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1 Introduction  

1.1.1 In 2015 Sirius Minerals plc (Sirius Minerals) was granted planning permission 
(NYM/2014/0676/MEIA) to develop a polyhalite mine and underground Mineral Transport 
System (MTS), subject to conditions.  

1.1.2 A Habitats Regulations Assessment (HRA) for the project was prepared alongside the 
Environmental Statement (ES) that accompanied the planning application (Royal 
HaskoningDHV, 2014).  It considered all elements of the North Yorkshire Polyhalite Project, 
i.e. Woodsmith Mine, MTS and intermediate sites, Material Handling Facility (MHF) and 
Harbour facility. It concluded the following: 

 The Harbour facility and MHF would not affect the structure or function of the 
Teesmouth and Cleveland Coast Special Protection Area (SPA) and Ramsar site; and 

 The Woodsmith Mine or MTS sites would not affect the structure or function of the North 
York Moors Special Area of Conservation (SAC) or SPA as mitigation measures 
(including groundwater control measures) to limit any potential effect would be 
implemented. 

1.1.3 Under Regulation 61 of the Habitats Regulations1, the North York Moors National Park 
Authority (NYMNPA) as the Competent Authority, commissioned Amec Foster Wheeler  to 
undertake an Appropriate Assessment of the scheme elements in June 2015. This is the 
adopted assessment for the consented scheme and it concluded the following: 

 The effects of dewatering at the Woodsmith Mine site on the integrity of the SPA and 
SAC would be avoided through the implementation of appropriate mitigation measures; 

 Adverse effects on the integrity of the SPA and SAC from nitrogen and dust emissions 
would be avoided through the implementation of appropriate mitigation measures, 
ensured by planning condition; and 

 The Harbour facility and MHF would not give rise to adverse effects on the integrity of 
the Teesmouth and Cleveland Coast SPA and Ramsar site. 

1.1.4 In December 2016, a non-material amendment to the approved scheme was granted by the 
NYMNPA under Section 96A of the Town and Country Planning Act 1990. The approved 
amendments were: 

 Realignment of the main internal access road linking the approved welfare building 
complex and the mine site; and 

 Minor amendments to the drill pad levels. 

1.1.5 In addition to the above applications, information has been submitted to partially discharge 
conditions attached to the planning permission NYM/2014/0676/MEIA and enable the initial 
stages of construction. Works commenced at the site on 1 April 2017.   

1.1.6 Further minor material amendments to the scheme, limited to Works at Woodsmith Mine 
 are currently being sought via an application submitted under 

Section 73 of the Town and Country Planning Act 1990 (the S73 application, see Section 2). 
That application was accompanied by a Supplementary Environmental Statement (SES) 
(Lichfields, 2017) which considers any potentially altered environmental effects. 
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1.1.7 Due to the nature of the S73 amendments, it has been agreed with the NYMNPA that an 
updated review of any effects on European Designated sites (e.g. SAC, SPA) or Ramsar sites 
should also support the S73 application.  

1.1.8 This document presents the findings of a revised shadow HRA, incorporating a screening 
assessment for likely significant effect (LSE), and subsequent consideration of whether 
adverse effects on the integrity (structure or function) of the sites in question will be avoided. 
This document only focuses on those sites that are relevant to the Woodsmith Mine site. The 
conclusions presented in the 2014 report remain valid for the other elements of the project 
and have not been repeated. 

1.1.9 Throughout this document, reference is made to documentation submitted by Sirius Minerals 
to the NYMNPA in partial satisfaction of the planning conditions, as they relate to a defined 
scope of works being carried out within a 
to be approved by the NYMNPA was Phase 4.  The S73 application covers works beyond 
Phase 4 through to the completion of the development.  Prior to the commencement of future 
Phases of development all relevant planning condition discharge documentation will be 
updated, and , 
monitoring and control measures remain appropriate.  

2 Site Description and S73 Scheme Amendments 

2.1.1 Woodsmith Mine is located approximately 4km south of the outskirts of Whitby and wholly 
within the boundary of the North York Moors National Park. It is fully described in the previous 
application documents, and that information is not repeated here. 

2.1.2 The approved development site boundary is shown on approved drawing YP-P2-CX-550. The 
requested S73 amendments are shown on drawing 653-AP-0005. 

2.1.3 In summary, the proposed S73 amendments to the approved scheme comprise: 

                                                      
1 The Conservation of Habitats and Species Regulations 2010, as amended 
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 Woodsmith Mine site layout - Variations to the layout of buildings at the Woodsmith 
Mine site to include wider diameters for the Men & Materials and Minerals foreshafts. 
This variation replaces the need for the previously approved Drift mine access route, 
its associated on-site structures and the -45m level road network, as well as reducing 
the size requirement of the Intake Ventilation Equipment building; 

 Construction methods and sub-surface structures - Amendments to the construction 
methods associated with the above including the removal of two of the three 45m high 
temporary winding towers and revised groundwater management; 

 Shaft Diameters and Bunding  Adjustments to the shaft diameters and amendments 
to the non-screening bunding to the south of the main platform to accommodate the 
revised road layout and adjusted spoil quantities; 

 Water Attenuation  The relocation of the water attenuation ponds into the northern 
field, along with the addition of a silt trap within the southern field; 

 Construction and Operational Platform Extension - An extension to the southern extent 
of the platform with a reduction in its width and the creation of access ramps; and 

 Internal Access Road  Amendments to the route of the access road linking the 
approved welfare building to the construction/operational platform location, and the 
associated relocation of the gatehouse. 

3 Designated Site Screening Methodology 

3.1.1 Previous reports (Royal HaskoningDHV, 2014; Amec Foster Wheeler, 2015) initially applied 
a 5km buffer to each element of the project to identify sites that have the potential to be 
affected. 

