 0 mBGL 0 mBGL 0 mBGL Not given Dry Well dry
after completion level)
Comments The borehole was dry to Water strike noted to have No details of water No details of water Water struck at 1.4 No water strikes recorded. No water strikes No water
11.2 m. After reaching occurred at 14.3 mBGL (in strikes given however | strikes given however | mBGL. Groundwater | Water level recorded at 5 recorded. Water level | encountered.

18.5 water was struck and
rose to 6.9 mBGL. When
completed to total depth
the water level had risen
to match ground level (0
mBGL).

sandstone). Possibly a
productive fracture with
water held under pressure
was encountered. Upon
completion the water level
had risen to 0.3 mAGL
(slightly artesian).

groundwater level
was noted to be 0
mBGL upon
completion.

groundwater level
was noted to be 0
mBGL upon
completion.

level was noted to be

mBGL on 21/07/1975 (x3

at 6.2 mBGL on

0 mBGL upon
completion.

days before completion
date) when borehole at 26

14/08/1975 upon

completion. However,

mBGL total depth (may be

a second reading on

added water from drilling).

14/08/1975 indicated

No final water level reading

nil water present.

given.

Elevation of Alltami
Brook at nearest
point is ~ 67
mAOD.
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2.7.13.

EachoftheDetails of for seven historic boreholes drilled for the A55 Gl in

2.7.14.

1975 (Hawarden Bypass) are presented-included in Table 2.2Fable-2.2. In
terms of location these range from approximately 140 to 190 m south or
southeast of the preferred crossing location. These were drilled to a range
of depths from 14.5 to 24340 m bgl {with-SJ26NE26-being-the-deepest)
and. Each encountered broadly similar geological conditions, with various
thicknesses of boulder clay, siltstones, clay, sandstones and mudstones
reported in the borehole logsy. The ground surface elevation of the
boreholes ranges from 79.5 to 90.5 mAOD.

Borehole logs for five of the boreholes presented in Table 2.2 indicated a

2.7.15.

very shallow or slightly artesian water pressure upon completion. The

elevation of the Alltami Brook nearest to these boreholes is approximately
81 mAOD, with four of the boreholes being above this elevation at ground
level. These boreholes are all approximately 12-15m deep. They are (with

water levels):

e SJ26NE726 (no completion water level but recorded at ground level
at 1 metre before reached completion depth)

e SJ26NE727 (+ 0.3mAOD on completion)

e SJ26NE723 (at ground level on completion)

e SJ26NE724 (at ground level on completion)

e SJ26NE725 (at ground level on completion)

The log for borehole SJ26NE729 reports that this borehole was dry upon

completion. Borehole SJ26NE729 was significantly deeper than the
boreholes listed above at 40 m total depth. The preceding water level
reading recorded on the same day of completion indicated a water level of
6.2 mBGL. It is unclear if the reading of the borehole being dry is genuine
(or an error) as it is the only reading which indicates this. Regardless, it
does indicate the variable, and laterally discontinuous hydrogeological
conditions in the local aquifers. The borehole log for SJ26NE728, also
drilled to 40 m total depth, does not include a completion water level.

2+44-2.7.16.

An eighth-feurth-borehole to the northeast of the preferred crossing location

is included for comparison (SJ26NE30). This borehole was drilled into the
Coal Measures. The ground level at this borehole is recorded at approx. 84
mAOD and the borehole was drilled to a depth of 14.5 m (or 69.5 mAQOD). It

was found to be dry throughout. The elevation for the Alltami Brook at the

nearest point to this borehole is approx. 67 mAQOD.
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2.8.
2.8.1.

2.8.2.

HYDROLOGY

The surface water catchment area for the Alltami Brook is approximately
6.25 km? and drains in a northerly direction towards the Wepre Brook,
which ultimately discharges into the River Dee (Ref 9). The Alltami Brook is
expected to be fed by rainfall with small inputs from groundwater baseflow.
Additionally, the Applicant is aware of a permitted discharge activity to the
Alltami Brook from a landfill further upstream.

During the site walkover undertaken on 14 March 2023, a small surface
water inflow was observed to be discharging into the Alltami Brook from the
eastern bank upstream of the A55 at approximate NGR SJ 27793 67229
(see walkover photo in Annex A). A small waterfall discharging from the
right bank was also observed to be discharging into the Alltami Brook at
NGR SJ 27786 67196 (see photographs in Annex A). To cross the A55
(upstream of the Newbuild Infrastructure Boundary) the Alltami Brook flows
through a large culvert which discharges onto a concrete slab perched
above the bed level (photos in Annex A). The bedrock channel immediately
downstream of the concrete culvert was observed to have boulders and
gravel deposits.
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HYDROGEOLOGICAL CONCEPTUAL MODEL

3.1.

3.1.1.

3.1.2.

3.1.3.

INTRODUCTION

This section presents a conceptual understanding of the groundwater
regime in and around the Alltami Brook. It presents the current baseline
conditions and examines the potential changes beyond baseline that may
be encountered during construction and operational stages, accounting for
the concerns raised by NRW.

A preliminary hydrogeological conceptual model is presented in . This is a
simplified representation of a complex geological and hydrogeological
setting, which is based on the data and information presented in Section 2.0
and the application of hydrogeological expertise in identifying and assessing
groundwater flow conditions.

The conceptual model illustrates the key physical relationships and
interactions that are assessed as primary controls for groundwater-surface
water interactions in and around the Alltami Brook. Using this
interpretation, the baseline conditions are described in Section 3.2.

Whilst the conceptual model is derived largely on published information and
site observations, it does provide the framework for considering the how the
proposed construction using the open cut method and subsequent
operation of the pipeline may impact the baseline conditions. This is
discussed in Section 3.3.
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3.2

3.2.1.

3.2.2.

3.2.3.

3.2.4.

3.2.5.

3.2.6.

UNDERSTANDING OF BASELINE CONDITIONS

Considering the cross and long sections in Annex B, and following the
course of the Alltami Brook from the upstream side of the Newbuild
Infrastructure Boundary, then the geological conditions are characterised as
follows:

e the Middle Coal Measures, which here is comprised of the Hollin Rock;

e downstream, and at the location of the preferred crossing location, is an
outcrop of the Gwespyr Sandstone (part of the Millstone Grit Group);

e downstream of this location, and in the lower portion of the stretch of the
Alltami Brook within the Newbuild Infrastructure Boundary are the
Pennine Lower Coal Measures at outcrop.

Each of these formations have similar lithology, characterised by inter-
bedded grey mudstones, siltstones, sandstones, with coal seams in the coal
measures. The Hollin Rock and the Gwespyr Sandstone are more
sandstone dominant.

There are two faults of note, one cutting across the Alltami Brook
perpendicular to it which separates the Hollin Rock/Middle Coal Measures
from the Gwespyr Sandstone. Then slightly downstream of the Newbuild
Infrastructure Boundary for an approximately 80 m stretch, there is a fault
running parallel to the Alltami Brook that is either along or very near to the
watercourse (where we would expect fracturing to be present).

At the preferred crossing location, shown on Figure 5 (Preliminary
Hydrogeological Conceptual Model), the geology at outcrop is the Gwespyr
Sandstone. At ground surface and for the initial several metres below
weathered bedrock is anticipated, which is also expected to become
increasingly competent at greater depth i.e., where the effects of weathering
are not evident.

Recharge to the bedrock aquifer occurs regionally; however, this is limited
through the glacial till superficial deposits. Recharge is expected to be
increased in the areas immediately surrounding the Alltami Brook where
bedrock is at outcrop.

The stream flow within the Alltami Brook is considered to be largely
influenced by regional surface water recharge, potentially with inputs from
localised land and road drainage.

There is a secondary baseflow component to the river from groundwater
where there are seepages and sufficient fracturing allows it, as groundwater
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3.3.

3.2.7.

3.2.8.

3.2.9.

3.3.1.

3.3.2.

3.3.3.

movement in the bedrock is largely controlled by secondary porosity
resulting from fissures, joints and cracks in bedrock (see

Figure 3.1Figure-5). These conditions are likely to be laterally and vertically
discontinuous.

There are known former collieries near to Pinfold Lane. On the
abandonment plans [Appendix 11.2: Coal Mining Risk Assessment —
Part 9 of the ES, REP4-128] these are indicated to be approximately 100 m
northeast of the preferred crossing point on the Alltami Brook.

There are some mine adits shown on historic maps for these abandoned
mines indicated to be buried beneath an area of made ground which forms
the eastern slope of the valley of Alltami Brook. The mines were known to
extend to a depth of 45 m below ground level. Due to this relatively shallow
depth and considering the duration of time (75 years approximately) since
abandonment, it is considered that mine water levels have likely recovered
to natural equilibrium.

SCENARIOS FOR RIVER FLOW CHANGE
CONSTRUCTION PHASE

During construction the approach will be to redirect the flow in the Alltami
Brook through a temporary culvert which collects all of the river flow
upstream of the excavation and redirects it around the excavation whilst the
works are ongoing. The culvert will be made of impermeable material,
therefore not allowing any flow to be lost. The flow will not be allowed to
continue back along the natural route until the works are completed and the
riverbed is reinstated in, as close as is possible to, natural conditions.

There is a scenario which could result in a discharge of flow into the
excavation, which is where a productive fracture is encountered that is
holding water under pressure. In this scenario, dewatering of the excavation
may be required. The aim would be to stop the inflow using permeation
grouting of the fracture to cut-off future or existing flow, with dewatering
reducing the groundwater inflow temporarily to allow the (quick-setting)
grout to be injected. The excavation will be filled with permeable sand or
gravel material which surrounds the pipe (to prevent it from being in direct
contact with bedrock). Concrete will be added on top of the gravel material.
Alternatively, it may be that the whole excavation is filled with concrete (and
the concrete supports the pipe instead of the sand/gravel). The final
construction approach is to be confirmed at detailed design by the
Construction Contractor.

OPERATIONAL PHASE

The structure once completed is intended to not allow flow to discharge
from ground into the Alltami Brook, as it will be sealed through being filled
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with concrete and any fractures, fissures, joints will be grouted. The risk of
washout of grout would be reduced by the use of appropriate grout
materials and/or accelerators to ensure rapid gel setting and strength gain.
The degradation of the grout within a fissure is an unlikely outcome as the
grout will be buried beneath the structure. A specialist contractor would
undertake the grouting works to the appropriate British Standards (i.e., BS
EN 12715:2020), effectively creating a low permeability plug within the
bedrock, eliminating the fissures. A schedule of general inspections and
principal inspections of the Alltami Brook crossing will be carried out to
determine condition and identify any potential maintenance requirements.
Inspections will be undertaken following an intense rainfall event or
heatwave to monitor any damage and implement appropriate mitigation as
necessary as stated within the DMRB BD 63/17. At decommissioning the
pipe at the Alltami Brook crossing will be filled with grout or concrete.
Monitoring beyond the lifespan of the DCO Proposed Development is not
considered a necessary requirement.

