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Bulholme Lock Widening Options

1 Executive Summary

1.1.1  Bulholme Lock is located on the Aire and Calder Canal near Castleford. It is at the downstream end
of the cut around Castleford Weir allowing craft to lock down and re-join the River Aire.

1.1.2 A proposal has been made to increase the usage of the Aire and Calder Navigation by freight craft
and to increase its capacity to accommodate Euro Il freight carrying craft. The lock is therefore
required to be structurally modified.

1.1.3  This technical note discusses the five options detailed by Canal & River Trust “Aire & Calder Freight
Improvement Scheme — Bulholme Lock Proposals for Widening Options” and provides a
recommendation to which options are the most viable for Canal & River Trust (CRT).

1.1.4 A series of surveys (point cloud and bathymetric) allowed for a 3-D model to be created. The 3-D
model was used to carry out a geometric analysis for the required lock dimensions. Other
considerations of the proposed options are qualitative and based on engineering judgement.
Quantitative assessment of the options is not part of the scope of this report but will form part of
subsequent studies.

1.1.5 The options discussed are as follows:

e Option 1: Widen the bottom chamber by relocating the north wall and retain 2 chambers to
allow leisure vessels to self-operate

e Option 2: Widen the bottom chamber by relocating the north wall and retaining only one
chamber

¢ Option 3: Widen both chambers by relocating the south wall.
e Option 4: Remove material from walls in the downstream chamber.

e Option 5: Widen the bottom chamber and part of the top chamber by relocating a section of
the south wall.

1.1.6  From the geometric investigation undertaken and noting the assumptions, as well as the preliminary
Gl factual data recently available, option 2 is considered as the most feasible to increase the capacity
of Bulholme Lock to accommodate the larger Euro Il freight carrying craft. Option 2 best fits the brief
for the required lock dimensions, it provides the best alignment, and requires a reasonably low level
of geometrical change. A high-level review of the ground investigation factual data has raised no
concerns about the viability of a secant piled wall or similar solution.

1.1.7 It must be noted that without further information on the costs associated with relocating the
mechanical and electrical equipment versus the structural changes and the expected traffic that will
use the lock, it is only possible to provide a recommendation on the basis of the geometrical
investigation made in this report.
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Figure 1 - Bulholme lock 3D model overview

10024695 Page 2 Issue Date: 31/03/2020

Version: 4.0



CRT - Bulholme Lock Widening a ARmDIS

TN 001 — Bulholme Lock Widening Options

2 Introduction

2.1.1  Bulholme Lock is located on the Aire and Calder Canal near Castleford as shown in Figure 2. It is at
the downstream end of the cut around Castleford Weir allowing craft to lock down and re-join the
River Aire.

2.1.2 A proposal has been made to increase the usage of the Aire and Calder Navigation by freight craft
and to increase its capacity to accommodate Euro Il freight carrying craft. Bulholme Lock is seen as
a ‘pinch point’ on the Aire and Calder Navigation. The Canal & River Trust have instructed Arcadis
to produce this Technical Note to assess the geometrical restrictions caused by the lock and highlight
the options available to accommodate Euro Il freight craft.
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Figure 2 - Bulholme Lock Location

2.2 Details of Bulholme Lock

2.2.1  Bulholme lock comprises 2No. lock chambers, the bottom chamber is closest to the river as shown
in Figure 3.

2.2.2 Thelock is constructed from masonry in the bottom chamber and the lock has been extended in brick
to form a second top chamber. There are 3 sets of timber gates. The lock walls are battered away
from the centreline of the channel and are therefore more widely spaced apart at coping stone level
than at invert level.

2.2.3 During the November 2019 dewatering of the lock it was noted that part of the invert is of timber
construction and there are two fillets present in the lower part of the bottom chamber constructed of
ashlar sandstone. The length of the fillet at the base of the South wall is 15.90m long and on the
North 17.26m long.

2.2.4 ltis noted that the chambers are linked by paddle culverts within the South wall.
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Figure 3 - Bulholme Lock Site Layout

2.2.5 The mechanical and electrical equipment details are shown in the “Lock Mechanisation Bulholme
Lock General Layout” drawing dated August 1961. Further drawings dated 2011 have been provided
and these show updates to the mechanical and electrical equipment.

2.2.6 There is a lock lobby housing M&E equipment located adjacent to the bottom chamber. Two
residences are located to the north east of the lock (Figure 3) and are built up on stilts to protect from
floods.

2.2.7 Thelock is currently used by large commercial craft and operated by a lock-keeper from the control
desk in the lock lobby. The chambers can be operated separately or simultaneously. Pleasure craft
crew can work the downstream chamber only, utilising user controls near the lock gates.

2.2.8 Thelock is not listed and has no unusual architectural features, there are no known statutory heritage
or environmental constraints.

2.2.9 The condition of the lock is given in the Principal Inspection report dated 2009.

2.2.10 Historical information stated in the Principal Inspection dated 2009 suggests the lock was extended
¢1895 and mechanised in 1961. The current lock houses were built in 1968 with the lock lobby built
1991. The lock was converted to a current user operation in 1995.

2.2.11 According to the Principal Inspection dated 2009, to the north of Bulholme Lock are low lying fields
and lakes, which are a by-product of mining activity. This area floods when the river is high, but the
canal and lock are protected by a flood bund from Castleford cut bridge to Bulholme Lock.