3.1.2 This buffer remains appropriate to the S73 application, and has been applied around the 
Woodsmith Mine site boundary. The North York Moors SAC and SPA sites remain the only 
sites2 identified. designations (features and objectives) are 
summarised in Table 1. 

                                                      
2 Note the two designations apply to the same area. 
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Table 1  Summary of the North York Moors SAC and SPA designated features 
Site Name Summary of reasons for site designation 

North York Moors SAC 

The North York Moors SAC covers an area of 44,082ha with a general character of 
heath and scrub, inland water bodies, bogs and marshes, dry grassland, humid 
grassland and woodland.  It qualifies as a SAC for the following features: 
 Northern Atlantic wet heaths with Erica tetralix, for which this is one of the 

best areas in the United Kingdom. 
 European dry heaths, for which this is one of the best areas in the United 

Kingdom. 
 Blanket bogs, for which the area is considered to support a significant 

presence. 
 
Natural England has developed conservation objectives for the SAC which aim to 
avoid the deterioration of the qualifying habitats and the habitats of qualifying 
species, and significant disturbance of those qualifying species, ensuring that the 
integrity of the site is maintained and the site makes a full contribution to achieving 
Favourable Conservation Status of each of the qualifying features.   

North York Moors SPA 

The North York Moors SPA covers an area of 44,082ha and qualifies under Article 
4.1 of the Birds Directive by supporting populations of European importance of the 
following Annex 1 species: 
 Golden plover Pluvialis apricaria. 526 pairs representing at least 2.3% of the 

breeding population in Great Britain (at the time of designation in 2001). 
 Merlin Falco columbarius. 40 pairs representing at least 3.1% of the breeding 

population in Great Britain (at the time of designation in 2001). 
 
The conservation objectives of the SPA aim to avoid the deterioration of the habitats 
of the qualifying features, and significant disturbance of the qualifying features, 
ensuring that the integrity of the site is maintained and the site makes a full 
contribution to achieving the aims of the Birds Directive.   

4 Assessment of Potential for LSE 

4.1.1 The 2014 (Royal HaskoningDHV, 2014) and 2015 (Amec Foster Wheeler, 2015) HRA reports 
assessed each element of the consented project to determine likelihood of significant effect 
(LSE) with respect to each relevant qualifying feature for the sites identified.  This was 

Inspectorate, 2013) and agreed with Natural England.  The same approach has been followed 
here. 

4.1.2 Within the screening stage of this shadow HRA, where LSE cannot be ruled out beyond 
reasonable scientific doubt, the precautionary principle has been applied and potential for 
LSE concluded. This ensures that any potential implications for the site(s) are assessed 
further as part of the Appropriate Assessment (AA) stage (Section 5 of this report). 

4.1.3 The HRA reports were also informed by the findings of several baseline ecological surveys 
(i.e. botanical, breeding bird and wintering bird surveys) for the Woodsmith Mine site. These 
surveys (summarised in Table A1, Appendix A) were undertaken from October 2011 to 
October 2012 and during the period February 2013 to January 2014.  They were 
supplemented by a detailed ecological desk-based study and information obtained from 
stakeholders.   
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4.1.4 Further surveys for snipe, curlew and nightjar were undertaken in 2016 of areas within and 
around the Woodsmith Mine site. Although these species are not qualifying features for the 
North York Moors SAC or SPA, these surveys also provided supplementary information on 
the underlying habitats and their quality. Full details of these surveys are reported within 
Phase 2 condition discharge reports (40-RHD-WS-83-EN-SV-0001 and 40-RHD-WS-83-EN-
SV-0003).  

4.1.5 In addition to ecological surveys, Sirius Minerals has implemented a programme of ground 
and surface water monitoring, in accordance with the requirements of the planning 
permission. This is providing weekly and monthly data (as appropriate), within the area of 
influence of the works, on: 

 Groundwater level and quality; 
 Spring flows and spring water quality; and 
 Surface water flows, quality and geomorphology (at Sneaton Thorpe Beck). 

4.1.6 Potentially significant effects that could influence the North York Moors SAC and SPA 
because of the S73 amendments are identified in Table 2.  

4.1.7 These identified effects are considered in more detail in a screening matrix (Table 3), which 
sets out relevant considerations and conclusions as to whether there is a LSE on the 
designated sites.  
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Table 2 Potentially significant effects associated with the S73 amendments that could affect 
the North York Moors SAC and SPA 

Designated 
site Potential effects 

Presented in 
screening matrix 
(Table 3) as 

North York 
Moors SAC 

Direct effect of dust generated during construction activities (e.g. 
earthworks, use of the haul roads) settling onto the SAC habitats 
(although prevailing wind is from the south-west). 

Dust 

Indirect effects associated with the dry storage of the extracted 
polyhalite settling onto the SAC habitats. Dust 

Indirect effects associated with the emissions on and around the 
Woodsmith Mine site (including from plant and on-site power 
equipment) and deposition of nitrogen on the SAC habitats.  

Nitrogen 
deposition  
onsite plant and 
power generation 

Indirect effects associated with emissions from road vehicles and 
deposition on the SAC habitats.  

Nitrogen 
deposition  road 
traffic movements 

Alteration to groundwater flows affecting water dependent 
habitats and species within the SAC. 

Alteration to 
groundwater 

Alteration to surface water flows affecting water dependent 
habitats and species within the SAC. 

Alteration to 
surface water 

North York 
Moors SPA 

Indirect effect of dust generated during construction activities 
(e.g. earthworks, use of the haul roads) settling onto supporting 
habitats which the SPA birds could use. 

Dust 

Indirect effects associated with the dry storage of the extracted 
polyhalite settling onto supporting habitats which the SPA birds 
could use. 

Dust 

Indirect effects associated with emissions on and around the 
Woodsmith Mine site (including from plant and on-site power 
equipment) and deposition of nitrogen on supporting habitats 
which the SPA birds could use. 

