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1 Introduction 

1.1 Background 
1.1.1 This appendix presents the results of the groundwater modelling carried out for the Holcroft 

Moss Site of Special Scientific Interest (SSSI), which is part of the Manchester Mosses Special 
Area of Conservation (SAC). 

1.1.2 The modelling has been undertaken for Holcroft Moss to the boundary with the Glaze Brook, 
which is located in the following community areas (CA): 

• Broomedge to Glazebrook community area (MA04); and

• Risley to Bamfurlong community area (MA05).

1.1.3 No other relevant groundwater modelling has been undertaken for this area. 

1.1.4 This appendix should be read in conjunction with: 

• Volume 2, Community Area reports;

• Volume 3, Route-wide effects;

• Volume 4, Off-route effects; and

• Volume 5, Appendices.

1.1.5 The water resources and flood risk assessments include both route-wide and community 
area specific appendices. The route-wide appendices comprise: 

• a Water Framework Directive (WFD) compliance assessment (Volume 5: Appendix WR-
001-00000); and

• a Draft water resources and flood risk operation and maintenance plan (Volume 5:
Appendix WR-007-00000).

1.1.6 For each community area the water resources and flood risk assessments (Volume 5: 
Appendices WR-003 and WR-005) should also be referred to. In addition, a series of hydraulic 
modelling reports are included in Volume 5 Appendices WR-006 covering river catchment 
areas. 
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1.1.7 Additional information is included in Background Information and Data (BID): 

• Water resources assessment baseline data (BID WR-004)1; and

• Water Framework Directive compliance assessment baseline data (BID WR-002-00001)2.

1.2 Aims 
1.2.1 Holcroft Moss SSSI is part of the Manchester Mosses SAC. It is a raised peat bog supporting 

five species of moss and has never been cut for peat. It represents a unique ecosystem that 
may be supported by groundwater within the superficial deposits and underlying sandstone 
aquifer. While it is unclear if the site is groundwater fed, it has been assessed on a 
precautionary basis.  

1.2.2 The aim of this study was to develop a groundwater model of Holcroft Moss to determine 
potential hydrogeological impacts from Glazebrook North embankment and M62 West 
viaduct by simulating groundwater levels with and without the Proposed Scheme. Note that 
the groundwater modelling is not intended to be used for water quality. This report 
documents the methods used, the results, assumptions and limitations.  

1.2.3 The outputs from the study have been used to inform the Water resources assessment 
Volume 5: Appendix WR-003-0MA05. 

1.3 Objectives 
1.3.1 The objectives of this study were to: 

• develop an understanding of existing hydrogeological conditions at the Holcroft Moss,
including aquifer units, groundwater flow direction and hydraulic properties, through
desk study and, where possible, by conducting a site visit;

• estimate the water balance for the site, including recharge and major discharge
locations; and

• develop a groundwater model, using the information available at this stage, to estimate
the groundwater levels within the Holcroft Moss, both before and after construction of
the Proposed Scheme.

1 High Speed Two Ltd (2022), High Speed Rail (Crewe – Manchester), Background Information and Data, Water 
resources assessment baseline data, BID WR-004-0MA04 and BID WR-004-0MA05. Available online at: 
http://www.gov.uk/government/collections/hs2–phase–2b–crewe–manchester–environmental–statement. 
2 High Speed Two Ltd (2022), High Speed Rail (Crewe – Manchester), Background Information and Data, Water 
Framework Directive compliance assessment data, BID WR-002-00001. Available online at: 
http://www.gov.uk/government/collections/hs2–phase–2b–crewe–manchester–environmental–statement. 

http://www.gov.uk/government/collections/hs2-phase-2b-crewe-manchester-environmental-statement
http://www.gov.uk/government/collections/hs2-phase-2b-crewe-manchester-environmental-statement


Environmental Statement  
Volume 5: Appendix WR-008-00001 

Water resources and flood risk 
Groundwater modelling report – Holcroft Moss 

6 

1.4 Justification of approach 
1.4.1 A risk-based approach has been adopted, whereby the level of modelling detail supporting 

the assessment at a specific site reflects the magnitude of the likely impacts of the Proposed 
Scheme on groundwater levels.  

1.4.2 As there is little information on the groundwater levels or flows within the Holcroft Moss, a 
steady-state MODFLOW 6 model3 was developed with separate layers representing the peat, 
the superficial deposits and the sandstone. Sensitivity testing of key parameters was carried 
out to understand the uncertainty in the model.  

1.5 Scope 
1.5.1 The scope of the study was to undertake detailed groundwater modelling to enable 

assessment of the impact of the Proposed Scheme on the groundwater levels in the Holcroft 
Moss. The model aimed to be detailed enough to allow assessment of different options for 
the Proposed Scheme construction.  

1.5.2 This report focuses on Holcroft Moss, extending north to Glaze Brook, east to Holcroft Lane 
Brook, south to the edge of the superficial deposits outcrop and west to the edge of 
Pestfurlong Moss. A description of the location and type of scheme is provided in Section 2. 

1.5.3 The scope of the report includes: 

• discussion of all relevant datasets, in terms of their quality and gaps; 

• details of the hydrogeological analysis undertaken, the approach used and the 
calculation steps; 

• details of how the hydrogeological analysis has been integrated with the groundwater 
modelling; 

• identification and justification of the groundwater modelling methodology selected; and 

• a description of the groundwater modelling parameters, assumptions, limitations and 
uncertainty. 

  

 
3 MODFLOW 6 is a United States Geological Survey (USGS) Modular Hydrologic Model and this is considered 
to be the industrial standard software for groundwater modelling. 
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2 Qualitative description of groundwater 
response 

2.1 Sources of information 
2.1.1 The groundwater levels for observation boreholes in the Sherwood Sandstone were 

obtained from the Environment Agency. 

2.1.2 Additional information from publicly available sources included: 

• geological maps from the British Geological Survey (BGS); 

• borehole logs from the BGS; 

• gridded potential evapotranspiration from the Centre for Ecology and Hydrology (CEH)4; 

• gridded rainfall from the CEH5; and 

• gauged river flows for the Glaze Brook at Little Woolden Hall (station number 69005) 
from the CEH National River Flow Archive. 

2.2 Description of the study area 

Model extent 
2.2.1 Model boundaries have been assigned at known flow divides, such as rivers or streams, or at 

a distance from Holcroft Moss so that boundaries do not affect the results of the 
investigation. The boundaries are shown in Figure 1 and are defined as the: 

• Glaze Brook in the east; 

• edge of the superficial deposits outcrop in the south; 

• western extent of the Pestfurlong Moss in the west; and 

• Holcroft Lane Brook in the north. 

2.2.2 The route of the Proposed Scheme is 40m to the west of Holcroft Moss at its closest point 
and runs approximately south-east to north-west. Figure 1 shows the model domain.  