3.3.4. However, in the scenario where there is a failure in the structure’s ability to
prevent throughflow, this is not considered to result in a major loss of flow to
or from the Alltami Brook. The reason is because the conceptual
understanding of the area indicates that there is a groundwater baseflow
component to the Alltami Brook resulting from an overall upwards hydraulic
pressure/flow gradient from bedrock (where fractures allow). This means
that groundwater levels are higher than the river level. In this situation, loss
of flow from the river to ground is impossible as the hydraulic gradient
doesn’t allow it.

3.3.5. There is a possibility that if a productive fracture is encountered, the
crossing would result in a new discharge point for groundwater to be
discharged into the Alltami Brook. However, this is not expected to result in
a significant change in terms of the overall water balance of the valley, as
the Alltami Brook is already considered the primary recipient of groundwater
flow reaching ground surface in this area. The potential change would be a
local change in terms of the location at which water is discharged from the
aquifer into the Brook, but the overall volume in not expected to change
from the current water balance.

3.3.6. The laterally discontinuous fracture flow conditions, along with the overall
upward hydraulic gradient of the bedrock aquifers, prevents any significant
loss of flow from occurring from the Alltami Brook to ground. The Alltami
Brook has been observed on walkovers to be widening downstream of the
Newbuild Infrastructure Boundary, where the watercourse is flowing the
approximate same route as a fault for an approximately 80 m stretch. Due
to the presence of the fault this location significant fracturing would be
expected to be present, however this seems to be resulting in a gain, rather
than a loss of flow from groundwater to the Alltami Brook.
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3.3.7. The nearby former coal mine workings are not considered to represent a
realistic recipient of flow from the Alltami Brook. The primary reason is
because any mine voids are expected to be saturated due to mine water
levels having recovered to match surrounding groundwater in the duration
since abandonment (thought to be in the late 1940s). Additionally, a direct
fracture route allowing sufficient throughflow would be required from the
crossing excavation to the mine workings. Due to the laterally discontinuous
flow conditions and the distance from the preferred crossing location to the
mine workings, such a connection is considered unlikely. It is also not
guaranteed that a productive fracture would be exposed by the excavation
which is relatively shallow at 4 m deep.

UNCERTAINTIES IN CONCEPTUAL UNDERSTANDING

3.3.8. The exact relationship between surface water in the Alltami Brook and
surrounding groundwater, whilst not considered to represent a significant
concern in terms of potential water loss (because of the information which is
available), is not currently known in detail. Ground investigation (which
includes groundwater monitoring) will be undertaken at detailed design
stage at the proposed crossing location to verify the relationship between
surface water and groundwater and confirm the conceptual understanding.

3.3.9. However seasonal variations in groundwater pressures are possible which
could result in a lower groundwater level (e.g., during dryer summer
months). Due to the nature of the aquifers present (limited lateral fracture
flow), this would not be expected to be significant (e.g., compared to a
Chalk fracture flow aquifer). The design also is intended to prevent loss of
flow; therefore, this is considered a manageable risk.
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SUMMARY OF FINDINGS

4.2.

411.

4.1.2.

4.21.

The findings of this report are as follows:

The conceptual understanding of the hydrogeology, based on all the
available information presented (including site observations), indicates
that there is an overall upwards hydraulic gradient from the bedrock
aquifers to the Alltami Brook watercourse. This is likely to be providing a
groundwater baseflow component to the overall flow in the watercourse
(where sufficient fracturing facilitates it).

The laterally discontinuous nature of the bedrock aquifer reduces the
likelihood of the aquifer representing a likely receptor for a significant
flow of water from the Alltami Brook. This is evidenced in part by
observations made on site, as the watercourse follows a fault line as it
flows downstream of the preferred crossing location.

The presence of nearby historic mines is not considered a significant
risk in relation to the open cut crossing option because of the following:

e Mine water levels have likely recovered since abandonment.

e The geophysical surveys undertaken did not detect any presence of
open mine voids in the area.

e ltis unlikely that shallow mining would have been undertaken
directly beneath a river (due to the associated flood risk), and the
available information on where the mine was situated, the seams
worked and the historical information (e.g., the abandonment plans)
indicates that mining was not undertaken near to the preferred
crossing location.

e The scenario where a productive fracture within the excavation
which is directly connected to unsaturated mine voids allowing
significant throughflow from the built crossing structure (which itself
is designed to prevent loss of flow) is considered extremely unlikely.

There is not considered to be a mechanism present which would allow a
discernible loss of flow from the Alltami Brook to the underlying bedrock
aquifer.

For all the above reasons the DCO Proposed Development is not
considered to be a risk to impacting the WFD status of the Wepre Brook
surface water body.

NEXT STEPS

A ground investigation which is sufficiently scoped to address the
uncertainties in the current conceptual understanding could be undertaken
to inform the detailed design. This would be informed through consultation
with NRW and the design team, including specialist geotechnical
contractors with an expertise in dewatering and geotechnical grouting.
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MARCH 2023 SITE WALKOVER
PHOTOGRAPHS



MARCH 2023 SITE WALKOVER PHOTOGRAPHS

Seepage from made ground discharging into Alltami Brook
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Saturated made ground/seepage
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Additional Notes and Photographs from March 2023 site walkover

Alltami Brook site photos 14 March 2023

VoA B -

Viewrlooking upstream of the minor road
bridge. Spate flow following heavy

A minor tributary of land drainage is
discharging into the Alltami Brook on the
right bank.

outlet. Concrete wingwalls and gabion
mattress bank reinforcement on both
banks. Concrete slab at the culvert outlet
and high step down to the natural channel.
It is likely that this culvert structure
arrangement is not passable to fish.

overnight rain on saturated ground. Deep v-
shaped channel in otherwise flat landscape.

Immediately downstream of the A55 clvert

Outlet of the A55 culvert. Large pipe culvert
discharging onto a concrete slab perched
above bed level. Banks are lined with
gabion baskets. Fast-flowing water and
high step from concrete ledge to natural
bed (height difficult to estimate due to
elevated flows but possibly 0.3-0.3m).
Bedrock channel with boulders and gravel
deposits downstream of the step along with
trash (tyre observed in the middle of the
channel).

View looking upstream towards the A55
culvert outlet showing the transition from
the modified reach with gabion basket bank
reinforcement to natural banks. Bedrock
was observed on the left bank face
downstream of the culvert where the bank
renaturalised.

HyNet Carbon Dioxide Pipeline DCO

Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook




Made ground on the right bank. Very high
and steep engineered bank with a
composite bank profile due to creep.

x o S T =3 =

he mad ground was saturated with
extensive surface water puddling.

Made ground bank profile with surface
water puddling due to saturation of the
earth.

Seepage observed from bedrock on the left
bank face immediately upstream of SJ
27726 67182.

View looking down to the Alltami Brook from
the top of the made ground on the right
bank. View looking downstream. The left
bank is also steep and high but possibly a
more natural landscape feature.
Approximate crossing location for the
ipeline.

Land drainage pipe discharging water into
the brook on the right bank face. Small
volume of water seeping from the pipe. SJ
27726 67182. Bedrock and boulder channel
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)

l?( N

SJ 27786 67196 surface water flow paths

rok

types observed.

bed. Chute and broken standing wave flow

SJ 27786 67196 small waterfall on the right
on the right bank draining into the Alltami bank discharging into the Alltami Brook.

Surface water flow draining the right bank

67229. 67229.

Surface water flow draining the right bank
hillside into the Alltami Brook at SJ 27793 hillside into the Alltami Brook at SJ 27793
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GEOLOGICAL SECTIONS
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Brook
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Alltami Brook
Location Plan

Figure 1
(NTS)
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Line of Long
Section

Line of Cross
Section

Alltami
Brook

\\\I)

1:10,000 Geological Map Extract

Alltami Brook

Figure 2
(NTS)
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Geological Long Section
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HISTORIC BOREHOLE LOGS
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75% | 254 1- - dsey | 80°
elldls 3 s0°
] - SILTSTCHE, grey, laminated, hard with sandstone :
i b ""3‘]_lamina €. ’ 13 =1 a
s o = Bip 15° =
o Wi & .y silty, fine grained, grey, very hard, =) o
100% | 1% | laminated, jointed. y 4 1007 :g‘,
-3 ‘F1a 14—
M 1E ) E 2
i = SILTSTONE, as above, with the same fine prained 3
] = light grzy sandstone.laminaze 5G/5C oceasicrally. = .
100% | 867 T —15 Zandstone predominates, "striped beds" 15 4 oz | 20
. 7] = ripple drift struclures. = ol
L i1y ]
JAENDE =
=T e 16 ]
£ = =
] 17 17 -
- 2 Es 183
o sl = + n
ba 19 A
p - E
4 B =
3 o J
- 20 20 —
- 21 21 3
= 22 22
CLIENT i o Ne
£ PN o [aTAIDC woT e “Sen &9
K. WARDELL & PTNRS. Wolsh Cffice. S

Contact BGS: ngdc@bgs.ac.uk

Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook



British

S, Geological BGS ID: 147700 : BGS Reference: SU26NE725
Survey British National Grid (27700) : 327610,366970
/ + CONTRASTOR Qi O orilling DisiLInNG  METHOD BOREHULLE N¢ 5
Exploration Aszociates. 5/1;/75 Shell. Rotary core: 7 ;1
h Yater flush. ;i
GROUND LEVEL |ORIENTATION CO-ORDINATES SiTE f?z.{rvé/? 2y . PAGE 1 OF 2 '
° E 276 080 A i
91.5m.A.0.D 4 -90 N 669 660 - nawarden By-pass. M B
mTaBL ' ’ e FRACTU
s ‘ 3E
v DESCRIPTION OF STRATA A el
& S(zZE . L
TO—x ) 3 priller’s
<o BOULDER CLAY, brown grey, firm, silty. 1 report:
B . - ] Shell.
L TOT 1
b, E X E
2 SAND, clayey, krey brown. . 2 il
33
BOULDER CLAY, red brown, firm, silty, sandy. E
42
-5 5-@
Tl 2l
5 m
S i B . &3
Te
a T MUDSTONE, (clay) grey. -
T H 1 JCore
St8 - (R —
83%| 33 1__F ‘ 433% | °C
'_: : MUDSTONE, grey, laminated, moderately widely B
7] —  spaced joints, moderately weathered, some clay i
qxx E hards, firm. i i
‘31 9
- - ~ ‘Tronstone nodules. =]
1% | 23% | 3 o T 43% YoF
Z=5=Z SEAT 2ARTH, (rnudsto‘ne) pyritized ironstone nodules, =
v Eoslickensidea, abundant plant remains, coalified stwanvs,
KEY REMARKS
COAL in returns 9.9m. to 10.5m. lost some
returns at this depth. C
) H casing to 10.5m.
T0GiED By SCALE Cverall core recovery 8i%
K.F. 1/50 METRES i}
gt CLIENT Jot ne
K WARDELL & PTNRS Wedsh Office. 3619/1