Nitrogen 
deposition  
onsite plant and 
power generation 

Indirect effects associated with emissions from road vehicles and 
deposition on supporting habitats which the SPA birds could use. 

Nitrogen 
deposition  road 
traffic movements 

Alteration to groundwater flows affecting water dependent 
supporting habitats within the SPA. 

Alteration to 
groundwater 

Alteration to surface water flows affecting water dependent 
supporting habitats within the SPA. 

Alteration to 
surface water  

Disturbance to birds (merlin and golden plover) from noise, 
vibration and/or visual disturbance. Disturbance 
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5 Appropriate Assessment 

5.1.1 The S73 amendments at Woodsmith Mine will not directly affect habitats or species within the 
boundary of the North York Moors SAC and SPA as all the works are outside the boundaries 
of this designated site. 

5.1.2 The adopted HRA report (Amec Foster Wheeler, 2015 produced on behalf of the NYMNPA) 
concluded that with the incorporation of appropriate mitigation measures (as provided in 
Table 3), there would be no LSE on the North York Moors SPA. This remains the conclusion 
for the S73 amendments, as shown in Table 3.  

5.1.3 The S73 amendments at Woodsmith Mine will not result in a LSE on most of the SAC features, 
with the exception of potential effects on some potentially groundwater-dependent species 
found i ork Moors SAC. 

5.1.4 Appendix B to this Shadow HRA report presents a Hydrogeological Risk Assessment of the 
cumulative, long-term impacts of the Woodsmith Mine development on groundwater levels 
and spring flows (FWS, 2017).  The Hydrogeological Risk Assessment has been informed by 
the results of quantitative, multi-layered Transient and Dynamic State modelling, undertaken 
by ESI Limited. 

5.1.5 Groundwater management measures incorporated within the design of the permanent mine 
  

 Within the Shaft Platform and Laydown areas, a natural geological clay barrier or a re-
compacted clay liner will be constructed over the Moor Grit aquifer; 

 A trench constructed to promote re-infiltration of surface runoff to recharge the Moor 
Grit Formation up hydraulic gradient of the source area to Moorside Farm Spring (the 

; and  
 Groundwater drainage areas, beneath Bunds E and F, will collect spring water issues 

from the Scarborough and Cloughton Formations, for discharge to the attenuation 
ponds within the main surface water drainage system.  

5.1.6 Further detail of these mitigating features is provided in the S73 submission and within 
Appendix B. 

5.1.7 As a result of the changes to the shaft platform level being raised above groundwater levels 
in the Moor Grit aquifer (see Paragraph 1.1.3), there is no longer a groundwater management 
requirement to incorporate the grout curtain and pressure relief drain (within the previously 
approved scheme) within the S73 submission. As such, these features have been excluded 
from the quantitative modelling.  

5.1.8 The recharge trench, therefore, provides the key mitigation in the context of this shadow HRA.  
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5.1.9 As presented in the Dove s Nest Farm (now Woodsmith Mine) Hydrogeological Baseline 
Report (FWS 2016) Ref. No. 1975OR01 (July 2016), the design permeability of the Moor Grit 
aquifer, into which the recharge trench is to soakaway, has been derived from evaluation of 
three laboratory permeability tests, six site based packer tests, two site based pumping tests 
and a site based variable head test.  The results of this testing are provided within Appendix 
C.  

5.1.10 The laboratory and in-situ test data were considered together with the simulated permeability 
of this strata necessary to achieve dynamic and steady state groundwater levels that 
correspond to the four years of baseline groundwater level monitoring within the Moor Grit 
aquifer. As stated in Section 3.4 of the ESI modelling report (Appendix 2 of Appendix B), as 
part of the quantitative modelling process sensitivity and uncertainty analyses were completed 
to test the influence of permeability variation in the Moor Grit aquifer. This entailed combined 
high and low recharge and hydraulic conductivity runs. The results of these sensitivity 
analyses determined that changes in the hydraulic conductivity of the Moor Grit aquifer will 
not significantly affect the impact on groundwater recharge to the spring.  On this basis, the 
modelling is considered to be robust, whilst also suitably conservative and demonstrates 
confidence in the recharge trench as effective mitigation. 

5.1.11 The quantitative modelling demonstrates that amended development, subject to the current 
application and incorporating mitigation in the form of the recharge trench, results in only 
negligible change (<0.05m) in groundwater levels in the Moor Grit aquifer that feeds Moorside 
Farm Spring (in the Spring Flush area).  

5.1.12 Up hydraulic gradient of the spring, 80m to the east, baseline monitoring has determined that, 
during the summer to autumn period, spring flow is intermittent with sustained no flow 
conditions recorded for periods of up to five weeks. This is in response to natural seasonal 
fluctuation of 1.5m in the Moor Grit aquifer in this area. The modelling itself simulates a fall 
between 0.07m to 0.19m at this time, which is negligible compared to the observed natural 
range.  

5.1.13 The Hydrogeological Risk Assessment demonstrates that the spring is sourced primarily from 
runoff from the superficial deposits (i.e. rainfall and the natural sloping topography of the 
area), with only a minor and intermittent contribution from the Moor Grit Aquifer. This is 
supported by all baseline monitoring and ecological surveys of the area carried out to date.  
On this basis, it can be confidently and conservatively concluded that the negligible change 
in groundwater levels that have been modelled (as a worst realistic case scenario) will have 
no significant impact to spring flows or the hydrology of the Spring Flush.  

5.1.14 the cumulative and long-term effects 
of the development will cause a very low physical change in the groundwater levels in the 
Moor Grit or Scarborough Formations underlying the hydrogeologically supported Spring 
Flush ecosystem and a low physical change in the groundwater levels and spring flow rates 
at the Moorside and Soulsgrave Farm spring water supplies.  This very low change in 
groundwater levels is typically at times of the year when groundwater levels are low and where 
flow from the Spring Flush has been observed to be intermittent and dominated by 
contribution of recharge to the Moorside Farm Spring via superficial deposits which would not 
be affected by minesite development  
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5.1.15 Furthermore, the modelling has also confirmed that there is no requirement for any additional 
groundwater control measures, including the grout curtain and pressure relief drain. 