2.2.12 To the south of Bulholme Lock is a large chemical works which has now closed. The Principal
Inspection (2009) states that the site is to be demolished and redeveloped. Recent aerial
photography indicates that much of this demolition has now taken place. The derelict chemical works
is bordered by the Aire and Calder Canal to the north and the River Aire to the south and east, and
access appears only to be possible via a crossing of the River Aire to the south of the site. In turn,
the crossing appears to be accessible via the Lonza industrial estate on Wheldon Road. The
chemical works were not accessed as part of this study.

2.2.13 There is an access road, approximately 900m long, alongside the canal leading to the residential
properties. The road is finished in Tarmacadam and appears to be in good condition (Principal
Inspection 2009) but has a pinch point at each end, giving some concern as to its use by larger
vehicles/plant. The towpath assessment gives a load rating for the road of 3T unless a specific
vehicle assessment is made.
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Table 1 — Current Lock Geometry from 3D model

Width (m)
Length Coping level Top of | Base of | Invertlevel Draught (m)
(m) design | design (Downstream
lock lock
normal Water
Level)
Design lock 75 7.50 3.10 (empty)
chamber required
Euro Il freight 65 6.60 2.50
carrying craft
Top Gates - 7.85 7.85 7.65 7.60 3.65 (Upstream
(Upstream) Normal Water
Level)
Top Gates - 7.75 7.45 7.00 6.75 3.75
(Downstream)
Top Chamber 70 10.45 10.30 10.00 10.00 3.65
Middle Gates - 7.35 6.75 6.50 6.50 3.35
(Upstream)
Middle Gates - 6.75 6.65 6.40 6.30 3.35
(Downstream)
Bottom Chamber 60 6.85 6.70 6.50 6.45 3.50
Bottom Chamber 6.80 6.55 5.05 3.70 3.50
(At Fillets)
Bottom Gates - 6.95 6.70 5.00 3.70 3.50
(Upstream)
Bottom Gates - 6.70 6.65 5.90 5.80 3.25
(Downstream)

———— e ool ]

Base of design
lock
i Invert level
Figure 4 — Diagram showing the levels referenced in Table 1
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2.3 Scope

2.3.1  This technical note discusses the five options detailed by Canal & River Trust “Aire & Calder Freight
Improvement Scheme — Bulholme Lock Proposals for Widening Options” and provides a
recommendation to which option is the most viable for Canal & River Trust to increase the usage of
the Aire and Calder Navigation by freight craft and to increase its capacity to accommodate the larger
Euro Il freight carrying craft.

2.3.2 From initial investigations through a desk study, it is believed that work will be required to widen the
lock. The full extent of the intervention required is discussed within this technical note for five different
options.

2.3.3 All of the options considered in this report are on the existing line of the canal as they have been
selected to reduce the scale of structural, mechanical, electrical and environmental intervention.
They will therefore all require canal closures and the amount of work is likely to make these extend
beyond normal stoppage seasons. Whilst it is possible to consider offline solutions to the south of
the existing lock chamber it is likely that these would require significant extra work, canal re-alignment
and land purchase to achieve the same objectives.

2.4 Methodology

241 To consider the possible options for widening Bulholme Lock, a series of surveys have been
completed to date including; a point cloud survey (provided on 10/07/2019), a topographical survey
(provided 17/06/2019 — above normal water level; provided 11/02/2020 — dewatered lock below
normal water level) and a bathymetric survey (provided 01/07/2019). All of the wall geometry was
taken from the point cloud surveys. Due to the standing water in the dewatered lock causing
reflections that affected the point cloud survey, the bathymetric survey was used to confirm the invert
level.

2.4.2 A 3-D model has been created from this survey information to allow geometric analysis to be
undertaken and used to inform this optioneering stage. Screenshots of the 3-D model have been
included within the various options detailed below. Other considerations of the proposed options are
qualitative and based on engineering judgement. Quantitative assessment of the options is not part
of the scope of this report but will form part of design development.

2.4.3 The required lock dimensions have been provided by Canal & River Trust in CE 01 dated 20/06/19
and are as follows: length: 75.0m, width: 7.5m, and depth from normal water level: 3.1m. The water
levels were also given as Normal Water Level Upstream (critical for top gates sill): 11.006m and
Normal Water Level Downstream (critical for bottom gates sill and invert): 8.597m. The downstream
normal water level will be used as it provides the worst-case scenario for assessing the depth of the
lock.

2.4.4 A block was created within the model with the dimensions of the required lock chamber (See Table
1) to compare with existing dimensions of the lock chamber and highlight the changes required.

2.5 Assumptions

2.5.1 The existing lock gates were partially open at the time of the point cloud survey. It is assumed that
the lock gates sit flush with the chamber walls when fully opened, however there may be a nominal
error associated with this. Therefore, the swept path of the gates has been approximated.

2.5.2 A ground investigation was undertaken during November 2019. A review of the factual ground
information has taken place as a sense check on the viability of the proposed options, based on
engineering judgement only. A quantitative assessment will form part of subsequent design
development.

2.5.3 The recommendations from this report take into account a high-level consideration of buildability
constraints. A detailed consideration of buildability should form part of subsequent design
development. It is advised that early contractor involvement is undertaken before further optioneering
and detailed design.