Contact BGS: ngdc@bgs.ac.uk

Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook



N

British

BGS, Geological
k\\_/ Survey

BGS ID: 147700 : BGS Reference: SU26NE725
British National Grid (27700) : 327610,366970

SITE ) - a e 2QF g -‘u-':;\"r;»;abg.e i E
% Hawarden By-pass. E 88 25 ME/’ZFZS’ | 7 E
TOTAL ’ ] ——
CORE
RECOV 7[R Q. O DESCRIPTION OF STRATA
i SIE
HA LA . -
CCALY £AMD, (caving down borehole) 3
35~ E si,;fr;;gma Smudgtog;) pyriti, ironstone nijd}{leg, - !
— - slickenside abu + nla mai if3 - a
0% | 55% "L“' = l. » ndant riant remains, coa 15%(;8&}:5. . 70/9 70°
4l #9=1 SILTSTONE/HUDSTONE laminated. it
VUDSTONE, buff, moderately weathered. = 3
et o {1l | [F= SILTSTOIE, * [ R
S0% | 30% ;H:E ..‘.:11 ip* horizontal. = 557 | 70
; Jo1 LA SANDITONT, silty, fine grained, moderately =
I wenthered, joints, hard, =
4 END|- ~
o R 13
7 E =
__E 14 14
'-E Ev—ls 15 'E
S B 16 =
S E )
4 F E
‘:“ = -
S e
,_',_' E_]B 16’5
1 E . =
H = oC®
&5 R AT 19 -
1 E E '
E = B Tad
L1 F20 20
ko 21 3
H F e
42 1 E 3  —
= 22 22
/4
b & CLIENT i !JOE» e
. SNy .
R WARDELL & PTHNES.

Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook

Contact BGS: ngdc@bgs.ac.uk



@ British

BGS Geological BGS ID: 147700 : BGS Reference: SU26NE725

U Survey British National Grid (27700) : 327610,366970

Sampling Properties Strata
? Depth Type | Strength | w | SPT | Description Depth | Level Legend
kN/m? | % | N
| 0.L 5
e Turf over TOPSOIL, - .5
= 0.3 D 22 - 0.3 | 91.2
— 0.5-1.0 |U(85)| 90 25 -
[~ 18 Firn yellow brown becoming red brown silty -
= sandy CLAY. =
= 1.2 D 19 ;
- 1.4 | 90.1 Y
[ 1.5-2.0 s.D 19 1 —
:_'_ 18 Loose light red brown very clayey silty SAND -
= sandy CLAY, .
E 2.3 D 2.3 | 89,2
— 2.5-3.0 | ¥B(75) 24 =
— 21 =
[ 3.0-3.5 |[5.D 15 | 17 E-
= 3. D 16 s
[ 4.0-4.5 |¥B(97) 15 Firmestiff dark grey brown silty sandy CLAY —
= 14 with rock fragments and gravel, w
— 4.5-5.0 |S.D 5| 23 =
[ s5.5-6.0 |5(100)| 35 14 -
s 17 =
= 6.3 D 15 =
6.9 D 12 -
[ 7.0-7.5  Is.D.D. 8 1123 - 6.9
[~ Drill Run |Fluid Core F.I.R.Q.D =
— Return| Recovery 2
— 7.5 —
‘___ 1008 83 Moderately weathered grey MUDSTONE, clayey :—'
L5 in part, =
2 -
- 8.7 — =
= 100% =
— to 808 —
- 9.9 -
- 9.9
= Cont. over from 10.0. 10.0
Drilling Ground Water
Type From | To Size|Fluid| Struck | Behaviour Sealed| Date Hole |Cased| Water
i to 2,3 depth il - - -
fhell and G.L. 7.5 0.19 - 1.4 Slight seepage to 2,3 dep 2.4.75
g - 3.4.75 | 5.0 4.5 | Nil
Rotary Core 7.5 10.0 0.07Water 3.4.75 | 7.5 6.0 AT
Remarks Feck chisel used from 7.3=7.5 (0.5 hours) Rotary Borehole Record based on interpretation by
D Samples of flush returns obtained at 9.9 and 10.2. K. Wardell and Pariners.
i Contract
Borehole Record Project Clvwd County Council 51118
Hawarden By-Pass
. 2 Section No,l Chainage 2265 Borehole 7
exploration associates S g ul

Contact BGS: ngdc@bgs.ac.uk

Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook



@ British

BGS Geological BGS ID: 147700 : BGS Reference: SU26NE725

\/ Survey British National Grid (27700) : 327610,366970

ST 20me/E

Sampling Properties Strata
Drill Run Fluid Core FI | RQD| Description Depth | Level Legend
Return} Recove

[= - 60% 80% Continued from 10,0 — 10,0| B1.5
- : SEATEARTH with abundant plent remaiss. -
- 100% | 100% 1] 0% -
= 11.2 Moderately weathered buff SANDSTONE with thin i~
= bands and laminae of siltstone and -
= madgtone, —
= 100% | 100% 3 | 30% =
E 2.2 -
B End of Borehole B

Drilling Ground Water

Type From | To Size|Fluid] Struck | Behaviour Sealed | Date Hole |Cased| Water
Rotary Core | 10.0 | 12.2 [0.07|Wate 3.4.75 |12.2 | 10.5 | G.L.
Remarks Borehole grouted from G.L.-10.0 Rotary Borehole Record based on interpretation

by K. Wardell and Partners.
Borehole Record Project  Clwyd Couaty Council contcact
51118
Hawarden By=Pass
exploration associates | section ¥o.1. Borehole 7
Sheet 2 of 2 |

Contact BGS: ngdc@bgs.ac.uk

Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook
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@ British
BGS ID: 147701 : BGS Reference: SU26NE7 26

BGS, Geological EPSG: 27700 : 327480,367090

e i TR0 L LR LUK e m e Hedde TR T ot . Gk RULE MY

Exploration Associates, 10 =11/4/75 Shell.Rot:ry core: 1S
water flush.

GROUND LEVEL |ORIENTATION  |C0-ORDINATES STE <7y fne fr26 PAGE 1 OF 2 ;;'
. £ 274 83C :
89.0m.4.0.D.]  -90° ¥ £70 8§70 Havarden By-pass. f
i
(T:%TAL ’ e ' soup | ]
£ . FRACIURE
nsgc;zz RQ.D DESCRIPTION OF STRATA A
& SIZE %,
= - 'd Driller's
B e report:
" s, - FILL, ashes. shell.
BV i
— —— ¥
1058 BOUYLDER CLAY, firm, red, brown, sandy with ash
E) content. i 9
- o=
+—0Or
By ca=t 3
::O':

]I—[_ l!:lll
L
'

BOULDER CLAY, red brown siltiy, soft to firm.

l
LLE
I~
~
I[Illll‘l![‘llIlT||riliilll'|I!|||l!lr!lllll||1llllIlll‘llr"|l1||l|lll!!

o g m oY 5
oo .6 o
0 man! s
0 A ¢
Io—=F
EQ:E BCULDER CLAY, grey, brown,green, silty, firm,
s n 7
3 TOPSNIL, silty.
8 CLAY, light grey, silty, firm. 8
S —1- ' , =
ot BOULDER CLAY, brown grey, firm. =1
2 . 9
T O -
1 O—1-10 0=
KEY REMARKS
' Drill H casing to 15.0m.
Lost water returns at 13.5m. T
Cased through this- then full returns.
: : Overall core recovery &7k
LOGGED BY SCALE
K.P§ 1/50 meTRES
e e CLIENT # JOB N2
K WARDELL & PTINRS. Welsh 0ffics. 3419/

Contact BGS: ngdc@bgs.ac.uk

HyNet Carbon Dioxide Pipeline DCO
Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook



British
Geological BGS ID: 147701 : BGS Reference: SU26NE726
Survey EPSG: 27700 : 327480,367090

Sampling Properties Strata
Depth Type | Strength | w | SPT | Description Depth | Level | Legend
KNj/m? | % | N i .

— "4 G.L | 89.0

- 0.3 D 21 =

[T 0.5-1.0 D.S. 52 | 12 Made Ground:- =T

: Loose ash, clinker ete. il

= A D 21 = 1.4 |87.6

[T 1.5-2.0 |U(75) 20 : =

t Soft-firm grey brown eilty sandy CLAY with —

— ash, coal fragments. (Made Ground) =

o 2.1 D 22 :— 2.1 | 86.9

[~ 2.5-3.0 [U(60) 20 —

- Soft firm light red brown becoming grey =

- brown silty CLAY with rock fragments and —

; 3.2 D 25 gravel, - =

[~ 3.5-4.0 | U(65) 25 21 (Made ‘Ground), i

= 38 19 =

= 4.2 D 21 / =

[~ 4.5-5.0 |U(60) 21 =

- -

- 5.2 D 18 -

- 5.5-6.0  [u(60) 28 —

E 6.3 D 22 jre

. 7.0-7.5 |U(85) 24 =

— -

— 7.3 |81.7

:__ 7.4 D 25 Soft grey brown very silty CLAY, :_ 7.5 |6L5

- 7.6 D 5 ) o . —

= Soft-firm brown grey silty slightly sandy CLAY |—

— 8.0-8,5 U(80) 75 18 with oceasional fine gravel. F=

- ' 1 L 8,3 |80.7

— 8.6 D 18 L

:_ 9.0 D 15 Stiff grey brown silty sandy CLAY with rock E_

- ’ fragments and gravel of coal, mudstone, -

B sandstone, -

= 9.5-10.0 u(100)| 220 14 [~

E ’ 15 -

— Cont. over from 10,0, 10,0 | 79,0
Drilling Ground Water

Type From | To Size |Fluid| Struck | Behaviour Sealed| Date Hole |Cased|Wwater
Shell and G.L. 10.0 | 0.15) 9.4.75 - - -
A
i 9.4.75 1.2 1.5 Nil
Remarks