 
4 Climate, Hydrology and Ecology research Support System (CHESS) dataset, Robinson, E. L. et al. (2016), 
Climate hydrology and ecology research support system potential evapotranspiration dataset for Great Britain 
(1961-2017) [CHESS-PE]. Available online at: https://catalogue.ceh.ac.uk/documents/9116e565-2c0a-455b-
9c68-558fdd9179ad. 
5 Gridded Estimates of Areal Rainfall (GEAR) dataset, Tanguy, M. et al. (2016), Gridded estimates of daily and 
monthly areal rainfall for the United Kingdom (1890-2017) [CEH-GEAR]. Available online at: 
https://catalogue.ceh.ac.uk/documents/ee9ab43d-a4fe-4e73-afd5-cd4fc4c82556. 

https://catalogue.ceh.ac.uk/documents/9116e565-2c0a-455b-9c68-558fdd9179ad
https://catalogue.ceh.ac.uk/documents/9116e565-2c0a-455b-9c68-558fdd9179ad
https://catalogue.ceh.ac.uk/documents/ee9ab43d-a4fe-4e73-afd5-cd4fc4c82556


Environmental Statement  
Volume 5: Appendix WR-008-00001 

Water resources and flood risk 
Groundwater modelling report – Holcroft Moss 

8 

Figure 1: Modelled extent of Holcroft Moss 

Climate 
2.2.3 Rainfall in the study area, as obtained from the Gridded Estimates of Areal Rainfall (GEAR) 

dataset, is 840mm/year on average (2003–2015). The highest annual rainfall was recorded in 
2012 (1,129mm) and the lowest in 2010 (647mm). 

2.2.4 Potential evapotranspiration from the Climate, Hydrology and Ecology research Support 
System (CHESS) dataset for 2003–2015 is 513mm/year. There is less annual variability in the 
potential evapotranspiration than the rainfall; for the period considered. The highest 
potential evapotranspiration was observed in 2003 (551mm) and lowest in 2012 (455mm). 

2.2.5 Average daily rainfall and potential evapotranspiration per month (2003–2015) is shown in 
Figure 2. For the period of time shown, rainfall is lowest in March and April and highest in 
December and January. Potential evapotranspiration is seasonal, being lowest in December 
and January and highest in June and July.  
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Figure 2: Average monthly rainfall and potential evapotranspiration (2003–2015)  

 

Recharge 
2.2.6 Rainfall was obtained from the CEH’s GEAR dataset and potential evapotranspiration from 

the CEH’s CHESS dataset for 2003–2015. These climate data were used to estimate the 
recharge to the model. Recharge is obtained by solving the soil-water balance where water 
which remains after removing the runoff, actual evapotranspiration and soil moisture 
deficit6 losses becomes recharge. Actual evapotranspiration was based on a grass crop type. 
Recharge was calculated on a daily basis and then averaged to obtain a single value for the 
steady-state model. 

2.2.7 The runoff coefficient for peat is generally low and the land surrounding Holcroft Moss is 
relatively flat. Therefore, the runoff coefficient for peat has been assumed to be 1% and for 
the superficial deposits 15%. These are the low-end estimates of runoff coefficients. These 
are considered to be a reasonable worst case, as the more groundwater recharge occurs the 
more likely it is that the groundwater will become an important factor in supporting water 
levels on Holcroft Moss.  

2.2.8 Table 1 contains a summary of the climate data and estimated recharge used for the 
groundwater model. 

 

 
6 Allen et al. (1998), Crop evapotranspiration. Guidelines for computing crop water requirements, FAO irrigation 
and drainage paper 56, Rome: Food and Agriculture Organisation of the United Nations. Available online at: 
http://www.avwatermaster.org/filingdocs/195/70653/172618e_5xAGWAx8.pdf. 

http://www.avwatermaster.org/filingdocs/195/70653/172618e_5xAGWAx8.pdf
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Table 1: Summary of climate data and estimated recharge 

Parameter Units Value on peat outcrop (2003–
2015) 

Value on superficial deposits 
outcrop (2003–2015) 

Rainfall mm/year 840 840 

Potential 
evapotranspiration 

mm/year 513 513 

Runoff mm/year 2 35 

Actual 
evapotranspiration 

mm/year 494 494 

Recharge mm/year 344 311 

Geology 
2.2.9 Geology in the study area comprises the Triassic Sherwood Sandstone Group bedrock 

overlain by superficial glaciofluvial sands and gravels, glacial till and peat. The Sherwood 
Sandstone is regionally deformed by folds and north-west to south-east trending faults. 
South of the site, the Tarporley Siltstone Formation and Sidmouth Mudstone Formation, part 
of the Mercia Mudstone Group, are at subcrop beneath the superficial deposits. Bedrock 
dips to the south. 

2.2.10 Figure 3 shows the geology of the study area. Cross sections of the geology along the 
northern boundary of the Holcroft Moss are shown in Figure 4 and Figure 5. 

2.2.11 Superficial sands, gravels and till were deposited as the ice sheets retreated following 
glaciation; sands and gravels are associated with rivers that formed as the ice melted. 
Distribution of the superficial deposits is variable, thicker sequences are associated with 
erosional features in the bedrock and sands and gravels lenses or beds are interbedded with 
till (locally described as sandy clay or sandy stony clay, see Annex A).  

2.2.12 Peat bogs initially formed in hollows in the glacio-fluvial gravels before spreading across the 
adjacent glacial till. Peat is formed when high water tables prevent decomposition of plant 
matter. Such waterlogging may occur due to low permeability deposits, which prevent water 
from draining through to the bedrock, or due to high water levels in the bedrock aquifer, 
which maintain groundwater levels above the top of the superficial deposits. It is reported 
that the site may have started as a lacustrine system which developed into a reed swamp 
before the development of ombrotrophic conditions7. 

2.2.13 Published geological cross-sections from nearby maps show that the timing and spatial 
deposition of glacial deposits was variable across north-west England. Glacio-fluvial sands 
and gravels were deposited both before and after the glacial till. In the study area, borehole 
logs indicate that the glacial till was deposited after the glacio-fluvial deposits and that the 

 
7 Leah, M. D., Wells, C. E., Appleby, C. & Huckerby, E. (1997), Northern Mosses. In: R. Newman & M. Lister, eds. 
The Wetlands of Cheshire. Lancaster: Lancaster University Archaeological Unit, pp. 19-44. 
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peat was deposited on top of the till. Further east, near Glaze Brook, the reverse may be 
true. 

2.2.14 Table 2 shows the principal lithologies present in the study area including estimated 
thicknesses from borehole logs in the study area.  

Table 2: Geological succession  

Formation Age Description Thickness (m) Elevation of base of 
formation (mAOD) 

Alluvium Quaternary Clays, silts and 
sand 

<5 Variable 

Peat Organic rich layer, 
partially 
decomposed 
vegetation 

1.4–5.2 14.71–21.96 

Glacial till Clay, silt and sand 1.4–8.2 8.64–15.94 

Glaciofluvial sands 
and gravels 

Sand and gravel 1.8–6.2 5.61–13.79 

Mercia Mudstone 
Group 

Triassic Mudstones and 
siltstones 

>1,350 Not proven 

Sherwood 
Sandstone Group 

 Fine to medium 
grained 
sandstones of 
fluvial origin 

>500 Not proven 

2.2.15 Two cross sections have been constructed based on the borehole logs obtained from the 
ground investigation for the construction of the M62 (Figure 4 and Figure 5). The line of the 
sections is shown on Figure 3. Thicknesses and distribution of the glaciofluvial sheet deposits 
is based on borehole log data (see Annex A) where available with some interpretation 
required where data were not available. The lateral extent of the sands and gravels and till is 
known to vary across the site but is not well defined. 
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Figure 3: Geological map 
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Figure 4: Geological cross section: east-west section (profile 1) 

 

Figure 5: Geological cross section: north-south section (profile 3) 
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Topography and drainage 
2.2.16 Ground elevations in the study area generally fall towards the east. The highest elevations 

are recorded where the peat is at outcrop; the site forms a raised bog at an elevation of 
c.23mAOD. Lowest elevations (c.12mAOD) are at the river, which captures runoff from the 
study area and flows in a southerly direction. 