10024695 Page 6 Issue Date: 31/03/2020
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2.5.4 The bathymetric survey and point cloud survey are undertaken to different levels of accuracy and as
such when combining the data within a single model, the surveys do not match exactly. The margin
of error in the bathymetric survey is estimated to be +/- 500mm Easting and +/- 400mm Northing (In
plan), and the margin of error in the point cloud survey is +/- Smm depending on the material being
scanned. A manual correction was carried out in plan to match the survey data between sources;
however, some residual error still stands. This is typically 100mm but can be as little as 10mm and
as much as 300mm.

2.5.5 The M&E details provided are schematic only and do not provide exact locations of equipment and
cabling. Therefore, only a high-level assessment of any M&E changes required for each option have
been discussed.

2.5.6  Further design development will be required in order to fully develop the constraints associated with
the options proposed. This will need to include consideration of the following elements which fall
outside the scope of this report:

e Detailed consideration of the M&E amendments required for self-operation or lobby operation
methods.

e A detailed appraisal of the construction of the existing lock (Including as built dimensions).
Structural investigation work has taken place and is ongoing to inform later stages of design
development.

¢ Quantitative assessment of the capacity of the existing/proposed structures.
e Costing analysis.

2.5.7 The Canal & River Trust land ownership boundary is shown on the extract from GIS below (Figure
5). It shows The Trust owning the land on the south side up to the chain link fence and the land on
the north side with the exception of the two cottages. It is assumed that the options presented can
be accommodated within this boundary.

2.5.8 Where visualisations of options have been included the location and size of lock gates is indicative
and will be considered in further detail during the subsequent design development. This is reflected
in the recesses that hold the lock gates.

Figure 5 - Land Ownership by Canal & River Trust

2.6 Constraints

2.6.1 During lock dewatering, sandstone fillets were identified at the toe of the bottom chamber (see
Figure 6) as highlighted in “AL-018-007 Bulholme Lock Aire & Calder Navigation Freight
Feasibility Desk Study” dated 24/10/2016.
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Sandstone
Fillets

Figure 6 - Dewatered Bottom Lock Chamber showing Fillets
Ref. AL-018-007 Bulholme Lock Aire & Calder Navigation Freight Feasibility Desk Study” dated 24/10/2016

Figure 7 - Dewatered Bottom Lock Chamber showing Fillets.
Dated 03/12/2019
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2.6.2 The south wall has a very slight kink to the west of the middle lock gate (Figure 1 and Figure 8).

Lock Lobby

e e Kink at South Wall

Figure 8 - Figure showing kink in South Wall

2.7
2.7.1

Ground Investigation

The 1:50000 scale BGS interactive map shows that the natural superficial deposits at the lock

island are undifferentiated Alluvium which can be present as Clay, Silt, Sand and Gravel. The
bedrock geology is recorded as the Pennine Middle Coal Measures Formation and comprises
Mudstone, Siltstone and Sandstone.

There are no historical exploratory holes in close vicinity to the site. Made Ground is
anticipated due to the historical development at the site.

A summary of the anticipated stratigraphical sequence based on the published geological map
for the site is presented in Table 2 below.

Table 2: Anticipated Stratigraphical Sequence

Made Ground

Typically comprises an intermixture of granular and cohesive soils with various
lithologies.

Alluvium (superficial
deposits)

Alluvium is a general term for clay, silt, sand and gravel which has been
deposited by water. It is the unconsolidated detrital material deposited by a
river, stream or other body of running water as a sorted or semi-sorted
sediment in the bed of the stream or on its floodplain or delta, or as a cone or
fan at the base of a mountain slope. Normally soft to firm, compressible silty
clay, but can contain layers of silt, sand, peat and basal gravel. A stronger,
desiccated surface zone may be present.

Pennine Middle Coal
Measures — Mudstone,
Siltstone and Sandstone
(sedimentary bedrock)

Interbedded grey mudstone, siltstone, pale grey sandstone and commonly coal
seams, with a bed of mudstone containing marine fossils at the base, and
several such marine fossil-bearing mudstones in the upper half of the unit.

10024695
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27.2 A site-specific ground investigation (Gl) was undertaken in Nov 2019 and comprised the
following scope of works:

e 2 No. cable percussive exploratory holes, on the southern side, each to a depth of 10m, or
terminate after proving rock, to reveal the nature and thicknesses of soil strata,

o 1 No. cable percussive exploratory hole to a depth of 10m on the northern side, to reveal
nature and thicknesses of soil strata including bedrock strata, and

e 2 No. cable percussive, with rotary core follow on, exploratory holes each to a depth of
25m on the northern side, to reveal nature and thicknesses of soil strata including bedrock

strata.
2.7.3 This TN is updated based on the draft Gl factual report, ref. 10026641-SER-G001 dated March
2020.
2.7.4 BHO1 (EGL 11.99m AOD) and BHO02 (EGL 11.53m AOD) were drilled to a depth of 4m at the

southern side of the lock. The ground comprises 3.20m to 3.60m thick Made Ground, described
as very soft to soft sandy slightly gravelly CLAY, with low cobble content, proven to 8.30m AOD.
The arisings between 8.39m AOD and the end of the borehole at 7.99m AOD in BHO1 were
angular to subrounded fine to coarse GRAVEL of mixed lithologies, including slag, sandstone,
mudstone and siltstone. Those revealed between 8.33m AOD and the end of the borehole at
7.53m AOD from BHO2 were medium strong fine-grained SANDSTONE.