- Contract
Borehole Record Project  clwa County Council 51118
Hawarden By-Pass B hol
orenole 1%

exploration associates | ... w1, Chainage 2090 srieat 1 ol 9

Contact BGS: ngdc@bgs.ac.uk

HyNet Carbon Dioxide Pipeline DCO
Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook



ﬂ;;}\ British

BGS, Geological BGS ID: 147701 : BGS Reference: SU26NE726
k\\___j Survey EPSG: 27700 : 327480,367090

Sampling Properties Strata
A Depth Type | Strength | w | SPT | Description Depth
kN/m? % N

— — G,L
[~ 0.3 D 21 E
[ 0.5-1.0 D.5. 52 | 12 | Made Ground:- "
= Loose ash, clinker ete. =4
= 44 D 21 - 1.4
I 1.5.2.0 |U(75) 20 ) =
[ Soft=firm grey brown silty sandy CLAY with =
- ash, coal fragments. (Made Ground) [
E o2 D 22 - 2.2
— 2.5-3,0 |U{60) 20 —
b= Soft firm light red brown becoming grey =
— brown silty CLAY with rock fragments and il
- 1. ; =
= 3.2 D 25 grave. =
—_ 3.54.0 U(65) 25 21 (Made ‘Ground), [
= 38 19 -
F 42 D 21 ' =
[~ 4.5-5.0 |u(60) 21 =
- P~
- 52 D 18 -
[ 5.56.0 |0(60) 28 =

= 6.3 D 22 =
. 7.0-7.5 |U(85) 24 [
L - 7.3

= 7.4 D 25 Soft grey brown very silty CLAY, 0.5

- 7.6 D 5 ’ . . -

- Soft-firm brown grey silty slightly sandy CLAY &

L 8,0-8,5 U(80) 75 18 with occesional fine gravel, =

- Q 8.3

8.5 ] 18 5
:_ 9.0 D 1% Stiff grey brown silty sandy CLAY with rock :_
— fragments and gravel of coal, mudstone, —
= sandstone, -

— 9.5-10,0 [U(100)| 220 14 -

= J 15 -
= -
= Cont, over from 10,0, 10.0

Drilling Ground Water

Type From | To Size|Fluid| Struck | Behaviour Sealed | Date Hole |Cased|Water
Shell and G.L. | 10.0 ]0.15 9.4.75 - - -
Auger 9.4.7% | 11.2 Tuh Nil
Remarks

+ Contract
Borehole Record Project  Clwyd County Council 51118
Hawarden By-Pass B hol
- orenole 15

exploration associates | ..., Chainage 2090 Sheet 1 of 3

Contact BGS: ngdc@bgs.ac.uk

HyNet Carbon Dioxide Pipeline DCO
Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook



@ British
BGS ID: 147701 : BGS Reference: SU26NE726

BGS, Geological

~ Survey EPSG: 27700 : 327480,367090

o = 1{or\\&f/‘33_g

Sampling Properties Strata
Depth Type | Strength | w | SPT | Description Depth | Level | Legend
kN/m? | % | N
= Continued from 10,0, = 10.04 79.0
= 103 D 15 - 10,3 78.7
[~ .5-10,9| T 6 =
— 10.5-10.5| v(140), ! Stiff 1ight grey shaly CLAY. =
- 1.0 D =
— . 8,
— 1.2 | > = 11.9 | 780
— Drill Run | Fluid Core |F.I, R.Q,D =
= Return| Recovery Faintly weathered grey medium hard MUDSTONE .
— with ironstone nodules, =
= 100% 60% - - |Clayey zones ncted. e
E 127 -
[~ 100% I
ol 54% ~ | 408 .l
- Hil o
— 14,0 14.0 | 75.0
= 1005 1005 |6 | 208 -
=" Faintly weathered grey medium hard becoming ==
P hard fine SILTSTONE, =
;— 15.5 Occasional sandy zones and thin layers of E—
t— grey hard - very hard silty fine sandstone. -
= 1006 | 1008 | 15 | 0% -
- 17.0 __
- -
oy =
- 1006 | 1005 | 5 | 40% — 17.7|71.3
E Faintly weathered grey hard - very hard fine- E
— 18.5 medium SANDSTONE. |-
= 100% | 100% 10 | 40% =
- 20.0 Continued from 20,0, [ 20.0 | 69.0
Drilling Ground Water
Type From | To Size|Fluid| Struck | Behaviour Sealed | Date Hole |Cased|Water
Shell and 10.0 1.2 j0.15| - 10.4.75| 1.2 | 1.5 Nil
Auger
Rotary Core | 11.2 | 20,0 [0,07 Mater M.4.75| 18.5 |15.0 | 6.9
11.4.75| 21,3 [15.0 G.L.
Rotary Borehole Record based on interpretation
Remarks  Rock chisel used from 11.0-11.2 (0.5 hours) by K. Wardell and Partners,
% Contract
Borehole Record Project Clwyd County Council 51118
Hawarden By-Pass r hol
= H i orenole 1
exploration associates Section Fo.1, Sheet 2 of 35

Contact BGS: ngdc@bgs.ac.uk

HyNet Carbon Dioxide Pipeline DCO
Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook



@ British

Geoloagical BGS ID: 147701 : BGS Reference: SU26NE726
@ Surveg? EPSG: 27700 : 327480,367090
N
o _sT2wne R
Sampling - Properties Strata
Drifl Run Fluid] Core FI | RQD| Description Depth | Level | Legend’
Return| Recovery] =
— ol 0
[ 20.0 Continued from 20.0 - “0-05¢3
E 100% 100% 4 75% | As above, E
=g - 21.3 | 67.7
s End of Borehole, —
- =
Drilling Ground Water
Type From | To Size|Fluid| Struck | Behaviour Sealed | Date Hole |Cased| Water
Rotary Core 10.0 21,3 0,07} Wateq
Remarks
Confract 51118
Borehole Record Project cluyd County Council
Hawarden By-Pass
. Borehole 1>
exploration associates Section Ko. 1. sheet 3 of 3 |

Contact BGS: ngdc@bgs.ac.uk

HyNet Carbon Dioxide Pipeline DCO
Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook
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HyNet Carbon Dioxide Pipeline DCO
Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook



British

Geological BGS ID: 147702 : BGS Reference: SU26NE727
Surveg? EPSG: 27700 : 327530,367060
/., COMTRACTOR LATE OF CRILLING OiviliNG  RIETHDD LOSREROLE e T
¥ Exploration Associates. 11-14/4/75 Shell, Rotary core: 16 ¥
( Water flush, ) 7
GROUND LEVEL  |ORIENTATION Co-ORDINATES SITE $72¢ne /727 PAGE 1 or 2 0]
79.5m.4.0.D -50° E 275 260 Hawarden By-pass. f
N §70 640 &
N B0 el
recovy|R- QO : DESCRIPTION OF STRATA S5
% SIZE %
= = - "J Driller's
= = ” —_ ~J revort:
X 7 - MUDSTONE, grey, brown. 4 She11.
| —1 1]
g - -4
r gt ™ i
I =l |F? 2 Core
: J1E SILTSTONE, light grey, laminated, slightly B )
jeoR| - H - weathered, firm-hard. v mosz
1 E 4 e lbroken
B e 3]
3 = “UDSTONE, grey, laminated, fresh, micaceous, ]
firm-hard. —
TR COAL, "cubes" set in grey clay matrix, clarain, ] APPRDY
837 | 467 E _..4 bright, hard. . . a2 75% hedi'
b MUDSTONE, as avove, plant remains, patches of & g
a iron enrichment. 1 .
XX C0AL, fragments in grey clay matrix caved from o
: : ] 3 et e above? . APPRDX.
w0%| - |4 L5 HUDSTONE, (cley) as above, soft-firm, 5450% | 4
Black shaly carbonsceons band, friable. p hedd‘“j
E ; LUDETONE, (seat&af:-th) light-dirk grey, fresh, ?oft,z 4
= = 6 (‘clay) firm-herd, sa-dy paiches, iron enriched 6+ beddiv
3% |eas |3 E patches, sometimes pscudco-brecciated appearance 3% o
. 2 i = - some friable plant remains (rootlets) occasional -}
: 7] = silty band. ~
7 =
; 7 E 3 4
== - ) of | ot
0% | 60% |3 = E @07 |bedding
+——t8 8
_: | H’E:.. SILTSTCNE, grey, leminated, fresh, hard, plant S 1
o | 21% |3 ".lt.‘ remains, (rootlets) A 3 oo | gs
J H r alternating MUDOTONE, SILTSTONE,ans. fine grained, E
- n — silty SANDSTONE laminae, slightly weathersd on =
4 F Jjoints, "striped beds" currents bedding, ripple A
2N E F 1o drift lamination. 10 2]

KEY REMARKS

’ Drilled H casing to 9.0m.

Lost some returns at L.5m. g
Artesisn Veter" fast ingress at 14.3m.
Cverall core recovery 837

LOGGED BY SCALE

K.F, 1/50 meTRES .
) CLIENT Jog ne
K WARDELL & PTNRS. - -

Contact BGS: ngdc@bgs.ac.uk

HyNet Carbon Dioxide Pipeline DCO
Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook



@ British
BGS ID: 147702 : BGS Reference: SU26NE727

@ gﬁ::,lgglccl EPSG: 27700 :327530,367060
—S

: ste. jace 2 0F 2  Gonanms e

N U= 313V /s N

TOTAL ’ . S0LID J
CORE & . FRACTUA:
RQ.D. CORE

RECOV.% ) DESCRIPTIGN OF STRATA RECOv.| LOG
& SIZE o

@2 ag
80% i@ 15
3 beds

1Illlll

100% | 3% .
) SANDSTONE BAN weatherad in joint. .
]

Alternating laminae {"striped bcﬂs"} as ahove. 1"

2

Dip 5°

100% | 0% 23% | 10°

’]lli]ll

-
~

TS T
Lot oot e by besnabao brrrabaeabeena o

SANDSTONE, grey, fine-medium grained, medium=-
thickly bedded, slightly weatherzd, (on open
bedding plane), dirk micaceous laminze, hard-very
hard, some #®ore or less silty.

(N ]

&
&

100% |100% 100% [bedding

IS
-—
>

hlu__{n ]_ll_l}]'l'

100% | 50% 1007 [bedding

L.

(1]
—
U

i

r[Fll]fl[][lil[]lITY[!I]iI]III]IEII[III$'['|f]'i| ]l|1']||Il|ll]IlllIl'rII|I|F||
3 3 S
3 3 = &

N
[
"
o

=
n
=

| RS STETI SYTT FETEY FEE T FTET NI RN ETE AN T I AT FEE T ST IR A I

(FEETI N ST SRR RNER ARENIREENESRsnINRISIRNSNIRRARIARARENRRTI NERT|

'lllTl]lllilllllllTI1

22

~
~

CLIENY JOB Ne

361971

K WARDELL & PTNRS.