5.1.16 While the above information demonstrates confidence in the model and its conclusions; as 
requested by Natural England, Sirius Minerals has carried out in-situ testing, in the form of 
four soakaway tests and three rising head permeability tests, to confirm the infiltration 
characteristics of the Moor Grit sandstone along the planned alignment of the recharge 
trench. These data are presented in Appendix C. The results of this in-situ testing support 
and verify the modelled scenario and clearly demonstrate that the recharge trench will 
function at least as well as modelled. 

5.1.17 The recharge trench will be subject to final detailed design and, as per conditions 46 and 47 
of the extant planning permission (NYM/2014/0676/MEIA), plans for its ongoing monitoring, 
management (including appropriate remedial actions) and maintenance will be submitted to 
the NYMNPA for approval.  This will ensure the long-term effectiveness of the mitigation. 

5.1.18 On the basis of the above, and the detailed information presented in Appendices B and C, it 
can be concluded that there will be no adverse effect on the integrity of the North York Moors 
SAC as a result of the proposed changes to the Woodsmith Mine development. 
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Table A1  Summary of selected ecological baseline surveys undertaken for the Woodsmith Mine 
site. 

Ecological survey Reference Description 

Phase 1 Habitat Survey 
(2012) 

Proposed Mine baseline 
ecology surveys report 
(PCA, 2014) 

These surveys followed Joint 
Nature Conservation Committee 
(JNCC, 2010) guidance which 
was extended to include a search 
for evidence of the presence of, or 
potential to support, notable and 
protected species in or adjacent 
to the Site, as recommended by 
CIEEM. 

NVC survey (2012 and 
2013) 

A botanical walkover survey of the 
Site was undertaken and broadly 
followed the standard 
methodology for Phase 2 
vegetation surveys (National 
Vegetation Classification, 
Rodwell, 2000). 

Breeding bird surveys 
(2012, 2013 and 2014) 

Breeding bird surveys of the site 
undertaken in accordance with 
the Common Bird Census (CBC) 
methodology, described in 
Marchant (1983). 

Wintering bird survey 
(2011/12 and 2013/14) 

Golden plover and other 
moorland waders survey followed 
the Brown and Shepherd (1993) 
methodology for censusing 
upland waders. 



 
P r o j e c t  r e l a t e d  

 

10 November 2017 'SHADOW' HABITATS REGULATIONS ASSESSMENT 
REPORT 

40-RHD-WS-83-WM-RP-0001 REV 4   

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 
 

FWS Consultants Ltd
Merrington House
Merrington Lane Ind Est
Spennymoor
County Durham
DL16 7UT
Company Registration No.  3944252

1433DevOR296Rev5/September 2017 

 
 

 
 
 
 
 
 
 

 
 

REPORT HYDROGEOLOGICAL RISK ASSESSMENT OF THE 
CUMULATIVE LONG TERM CONDITIONS 

SITE WOODSMITH MINE, NORTH YORKSHIRE 
DOCUMENT NUMBER 40-FWS-WS-83-PA-RA-0002 
 

 

  

 

 

    

  



 

 
40-FWS-WS-83-PA-RA-0002 1433DevOR296Rev 5/September 2017 

PROJECT NUMBER 1433Dev 

PROJECT TITLE NORTH YORKSHIRE POLYHALITE PROJECT  

CLIENT 

Sirius Minerals Plc 
7-10 Manor Court 
Manor Garth 
SCARBOROUGH 
YO11 3TU 

REPORT TITLE Hydrogeological Risk Assessment of the Cumulative Long 
Term Conditions at Woodsmith Mine, North  Yorkshire 

REPORT REFERENCE 1433DevOR296 

DOCUMENT NUMBER 40-FWS-WS-83-PA-RA-0002 

 
REVISION Date Checked 

Final  27/09/2017 RIL 

 
 

  



 

 
40-FWS-WS-83-PA-RA-0002 1433DevOR296Rev 5/September 2017 

CONTENTS 
1 INTRODUCTION ...............................................................................................................1 

1.1 General Background ................................................................................................................ 1 

1.2 Objectives................................................................................................................................. 1 

2 DATA SOURCES ................................................................................................................1 

3 DETAILS OF THE LONG TERM OPERATIONAL MINESITE LANDFORM ..................................2 

3.1 General Description ................................................................................................................. 2 

3.2 Groundwater Management Measures .................................................................................... 3 

3.3 Duration of Operation.............................................................................................................. 3 

4 MINESITE HYDROGEOLOGICAL CONDITIONS ....................................................................3 

4.1 Introduction ............................................................................................................................. 3 

4.2 Geology .................................................................................................................................... 4 

4.3 Landform and Structures Forming the Operational Development ......................................... 5 

5 RECEPTORS ......................................................................................................................8 

5.1 Receptor Sensitivity ................................................................................................................. 8 

6 QUALITIVATIVE HYDROGEOLOGICAL RISK ASSESSMENT ................................................. 10 

7 QUANTITATIVE HYDROGEOLOGICAL MODELLING ........................................................... 10 

7.1 Conceptual Models ................................................................................................................ 11 

7.2 Modelling Approach............................................................................................................... 12 

7.3 Steady State and Dynamic Conditions Modelled .................................................................. 12 

7.4 Model Results ........................................................................................................................ 13 

7.5 Conclusions ............................................................................................................................ 15 

8 REFERENCES .................................................................................................................. 16 

 

APPENDICES 

1 DRAWINGS 
 1433DevOD232 Moorside farm tank Discharge (MF1) Proxy for Moorside Farm Spring (MF2) Flow rates Vs 

Groundwater levels and rainfall 
 1433DevOD292 Geological Map Plan And Exploratory Hole Locations with the Minesite Development 
2 ESI LTD, 2017 - York Potash: Groundwater Modelling to evaluate the cumulative and long term impact of the 

operational development corresponding to the Section 73 Application, Report No. 61415R9 D2 
 

 



 

1 
40-FWS-WS-83-PA-RA-0002 1433DevOR296Rev 5/September 2017 

 

1 INTRODUCTION 

1.1 General Background 

Since approval, detailed in planning permission NYM/2014/0676/MEIA for Woodsmith Mine, 
modifications have been undertaken to the application documentation to address design 
amendments. These modifications have included amendment and revision to the foreshafts, 
substructures, drift portal, tunnel and to the earthworks aspects of the mine surface 
development.  