Both BHO1 and BHO02 were terminated due to some forms of obstruction after chiselling for an
hour.

Groundwater was recorded within the boreholes at a depth of 1.00m bgl (11.00m AOD) with
no change in level after 15 minutes.

2.7.5 BHO03 (EGL 11.91m AOD), BH04 (EGL 11.62m AOD), BH05 (EGL 11.50m AOD) and BHO5A
(EGL 11.57m AOD) were drilled to a depth of 24.10m, 7.00m, 8.00m and 25.20m respectively
at the northern side of the lock. Made Ground (0.70 to 2.00m thick), described as very sandy
very clayey angular to subangular GRAVEL of sandstone, mudstone and brick with medium
cobble content, was encountered down to 9.50m AOD. It is underlain by a 6.00m thick soft grey
laminated slightly sandy SILT (Alluvium) that was proven to 3.50m AOD, followed by 1m
thickness SAND and GRAVEL (Alluvium) to 2.50m AOD. Very weak thinly laminated
MUDSTONE with medium to widely spaced fine to medium grained grey and brown medium
strong SANDSTONE beds (Pennine Middle Coal Measures Formation) was encountered
between 2.50m AOD and the end of the borehole at -13.60m AOD (BHO5A).

No groundwater was encountered within BHO4 and BHO5A.

A groundwater strike was encountered within BHO3 at a depth of 6.30m bgl risen to 2.80m bgl|
(9.10m AOD) after 10 minutes whilst a groundwater strike was encountered within BHO5 at a
depth of 0.20m bgl (11.30m AOD) with no change in level after 5 minutes.

2.7.6 The highest groundwater strike recorded was at 11.30m AOD (BHO05), which was 0.20m below
the existing ground level.

2.8 Proposed Retaining Structure

2.8.1 A new retaining structure comprising rotary bored cast in-place secant piles is proposed to
facilitate the lock widening (see options discussed in Section 3). The pile diameters and
required lengths will be determined in consideration of the design loads and ground condition
during detailed design.

2.8.2 The structural capacity of the piles will be designed in accordance with EC2, whilst the
geotechnical capacity for the pile design will be undertaken in accordance with BS EN1997-
1:2004+A1:2013 Eurocode 7 Geotechnical Design and the associated UK National Annex as
well as BS8004:2015 Code of Practice for Foundations.

2.8.3 The pile design will be undertaken using the proprietary software, Wallap distributed by
Geosolve Ltd., which will determine the required pile size and length in response to the worst
design scenario. The software will compute the shear force distribution, bending moment
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distribution and pile head deflection of the piles in the group.

284 On completion of the detailed design, a Geotechnical Design Report will be prepared to
present the design ground conditions, characteristic geotechnical parameters, required pile
size and length, findings and recommendations, together with a Designer Risk Assessment
summarising the identified potential risks and documenting the control measures undertaken
during the design process.
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3 Options

The following options have been taken from Aire & Calder Freight Improvement Scheme — Bulholme
Lock Proposals Widening Options (no date) and developed following geometrical analysis and
confirmed vessel requirements.

3.1 Option 1

Option 1: Widen the bottom chamber by relocating the north wall and retain 2 chambers to allow
leisure vessels to self-operate.

Geometric Changes

3.1.1  The required lock length of 75m does not include gate recesses and exceeds the current length of
both the top and bottom chambers (Figure 9). The current width at all three gates locations requires
all three gates to be widened, to allow for the proposed 7.5m chamber width. For the top lock gate
there may be scope for a relaxation of this requirement locally as the existing lock gate has sufficient
clearance for the actual dimensions of the Euro Class Il vessel, therefore there is an argument to
retain the gate.

3.1.2 There are multiple options for accommodating two chambers and replacing the middle gate in
particular. If the middle lock gates remain in the same location, there is the option to operate the lock
with these gates open for freight vessels and closed for leisure craft. This would potentially have less
disturbance on the existing M&E equipment. Another option would be to relocate the middle lock
gates to lengthen the top chamber by approximately 5.5m. The top chamber could then be used by
freight vessels and the bottom chamber be used by leisure vessels. This would increase the water
efficiency during operation.

Middle Lock Gates Lock Lobby Bottom Lock Gates

Top Lock Gates /

New Lock Required

Required Lock
Geometry

Current Top Chamber Current Bottom Chamber

Figure 9 - Plan View of Option 1

3.1.3 The north wall would require relocation along the bottom chamber and at the top gate location (see
Figure 10 and Figure 11). The relocation of the wall at the top gate is due to the kink in the south
wall which encroaches on the required lock clearance (75m x 7.5m). Figure 12 shows the minimum
distance that the north wall would require to be moved and Figure 13 shows an alternative
arrangement which would relocate the north wall to be in line with the existing top chamber providing
a straighter chamber. This would increase the flexibility for the lock to be used for larger vessels in
the future and would provide a simpler tie in detail and other construction benefits (see below).