Contact BGS: ngdc@bgs.ac.uk

HyNet Carbon Dioxide Pipeline DCO

Yelsh Office.

Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook



@ British
BGS ID: 147702 : BGS Reference: SU26NE727

BGS, Geological :
—/ Survey EPSG: 27700 : 327530,367060

"

ST olekle. 12

Sampling Properties Strata
Depth Type | Strength | w | SPT | Description Depth | Level| Legend v
kN/m? | % | N
l— — G.L =
- Turf over TOPSOIL. = 73:5
- 0.3 D 23 0.3 |.79.2 [
—o0.5-1. v 1 2 -
P 0:2=1.0 (40} 25 Soft red-brown silty slightly sandy CLAY with |~
[ occasional fine gravel. -
= 13 L ! EEWE TR
— 1.4 D 1 .
—. 1.8 D 7 Faintly weathered light grey medium hard —
= SANDSTONE, -
[—Drill Run |Fluid Core |F.I. R.Q.D =
— Return] Recovery -
I 1006 | 6% | - | - =
el 3.0 | 76.5
= 3.3 =
J [~ 100% 8% 5 55% Fresh grey medium hard MUDSTONE with zones [

- of coal fragments. -

[ 4.5 L] Occaszional thin siltstone and sandstone -
= bands, =
- 00 | 908 |4 | - -
[ 5.5 =N

= 100% | 83% 4 | 65% =

= 7.0 =

. 100% 80% 4 85% =
— 8.0 &

— 100% | 100% 1 | 25% -

[ 9.5 [
= 100% | 100% 2 15% i =
—_ Cont, over from 10.0. [ 10.0 | 63.5 =
Drilling Ground Water

Type From | To Size|Fluid| Struck | Behaviour Sealed | Date Hole |Cased|Water
Shell and G.L. 1.8 0,15 11,475 - - ..
Auger ”
Rotary Core | 1.8 10.0 0,07 | Wat M.4.75| 1.8 1.5 LEE:

14,4.75| 4.5 3.0 2.7
Rock chisel used from 1.4-1,8 (0,75 hours) Rotary Borehole Record Based on interpretation

Remarks * slight loss at 4.5 by K, Wardell and Partners,

Borehole Record Project 01w Gounty Council e e

Hawarden By-Pass | 5. 5
. . Borehole 16
Section No,1, Chainage 2140
exploration associates St T b &

Contact BGS: ngdc@bgs.ac.uk

HyNet Carbon Dioxide Pipeline DCO
Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook



@ British
BGS ID: 147702 : BGS Reference: SJ26NE727

Geological : :
Survey EPSG: 27700 : 327530,367060

| L st2une ]2

Sampling Properties Strata
Drill Run Fluid Core FI | RQD] Description Depth Level | Legend

Return| Recovery| i
[ Continued from 10,0 - 10,0 9.5
— 1008] 1008 | 2 |15% =
= As before. =
= 11,0 —
— 1.6 | 67.9
- 100%|  100% | 2 | 70% =
= 12,5 =
E 100% 100% | 2 100%| Faintly weathered grey hard-very hard fine- =
- medium SANDSTONE. -
— 14.0 -
— 100% 100%] 4 | 6oB -
[~ 15.1 ? 15.1
= End of Borehole, =
Drilling Ground Water
Type From { To Size|Fluid| Struck | Behaviour Sealed| Date Hole |Cased|Water
Rotary Core [10.0 15.1 14,3 Rose to 0.3 above G.L. 14,4,75 15.1 | 9.0 +0,3
Remarks Rotary Borehole Record based on i: terpretation by K, Wardell & Partners,

- Contract 51118
Borehole Record Project  ciuwya County Council
Hawarden By-Pass

N By Borehole 16

exploration associates Section No. 1 Shoet. 3 of @

Contact BGS: ngdc@bgs.ac.uk

HyNet Carbon Dioxide Pipeline DCO
Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook
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(&

&

British
g, Geological
Survey

BGS ID: 147703 : BGS Reference: SU26NE728
EPSG: 27700 : 327570,367020

CONERACTOR it h B ) A R Ok L L
. Ay dr i
Zxplovation As.ocictes. i'_!,'l'f = otary core: 17
; Lo S . 1 :
. : GROUND LEVEL ORIENTATION CO-OARDINATES SITE (7 JUNE/2LE PAGE 1 OF 4 :
~50° E B7a fed Kesarden Ny-pass. i
N 670 220 5
/] 5
TOTAL ; S0LID | el
OR ] CORE TR
i T DESCRIPTION COF STRATA PSS e
& SIZE o
1 ) o ‘Joriller's
—0OF I report:
= PN
2 D= 1 BCULDIR CLAY, brown, grey, {irm, sandy. 1.: SRl
O ]
Elomm r
. e 23
JUT. SOULDER CLAY, dari grzy, brown, firm. .
= - 3OTLDE. ]
7L 3
—/’ff"— 3 SUALE, black and mudstone ¢lay, 3.7
- . TIDST LE, grey, brown. .E
T S | . X 4-=iCore
L H 3AIDITONE, rey, fiae grained, very siliy, hard, =
a1re sitly weathered. »Z) o
__ﬂ‘ ]I’}:_ slightly weathered -] e
- tF s reating laminae of siltstone and fine grained 3 o 11 80°
gedl g L J4E T B g HE 140%
e e .:“ '1'_5 silty sandstone, grey, fresh, nard. 5 10°
i HZ 3 Some
- — — broken
- = ""D""r“?l’, silty with carbonnceous {coaly) bands =l
e z ?washout feature. ¢
o E -
-—il II I-— Alterrating laminae SILTSTCUE and fine grained = 5
JI-fE  sitty caroSTOT. 3 e, |760°
L7 L) — -—
100% | 48% UDSTCI, grey, lazimated, firm. i iy e
0705, erey, Tine grained, silty, bard, fresh. g
TUD3TONE, as a ove. p aime.
- broken
- SAIDSTCHE, as above. i bands
. Last LCecm. becoming more silty, softer. 8- o4
4G ) ] ¢
g | -« Y TE 25% [teo°
=0k B = ; . mosky
] C SILTSTIE/SILTY SAIDSTONE, grey, laminnted, fresh, broi(er'._
. 2.0 pn/hard. ’ 9
9 firm/ hard - _,_
a, o, sz o - 42”/0 &3
&7% | 20% |1 E = 70
= o broken
T UDaTCRE (elay) grsy, rlastic, carbonaceous, E =
son| - 4 = (coaly f‘r‘agr;entss' soft. -1 20% {5
% " C_ 0TS, pray, lacinated. havd, 10 broken
KEY REMARKS
This borehole was drilled by Groundworks %
22.5m. using air flash. It wvas contimed
using water Plush by Craelius Ltd, to its
(0GGED BY SCALE sampietion.
BRI A, 1/50 wETRES :
CLIENT yJoB Ne
/ T s PP e ool
K WARDELL & PTNRS. Welsh Office. 38131

Contact BGS: ngdc@bgs.ac.uk

Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook



British

Geological BGS ID: 147703 : BGS Reference: SU26NE728
EPSG: 27700 : 327570,367020
Survey
LITE {“"“‘- - (ORIt T ;
Ilawzrdan Ay-pass, k 2é ,\.)Eﬁ "
" * 2 BN
TOTAL SOEID: Tonprred
CORE ' h CORE FRACTURE
RECOV (R Q-0 DESCRIPTION OF STRATA RECOV.| 06
4 SIZE o
& - amoonui{elay) grey, plastic, soft. ]
. - 3
I ST BAHD. ] ?
00%| - [Tt N 7 |mostly
] E 3 broken
B e | IUDSICEE, gweyy frisble. . g
© | 8o% | 40%|TE 3 10%
G 123 4
o (F e 1 50% |some
100% | 40% | 3 = wupoTiE(seatearth) plant fragments{rootlets) 37" loroken
- carbonaceous bands, ironstone nodules. =
&= 13 133
: E as above, soft/firm, mors or less clay consistency. J
54% | 12% - J2e% | -
= =14 i e
- 15 =
3——= S.UDSTGIE, grey, fine grainad, silty, laminated, B
J-+:F hard, slightly weathered. = 47
A e FiEe 16 a5 |00
e 1l I El = . - s aTTmamaus g B Some
’ e Altermating WUDSTOUE ard SILTSTCHT lamince, = brok
I IFE mederctely weathered. E rERen
7 wu | = . 17 =
5 _ﬁ.,ﬁ_ 175ome Cine grained silty sandstone luminae. Z
Jli ‘ T Alternating SILTSTCUE/LUDSTOIE laminae, dark gren 3
8 1= LITDSTH dark, gre ey/light grey, a:..,turbed = -
os% | 20 | F—F (.nunn béadi ing) 3 53% |some
° . ;- 185ANDSTONE, grey, fine grained, silty, 16 broken
WIDSTONE, dnrk grey/light {j!‘e‘f/EI‘F”l’llSh, laminated o
irregular. -
e SATD3TONE, as above. =] |
e9% | 44% | 4N A E saarzsar, dark grey/black, plastic, slickensided, o ©7% S’*{_
":LLAA —19zrcenish speckled. : 19 5 St
P = B
20% | - I 1F 4 7 (broken
= 20 20
T4 WIDSTONEY seatearth) becoming silty, harder, friable, B
= iron enriched nodules. =
T a1 21 5 ”

o, - 3 d - Jall
s = & 3 broken
. = =2
2l [~ Tanlting? .
= 22 29—

CLIENT , Jog Ne
K WARDELL & PTNRS Welsh Office. 361571

Contact BGS: ngdc@bgs.ac.uk

Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook



gl BGS ID: 147703 : BGS Ref : SU26NE728
Geological : : eference:

Survey EPSG: 27700 : 327570,367020

) 2o FACE 3 OF 4 VCRE MG 2 i
{SITE % AGE 5 L gm‘?ﬁ"‘-i{?' ¥
; : Hawarden y-0ass, /? o
o ¥ Sy A ne 18 3
TOTAL . ST -
CORE . CORE . [R S5
qecov|R @O DESCRIPTION OF STRATA RECOV: | LOG.
% SIZE : o
: : Water flush from 22.5m. _:_
LI SuiTIARTH, grey, slickensided, firm, Frisble. E +‘250-
0o | aq%, 13-t E 93 5anDSTONS, fine grained, sandy, silty band. 254 8% | ne
1 - . ’ ] broKen
. —  MUDSTONE, grey, friable, plant remains, fresh, 301
8o% | 407 |3 - some siliy bands generally harder. 3 (=4 45°
] C  Dip *ac 3
Fmey S - 3
e TRON3T [m. WODULES . —458% &
o - = - . . ¥ | 45
1007 | 167 i.{ E - Altérnating STITSTONE and fine grained SATDSTONE o o
s — Tams =
1 £f=25l2minae. 25 3
; FI C  SILTSTCNE, grey, laminated, firm, friable, fresh. =
2 ] £ T 515. -
86% | 43% _‘,1?" - Ironstone nodule and pyrite. =] .
W PIE UDSTONE, grey, laminaied, plant remains, soft/firm,]
: — F-26{rizble, sone fleky. = P
100% | 50% ZH TF Iroastone nodules. 3 88% +70°
- —  Ccoasional COAL fragments. =]
v B 5-77‘ 1 ,s!nents of grey micaceons SILT3TONE, o7 I V[
o & = L STCNS end occasional COAL fragments set in =
2 * - crey clay maetrix., ?01d workings. -
4l I 2e 26 7
4 o 3 t80°
= = = s
6% (21% = [ STLTSTONZ, grey, lepinated, fresh, hard, occasional o 43% | 40°
s I plant fragnents, iron enriched bands and some ] Some
= Cogryrite. ; 29— broken
= - Dip 30° ) =
A E l =
S = e 2
L E3e 303 35y | o0
96% | 9% . . . X - much
4 |- MUDSTONE, grey, laminated, fresn, hard, becoming o broken
- darker, shaly and friable (roof shale) -
Ly 31131:1 *a0° 3
. T -
3 ; : ;:.2—{7 some
B + COAL, clarain, fusain bands, well developed cleat, =+  lbreken
oo% | 107 |3 F Obroken stick, iron pyrites, wostly bright, = >
= -39 cleat angle 80° 32 =
=t PRENIER COAL. =
- -
g3 Dip 15° 52 447
G4% | 22% Eﬁ,LL;,E : 3 10
4, ; F SISTEARTH, light grey, silty, firm/hard, friable, 3 80°
] L .L: abundant. pl’int rerains (rootlets) - 70°
= o - [some.
= B >4 broken
CLIENT - o8 nNe
- g YT
K WARDELL & PTHRS. welsh OFfina. R0

Contact BGS: ngdc@bgs.ac.uk

Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook



gl BGS ID: 147703 : BGS Ref : SU26NE728
Geological : : eference:

Survey EPSG: 27700 : 327570,367020

/“ CSITE oz A U 4 PUDIKLHWLE Ny i
— T . 7
lavarden ¥=0055. - 26 AE/ b i
. i :
& &3 3 ?@ -
TOTAL L0 Levacro !
T DESCRIPTION OF STRATA i I
& BIZE | %, ool
JAL | . C -
JRAE . ]
LB -
JRAE ]
ak - .
_é = 35 ‘ 75 25—
8 b o SANBETGW:, light grey, fine grained, silty, fresh, 2
j. r_  very hard, alternating laminae of fine grained .
o RIER - silty SANDSTONE and SILTSTORE. 3
LS. U3 363 B
S R = " . =1 ()
i am 1] = WJD3TONE, grey, laminated, hard, some slightly siltZT v, %
96% | 15% - bands, occasional iron enriched band. . = 7 %ga
37 37 =
Typfal” . =] (]
HE o] e
: 8% - | .3 SILTSTONE, grey, laminated, hard, some friable, g, 56% | 10°
S F fresh, occasional mudstone bands, = Soma,
7] = 5 S = breke:,,
B i 3 B3 s
S | [E20 39 3
A3LLLF pe Go*
19% | 1% | s RONSTONESAND, 3 2% | e
. - WUDSTORE, groy, laminated, hard, some friable. ] i
¢ :\&: 40 TRONSTONE BAXD. = Pk W
-END |- 3
- 3
= —41 41 —
- 42 42 =
= B 5
0 Fas 43
1 8
a4 44
4 E =
= 45 45 —
L e 46
oLiEnT 0B e i
. AQD 15 PN e 1 o S e o { : . . i
K WARGELL & PTHES. ; welsh Office. 34197

Contact BGS: ngdc@bgs.ac.uk

Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook



m British

BGS Geological BGS ID: 147703 : BGS Reference: SU26NE728
Survey EPSG: 27700 : 327570,367020

Sampling Properties Strata
Depth Type | Strength | w | SPT | Description Depth | Level Legend
kN/m? | % | N

= Turf over TOPSOIL, = G.L | 8.5 7

= 0 D 19 b | SRR

[ 0.5-1,0 |U(75) 20 feres

- 20 Soft firm light grey brown becoming orange -

= brown silty very sandy CLAY with rock el

— 1.2 D 20 fragments and gravel, E

— 1520 |ue) | 85 |17 —

= 14 ~ 1.7

“_T 2.0 D 16 Firm stiff brown and grey brown silty sandy [

B ' CLAY with rock fragments and gravel, -

[ 2.5-2.7 ¥{100) L

[— 2.5-3.0 B 22 -

F 3.0-3.5 | D.s 8 | 123 . 3.0

= Hard light grey and brown shaly MUDSTONE =

— and SILTSTONE, i

4.0 D -

[~ Drill Run |Fluid |Core F.I. R.Q.D -

= Return|Recovery &

- "

- -

= 100% | 100% 10% =

— 59 ——

- 1005 | 95% 0% £

= =

= 7.9 =

= 100% | 100% - cal

= e d
= 100% | 100% 20% —

— 9.5 — 9.5
- As below, =
= 100% | 100% - AR —
— Cont. over from 10.0. — 10.0

Drilling Ground Water

Type From | To Size|Fluid| Struck | Behaviour Sealed | Date Hole |Cased|Water
Shell and G.L. 4,0 [0.15 8.4,75 | - o -
huger 8.4.75 | 4.0 Nil Nil

% .0 0,07 pi [ "
Rotary Core 4,0 10 7 pir 2 .6.75 | 5.9 A0 yi1
Remarks Rock chisel used 3.5-4,0 (1 hour) Rotary Berehole Record based on interpretation by K,Wardcll and
Partners
) Contract
Borehole Record Project Clwyd County Council 1118
Hawarden By-Pass
Borehole 1

exploration associates | section ¥o.1. Chainage 2200 | e op o

Contact BGS: ngdc@bgs.ac.uk

Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook



m British
BGS ID: 147703 : BGS Reference: SU26NE728

Geological
BEGS ¢ EPSG: 27700 : 327570,367020
Survey
- . jﬂm‘éﬁ%
Sampling Properties Strata
Orill Run Fluid| Core Fl | RQD| Description Depth | Level | Legend
Return| Recovery|
— Cont, from 10.0, = 1030 .5
= 1008| 100% -
[ 10.5 :—'r
— 100%| 1008 = Grey friable MUDSTONE and SEATEARTH —
i 1,5 =
= 1006| 1008 0% =
L =
= 100% 95% 40% E
- 12,5 =
— 100% 65% 12% =
S i
= -
E— 15.0 E_
— -
- -
= [ 15,7 | 72.8
= 1004 100% 224 Moderately weathered grey fine SANDSTONE and E
= MUDSTONE interbedded, —
E o3 -
= 100% 100% 21% -
E 1183 -
= call
E 100% | 100% 448 =
b—_— S
E 19.2 —19.2 | 69.3
E 100% 1008 N Hard silty friable MUDSTONE, =
:— Cont., over from20,0 ':'20'0 68.5
Drilling Ground Water
Type From | To Size |Fluid| Struck | Behaviour Sealed | Date Hole |Cased| Water
Rotary 24.6.75 | 9.5 4.0 -
Core 10.0 20.0 [0.07 | Air 25 6.75 n.s | 4.0 &
26.6.75 | 18.3 | 4.0 5.8
Remarks Rotary Borehole Record based on interpretation by K, Wardell and Partners,
= ¢ Contract
Borehole Record Project 1wd County Council s1118
Hawarden By-Pass
i i Borehole
exploration associates Section No. 1. Chainage 2200 17
Sheet o of 4

Contact BGS: ngdc@bgs.ac.uk

Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook



m British
BGS ID: 147703 : BGS Reference: SU26NE728

Qsj gﬁr"‘,'g? ical EPSG: 27700 : 327570,367020

ST 2m e,z'; 3
Sampling Properties Strata
) Orifl Run Fluid| Core FI | RQD| Description Depth | Level | Legend
Return| Recovery

- ) -~ 20,0 | 68,

E 20.1 Cont. from 20.0. = .

= =

. —r

- As above with some SILTSTONE bands and =

= 41% - -

— ironstone nodules, -

— 225 —

= 100% 448 —

= =

— 234 =

- 80% 40 -

= 241 =

— 100% 16% =

= 25 =3

- 90% 45% —

= 2.6 = 26.6 | 61,9
E 56% Nil | Siltstone and ironstone fragments and E
- occasional coal in grey clay matrix, [~ 27.5 | 61.0

=" 21.5 01d_workings? = 2
= 76% Hard fresh laminated grey SILTSTONE, =
- 296 —
- Cont. over from 30.0. [ 30.0 58,5

Drilling Ground Water

Type From | To Size |Fluid| Struck | Behaviour Sealed| Date Hole |Cased| Water
Rotary Core 20.0 22,5 10.07 | Air 14,7.75 | 22.5 - -
Rotary Core 22,5 10.0 |0.07 Water 15.7.75 | 25.1 g -

21.7.95 | 26.6 | - 5.0
Remarks Rotary Borehole Record based on interpretation by K, Wardell and Partners,
M Contract
Borehole Record Project Elyyd County atnell 51118
5 Hawarden By-Pass
exploration associates Section No. 1 Chainage 2200 g:l;'ehglam :7