2.2.17 As the site forms a topographic high in the study area, natural drainage flows away. 
Drainage is then east or south towards. During the site visit September 2018 (see Section 2.3 
for details), it was noted that the ditches appeared to drain towards the river. 

2.2.18 Various ditches, culverts and other drainage features have been constructed across the 
study area, including: 

• Wigan Junction branch line cutting, which was constructed in the late 19th century and 
runs in an approximately north-south orientation. Drainage ditches were constructed 
along its length. The branch line has since been decommissioned and backfilled with 
unknown material; 

• the M62 motorway, which was constructed in the 1960s when the whole thickness of the 
peat was removed along the motorway, which runs approximately from east to west. 
There is no record of any retaining structure between the M62 and Holcroft Moss, 
although there is some evidence8,9 that the clayey deposits excavated as part of the 
motorway construction were used to form a partial barrier between the two features;  

• a culvert along the southern edge of the Holcroft Moss (likely installed for the crossing of 
the historical Wigan Junction branch line); and 

• a ditch along the eastern edge of the Holcroft Moss. 

2.2.19 Other minor ditches have been constructed across the study area, which may affect surface 
and shallow groundwater flow.  

2.2.20 Mean flow in Glaze Brook at Little Woolden Hall10 is 3.336m3/s (288,230m3/day) and its 
baseflow index is 0.5. The catchment of Glaze Brook is 152km2, compared with the study 
area, which is 3.87km2, and the Holcroft Moss, which is 0.227km2. Using this information, 
baseflow to the Glaze Brook from the study area is expected to be approximately 
3,700m3/day. 

 

 
8 Highways England (2019), M62 junction 10 to 12 smart motorway. Available online at: 
https://highwaysengland.co.uk/our-work/north-west/m62-junction-10-to-12-smart-motorway/. 
9 Natural England (1981), Holcroft Moss Citation. Available online at: 
https://designatedsites.naturalengland.org.uk/PDFsForWeb/Citation/1006461.pdf. 
10 National River Flow Archive (2017), 69005 - Glaze Brook at Little Woolden Hall. Available online at: 
https://nrfa.ceh.ac.uk/data/station/meanflow/69005. 

https://highwaysengland.co.uk/our-work/north-west/m62-junction-10-to-12-smart-motorway/
https://designatedsites.naturalengland.org.uk/PDFsForWeb/Citation/1006461.pdf
https://nrfa.ceh.ac.uk/data/station/meanflow/69005
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2.2.21 Flows within the smaller drains and culverts have not been measured. Observations from 
the site visit in September 2018 were that: 

• the smaller drains and ditches did not have any flow in them although there were areas 
with standing water; and 

• flow with the culvert was observed from a manhole and was of the order of 2–5 litres per 
second. 

Hydrogeology 
2.2.22 There are three aquifer systems in the study area11, which may or may not be hydraulically 

connected: 

• peat; 

• superficial deposits; and 

• Sherwood Sandstone Group. 

2.2.23 Borehole logs (see Annex A) from along the route of the M62 indicate that the peat has 
formed on top of the glacial till, forming a perched aquifer. To the east, the glacial till thins 
and the peat may have formed on top of the glacio-fluvial sands and gravels; the peat and 
sands and gravels may be in hydraulic continuity in this area. 

2.2.24 Glaciofluvial sands and gravels support groundwater flow and may be in hydraulic continuity 
where they lie directly on the Sherwood Sandstone. The presence and extent of the low 
permeability glacial till is an important control on the vertical connection between the 
superficial deposits and the Sherwood Sandstone or peat. 

2.2.25 The Sherwood Sandstone Group is a Principal Aquifer, capable of supporting regional water 
supply. Groundwater levels for the Sherwood Sandstone Group are above the top of the 
formation, leading to a confined aquifer in the study area. In the south of the study area, the 
Mercia Mudstone Group confines the Sherwood Sandstone as the beds dip southwards. 

2.2.26 The study area considered as part of the development of the proposed groundwater model 
is 3.87km2, as shown in Figure 1. There are five Environment Agency observation boreholes 
within the study area, all of which monitor the Sherwood Sandstone Group (see Table 3). 
Data was provided for four of these observation boreholes. 

 

 
11 Aquifers are designated by the Environment Agency. Details are provided in Water resources assessment 
baseline data (BID WR-004-0MA05). 
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Table 3: Environment Agency observation boreholes 

Name Easting Northing Distance from 
Holcroft Moss (km) 

Length of record Groundwater level 
range (mAOD) 

Taylors 
Industrial 
Estate 

366040 394400 2.67 29 November 1974 to 
06 September 2018 

8.77–19.01 

Chat Moss 370420 395620 3.06 28 June 2011 to 16 
February 2014 

16.98–17.86 

Fowley 
Common 

366920 396200 3.31 06 September 1978 to 
06 September 2018 

12.90–17.72 

Carrington 
Shell 

374720 392240 6.34 15 October 1970 to 22 
December 2015 

16.73–22.29 

Holcroft 
Lane 

368550 393720 0.23 Not provided Not provided 

2.2.27 Data from these boreholes is presented in Figure 6. 

Figure 6: Environment Agency observation borehole hydrographs 

 

2.2.28 Cheshire Wildlife Trust provided groundwater dip monitoring data from 36 piezometers 
installed across Holcroft Moss. As the piezometers are not secured to the bedrock, they may 
rise and fall as the peat saturates and desaturates; therefore, these data can only be used to 
provide an estimate of water levels below ground level. A summary of the information is 
provided in Table 4; monthly monitoring data were provided from August 2001 until October 
2006. 
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Table 4: Cheshire Wildlife Trust monitoring data 

Name Easting Northing Minimum dip 
(mbgl) 

Maximum dip 
(mbgl) 

Average dip (mbgl) 

1 368408 393375 0.01 0.39 0.11 

2 368447 393342 0.00 0.44 0.13 

3 368502 393301 0.00 0.39 0.12 

4 368559 393240 -0.02 0.43 0.15 

5 368576 393220 -0.01 0.37 0.13 

6 368628 393357 0.02 0.54 0.19 

7 368569 393306 0.02 0.47 0.16 

8 368526 393277 0.01 0.45 0.14 

9 368483 393252 -0.02 0.34 0.10 

10 368440 393224 -0.05 0.27 0.05 

1 368735 393264 0.00 0.30 0.10 

2 368726 393259 -0.01 0.34 0.09 

3 368717 393251 0.00 0.37 0.14 

4 368705 393244 -0.02 0.40 0.13 

5 368719 393244 0.05 0.39 0.14 

6 368719 393250 0.03 0.35 0.14 

7 368720 393263 0.00 0.31 0.11 

8 368715 393272 0.02 0.45 0.16 

1A Not provided 0.11 0.79 0.47  

1B 0.24 0.90 0.60  

2A 0.11 0.73 0.39  

2B 0.36 1.01 0.74  

3A 0.05 0.71 0.27  

3B 0.25 0.91 0.45  

4A 0.08 0.90 0.27  

4B 0.19 0.95 0.37  

5A 0.01 0.47 0.18  

5B 0.05 0.61 0.28  

6A 0.06 0.62 0.27  

6B 0.07 0.67 0.30  

7A 0.02 0.44 0.17  

7B 0.00 0.78 0.27  

8A 0.02 0.59 0.18  

8B 0.04 0.74 0.31  

9A -0.02 0.51 0.16  

9B 0.03 0.73 0.33  

Average  0.05 0.56 0.23 



Environmental Statement  
Volume 5: Appendix WR-008-00001 

Water resources and flood risk 
Groundwater modelling report – Holcroft Moss 

18 

2.2.29 The data in Table 4 indicate that groundwater levels in the peat are 0.23mbgl on average 
although this can be as deep as 1.01mbgl during dry periods or at or above surface during 
wet periods. Groundwater levels are a function of rainfall and potential evapotranspiration. 