As part of the Section 73 submission, which detailed these modifications, a hydrogeological risk 
assessment was compiled by FWS Consultants Ltd on behalf of Sirius Minerals (Ref 1). 
Subsequent to issue of that report, a meeting was held with the North York Moors National Park 
Authority and Natural England on 5th July 2017 to discuss the results of quantitative modelling 
from previous construction phases and the implications to long term groundwater conditions, 
post-construction. At that meeting it was agreed that, now the broader scheme has been 
established for the surface mine development, all future hydrogeological risk assessment and 
modelling would consider and incorporate the cumulative and long term impacts of the final 
scheme development. 

This document has therefore been prepared to provide an assessment of the results of 
quantitative modelling by ESI (Ref. 2) of the predicted changes to groundwater levels and spring 
flow rates caused by the cumulative and long term impacts of the finished mine site 
development.  

1.2 Objectives 

The purpose of this document is to:- 

 Provide details of the hydrogeology of the site and adjacent areas. 

 Provide details of the finished mine site development.  

 Provide an assessment of the quantitative multi-layered hydrogeological modelling 
conducted to analyse the potential magnitude of the impacts of the finished landform on 
groundwater levels and spring flows. 

 Identify, where appropriate, any additional hydrogeological mitigation measures that may 
be warranted as part of the development. 

2 DATA SOURCES 

The data considered within this report are from the following sources:- 
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Hydrogeological Data 

 Hydrogeological Baseline Report for the Woodsmith Mine, North Yorkshire 2012 to 2016 
(1975OR01; Ref. 3). 

 
 Hydrogeological Risk Assessment For the Section 73 Works At Woodsmith Mine, North 

Yorkshire (1433DevOR226 Rev2 July 2017 Ref. 1). 
 
 ESI Ltd, 2017 - York Potash: Groundwater Modelling to evaluate the cumulative and long 

term impact of the operational development corresponding to the Section 73 Application, 
Report No. 61415R9 D2 (Ref. 2; included as Appendix 2). 

 
Development Details Presented in the Section 73 Application 

The following Section 73 construction development details have been considered within this 
hydrogeological risk assessment, as provided by Sirius Minerals, Arup and Cartwright Pickard. 

3 DETAILS OF THE LONG TERM OPERATIONAL MINESITE LANDFORM 

3.1 General Description 

This report presents a hydrogeological risk assessment of the long term condition of the 
completed mine site development for the maximum size of the landscaped bunds included in the 
Section 73 submission, as shown on Arup Drawing  40-ARI-WS-71-CI-DR-1036, 40-SMP-WS-10-
PA-DT-0001 and YP-P2-CX-509.   

The Operational Phase development comprises earthworks and substructures, penetrating the 
superficial deposits and bedrock, which interact with the groundwater system.  A summary 
drawing of the key long term operational construction and earthworks elements is presented in 
Drawing 1433DevOD292.  Presented below is a summary of the operational elements impacting 
on the groundwater system and the hydrogeological regime post development. 

The long term earthworks and site surfacing elements interacting with the groundwater system 
will include the following:- 

 Earthworks to create the lined ponds, areas of hardstanding including the Shaft Platform 
and the welfare areas will reduce infiltration into the ground surface. 

 Landscaped Bunds A, B and G will be constructed of extractive material and will 
incorporate surface water drainage reducing infiltration into the ground surface. 

 Landscaped Bunds C, D, E and F will be constructed of extractive material and will have a 
geocomposite drainage layer above a designed capping and lining system reducing 
infiltration into the ground surface. 

The principal long term substructure elements interacting with the groundwater system will 
include the following. 
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 Lined shaft basement construction features at the Service Shaft and Production Shaft to 
around 5.5 m below ground level will locally impede groundwater flows in the Moor Grit 
Aquifer. 

 Two diaphragm walls at the Service and Production shafts, with outside diameters of 37.8 
m and 34.8 m extending to a depth of 60 m into the Ellerbeck Formation and their 
associated 11m diameter shafts together with the 11.05m diameter MTS shaft extending to 
a depth of 120m into the Whitby Mudstone. These structures will create local impedance 
to groundwater flows in the Ravenscar Formation aquifers. 

3.2 Groundwater Management Measures 

Groundwater management measures incorporated within design of the permanent mine site 
development, are as follows:- 

 Within the Shaft Platform and Laydown areas, a natural geological clay barrier or a re-
compacted clay liner are constructed over the Moor Grit aquifer. 

 A re-infiltration trench, collecting runoff from the catchment area on Bund C as illustrated 
in Arup Drawing YP-P2-CX-509, will promote re-infiltration of surface runoff to recharge the 
Moor Grit Formation up hydraulic gradient of the source area to Moorside Farm Spring.  

 Groundwater drainage areas, beneath Bunds E and F, will collect spring water issues from 
the Scarborough and Cloughton Formations, for discharge to the attenuation ponds within 
the main surface water drainage system.  