Contact BGS: ngdc@bgs.ac.uk

Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook



m British
BGS ID: 147703 : BGS Reference: SU26NE728

BGS, Geological

Survey EPSG: 27700 : 327570,367020

= 1@&24/;14

Sampling Properties Strata
Drill Run Fluid| Core Fi | RQD| Description Depth | Level | Legend
Return| Recovery]
e % Cont from 30,0, — 30.0 |58.5
= 30.2 |58.3
= 96% 9% | Hard fresh laminated grey MUDSTONE. =
= 307 - 3.7 |57.8
— 100% 10% | coAL =
[~ 32.2 -
— [ 33.1|55.4
= 64% 224 - 33.1155
i Hard friable light grey silty SEATEARTH with =,
— abundant plant remains, =
E 339 =
= 100% - -
— 4. -
. 34.9 — 35.0| 53.5
— 100% - Very hard fresh light grey fine SANDSTONE, —_-_
= 3.8 -
= L 36,0 52.5
[ 1 =
=+ wE 15% Hard grey laminated MUDSTONE, =
= 37.0 —
= — 37.5 | 51.0
E 200% a Hard fresh grey laminated SILTSTONE with 5
b— occasional mudstone bands, =
= 388 =
e 100% 1 -
= o - 2.5
= IRONSTONE and MUDSTONE, [
. 40.0 End of Borehole. — 40.0
Drilling Ground Water
Type From | To Size|Fluid| Struck | Behaviour Sealed | Date Hole |Cased| Water
22.9. 29.6 | - -
Rotary 775 | 29
Core 30.0 40.0 0.0 Wate} 23.7.75 | 34.9 - -
23.7.75 | 40.0 | - -
Remarks FRotary Borehole Record based on interpretation by K, Wardell & Partners,
’ Contract
Borehole Record | Project  Clwyd County Council 1 g
Hawarden By-Pass
H H Section No. 1. Chainage 2200 Borehole 17
exploration associates Shost 3 oF

Contact BGS: ngdc@bgs.ac.uk

Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook
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it BGS ID: 147704 : BGS Ref : SU26NE729
Geological : : eference:

Survey British National Grid (27700) : 327650,366960
‘4 CONTRACTOR TP T T PR SOcLLING g | OUKEIOLE N ;
/7 Exploration Azsociates. 7-1i 5775 Sheli. Rotary core: 8 3
v (Geotach.) vater flinsh. i
GROUND LEVEL |ORIENTATION CO-ORDINATES SITE Cral e /72 9 FAGE 1 OF 4
; , £ 276 L80 - B
91.51.4.0.D.]  ~90° K Eis éan Hawarden By-pass. i
(r:%ml' p ‘ e FRACTURE
R ; = [FRACTURE
RecovaR Q. O. DESCRIPTION 'OF STRATA 22l
L SIZE %
'Joriiler's
CI.L¥,; stiff, brown, mottled with grey sandy patc‘nes..: Report:
9 shell.
. 1
-+—0 =+ 3BOULDER CLAY, brown, stiff, with some black E
A+ wobtle and biown sand seams. N
el 2
F0—+ scurdm CLAY, brown, stiff with some grey mottle. _E
o ) a 3
3 3
I E
e 1 i -
E = P
a1 E
SH—F El:
——C5 5
= |t i
Es=7T o
I 8Gmm il :l —Core
5% -6 6
— %)—— EOULDERS IN SUPERFICIAL DEPOSITS. —:
FE <
E = =
10BE . 5
T SANDSTONE, grey/light grey, fine grained, silty, —
b Y hard. =
44%1 - .:![ ‘Il“ll:s ﬁ-—: - broKesn
E{R II:_ Alternating laainze of SILTSTORE and fine grey 4
T = ‘ ‘I siliy SANDETONE (sandstonzs predominate, = - .
907 | 13% Ei -'-“5_5 92 yiEler:
JgThE 3
J:::E SATDOTONE BAND. G =
sila0% | ALLIE syprstors. o 93% eo’
1007a 40/ II IE { i -anrl;'i”l:lﬂg. 10 o 20
KEY REMARKS
Czsed to 30.98m.
98mm. casing to 8.33m,
Shrm. casing to 30.96a.
LOGGED BY S'CAL= ¥ull water returns.
K.F. 1/50 wmcTres
— &5 CLIENT JoB we
: ; o Ui . e
KWARDELL & PTMRS. Welsh Dffice. 3519/1

Contact BGS: ngdc@bgs.ac.uk

Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook



@ British
S . BGS ID: 147704 : BGS Reference: SU26NE729

Geological

Survey British National Grid (27700) : 327650,366960

__,"Yh v ’ v 20 UF 4 na.‘}hcm,\_;_ Ny . .

[} ’. -] i

i Hawarden Sy-pass. / 18 i

- i Lo}

g ) ST 26 NE/39 | N

TOTAL i

re | ; oD teoacn

RECOV%|% €. 0. DCSCRIPTION  OF STRATA RECOV.] &G

& SIZE /e

£ g

. ] SANDSTCRE, grey, fine gzreined, silty, hard, fresh . 4

loo% | 29% —: th subordinate siltstone laminae,. - C 1% | 100
12—

= - 3

93% 7 | 3 0 15%

% | 20% |3 % coe
) 135 8
:H E !E STLTSTONE = e
. o, —t—=_Traces of slumped bedding. s i i
9% | BY% i LANDSTONE BANDS = thie)geP § |
2 I = - (n sst)
—=——{-IMRECCTATED LUDSTONE and SAIDSTONE fragments—fault?14 — ;
RN C0AL, brosen stick, elarain; fuscin bands, dull, = 4 f
.. B = bright 50/50, hard’ o el L
ooz | 25% |4 . ¥ Jeek) | |
L ] o
~1- —~15 15 = (.5t} i
| iF SANDITONE, light grey, fina grained, silfy hard, 3 4 i
7 | e |9 C (1.3, well jointed; 3 1% P Piad
b - Yol
— IROHSTONE WODULZS. 3 v
IG3ANDSTOLE as above. 6 — 4 i
) r‘o.,,_, broken stick, hard, well develoned cleat. 7
TLSANDATONE BAD as anove. - o 7Oe
9% | 23% = A
- (insst)
“”SA': STONE BAnD. 17-:
COAL BAlD. .
4NDSTONE as above (N.3. well jointed.) =
3 &

100% | 6771 —18:241, broken stick, hard clﬂnun, fusain bands, 16— 93% |&c°
L ’oanded aull/brizht, well developed cleat. 3 insst)
TEHSERERGANDSTONE BAND. n L

i =
3 - ::F (GANDSTONE, =

12 19
5 - SAMTOARTH, dark brown/grey, slickensided, firm, 3
JAAE flakey, f'rla'ble. =]

64% 65% '—_‘ri ': — 7770 2
3 [ = .
- —20 20 o
1 E CO0AL, broken stick, clarain, fusain bands, dnll, -

3 T bright banded, well developed cleat, pyritized -

a8 — on cleat. ! o -]

EE = -PATHEIR COAL. =
0o%| 41% [ AN o5 | ~

j,szA E_ SHATIARTH, dark brown/gray, firm, friable, f flaky, ____:

:AA/\ - abundant pl‘mt frazmenis. z

| 7 = ..Du_..I...., grey, laminated, hard, ironstons noduleszzz =

4nd occesional silty bznds.
CLIENT * . OB Ne
r c IED :

K VARDELL & PTNES, Velsh Gffica. 3719,

Contact BGS: ngdc@bgs.ac.uk

Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook



British
Geological

(5

BGS ID: 147704 : BGS Reference: SU26NE729
British National Grid (27700) : 327650,366960

SIE i oy Ew-\_m,_le.;., ;:I
’ Tnwnrden By-rifs. C-.T g
Hawnrden 3y-riss E < (LGNE /}Zq e
- A . i
R BUD leractyz
CORE O e
recov.%~ O DESCRIPTION OF STRATA RECOV | LeS.
% SIZE | 0
3 L - “
B4% | 29% | = J84% | g0
i o 3
- —23 23—:*
7 - i
J=—= Dip 10° e 5
- . 24 1% | 10°
o | — . =24 = TI%
i Pl - 8o’
d//-:_- Alternating MIDST TOITR/3HALE, dark grey and light e
E - zray, $ilty sandstone beds. : 3
A o el @
1% | - [FE= -L.Tf:‘i::'{‘?‘z - i = Tk | 508
ot rd & -
- 06 uDAToNS/SHALE, black, hard, fissile (roof shale)2G—]
:b' ‘t CCAL, broken, clarain, fusain bands, cleat sirongly 3
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@ British
B BGS ID: 147704 : BGS Reference: SU26NE729

Geological
British National Grid (27700) : 327650,366960
Survey ( :
' IE o WP COUREHDGE e
s fawarlen By-pass. b E e i
: E . ) 18 ¢
L <5 16 I\JG“/?-le B 3
ToTAL S
coRe oo, - 5 toRe fraciea]
&3|ZE° ESCRIPTION OF STRATA RECOV.| Log =
- - %e. ¢
SILL 2 - -
100% | 47 |31 1 I E o |3
M e — 35 . A 70°
e 35—
31 11 E._tronsrenz aeim, = .
L3 5 7
T 36
100% | 41% et — Jaoy| L. |
- HMILSTORE, leminated, grev, hard, fresh. i o
= — = |
IRONSTONE 3AND. e |
1009 = f“& !:— Alternating MURSTONE and SILSTCNZ laminae. - !
% | 1% | IepE~——T308STONE 32D, 3 sox| -
T 38r2085T0NE 2amD. 38
3 £ nstonz (sentearth) dark gre 11 2
71 3 Tresh, hard. ) r. SRR ORI aes, =
) 339 .E
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@ British
BGS ID: 147704 : BGS Reference: SU26NE729

@ gl?r(:/lgy?lcql British National Grid (27700) : 327650,366960

STl 1

Sampling Properties Strata
¢ Depth Type | Strength| w | SPT | Description Depth | Level | Legend
kN/m? % N

= Turf over TOPSOIL, [ G.L | 720
= - 0.3 |90,
C 0.4 D 20 - 0.3 {907
— 0.5.1.0 |(50) 18 Soft-firm light brown mottled yellow brown —
= « 51, 21 8ilty CLAY with occasional gravel, — 0.8 | 90.2
=" Firm-stiff red-brown silty CLAY with rock =
= 1.2 D 14 fragments and gravel, Seams or zones of =
e 1.4 D 16 brown sand present, s
[~ 1.5.2,0 |U(50) R 15 — 1.7 |89.3
[ 50 14 =
E 22 D 13 =
™ 2.5-3.0 |u(s0) | - 14 —
= 14 B
= 3.2 D 13 =
= =
o= 3.5-4.0 |U(50) 3: Stiff becoming very atiff red brown becoming g
= grey brown silty sandy CLAY with rock s
- fragments and gravel of mudstone, sandstone [
= 4.2 D 14 coal. Zones of clayey silt present, [
'_; 4.5-5.0 |U(50) 13 E_
Pl 5.2 D 1" [
= 52 D 1 -
s e
— A Y -
Lo 5.7 D " Very stiff grey CLAY with sandstione fragments, [— 5.8
— 6.06.5 | B.C 53 —
- Very dense grey very silty sandy GRAVEL with e
- cobbles and some elayey zones, [
i [~ 6.8
— 7.0-7.5 | D.s 6 | 80 ) —
= Light grey SANDSTONE and SILTSTONE (alternating)—
e L8 DS 10 | 201 B
[—_Drill Run [Fluid Pore F.I.|R.Q.D 7
P Return Recovery =
= 100% 1004 1% -
— 9.5 -
= Cont, over from 10,0, [ 10.0