2.2.30 It is not possible to discern the groundwater flow direction in the peat from the data 
provided as no data are available as level above datum. 

Proposed Scheme 
2.2.31 The route of the Proposed Scheme crosses 40m to the west of Holcroft Moss at its closest 

point. Further detail on the Proposed Scheme can be found in Volume 2, Map Books: maps 
CT-05-326b and CT-06-326b. 

2.3 Site visit 
2.3.1 A site visit was undertaken on 5 September 2018.  

2.3.2 Holcroft Moss was visited and the ditches, drains, underground utilities and culverts around 
the site boundary were inspected. 

2.3.3 The following observations made during the site visit are of interest to the groundwater 
modelling study: 

• most boundary ditches drain towards the Glaze Brook in the east; 

• northern section of ditches to the east and west of the site drain towards the motorway; 

• ditches were inspected at various locations during the visit. Ditches had no flow where 
inspected, but there were patches of standing water; 

• ditches are plugged at various points with massive peat bunds; 

• the western ditch is deeper than the eastern ditch, estimated visually to be 
approximately 2m–3m (western), compared to approximately 1m–2m (eastern); 

• overall, Holcroft Moss is on higher ground and slopes in all directions from the central 
area where the peat has been drained/dried. Therefore, the ground surface is lower at 
the edges, and then drops away steeply into the ditches; 

• there is a Victorian brick-lined culvert along the southern edge of the site. The flow into 
the culvert was in the order of 2–5 litres/second. Seepage through the brickwork lining 
the manhole chamber was observed during the visit. The water level was approximately 
4.7m below the top of the manhole which is approximately 0.8m above ground level. The 
water was approximately 0.1m deep; and 

• with rewetting, the surface of the peat can rise by up to 0.5m. 
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2.4 Conceptual model of groundwater flow 

Geological sequence 
2.4.1 Based on the geological maps and available borehole logs, it is suggested that the peat is 

underlain by lenses of sand and gravel which are separated by relatively continuous deposits 
of glacial till. 

2.4.2 In the west, the geological sequence is sandstone overlain by sands and gravel then glacial 
till followed by peat. Between the site and the river, the sandstone is overlain by sands and 
gravel, followed by glacial till with a later deposition of fluvial sands and gravel to the 
surface, which may be associated with the proto river. The valley of the river has eroded 
through the surface sands and gravel to the glacial till below and the depositional sequence 
is sandstone, glacio-fluvial sands and gravels, till then alluvium at the surface. 

Groundwater flow mechanisms 
2.4.3 Regional groundwater flow within the Sherwood Sandstone Group is well understood and 

has been described in literary sources. Groundwater flow occurs mainly within the matrix of 
the sandstone although it may be controlled by the position of faults. The effective aquifer 
thickness is reported to be approximately 200m although the total thickness of the group 
may be in excess of 3km7. 

2.4.4 Groundwater flow within the superficial deposits is not well understood. However, it is 
expected that local perched aquifers have developed where more permeable glacio-fluvial 
sands and gravels overlie the low permeability till deposits. Where sands and gravels are in 
contact with the bedrock sandstone aquifer and groundwater levels in the sandstone are 
above the base of the superficial deposits, the two formations are expected to be in 
hydraulic continuity. 

2.4.5 Where the sands and gravels overlay the sandstone, the two formations are expected to be 
hydraulically linked. Similarly, where the peat lies on top of the sands and gravel, the peat 
and sands and gravel will be hydraulically connected. The presence of the glacial till both 
above and below the sands and gravel restricts vertical flow of groundwater. It is therefore 
considered unlikely that the sandstone aquifer is hydraulically linked to the peat. 

Analysis of historical groundwater flow  
2.4.6 Groundwater levels from the Environment Agency’s network of observation boreholes were 

provided (Table 3 and Figure 6). Historically, groundwater flow was towards the cone of 
depression in the west, associated with the large industrial abstractions. Since the cessation 
of abstraction in the 1980s, there has been a rise in groundwater levels so that groundwater 
flow in the study area is currently towards the east. 
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2.4.7 Groundwater levels in the sandstone are above the base of the peat although the Sherwood 
Sandstone Aquifer may be confined by the glacial till deposits, where present. 

2.4.8 No historical groundwater level data are available for the superficial deposits. It is assumed 
that flow is towards the Glaze Brook in the east. 

2.4.9 Groundwater levels in the peat have been measured relative to the ground surface without a 
reference ground elevation so it is not possible to obtain information on groundwater flow 
direction. It is assumed that groundwater drains into the culverts and drains that bisect the 
peat. 

Availability of existing groundwater models 
2.4.10 The Environment Agency’s Lower Mersey regional groundwater model includes Holcroft 

Moss. Superficial deposits are not explicitly represented in the groundwater model, which 
simulates flow in the Sherwood Sandstone Group Aquifer, although they are included in the 
recharge model for the sandstone. 

Review of existing groundwater models 
2.4.11 The Environment Agency regional groundwater model was not provided for the study. 

Water balance 
2.4.12 A water balance was estimated for Holcroft Moss (see Table 5). The following assumptions 

were made: 

• recharge is calculated using the FAO methodology6, which assumes that recharge occurs 
once the crop requirements, soil moisture deficit and runoff have been satisfied; 

• the proportion of runoff across the peat is assumed to 1% of rainfall. Runoff is only 
generated if the soil moisture deficit has been satisfied; 

• vertical flow between the superficial deposits and the peat is controlled by the vertical 
permeability of the glacial till and is assumed to be in an upwards direction; and 

• flow in the culvert to the south of the site was observed as being approximately 2–5l/s 
during the site visit in September 2018. For the purposes of the water balance 
calculation, this is assumed to be 2–3l/s (173–259m3/d). 
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Table 5: Estimated water balance 

Parameter Units Value Notes 

Area of Holcroft Moss SSSI m2 191,295 Natural England Site of Special Scientific Interest (SSSI) 
citation9 

Recharge mm/year 344 Remaining water available following soil balance 
(Table 1) Recharge m3/day 179 

Drain and culvert flow m3/day 216 Estimated from observations during site visit (2.5l/s) 

Vertical flow from 
superficial deposits 

m3/day 52 Calculated using Darcy’s Law, assuming a vertical head 
difference of 1m and a vertical conductivity of 0.001m/d 

Balance m3/day 15 (3%) Sum of recharge and vertical flow minus discharge to 
the drain and culvert 

2.4.13 The water balance indicates that Holcroft Moss is supported predominantly by rainfall 
recharge. The biggest uncertainty is in the discharge volumes to the culvert and drains 
across the site as well as any contributions to or from the superficial deposits. It should be 
noted that any significant change in the estimated contribution from the superficial deposits 
would be balanced by a change in discharge to the drains, which are currently in line with 
observations made during the site visit. 
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3 Model approach and justification 

3.1 Model conceptualisation 
3.1.1 The hydrogeological system is conceptualised as a three-layer system, comprising the peat, 

superficial deposits and Sherwood Sandstone Group. No flow cells are used to delineate the 
extent of the model layer where appropriate. Aquifer properties are modified to reflect the 
geology of each layer, such as hydraulic conductivity and vertical leakance. 