3.1.4 By moving the north wall of the top gate bullnose and bottom chamber the alignment would be
straightened and allow for a more straightforward approach to the lock chamber, permitting a variety
of vessels to navigate through the lock with less difficulty.
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Downstream
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Figure 10 - Figure showing difference between current lock and proposed lock dimensions in the

North Wall at the bottom chamber

North Wall i

Euro Il freight
craft

Required Lock
geometry

Downstream
Normal W.L.

v

South Wall

. Required Lock geometry
. Bathymetric Survey

Point Cloud Survey

Figure 11 — Figure showing difference between current lock and proposed lock dimensions in the

North Wall at the Top Lock Gate location
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]
o2

Proposed lock dimensions

% Proposed extent of wall to be removed

Figure 12 - Figure showing the minimum extent of north wall to be relocated to accommodate
required chamber dimensions.

@ Proposed lock dimensions
Proposed extent of wall to be removed

Figure 13 - Figure showing the extent of north wall to be relocated create straight alignment and
improved constructability.

Additional Changes

3.1.5 As the north wall in the bottom chamber would be required to be moved to the north by a minimum

of 1m, (Figure 10) the lock lobby and associated mechanical and electrical equipment would have to
be moved to ensure a new lock wall could be constructed.

3.1.6 The masonry fillet located at the toe of the bottom chamber would need to be removed/partially
removed on the south wall if the widening to accommodate the required lock geometry is to be
minimised. Figure 14 demonstrates the clash between the required chamber dimensions and the
fillet when attempting to limit the degree of the widening. The impact of removing the fillet fully or
partially would have to be further considered during design development.

10024695
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Figure 14 - Masonry Fillet Located on South Wall
3.1.7 As the lock gates require widening, the lock gate recesses will also require modifying.

Structural and Geotechnical Considerations

3.1.8 Within the available space it is possible to provide a structural solution to a new lock wall along the
northern side. Due to space constraints a secant piled wall or similar would be considered as a
viable option. A high-level review of the ground investigation factual data has raised no concerns
about the viability of such a solution.

3.1.9 A potentially viable construction sequence could be as follows:
- Carry out enabling works including relocation of M+E equipment, lock lobby etc.
- Construct secant piled wall behind the existing lock wall whilst continuing to operate the lock.
- Construct capping beam.
- Dewater lock and demolish existing lock wall, to reveal the new piled wall behind.

- Construct tie in detail between newly constructed piled wall and retained section of the existing
wall.

- Carry out amendments to the invert.
- Recommission the lock.

3.1.10 Bené€fits of a construction sequence similar to this would be minimising the duration of the closure of
the lock and minimising the temporary works and associated health and safety risks. However, to
construct the new wall behind the existing — without clashing - would require the chamber to be
widened much more that the “minimum” illustrated above, as initial structural investigations have
shown the walls to be circa 3m thick.

3.1.11 To achieve the “minimum” widening shown in the figures above would require demolishing the
existing wall and reconstructing without using a piled wall. This would require a significant excavation.
Alternatively, the secant option may be used, and piling attempted through part of the existing wall.
Piling through the existing wall may increase the cost of the operation as it would increase the
duration, and the size of the rig required. Furthermore, the canal would have to be closed during
piling in order to shore the wall. Demolition works may also be more complex.

3.1.12 The above commentary is indicative and will need to be developed further with the construction team
at a later stage of the design process. This discussion may yield further construction options not yet
considered in the above.
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3.1.13 Consideration to the permanent propping of the south wall is required during design to ensure long
term structural stability, this could be achieved through reconstruction of the invert and applying
construction constraints.

Conclusion

3.1.14 Allthe three lock gates would need to be replaced with wider lock gates to accommodate the required
width of the lock (7.5m). The lock gates could either be replaced in their current position or the
middle gate could be replaced in a different location to create a larger top chamber and a smaller
bottom chamber. The lock would then be able to be used in a variety of configurations to suit the
clients’ requirements.

3.1.15 This option provides flexibility in terms of accommodating longer (and potentially wider) lengths of
vessels which may want to be considered in the future.

3.1.16 It would require demolishing the lock lobby and moving the mechanical and electrical equipment on
the north side.

3.1.17 The lock approach would be realigned, providing the freight craft and leisure craft an easier navigable
route though Bulholme Lock.
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3.2 Option 2

Option 2: Widen the bottom chamber by relocating the north wall and retaining only one chamber.

Geometrical Changes

3.2.1  This option reduces the number of chambers in Bulholme Lock from two chambers to one chamber.
The existing top chamber is insufficient in length to consider retaining with the gates in the current
locations. There is ample length when combining the two current lock chambers to accommodate a
75m lock plus lock gate working width (Figure 9). It is proposed that the middle lock gates are
relocated east of their current location by a minimum of 5.5m to allow for a 75m long canal lock and
the bottom set of lock gates would be removed.

3.2.2 The north wall at the bottom chamber and at the top lock gate location requires to be moved to the
north by a minimum of 1m (see Figure 10 and Figure 11). This is due to the kink in the south wall
which encroaches on the required lock clearance (75m x 7.5m). This would have the same
requirements and options as Option 1 as shown in Figure 10 to Figure 14.

3.2.3 Additionally the fillet located at the toe of the bottom chamber would need to be removed/partially
removed on the south wall in order minimise the widening required to accommodate the required
lock geometry (Figure 14). Alternatively, the lock could be further widened to mitigate against this.
The impact of removing the fillet fully or partially would have to be further considered during detailed
design.

3.2.4 The gates would require widening to accommodate the required lock geometry. For the top lock gate
there may be scope for a relaxation of this locally as the existing lock gate has sufficient clearance
for the actual dimensions of the Euro Class |l vessel, therefore there is an argument to retain the
gate. The position of the bottom gates could be moved to suit the requirements for the lock chamber
to anything over 75m. A shorter lock would improve the downstream lock landing.