As part of this development, now that the Shaft Platform has been raised above groundwater 
levels in the Moor Grit aquifer, there is no longer a groundwater management requirement to 
incorporate the grout wall and relief drain from the approved scheme within the Section 73 
submission. As such, the modelling presented in this report has considered the Section 73 
scheme, excluding the grout wall and relief drain. 

3.3 Duration of Operation 

For the purpose of this hydrogeological risk assessment, it has been assumed that the duration of 
minesite operation will be such that steady state long term average conditions will establish.  
Model results therefore represent cumulative long term average (LTA) effects of the mine site 
development and the re-infiltration trench on the groundwater system.  These predicted effects 
are the worst case precautionary maximum expected long term average change under the 
imposed recharge condition.   

4 MINESITE HYDROGEOLOGICAL CONDITIONS 

4.1 Introduction 

From the geometry and construction details of the completed mine development, presented in 
Section 3, and the baseline hydrogeological conditions determined for the site (Ref. 1), the 
following sections present an overview of the interaction between aquifer conditions, the 
completed development surface and the below ground structures.   



 

4 
40-FWS-WS-83-PA-RA-0002 1433DevOR296Rev 5/September 2017 

Within this Section, reference is made to specific groundwater monitoring well locations, as 
shown in Drawing 1433DevOD292.   

4.2 Geology 

4.2.1 General 

Presented below is a summary of the superficial deposits and strata within the Ravenscar 
Formation that form the sensitive aquifers impacted on by the surface mine development. 
Drawing 1433DevOD292 (Appendix 1) illustrates the substructures, zones of no and low 
recharge, and groundwater management measures on the geological plan of the minesite and 
the adjacent Ugglebarnby and Sneaton Low Moor areas.  

4.2.2 Superficial Deposits 

Within the SAC, the soils consist of topsoil and peat, while on the minesite there is a thin 
covering of topsoil. The superficial deposits across the minesite and the moorland areas of the 
SAC consist of sandy gravelly clay (Glacial Till) to depths between 1.4m to 4.7m bgl, generally 
thinning towards the southeast of the minesite, and containing frequent sand lenses at the base 
of this unit.   

4.2.3 Long Nab Member 

The Long Nab Member underlies the south of the minesite and Sneaton Low Moor. It comprises 
weathered grey or orange/yellow fine to medium grained sandstone over a thin (0.2m to 0.45m 
thick) layer of dark grey mudstone. 

4.2.4 Moor Grit Member 

The Moor Grit Member un-conformably overlies the Scarborough Formation and comprises a 
grey, iron-stained fine to medium grained cross bedded sandstone with occasional medium to 
coarse gravel to pebble beds, discontinuous argillaceous beds and thin coal laminations within 
the mid-section of this unit.  The upper part of this sandstone unit is distinctly weathered to de-
structured, whilst the lower part of the sandstone unit is only partially weathered.  This 
sandstone unit ranged in thickness from 2.3m to 13.2m and the discontinuous argillaceous units 
within the mid-section ranged from 1m to 4m in thickness.  The base of the Moor Grit has a 
maximum dip of approximately 2° to the east beneath the SAC moorland and Woodsmith Mine, 
forming a shallow basin-like structure. 

4.2.5 Scarborough Formation 

The Scarborough Formation comprises three horizontal to sub-horizontal bedded weak to very 
weak, partially to distinctly weathered units including an upper moderately to highly fractured 
mudstone or siltstone, a grey-green sandstone/siltstone mid-section unit and a basal mudstone 
unit. To the west of the site, in the northern part of Ugglebarnby Moor (HG106A/GW121B), the 
lower argillaceous unit is a light to dark grey sandy argillaceous limestone with shell fragments.  

The upper mudstone/siltstone unit is on average 2m thick.  The middle sandstone unit ranges in 
thickness from 0.3m to 5.7m and the lower mudstone ranges in thickness from 0.05 to 9m.  The 
upper mudstone unit is discontinuous, especially towards the northern boundary of the 
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Woodsmith Mine. The base of the Scarborough Formation dips at a relatively shallow angle of 
around 1° to the east beneath the SAC and Woodsmith Mine, forming a basin-like structure.   

4.2.6 Cloughton Formation 

The Cloughton Formation comprises a series of interbedded sandstones and mudstones with 
occasional siltstones of between 23.5m to 52m thick.  Beneath Ugglebarnby Moor, the Cloughton 
dips at a relatively shallow angle (1 to 5°) to the east, becoming roughly horizontal beneath, and 
to the east of, the Woodsmith Mine. 

The upper part of the Cloughton Formation comprises a weak to extremely weak weathered 
mudstone of between 1 to 5m thick, which thickens to the south.  This overlies a medium strong 
to strong, partially to distinctly weathered, fine to medium grained sandstone, containing 
interbedded mudstone and occasional coaly and carbonaceous beds, particularly towards the 
base.  The total thickness of this sandstone-dominated Formation ranges from 11.2 to 33.1m.  
The Formation becomes more sandy and thicker towards the south, with fewer mudstone beds.  
In the central part of the minesite, the sandstone sequence contains a higher proportion of 
mudstone/siltstone beds.  The base of the Cloughton is dominated by an interbedded 
mudstone/siltstone sequence, of between 20 to 25m thick. 

4.2.7 Eller Beck Formation 

The Eller Beck Formation comprises 4 to 7 m of fine to medium sandstone, with a basal shale and 
ironstone unit (Ref. 30).   

4.2.8 Saltwick Formation 

The Saltwick Formation was between 37 to 40 m thick and comprises a series of interbedded 
sandstones, mudstones and siltstones, with some thin coals, with an upper argillaceous unit, a 
middle arenaceous unit and then a basal argillaceous unit.   