3.1.2 Boundary conditions are used to represent the Glaze Brook as well as the various ditches, 
drains and culverts that cross the study area. The regional groundwater throughflow in the 
sandstone aquifer is also represented using boundary condition cells. 

3.1.3 A steady-state model was used as there are no data available to inform or calibrate a 
transient model. 

3.2 Software 
3.2.1 MODFLOW6 has been used. This methodology is in line with standard practice to use the 

latest available build at the time modelling commenced. MODFLOW is industry standard 
software. 

3.3 Input data 
3.3.1 Elevations of the top and base of the geological formations in the model were taken from 

boreholes logs and geological maps available from the BGS. Other model parameters such 
as aquifer properties were assigned based on literature sources. 

3.3.2 Ground elevations from Light Detection and Ranging (LiDAR) were used to estimate the 
stage of boundary conditions. Groundwater levels provided by the Environment Agency 
were used to inform the groundwater throughflow in the sandstone aquifer. 

3.4 Convergence criteria 
3.4.1 Convergence criteria for the model were set at 0.001m (1mm) for groundwater levels and 

0.1m3/day for flows. These values are considered to be stringent and to ensure repeatability 
between model runs and consistent model results. 

3.4.2 For groundwater levels, the modelled simulations are, therefore, accurate to the nearest 
1mm. This is particularly important when comparing the results of model runs for different 
development scenarios. Differences in simulated levels of less than 1mm between model 
runs would be within the error in convergence for each run. These differences cannot, 
therefore, be used to quantify accurately such marginally small impacts.  
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4 Technical method and implementation 

4.1 Groundwater model build – baseline model 

Grid and geometry 
4.1.1 Three model layers were used to simulate flows in the: 

• peat; 

• glacial superficial deposits, including the glacial till and sands and gravels; and 

• Sherwood Sandstone Group. 

4.1.2 The model cell size ranged from 2m2–470m2 and an unstructured model grid was used, with 
cell refinement along the key features within the model area such as the M62, the Wigan 
Junction and culverts, drains and ditches (see Figure 7). 
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Figure 7: Model refinement around key features 

Aquifer properties 
4.1.3 Aquifer properties assigned to the model layers are shown in Table 6. 

Table 6: Aquifer properties used in groundwater model 

Property Layer 1–Peat Layer 2– Glacial 
deposits 

Layer 3–Sherwood Sandstone Group 

Top of layer Ground surface Base of peat or ground 
surface 

Base of superficial deposits. 

Base of layer Top of glacial 
deposits 

Top of sandstone Top of sandstone minus 20m. 

Thickness (m) Approximately 5m 
where the peat crops 
out 

Approximately 18m Transmissivity set to represent an effective 
thickness of 200m. 

Extent of layer Restricted to the peat 
outcrop 

Whole model layer No flow cells to south where the sandstone 
is confined by the Mercia Mudstone Group. 
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Property Layer 1–Peat Layer 2– Glacial 
deposits 

Layer 3–Sherwood Sandstone Group 

Hydraulic 
conductivity 
(m/d) 

Peat: 0.5 
Wigan junction: 2 
Motorway cutting: 50 

0.01–5 N/A 

Transmissivity 
(m2/d) 

N/A N/A 100 

Vertical leakance 0.01–0.1 0.001–0.1 N/A 

Recharge 
(mm/year) 

343 304 N/A 

4.1.4 Sensitivity testing was carried on the aquifer properties within the bounds shown in Table 6 
as part of the model verification. 

Boundary conditions 
4.1.5 River cells were used to represent the Glaze Brook and the Holcroft Lane Brook, which form 

the eastern and northern boundaries of the model. Stage elevations of the river cells were 
obtained from LiDAR data, and flow depth estimated as 1m below LiDAR levels.  

4.1.6 Drain cells simulate the flow along the various ditches, drains and culverts which cross the 
peat and form the boundaries to the site. Further drain cells were used to allow water to exit 
the model along the M62 where the peat was removed. Using the observations made during 
the site visit in September 2018, the following assumptions were made: 

• the ditch along the western boundary of the Holcroft Moss is at an elevation of 2.5mbgl; 

• on the eastern boundary of the Holcroft Moss, the elevation of the ditch is 1.5mbgl; 

• all other minor ditches are assumed to be at an elevation of 2mbgl, which is an average 
of those observations made during the site visit; and 

• the culvert, which forms the southern boundary of the site, is at an elevation of 
15.5mAOD. 

4.1.7 Boundary inflows were also applied to the superficial deposits layer in the west based on 
observed water strike levels in borehole logs (see Annex A). The inflow across the boundary 
was calculated using Darcy’s Law as 70m3/day. The following assumptions were made to 
determine the inflow across the western boundary: 

• the glaciofluvial sheet deposits are continuous across the western boundary, which has a 
length of 1,360m; 

• groundwater flow occurs over the full thickness of the glaciofluvial sheet deposits (i.e. the 
sands and gravels are fully saturated), which varies over the length of the western 
boundary but is typically 4m; 

• head at the western boundary of the model can be approximated as the top of the sands 
and gravels (15mAOD); 
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• the hydraulic gradient is calculated as the difference between the head on the western
boundary and the stage of the Glaze Brook (9mAOD) divided by the distance between the
two boundaries; and

• hydraulic conductivity of the sands and gravels is 5m/d.

4.1.8 General head boundaries were used to simulate the regional flow through the Sherwood 
Sandstone Group aquifer. Observed groundwater levels from the Environment Agency’s 
observation borehole network were used to assign the regional groundwater gradient 
across the model. 

4.1.9 Model boundary conditions are shown in Figure 8. 

Figure 8: Model boundaries 

4.2 Groundwater model build – Proposed Scheme 
4.2.1 The Proposed Scheme model has been edited from the baseline to include the M62 West 

viaduct which would be constructed adjacent to Holcroft Moss. The model has also been run 
with the option of an embankment. Both options include piling, which may affect 
groundwater flow. An embankment will be constructed in the northern and southern 
sections of the Proposed Scheme where it crosses the study area. 

M62 West viaduct 
4.2.2 The M62 West viaduct adjacent to Holcroft Moss connects to the embankments in the north 

and south. The footprint of the viaduct is based on the details shown in the Volume 2, Map 
Books: maps CT-06-326b and CT-06-327. 
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4.2.3 The span length for the Proposed Scheme viaduct is 40m. Piles will be sunk through the 
superficial deposits approximately 8m into the Sherwood Sandstone Group bedrock and 
each pile has a diameter of 1.2m. Lines of three to four piles across the viaduct will be 
constructed beneath each pile cap. It is expected that the piles will comprise approximately 
10% to 25% of the cross-sectional area along the length of the viaduct. This range in values 
took into account the possible variations in span length, pile caps and pile layout considered 
in design. 