Additional Changes

3.2.5 Since the north wall would be required to be relocated at least 1m back from its current position in
the bottom chamber (Figure 10), the lock lobby and associated mechanical and electrical equipment
would have to be moved to ensure a new lock wall could be constructed.

3.2.6 Leisure operators would be required to self-operate on the chamber.
3.2.7 As the lock gates require widening, the lock gate recesses on will also require amending.

Structural and Geotechnical Considerations

3.2.8 Within the available space it is possible to provide a structural solution to a new lock wall along the
northern side. Due to space constraints a secant piled wall or similar would be considered as a
viable option. A high-level review of the ground investigation factual data has raised no concerns
about the viability of such a solution.

3.2.9 For other construction considerations, paragraphs 3.1.9 to 3.1.12 also apply to this option.
Conclusion

3.2.10 The bottom lock gates would need to be removed and the top and the middle lock gates would need
to be replaced for larger lock gates to accommodate the required width of the lock.

3.2.11 The lock would consist of one chamber which both freight and leisure boats could use.
3.2.12 This option reduces costs associated with the installation and maintenance of a third lock gate.

3.2.13 It would require demolishing the lock lobby and moving the mechanical and electrical equipment on
the north side.

3.2.14 The lock approach would be realigned, providing the freight craft and leisure craft an easier navigable
route though Bulholme Lock.
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Top Lock Gate
Secant Piled Wall

Can vary:
75 to 140m

10.5m

Figure 15 - General visualisation of Option 2
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3.3 Option 3

Options 3: Widen both lock chambers by relocating the south wall.
Geometrical Changes

3.3.1  The existing lock requires widening and option 3 looks at widening the existing lock chamber by

relocating the south wall (Figure 16 to Figure 18). This will remove the kink in the south wall in the
bottom chamber.

/ @ Proposed lock dimensions

% Proposed extent of wall to be removed

Figure 16 - Figure indicating the set back of the new south wall behind the existing when the north
wall fillets are removed

’@ Proposed lock dimensions

Proposed extent of wall to be removed

Figure 17 - Figure indicating the set back of the new south wall behind the existing when the north
wall fillets are retained

3.3.2 The number and sizes of chambers provided could be one or two, with the same advantages and
disadvantages as highlighted in options 1 and 2, so this has not been further discussed in this option.
3.3.3

The number of gates to be provided is 2 or 3 depending on the number of chambers required.
3.34

The original option 3 presented within the briefing document “Bulholme Lock Proposals for Widening
Options” outlines proposes realignment of the south wall of the bottom chamber only. However, due
to the current geometry of the lock, if only the south wall of the bottom chamber is relocated, the
north wall would still need to be realigned to accommodate the width of the required lock geometry

at the bullnose in the north wall to the west of the top chamber and at the existing middle lock gate
location.
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Figure 18 - Extent of South Wall translation required to be cut back
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Figure 19 — Extent of South Wall translation required in order to keep Masonry Fillet Located on
North Wall
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Additional Changes

3.3.5 The mechanical and electrical equipment alongside the top and bottom chambers on the southside
would require relocation.

3.3.6  Consideration would need to be given to the reinstatement/modification of the paddle culverts in the
south wall.

3.3.7 Additionally the masonry fillet located at the toe of the bottom chamber would need to be
removed/partially removed on the north wall in order minimise the widening required to accommodate
the Euro Il freight vessel (Figure 20). Alternatively, the lock could be further widened to mitigate
against this. The impact of removing the fillet fully or partially would have to be further considered
during detailed design.

_1.032.5an
T

North Wall | | . South Wall

[ Required Lock geometry Downstream
. Normal W.L.
@ Bathymetric Survey
v

Point Cloud Survey 196 Euro Il freight

L1 craft

Required Lock
4| geometry

Encroachment
into fillet

Figure 20 - Clash between Lock Envelope and Masonry Fillet Located on North Wall

3.3.8 Geometrically the relocation of the south wall could be completed within the land boundary shown in
Figure 3.

3.3.9 As the lock gates require widening, the lock gate recesses will also require amending.

Structural and Geotechnical Considerations

3.3.10 Within the available space it is possible to provide a structural solution to a new lock wall along the
southern side. Due to space constraints a secant piled wall or similar would be considered as a viable
option.

3.3.11 Ahigh-level review of the ground investigation factual data has raised constructability concerns about
the viability of option 3, as an obstruction is revealed around 4m bgl. Due to the location and depth
at which the borehole refused, it is envisaged that the obstruction can likely be attributed to the
paddle culvert. The paddle culvert is located closer to the site boundary than anticipated, which may
introduce constructability issues when implementing secant piled walls. Early contractor and
Stakeholder involvement will be required to assess the related constructability issues.

3.3.12 For other construction considerations, paragraphs 3.1.9 to 3.1.12 also apply to this option.

3.3.13 Consideration to the permanent propping of the north wall is required during design to ensure long
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A ARCADIS

3.3.14

3.3.15

3.3.16

term structural stability, this could be achieved through reconstructing the invert and applying
construction constraints.

Conclusion

Option 3 requires more extensive works than options 1 and 2 as this would require a longer retaining
wall. The discontinuity in the alignment of the north wall means that only part of this wall would have
to be relocated, whereas the south wall which is largely straight would have to be realigned for the
entire length of Bulholme lock.