4.3 Landform and Structures Forming the Operational Development    

4.3.1 Hydrogeological Development Considerations  

As illustrated in Drawing 1433DevOD292 (Appendix 1) the final development of Woodsmith Mine 
will entail the following construction zones and substructure elements that will impact on 
groundwater flows and recharge within the Ravenscar aquifers: 

Zones of No Recharge 

 The tiered Shaft Platform and the Laydown areas will either have a hardstanding or 
landscaped surface underlain by an insitu natural or enhanced clay geological barrier 
overlying the Moor grit aquifer. These surfacings will restrict surface water recharge into 
the underlying bedrock. 
 

 The Welfare Unit and access road will have hardstanding surfacing underlain by 
predominantly cohesive Glacial Till overlying the Long Nab and Moor Grit aquifers. This 
surfacing will restrict surface water recharge into the underlying bedrock.  
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 The surface water drainage ponds and attenuation basins will have a landscaped surface 
underlain by insitu or engineered clay overlying the Moor Grit, Scarborough or Cloughton 
aquifers. This surfacing will restrict surface water recharge into the underlying bedrock. 

 Landscaped bunds C, D, E and F will have a capping and lining system that will restrict 
surface water infiltration into the underlying Moor Grit and Scarborough aquifers. 

Zones of Low Recharge 

 Landscaped Bunds A, B and G,  and general landscaped areas across the site will have a soil 
cover and a surface water drainage system that will reduce but not inhibit permeation of 
surface water ingress into the underlying Glacial Till overlying the Long Nab, Moor Grit, 
Scarborough and Cloughton aquifers. 

Substructure Elements 

 The diaphragm walling and shaft structures to the Production, Service and MTS shafts will 
undwater flows 

in the Moor Grit, Scarborough, Cloughton and Saltwick aquifers. 
 

  to the Production and Service Shafts will form permanent and 
Moor Grit 

aquifer. 

Permanent Groundwater Management Measures 

 The re-infiltration trench constructed around Bund C will enable surface water runoff, 
collected from within the capping system to soakaway into the Moor Grit strata. 
 

 The two groundwater drainage areas beneath Bunds E and F collect local surface water 
issues from the Scarborough Formations. 

4.3.2 Aquifer Conditions 

From the results of the ground investigation and the baseline groundwater monitoring, a 
summary is provided in Table 1 overleaf of the aquifer units, the interpreted groundwater 
surface, design permeability characteristics and water quality conditions that characterise the 
hydrogeological conditions within the zones of no and low recharge and substructure elements 
associated with the final development landform.  
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5 RECEPTORS 

5.1 Receptor Sensitivity 

The sensitivity of groundwater receptors has been assessed in terms of their ability to 
accommodate physical or chemical change and on the impact any change may have on a regional 
or local ecological or other environmental system.  By adopting this approach to the qualitative 
assessment, the most sensitive receptors are determined to be those with very limited or no 
capacity to accommodate physical and/or chemical change that are of very high importance as a 
groundwater resource.  Conversely very low sensitivity receptors are those that can generally 
tolerate physical and/or chemical changes and are of low importance as a groundwater resource.  
Groundwater receptor characteristics and receptor examples are detailed in Table 2 below:- 

Table 2  Sensitivity Evaluation 

Sensitivity Groundwater Receptor Characteristics Receptor Examples 

Very High 

 has very limited or no capacity to 
accommodate physical or chemical 
changes 

 supports internationally important 
ecological, amenity or landscape 
features 

 licensed public water supply or major industrial 
abstractions (e.g. SPZ 1/2) 

 licensed/unlicensed abstractions and springs 
providing potable water supply, for which there is no 
alternative source (e.g. mains water) 

 designated SAC, SPA, or Ramsar site with fauna or 
flora that are hydrogeologically supported from 
groundwaters within rock aquifers 

 surface water bodies supporting the above 

High 

 has limited capacity to accommodate 
physical or chemical changes 

 supports nationally important ecological 
amenity or landscape features 

  
 licensed/unlicensed abstractions and springs 
providing potable water supply, for which an 
alternative source (e.g. mains water) is available 

 SSSI, NNR with fauna or flora that are 
hydrogeologically supported from groundwaters 
within rock aquifers 

 designated SAC, SPA, or Ramsar site with fauna or 
flora that are supported from both surface runoff and 
groundwaters within superficial or rock aquifers 

 surface water bodies supporting the above 

Medium 

 has limited capacity to accommodate 
physical or chemical changes 

 supports regionally important ecological, 
amenity or landscape features 

 
 

 regionally important wildlife sites with fauna or flora 
that are hydrogeologically supported from 
groundwaters within rock aquifers 

 non-potable licensed abstractions 
 surface water bodies supporting the above or 
classified as Good under Water Framework Directive 

Low 

 has moderate capacity to accommodate 
physical or chemical changes 

 supports locally important ecological, 
amenity or landscape features 

 non-potable unlicensed abstractions 
 local wildlife sites (LNR, SNCI, RIGS), country parks 
with flora hydrogeologically supported from 
groundwaters within rock aquifers 

 designated SAC, SPA, or Ramsar site with fauna or 
flora that are not hydrogeologically supported from 
groundwaters within rock aquifers 

 surface water bodies supporting the above or 
classified as Moderate under Water Framework 
Directive 
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Sensitivity Groundwater Receptor Characteristics Receptor Examples 

Very Low 

 generally tolerant of and can 
accommodate physical or chemical 
changes 

 supports no features of significant 
ecological, amenity or landscape value 

 
 

 surface waters with no important, dependent 
receptors 

 SSSI, NNR with fauna or flora that are not 
hydrogeologically supported from groundwaters 
within rock aquifers 

 
All groundwater level, spring flow and water quality data referred to in this report is presented in 
detail in the revised Hydrogeological Baseline Report (Ref. 1) from which five types of 
groundwater receptors have been identified in the vicinity of the Woodsmith Mine that could be 
impacted on by its long term operational condition.  These are streams, springs, private water 
supplies, the Special Areas of Conservation containing potentially groundwater-supported 
terrestrial ecosystems, and controlled waters in sensitive aquifers comprising the Secondary A 
Aquifers, as summarised in Table 3 below. 