4.2.4 Hydraulic conductivity was reduced in those model cells beneath the Proposed Scheme to 
represent the reduced ability for groundwater flow as a result of the piles. Reductions in 
hydraulic conductivity were estimated assuming zero hydraulic conductivity for each pile. 
The obstructed proportion of each cell containing a pile has been calculated as the ratio of 
the pile diameter (1.2m) to the width of the cell perpendicular to the predominant flow 
direction. The width of the cell has been approximated from the cell area, assuming a 
circular cell shape as representative of the typical hexagonal cells contained within the 
model. For a 4m2 cell this results in a blockage of 53%. This method is conservative 
compared to a simple cross-sectional area ratio which would give a blockage ratio of 28%. 

4.2.5 In the peat and superficial deposits layers, the whole layer is affected. However, the piles are 
only expected to be constructed into the top 8m of the Sherwood Sandstone Group aquifer. 
The reduction in transmissivity in the Sherwood Sandstone is therefore applied only to a 
proportion of the thickness of the sandstone.  

4.2.6 Embankments have been incorporated into the model to the north and south of the 
proposed viaduct reach. 

Glazebrook embankment 
4.2.7 A second scenario has been considered in order to understand the potential impact of an 

embankment adjacent to Holcroft Moss, rather than a viaduct, on groundwater levels within 
the Holcroft Moss. 

4.2.8 It is assumed that piles would be constructed beneath the embankment, comprising up to 
33% of the cross-sectional area along the length of the Proposed Scheme (0.6m diameter 
piles at a spacing of 1.8m). 

4.2.9 Hydraulic conductivity along the route of the embankment was reduced by 33% to reflect 
the impact of the embankment piles. As for the simulation of the viaduct, the reduction in 
hydraulic conductivity was applied to the full thickness of the peat and superficial deposit 
layers and to 4% of the thickness of the sandstone layer. 

Modelling assumptions made 
4.2.10 Existing LiDAR is assumed to be correct as no other information is available.  

4.2.11 Aquifer properties obtained from literature are appropriate for the study area as no other 
information is available. 
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4.2.12 Runoff from the peat is low and the FAO methodology is an appropriate method to 
determine recharge. 

4.2.13 Drains and the culvert that were observed during the site visit exist only in the peat layer and 
do not penetrate the superficial deposits. 

4.2.14 No flow will occur through the piles and a reduction in the hydraulic conductivity of the 
model cell is an appropriate reflection of the impact that the piles will have on groundwater 
flow. 

4.2.15 Groundwater flow is towards the Glaze Brook. 

4.2.16 It is appropriate to use groundwater levels at observation boreholes distant from the site to 
determine the regional groundwater gradient in the Sherwood Sandstone Group. 

4.2.17 Conductance of drains reflect the hydraulic conductivity of the formation which they are in. 

4.2.18 MODFLOW assumes that: 

• groundwater flow can be represented by a mathematical expression; 

• the three-dimensional movement of groundwater can be described by Darcy’s Law; 

• fluid is of constant density;  

• the aquifer can be represented as a homogeneous porous media; 

• principal axes of hydraulic conductivity are aligned to the coordinate directions when 
representing anisotropy; and 

• groundwater levels are calculated at the central point of a cell using a finite difference 
equation. 

  



Environmental Statement  
Volume 5: Appendix WR-008-00001 

Water resources and flood risk 
Groundwater modelling report – Holcroft Moss 

29 

5 Model results 
5.1.1 The baseline model was run for a steady-state scenario, which represents the current 

conditions at the site. Following sensitivity testing and verification, the baseline model was 
varied to include the Proposed Scheme and an embankment option. 

5.1.2 The difference between baseline and design element simulations of the Proposed Scheme 
are shown in Annex B. 

5.2 Baseline scenario 
5.2.1 The modelling indicates that, in the baseline scenario, groundwater levels in the Sherwood 

Sandstone Group decrease from west to east in line with the regional groundwater levels. In 
the superficial deposits, levels also decrease from west to east, with flow discharging into 
Holcroft Lane Brook to the north and Glaze Brook to the east. In the peat, water levels are 
typically raised in areas of higher ground and decrease with proximity to ditches and drains. 
Overall levels are higher in the west than the east within the peat (see Figure 9). 
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Figure 9: Modelled groundwater levels for baseline scenario 

5.2.2 Transects of the modelled results through Holcroft Moss from north to south and from west 
to east are provided in Figure 10. It should be noted that the relative thickness and 
distribution of glaciofluvial sheet deposits (sands and gravels) and glacial till is shown in the 
figures for illustration purposes, based on available borehole log data, but is not explicitly 
represented in the model. 

5.2.3 Groundwater levels within the Sherwood Sandstone Group are simulated above the top of 
the sandstone indicating a confined aquifer. Modelled groundwater levels in the superficial 
deposits layer (glacial till and glaciofluvial sheet deposits - sands and gravels) are raised in 
the west and fall towards Glaze Brook in the east, and Holcroft Lane Brook in the north.  

5.2.4 Within the peat outcrop, modelled groundwater levels fall towards drain locations and at the 
Wigan Junction cutting which lies parallel to a drain as it passes Holcroft Moss. To the west of 
Holcroft Moss and to the south, groundwater levels in the peat exceed ground levels. This 
could be due to uncertainty in ground levels, which can vary seasonally as the peat saturates 
and desaturates. The raised levels may also be due to several drains that are outside of the 

East-West section 

North-South section 

East-West section 

North-South section 

East-West section 

North-South section 
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model domain which would allow the peat to drain more efficiently. It should also be noted 
that areas of peat which are not part of the Holcroft Moss are farmed and may be drained 
via sub-surface drainage, which is not mapped or included in the model. 

Figure 10: Modelled transect through Holcroft Moss for baseline scenario 

 

5.2.5 Zone budget (mass balance) analysis has been carried out on the baseline results to show 
movement of flow between layers and in and out of the Holcroft Moss area (see Figure 11). 
The predominant source of water to Holcroft Moss is through recharge (200m3/day), with 
25m3/day coming in laterally from outside of Holcroft Moss. Roughly half discharges through 
drains (90m3/day) with the remaining (136m3/day) passing through to the superficial 
deposits. 
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Figure 11: Modelled zone budget for baseline scenario (units in m3/day) 

 

5.3 Proposed Scheme 
5.3.1 Modelled impacts on groundwater levels, due to the inclusion of the Proposed Scheme, are 

included in Annex B. Table 7 shows the maximum simulated decrease in groundwater levels 
in Holcroft Moss for various scheme options. For each modelled option, the maximum 
decrease occurs in the south west corner, adjacent to the culvert that runs along the 
southern boundary of the SSSI.  

5.3.2 For the full embankment option, the simulated decrease in levels is up to about 6mm in the 
south-western corner of Holcroft Moss. In this option, groundwater levels within the 
superficial deposits are also impacted, although to a lesser degree; no impact is seen within 
the Sherwood Sandstone Group. For the viaduct option, the maximum impact is close to the 
error of convergence of the model (1mm). 

5.3.3 Groundwater levels in the peat are simulated to decrease across more than 80% of Holcroft 
Moss for the full embankment option. In contrast, for the viaduct option, groundwater levels 
are modelled to decrease over about 4% of the SSSI. It should be noted, however, that areas 
shown in Table 7 are the areas in which the simulated impact is greater than 1mm, the error 
of convergence for the model.  