Once the south wall is relocated, new wider lock gates would be required, depending upon the
configuration chosen creating either a single lock chamber or a two lock chambers.

The chamber size would be larger which would lead to a requirement to either provide larger sluices
or accept longer fill and empty times. Table 3 provides a means to compare potential chamber sizes
for the various options, assuming that any reconstructed wall is relocated directly behind the existing

as described within paragraph 3.1.10.

Table 3 - Volume of water required to change the lock water level from 8.597m to 11.006m

Volume of water required to change the lock water level by 2.409m (m?)
Top Chamber Bottom Chamber Combined

Existing Lock 1670 1010 2680

Option 1 1725 1445 3170

Option 2 1725 1445 3170

Option 3 2175 1445 3620

Option 4 - - -

Option 5 1960 1445 3405

3.3.17 Option 3 would require moving the mechanical and electrical equipment on the south side, but the
lock lobby could be retained.
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3.4 Option 4

Option 4: Remove material from walls in the downstream chamber.

3.4.1  From the sections taken from the geometrical analysis model the width of the bottom chamber is
6.5m (at the toe of the chamber) however, the required lock dimension is 7.5m. Due to the assumed
construction of Bulholme lock it is envisaged that the north and south walls would not be able to be
cut back by approx. 500mm each without being propped and or rebuilt and it would likely to be less
intrusive to move a wall in its entirety as detailed in previous options.

3.4.2 It has therefore been decided to eliminate Option 4 from any further discussions in this report as this
option is less feasible due to the extensive amount of work that would be required.
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3.5 Option 5

Option 5: Widen the bottom chamber by relocating a section of the south wall.

Geometrical Changes

3.5.1  Option 5 looks at widening the existing bottom lock chamber and a proportion of the top lock chamber
by relocating the south wall (Figure 21). To achieve this widening, a step in the plan alignment of the
south wall partway along the top chamber is required (Figure 21). This will remove the existing kink
in the south wall in the bottom chamber. The start of the relocation of the south wall has been based
upon dimensions of the Euro Class |l freight vessel.

3.5.2 The number of chambers provided could be one or two, with the same advantages and
disadvantages as highlighted in options 1 and 2, so this has not been further discussed.

3.5.3 Consideration would need to be given to the reinstatement/modification of the paddle culverts in the
south wall.

3.5.4 The viability of this option depends on being able to retain the top lock gate. Although the survey
shows that the existing gate does not comply with the minimum width requirement of the lock given
in Table 1, it is wide enough to accommodate the actual width of the proposed vessel. This pinch
point may be acceptable as it is localised.

@ Proposed lock dimensions
Proposed extent of wall to be removed

Figure 21 - Figure showing the portion of south wall to be removed for Option 5
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Figure 22 - Extent of required lock geometry on top lock gate
Additional Changes

3.5.5 The mechanical and electrical equipment alongside the majority of the top chamber and all of the
bottom chamber on the southside would require relocation.

3.5.6  Additionally the fillet located at the toe of the bottom chamber would need to be removed/partially
removed on the north wall in order minimise the widening required to accommodate the Euro Il freight
vessel (Figure 22). Alternatively, the lock could be further widened to the south to mitigate against
this. The impact of removing the fillet fully or partially would have to be further considered during
detailed design.

3.5.7 Geometrically the relocation of the south wall could be completed within the land boundary shown in
Figure 3.

3.5.8 The top lock gate could remain as existing, however depending upon the chamber configuration
chosen the one or two lock gate/s would require widening, the lock gate recesses will also require
amending.

Structural and Geotechnical Considerations

3.5.9 Within the available space it is possible to provide a structural solution to a new lock wall along the
southern side. Due to space constraints a secant piled wall or similar would be considered as a viable
option.

3.5.10 A high-level review of the ground investigation factual data has raised constructability concerns about
the viability of option 5, as an obstruction is revealed around 4m bgl. Due to the location and depth
at which the borehole refused, it is envisaged that the obstruction can likely be attributed to the
paddle culvert. The paddle culvert is located closer to the site boundary than anticipated, which may
introduce constructability issues when implementing secant piled walls. Early contractor and
Stakeholder involvement will be required to assess the related constructability issues.

3.5.11 For other construction considerations, paragraphs 3.1.9 to 3.1.12 also apply to this option.

3.5.12 Consideration to the permanent propping of the north wall is required during design to ensure long
term structural stability, this could be achieved through extending the invert and applying construction
constraints.

3.5.13 A consideration must be made to the position of the step and how the vessel will realign itself to pass
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through the middle gates.
Conclusion

3.5.14 Option 5 requires more extensive structural works than options 1 and 2. The existing discontinuity
in the alignment of the north wall means that for options 1 and 2, only part of the north wall would
have to be relocated. For option 5 the south wall would have to be realigned for the majority of the
length of Bulholme Lock.

3.5.15 Once the south wall is relocated, new wider lock gates would be required (however not the top lock
gate set), depending upon the configuration chosen creating either a single lock chamber or two lock
chambers.

3.5.16 The chamber size would be larger which would lead to a requirement to either provide larger sluices
or accept longer or fill empty times. See Table 3 for further details of relative lock volumes between
options.

3.5.17 This option does not require the lock lobby to be relocated as the north wall would remain untouched.
Option 5 would require moving the mechanical and electrical equipment on the south side.