Drilling Ground Water

Type From | To Size|Fluid| Struck | Behaviour Sealed| Date Hole | Cased| Water
Shell and G.L. 7.8 0,15/ - 18.4.75 - = -
Auger 19.4.75| 4.0 | 1.7 | 52
Rot C 7.8 10.0 0,07 |Water]

ARmioRe 19.4.75| 7.8 | 1.7 | ¥
Remarks Rock chisel used from 7.0-7.8 (1 hour) Rotary Borehole Record based on interpretation by K. ‘igarile%% &

ariners,
= * Contract
Borehole Record Project  Clwyd County Council 51118
Hawarden By-Pass
- - ) Borehole 18

exploration associates | section ¥o.1. Chainags 2300 | o U L, J

Contact BGS: ngdc@bgs.ac.uk
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@ British
B BGS ID: 147704 : BGS Reference: SU26NE729

Geological il : i ;
\/ Survey British National Grid (27700) : 327650,366960

s S3 2ene L

Sampling Properties Strata
Orill Run Fluid Core FI | RQD| Description Depth | Level | Legend
Return| Recovery| .
= Cont, from 10,0, —10.0 81,0
[ 100% | 1009 40% [
. 1i.0 —
= 1004 | 1002 29% .
- 1.9 -
= 100%| 100% 20% E
[ 124 =
E 1006| 100% 13% | As above. =
— 142 12,2 | 86.8
= 10 1 2 =
. b 00% 5% Hard COAL | - 14.8
= 15 =
= 1005 | 100% 71% | Fard light geey silty fine SANDSTONE well -
— jointed. —
- 15.7 L
oy —16.1
= 1004 100% 23% =
= Hard COAL with sandstone bands. g
= 1.2 - 17.2 | 8.8
= Bard light grey SANDSTONE, -
= 100% 100% 67% [ 18,0 | 73.0
= Hard COAL, =
=3 e
—  18.7 18.7 | 72.3
= i
= - < Dark grey brown SEATEARTH and SANDSTONE, -
- 10! 85; =
= bo% 19.5 | 70.6
— As below, =
:_ Cont, over from 20, 0 - 20.0 |70.1
Drilling Ground Water
Type From | To Size |Fluid| Struck | Behaviour ' Sealed | Date Hole |Cased|Waler
Rotary 11.8.75 | 7.7 | 6.0 | 4.2
Core 10.0 20.0 |[0,07|Waten 12.8.75 | 17.2 8.3 4.1
Remarks Rotary Borehole Record based on interpretation by K, Wardell and Partners.
Borehole Record Project Clwyd County Council Contract 53318
Hawarden By-Pass
% Seetion Wo. 1. Chainage 2300 Borehole 15
exploration associates BNEEL B IE ¥ |

Contact BGS: ngdc@bgs.ac.uk
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@ British
BGS ID: 147704 : BGS Reference: SU26NE729

@ gﬁr‘:}ge'm' British National Grid (27700) : 327650,366960

ST 2.6re 479

Sampling Properties Strata
Drill Run Fluid Core FI | RQD| Description Depth | Level | Legend’
Return| Recovery]
= Cont from 20.0. — 20.0 70,1
= 20,3 -
- -
— COAL, =
= -
— 100% | 100% 9% =
| = 21.2
- 2.8 =
=1 100% 100% 4394 Hard grey laminated MUDSTONE and SHALE, i
E 23,3 E
— 100% | 100% - —
— -
TR E
E‘ 100% 100% 5 —
= COAL. - 2.1
= -3 26,4
ma 100% 100% 63% Firn friable light grey brown and grey E-
= SEATEARTH, —
= 279 - 27,9
- 100% 100% 27% Hard fresh light grey laminated —
e SILTSTONE, =
= 29.4 =
- 100% 100% 75% —
- 29.8 =
— Cont. over from 30.0. t— 30.0
Drilling Ground Water
Type From | To Size|Fluid| Struck | Behaviour Sealed | Date Hole |Cased| Water
Rotary 13.8.75 127.9 8.3 4.1
Core 20.0| 30.0 0.07 Mater| 14.8.75 [34.0 31.0 4.1
14.8.75 [40.0 31.0 6.2
Remarks Rotary Borehole Record based on interpretation by K,Wardell and Partners,
. Contract
Borehole Record Project Clwyd County Council onrast  se
Hawarden By-Pass
& d . Borehole a8
exploration associates Sectfon No.. 1 Sha Lasgp- 2300 Bt ¥ g

Contact BGS: ngdc@bgs.ac.uk
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@ British
BGS ID: 147704 : BGS Reference: SU26NE729

@ gﬁr‘:}ge'm' British National Grid (27700) : 327650,366960

SUPIENIYZT

Sampling Properties Strata
! Drill Run Fluid| Core FI | RQD| Description Depth | Level | Legend
' Return| Recovery|
= —30.0 | 60.1 * X
= Cont, from 30,0, i x
B 100% 100% 14% - L1 L
= - =
[ E2 x
= As above with occasional ironstone bands. = af :
= 30.9 - e
= 100% 1004 - - =l
= 31.3 = X kX
. et x
L L % x
= = N ooxix
— — x x
— 1006 100% 38% - L
[ - ¥ x
i [ % q x
= - 3
. b— x
- 32,8 - x X
= | x %
= - X x
= 100% 100% 45% [ % %
- o X X
- B x
e - xR
— 340 — x X
= - xx ‘x
= = x
= 100%| 100% 47% = x f.x
: : xlx
—— s x|x
S = e
= —
 — — x
= 3.5 — ek
: : X X
=, — :
— — x
o 100% | - 100% 4% = x X
L [ A x
s — X
= =2 wlx
. 3.0 [ s
= s 6
e P X X
B = %
R = X %
- 1008 | 100% 104 -
- = 3.2 [51.9
— 3.5 —
I Hard dark grey SEATEARTH and MUDSTONE. -
= 100% | 90% 20% =
= [ 40. .
Trd_of Dorghole 0-0 | 5043
Drilling Ground Water
Type From | To Size|Fluid| Struck | Behaviour Sealed| Date Hole |Cased|Water
Rotary Core | 30,0 1.3 0,07 Water 14.8:75 | 40:0 | NI e
Rotary Core | 31,3 | 40.0 10,06 Mater
Remarks Rotary Borehole Record based on interpretation by K.Wardell and Partners,
& Contract
Clwyd County Counsil 51118
Borehole Record Piojeck S Secr T
g 4 Section No. 1. Chainage 2300 Borehole 18
exploration associates G % o &

Contact BGS: ngdc@bgs.ac.uk
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British
Geological BGS ID: 146999 : BGS Reference: SJ26NE30

Survey EPSG: 27700 : 327950,367530

SJ 26 NE 30 2795 6753 Near Ewloe Wood  |” fo. |OF Block C

Surface level +84 m Overburden 0.5 m

Water not encountered Mineral 4.3 m

Shell and Auger, 203 mm diameter Waste 9.3 m

October 1979 Bedrock 0.4 m+

LOG

Geological classification Lithology Thickness Depth

m m

Soil, clayey, stony 0.5 0.5

Glacial Sand and Gravel 'Clayey' to 'very clayey' gravel 4.3 4.8

Gravel: coarse and fine, mainly subrounded sandstone
and quartzite
Sand: medium

Till Clay, grey, stony 9.3 14.1
Coal Measures Sandstone, buff 0.4+ 14,5
GRADING
Mean for deposit Depth below
percentages surface (m) percentages
Fines Sand Gravel Fines Sand Gravel
- -t +i-1 414 +4-16 +16-64 +64 mm
"
1
18 37 45 0.5-1.5 19 12 17 4 19 26 3 ]
1.5-2.5 13 4 28 7 19 23 8 ”
2.5-3.5 12 3 26 8 17 22 12
3.5-4.5 27 11 22 9 16 13 2 -
4.5-4.8 No grading data available
Mean 18 8 22 1 18 21 6 )
COMPOSITION
Depth below percentages by weight in +8 mm fraction
surface (m)
Quartz Quartzite Greywacke Sandstone Limestone Siltstone Mudstone Igneous Chert, ' -
Flint, ete. ~
2.5-4.5 1 27 trace 29 8 11 2 22 trace

Contact BGS: ngdc@bgs.ac.uk

HyNet Carbon Dioxide Pipeline DCO
Hydrogeological Impact Appraisal of Open Cut Crossing, Alltami Brook



British

3 BGS ID: 146999 : BGS Reference: SU26NE30
gfﬂgglcql EPSG: 27700 : 327950,367530
s e
Institute of Geological Sciences Registration Number
Industrial Minerals Assessment Unit 6 in. quarter sheet Accn. no. Suffix
3
BOREHOLE RECORD SHEET M’-% U-L.I.?;‘.J LI—|-—|+’
T N0 e ol e e e
. Thick- :
Borehole diam. 2 @ 3 Anan Ctassitication nessc(m) Lithology
: OVERBIRDEN |03 Soic
Water struck _ 3@:“’: M ____________ <LAYEY
MINERAL 48 |sanpy eraver
~ WAST 9-3 |PeeLy <la
Remarks: NG R 2795 6753 ASTE L
REDROCK 0-4 | SANDSTONE
Lithostrat. T Thick™ | Depth to] gmp1e No,
{-]

(m) base (m)

Sotl | Jald: Mo

i / /i Ll

g-%5|8-3

%Wy / + 5
m/%&m:a{é&“ﬁﬂ_ﬁm’ﬁ'ﬂ?ﬂ ';/A ] g

f" v
il | Aot omalicancrs ’M«C;J/ﬁ '1‘:/ i‘f Roty
7 W ¥
< M /ﬁ—wﬂm\. W"/fd/}ll 3,\;3{‘; Mo 208
- 4 Whs- Mo 2y
“ > : &
_M, reednto )5;,&4\4 45

45| 43

e il e o Lt ‘ L&}% ol alitowl2 2 | 720

—
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@ D : BGS ID: 146999 : BGS Reference: SU26 NE30

BGS, Geological

Sty Survey EPSG: 27700 :327950,367530

'-g:g:tm' Description T'('::,kn E::;h(:; sample No.
7.0
Bhlly Lloy:  pimidle to ke Ll
Lropn m[mﬂ__%‘w
wilh R/ loddife ﬂ/ el i ey
,qf,;/,,&, /At vinal, e oo, M
70 | W]
MM}%%.
Soodalone i (fectreek) Teff comelafers
o- | 14-§

i 1GS 2104 (2008) 3000 12/77
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