5.3.4 The decrease in groundwater levels modelled for the viaduct option are associated with 
impacts from the Glazebrook embankment north, located just to the south of Holcroft Moss, 
and not the M62 West viaduct itself. Model scenarios have therefore also been considered to 
assess whether relatively simple measures, such as a gravel-filled trench around the end of 
the embankment, could be utilised as effective mitigation.  

5.3.5 The simulated mitigation scenario indicated in Table 7 incorporated a gravel-filled trench 
around the end of the Glazebrook embankment north, near the south-west corner of 
Holcroft Moss. The intention of the trench is to encourage groundwater flow within the peat 
layer from the west of the embankment to the east.  

Drains -589 -90 Drains
Rivers 0 0 Rivers

General Head Boundary General Head Boundary
Recharge 1957 200 Recharge

Drains -669 -229 Drains
Rivers -1882 0 0 Rivers

General Head Boundary 70 -93 General Head Boundary
Recharge 1206 1 Recharge

Drains -47 Drains
Rivers -1 0 Rivers

General Head Boundary 70 General Head Boundary
Recharge 0 Recharge

Rest of Model Holcroft Moss

Peat

25

Peat
Mass Balance: Mass Balance:

-1251 -136
Superficial Deposits

71

Superficial Deposits
Mass Balance: Mass Balance:

95 21.58
Sandstone

21

Sandstone
Mass Balance: Mass Balance:
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5.3.6 The trench has been modelled as 10m wide, with a conductivity of 30m/d representing 
coarse gravel. The trench extends 30m across the end of the embankment. The full depth of 
the peat has been replaced by the trench. 

5.3.7 With the trench in place, the maximum impact on groundwater levels in the peat in Holcroft 
Moss is assessed to be less than the model error of convergence (1mm). As a result, Table 7 
indicates that groundwater levels are not affected in the SSSI by the viaduct option with 
mitigation. However, as for the other model runs, the assessment does not take into account 
any areas in which the modelled impact may be less than the model error of convergence. 

Table 7: Proposed Scheme – reductions in groundwater level  

Scenario Run Comparison with modelled baseline 
(no Scheme in place)  
Area of Holcroft Moss affected by 
reduction in groundwater level 
greater than the model error of 
convergence 
(as % of total area of SSSI) 

Maximum reduction in 
groundwater level on 
Holcroft Moss (in 
south west corner of 
SSSI) 

Proposed Scheme Full embankment 82% 6mm 

Viaduct  4% 1mm 

Viaduct with mitigation 
(gravel-filled trench) 

0% Below model error of 
convergence (1mm). 

5.3.8 Zone budget outputs for the Proposed Scheme scenarios are very similar to those of the 
baseline model suggesting that the overall flow dynamics remain the same. Differences in 
flows compared to the baseline scenario are detailed in Figure 12, Figure 13 and Figure 14, 
for the full embankment, viaduct and viaduct with gravel trench options respectively. Table 8 
summarises the change in lateral flows into the peat and superficial deposits.  

Table 8: Proposed Scheme flow budget comparison  

Scenario Run Lateral flow into Holcroft Moss 
through the peat  

Lateral flow into Holcroft Moss 
through the superficial deposits 

Volume 
(m3/day) 

Percentage 
change 

Volume 
(m3/day) 

Percentage 
change 

Baseline Baseline 24.85 N/A 135.59 N/A 

Proposed 
Scheme 

Viaduct 24.85 0.0% 135.57 -0.0% 

Full 
embankment 

24.76 -0.3% 135.48 -0.1% 

Viaduct with 
gravel trench 

24.85 0.0% 135.58 -0.0% 
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Figure 12: Difference in modelled flows between the full embankment option and 
baseline (units in m3/day) 

 
Note: Blue text indicates flow rates have increased, red text indicates flow rates have decreased. Arrows 
represent the overall flow direction. 

Figure 13: Difference in modelled flows between the viaduct option and baseline 
(units in m3/day) 

 
Note: Blue text indicates flow rates have increased, red text indicates flow rates have decreased. Arrows 
represent the overall flow direction. 
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Figure 14: Difference in modelled flows between the viaduct with gravel trench 
option and baseline (units in m3/day) 

 

Note: Blue text indicates flow rates have increased, red text indicates flow rates have decreased. Arrows 
represent the overall flow direction. 
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6 Model proving 

6.1 Run performance 
6.1.1 As indicated in Section 3, convergence criteria for the model were 0.001m for groundwater 

levels and 0.1m3/day for flows. These values are considered to be stringent and will ensure 
repeatability between model runs and consistent model results. 

6.1.2 Final cumulative mass balance error is within +/-1.0% for all model runs undertaken. Mass 
balance errors for the baseline, scenarios and sensitivity models are provided in Table 9. 

Table 9: Cumulative mass balance error  

Scenario Run Mass balance error (%) 

Baseline Baseline -0.01% 

Sensitivity Recharge increased 0.00% 

Recharge decreased -0.01% 

Horizontal conductivity increased 0.00% 

Horizontal conductivity 
decreased 

-0.01% 

Vertical leakance increased -0.02% 

Vertical leakance decreased -0.01% 

Wigan Junction conductivity 
increased 

-0.01% 

Wigan Junction conductivity 
decreased 

-0.01% 

Proposed Scheme Viaduct option -0.01% 

Full embankment option -0.01% 

Viaduct with gravel trench -0.01% 

6.2 Calibration and verification 
6.2.1 There are no groundwater level observation boreholes situated within an appropriate 

distance of this location to provide calibration or verification data.  

6.3 Validation 
6.3.1 The groundwater level plots and cross-sections generated by the model were validated 

against the conceptual model and data provided in Table 3 and Table 4 to assess their 
accuracy. Modelled groundwater levels and the water balance are not dissimilar to those 
estimated using on-site data: 

• flow within the culvert was estimated at approximately 2–5l/s during the site visit, 
compared to a modelled flow of 3.28l/s; 
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• river flow contribution has been estimated as 3,700m3/day based on the observed mean 
flow at Little Woolden Hall on Glaze Brook and a comparison of relative catchment areas. 
The combined modelled flow to rivers and drains, which are assumed to discharge to the 
river, is 3,187m3/day; and 

• groundwater levels within Holcroft Moss are modelled to be 2.14mbgl which is lower 
than those measured by the Cheshire Wildlife Trust, which suggest water levels are 
typically between 0.5–1mbgl. There is however uncertainty in the ground level used in 
the model, as ground levels can rise and fall as the peat saturates and desaturates. The 
LiDAR elevation data only provides a snapshot in time of the ground elevations on 
Holcroft Moss.  

6.4 Sensitivity analysis 
6.4.1 Analysis was undertaken to assess the sensitivity of the baseline model outputs to the 

scenarios shown in Table 10. Groundwater levels in the peat layer within Holcroft Moss have 
been extracted from the model to assess the sensitivity of the model to the parameters. 