Top lock gate

75m
Indicative location 12.4m
of middle lock gate.
Can be relocated or
removed.
60m

Secant piled wall

9.2m

Indicative location
of bottom lock gate.
Can be relocated or
removed.

- General visualisation of Option 5

‘Figure 3
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4 Discussion and Conclusion

4.1.1 Toincrease the usage of the Aire and Calder Navigation by freight craft and to increase the capacity
to accommodate the larger Euro Il freight carrying craft, Bulholme lock is required to be structurally
modified.

4.1.2 A single smaller lock chamber could be considered by relocating the top lock gates and removing
the middle lock gates to create a 75m long chamber. This would create a permanent lock landing
and reduce the maintenance required on the timber landing downstream to the East.

4.1.3 Both option 1 and 2 involve relocation the north wall to the same extent. Option 1 may require the
replacement of all three lock gates but could be used in three different configurations depending on
the size of the vessel requiring the usage of the lock and the assessment of the suitability of the
existing top lock gate. Option 2 on the other hand requires the replacement of 2 No. lock gates and
could then only be used in one configuration.

4.1.4 Both option 1 and 2 allow for the chamber walls to be straightened allowing for freight vessels to
align most effectively with the lock, whilst maintaining current approach angles.

4.1.5 Option 3 requires a longer section of the south wall to be replaced and is therefore more intrusive
but does allow for the lock lobby to be retained. It will require reconstruction of the paddle culverts to
be considered, which may be challenging. The high-level review of the ground investigation factual
data has raised constructability concerns about the viability of a secant piled wall or similar solution,
as an obstruction, envisaged to be the paddle culvert, is revealed at about 4m bgl.

4.1.6 Option 4 would require extensive amounts of work to ensure stability and is not considered feasible.

4.1.7 Option 5 is one of the more intrusive options from a structural perspective as a significant length of
the wall is required to be relocated. However, the cost of these works may be offset by the fact that
this option may require fewer M&E alterations and allow the lock lobby to be retained. Option 5 relies
on the fact that the top lock gate, even though slightly narrower than the required lock chamber
dimension, would allow for a vessel to pass through. This option like option 3 requires the
reconstruction or modification of the paddle culverts to be considered, which may be challenging.
The high-level review of the ground investigation factual data has raised constructability concerns
about the viability of a secant piled wall or similar solution as an obstruction, envisaged to be the
paddle culvert, is revealed about 4m bgl.

4.1.8 All of the options considered in this report are on the existing line of the canal as they have been
selected to reduce the scale of structural, mechanical, electrical and environmental intervention.
They will therefore all require canal closures and the amount of work is likely to make these extend
beyond normal stoppage seasons. Whilst it is possible to consider offline solutions to the south of
the existing lock chamber it is likely that these would require significant extra work, canal re-alignment
and land purchase to achieve the same objectives.
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5 Recommendations

5.1.1  From the geometric investigation undertaken and noting the assumptions in section 1.5, option 2 is
the recommended option to increase the capacity of Bulholme Lock to accommodate the larger Euro
Il freight carrying craft.

5.1.2 Option 2 best fits the brief for the required lock dimensions, it provides the best alignment, requires
the least amount of wall to be relocated and replacement of either one or two lock gates. One
disadvantage is that it does require the relocation of the lock lobby. A high-level review of the ground
investigation factual data has raised no concerns about the viability of a secant piled wall or similar
solution.

5.1.3 Option 5 is a valid solution to retain the lock lobby and the M&E equipment located along the North
wall, however it requires the relocation of the majority of the South wall and significant adjustments
to the paddle culvert. Option 5 will require early contractor involvement to assess the extensive
constructability issues related to the removal or adjustment of the paddle culverts.

5.1.4 It must be noted that without further information on the costs associated with relocating the
mechanical and electrical equipment versus the structural changes and the expected traffic that will
use the lock, it is only possible to provide a recommendation on the basis of the geometrical
investigation made in this report and engineering judgement, hence option 2 should be considered
within the further feasibility study.

6 Recommended Future Work

6.1.1 ltis noted that the project programme allows for a feasibility study following on from this report, which
should include a buildability assessment and costing exercise.

6.1.2 A costing exercise is recommended to understand the comparisons in cost for relocation of the lock
lobby, relocation of the mechanical and electrical equipment and structural changes to the lock.
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7 Appendix A

7.1 Further 3D model Visualisations
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Figure 24 - Model illustrating the location of the fillets at the bottom chamber (Existing)

Fillets

Figure 25 - Model showing the Top Lock Gate (Existing)
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Figure 26 - 3D model visualisation looking down the bottom chamber from the middle lock gates
(Existing)

Figure 27 - 3D model visualisation looking down Bulholme lock from the bottom lock gates
(Existing)
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Figure 28 - 3D model visualisation looking from the top gates down the full lock (Existing)

Figure 29 - 3D model visualisation looking at the top chamber towards the top lock gate. (Existing)
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Figure 30 - 3D model visualisation looking from the bottom lock gates over the full length of
Bulholme Lock (Existing).

Top Lock Gate

Secant Piled Wall

140m

10.5m

Bottom lock gate

Figure 31 - General visualisation of option 2
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Top lock gate

Secant piled wall

Bottom lock gate

Figure 32 - General visualisation of option 5
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