Table 10: Sensitivity analysis  

Scenario Parameter details Groundwater 
level in Holcroft 
Moss (mAOD) 

Difference 
compared to 
Baseline (m) 

Baseline Baseline 20.86 N/A 

Sensitivity Recharge increased  
(400.8m3/day on the peat and 267.2m3/day on 
superficial deposits) 

21.47 0.61 

Recharge decreased 
(373.2m3/day on the peat and 248.8m3/day on 
superficial deposits) 

19.98 -0.88 

Horizontal conductivity increased  
Conductivity - peat 1.5, glacial till 1, 
glaciofluvial sheet deposits 15m/d 
Transmissivity - Sandstone 400m2/d 

19.44 -1.42 

Horizontal conductivity decreased 
Conductivity - peat 0.25, glacial till 0.005, 
glaciofluvial sheet deposits 2.5m/d 
Transmissivity - Sandstone 50m2/d 

22.31 1.45 

Vertical leakance increased 
Peat to glacial till - 1  
Peat to glaciofluvial sheet deposits - 10  
Superficial deposits to Sandstone - 0.1  
Peat to Sandstone - 10 

Dried out N/A 

Vertical leakance decreased 
Peat to glacial till - 0.0001 
Peat to glaciofluvial sheet deposits - 0.001 
Superficial deposits to Sandstone - 0.00001 
Peat to Sandstone - 0.001 

27.08 6.22 
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Scenario Parameter details Groundwater 
level in Holcroft 
Moss (mAOD) 

Difference 
compared to 
Baseline (m) 

Wigan Junction conductivity increased to 5m/d 20.84 -0.02 

Wigan Junction conductivity decreased to 
0.01m/d 

20.73 -0.13 

6.4.2 The model is sensitive to all the parameters changed. 

6.4.3 Due to the uncertainty surrounding the spatial extent of the superficial deposits, as part of 
the sensitivity testing, the permeability of the glacial till was increased to 1m/d (within the 
same order of magnitude as the hydraulic conductivity of the glaciofluvial deposits 5m/d). 
This sensitivity run showed that with the assumption that the site is underlain by higher 
permeability deposits then water levels on the site would be reduced. Therefore, the 
assumption that clay underlies the site provides a worst-case modelling scenario.  

6.4.4 Increasing horizontal conductivity and vertical leakance both result in large decreases in 
head levels within the peat, with the peat either drying out or coming close to drying out. 
Based on observations from the Cheshire Wildlife Trust and from the site visit this is unlikely 
to be the case and therefore the values for horizontal conductivity and vertical leakance are 
likely to be lower than those chosen for the sensitivity test. 

6.4.5 Decreasing vertical leakance results in very limited connectivity between the layers and 
significant standing water over the peat. Decreasing horizontal conductivity has a similar 
impact as recharge cannot move horizontally through the peat and into the drains.  

6.4.6 Increasing and decreasing the recharge by 20% results in a change of groundwater level 
within the peat of 0.62m and -0.88m respectively. This gives an indication of how much the 
groundwater levels within the peat could vary with changing hydrological conditions, which 
are likely to be within the limits of annual seasonal variations. 

6.4.7 The sensitivity tests indicate that there is sensitivity to the key input parameters, however 
values have been chosen that reflect the observed data as much as possible and are 
consistent with typically expected hydrogeological conditions. The study is a comparative 
study to assess the potential impact of the Proposed Scheme, and therefore the sensitivity 
of final head levels to changes in key parameters is of less importance than the relative 
change in levels due to the Proposed Scheme.  

6.4.8 Uncertainty in the model parameters used would be reduced if further data were available 
to the study to refine the realistic bounds of model parameters. 

6.5 Run parameters 
6.5.1 There is no deviation from default run parameters recommended in MODFLOW for all 

model runs. 
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7 Limitations 
7.1.1 Land access for new topographic survey was not possible and so the model was built using 

available LiDAR information supplemented by on site observations.   

7.1.2 All channels have been represented in 2D. Channel conveyance will therefore not be fully 
represented in the model. This is likely to have resulted in a conservatively high estimate of 
peak flood levels. 

7.1.3 Geological interpretation is based upon site information available at the time of this report. 

7.1.4 Pumping test analysis was not available such that aquifer properties were obtained from 
literature sources rather than site data.   

7.1.5 Calibration was not possible due to a lack of available historical data. 
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8 Conclusions and recommendations 
8.1.1 The largest modelled decreases in groundwater levels in Holcroft Moss for Proposed 

Scheme options are in the south-western corner of the SSSI, adjacent to the culvert running 
along the southern boundary. Groundwater levels are simulated to decrease by up to about 
6mm for the full embankment option. For the viaduct option, the maximum impact is close 
to the error of convergence of the groundwater model (1mm).  

8.1.2 For the full embankment option, groundwater levels in the peat are simulated to decrease 
across more than 80% of Holcroft Moss. The affected area reduces to about 4% of the SSSI 
for the viaduct option. It should be noted, however, that the areas indicated are areas in 
which the simulated impact is greater than 1mm, the error of convergence for the model. 

8.1.3 The changes in groundwater levels for the viaduct option are attributed to the proximity of 
the Glazebrook embankment north, located to the south of Holcroft Moss, and not to the 
M62 West viaduct itself.  

8.1.4 The simulated changes in groundwater levels on Holcroft Moss for the viaduct option with 
mitigation in the form of a gravel-filled trench close to the Glazebrook embankment north is 
assessed to be less than the model error of convergence (1mm). As a result, the modelling 
indicates that groundwater levels across the SSSI are not affected by the viaduct option with 
this mitigation in place. However, as for the other model runs, the assessment cannot take 
into account any areas in which the modelled impact may be less than the model error of 
convergence. 

8.1.5 On the basis of these modelling results, it should be possible to mitigate for the impact of 
the current design of the Glazebrook embankment north and M62 West viaduct on peat 
groundwater levels in Holcroft Moss. The mitigation would comprise a gravel-filled trench 
around the northern end of Glazebrook embankment north. The precise design of the 
trench would be based on the finding of ground investigations planned for the area, 
together with further detailed groundwater modelling. 
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Annex A: Borehole logs  
Figure A 1: Borehole log SJ69 SE62 
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Figure A 2: Borehole log SJ69 SE66 
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Figure A 3: Borehole log SJ69 SE67 
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Figure A 4: Borehole log SJ69 SE68 
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Figure A 5: Borehole log SJ69 SE71 Sheet 1 of 2  
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Figure A 6: Borehole log SJ69 SE71 Sheet 2 of 2  
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Figure A 7: Borehole log SJ69 SE72 
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Figure A 8: Borehole log SJ69 SE871 Sheet 1 of 2  
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Figure A 9: Borehole log SJ69 SE871 Sheet 2 of 2 
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Figure A 10: Borehole log SJ69 SE73 
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Figure A 11: Borehole log SJ69 SE74 
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Figure A 12: Borehole log SJ69 SE75 
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Figure A 13: Borehole log SJ69 SE872 Sheet 1 of 2 
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Figure A 14: Borehole log SJ69 SE872 Sheet 2 of 2 
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Figure A 15: Borehole log SJ69 SE76 

 

  



Environmental Statement  
Volume 5: Appendix WR-008-00001 

Water resources and flood risk 
Groundwater modelling report – Holcroft Moss 

56 

Figure A 16: Borehole log SJ69 SE83 
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Annex B: Groundwater level impact maps 
The groundwater level difference in each of the three model layers has been mapped for the 
two Proposed Scheme options as described in Section 5. 

Figure B 1: Holcroft Moss impact map for the viaduct option 

East-West section 

North-South section 

East-West section 

North-South section 

East-West section 

North-South section 
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Figure B 2: Holcroft Moss impact map for the full embankment option 

East-West section 

North-South section 

East-West section 

North-South section 

East-West section 
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Figure B 3: Holcroft Moss impact map for the viaduct option with gravel trench 

East-West section 

North-South section 

East-West section 

North-South section 

East-West section 

North-South section 
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