Table 3  Receptor Sensitivity 

Type Receptor Sensitivity 
Sensitive Aquifers Moor Grit Member Medium 

Scarborough Formation Medium 
Cloughton Formation Medium 
Saltwick Formation Medium 

Base Flow Springs Doves Nest Farm Spring (DNS1) Very Low 
Ugglebarnby Moor Spring (SP01) Very Low 
Springs Northwest of Ugglebarnby Moor (SP02, SP03) Very Low 
Springs North of Woodsmith Mine (SP04)  Very Low 
Springs North of Woodsmith Mine (KHF)  Very Low 

Spring Water Supplies Moorside Farm Spring (MF2) High 
Soulsgrave Farm Spring (SF2) High 
Newton House Farm Spring (NHF1) High 

Groundwater Abstractions Sneaton Low Moor Caravan Park  High 
Ecological Receptors Ugglebarnby Moor Northern Dry Heath Area Low  

Ugglebarnby Moor Central Wet Heath Area Low  
Ugglebarnby Moor Southern Dry Heath Area Low  
Ugglebarnby Moor Southern Spring Flush High  
Sneaton Low Moor Dry Heath Area Low 

Surface Waters Sneaton Thorpe Beck Low 
Little Beck Medium 

 
From the previous hydrogeological risk assessments (Ref 1, 4, 5, 6, and 7), the principal sensitive 
hydrogeological receptors identified in close proximity to the operational mine will include; the 
two springs used for domestic water supplies at Moorside and Soulsgrave farms and the Spring 
Flush ecosystem.  

As the springs provide unlicensed potable water supplies, for which an alternative source (e.g. 
mains water) is available  

With regards to the Spring Flush area, in the original hydrogeological risk assessment submitted 
in support of the Planning Application (Ref 1), this was categorised in 2014 

was a hydrogeologically supported terrestrial ecosystem within an 
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SAC designated area.  Subsequent baseline and construction phase monitoring between 2014 
and 2017 has demonstrated that this ecosystem is however, sustained by a combination of 
surface water runoff, and seasonal and intermittent spring flows that are sourced from both 
superficial glacial soils and the Moor Grit aquifer.  This is demonstrated in the Hydrogeological 
Baseline Report that shows that rainfall recharge is the predominant process with the Moor Grit 
aquifer providing a secondary ephemeral source of recharge.  This is supported by the ecological 
survey undertaken by Paul Chester Associates (Ref. 4) that the plant life is maintained by 
topography and surface water from rainfall.   

As such, in view that this terrestrial ecosystem is partially supported by surface runoff and only 
intermittently sustained by spring groundwater flows from the rock aquifer, it is categorised as of 

in terms of its sensitivity to hydrogeological conditions. 

In addition  down hydraulic gradient of the bunds to the 
east of the development are the Moor Grit, Scarborough and Cloughton Secondary A aquifers, 
which are characterised as of medium sensitivity.  

6 QUALITIVATIVE HYDROGEOLOGICAL RISK ASSESSMENT 

A qualitative hydrogeological risk assessment was presented in the FWS report (Ref 1), in respect 
of the completed Section 73 amended mine development, which provided a summary evaluation 
of the potential physical and chemical impacts of the long term operational condition of the mine 
site on the above sensitive hydrogeological receptors. That report concluded that for the 
operational condition the magnitude of physical and chemical effects of the modified mine 
surface development on the ecological, spring and Secondary A aquifer receptors would remain 
as negligible to minor. As part of the Permit application, pollution modelling of the final footprint 
of the bunds would be undertaken. 

Presented in Section 7 of this report are the results of the quantitative modelling undertaken to 
evaluate the long term cumulative effects of the surface mine development works on 
groundwater levels and spring flows and their impacts on Moorside Farm Spring, Soulsgrave 
Farm Spring and to the Spring Flush area of the SAC. 

7 QUANTITATIVE HYDROGEOLOGICAL MODELLING  

To evaluate the magnitude of the potential adverse impacts on groundwater levels and to spring 
flows sustaining the sensitive receptors, identified in Section 5, quantitative Dynamic and Steady 
State modelling has been carried out by ESI Ltd (ESI) in the following two principal stages:- 

 Stage 1  baseline 
conditions. 

 Stage 2 - Evaluation of the cumulative hydrogeological physical effects of the long term 
operational mine development to highlight potentially unacceptable adverse impacts on 
the key sensitive receptors and to determine whether additional mitigation measures are 
warranted. 

In the following sections, details are provided on the conceptual models developed to evaluate 
the impact of the long term operational mine development, the groundwater modelling 
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approach adopted and the model runs undertaken.  The results of the multi-layered quantitative 
analysis of the simulated physical changes in groundwater levels in the Moor Grit and 
Scarborough aquifers and of the spring flowrates at Moorside Farm and Soulsgrave Farm springs, 
are summarised in Section 7.4 of this report and present in full in Appendix 2. 

7.1 Conceptual Models 

Full details of the conceptual hydrogeological model are given in Section 2 and 3 of the ESI report 
(Appendix 2), including geological cross-sections of the site showing the aquifer units affected by 
the development. 

7.1.1 Pre-Construction Baseline Conditions 

The model area is shown in Figure 2.1 for the Moor Grit aquifer and Figure 2.2 for the 
Scarborough aquifer (Appendix 2).  The model has an active area of approximately 3.7 km east-
west, 6.2 km north-south and the model grid cells are 20 m x 20 m in size.  A refined grid area, 
where the model cells are 2 x 2 m in size, was adopted for the re-infiltration trench location west 
of Bund C and the reduced recharge areas into the Moor Grit created by the Shaft Platform, the 
Working Platform and Batching Plant surfaced areas, and by the landscaped bunds.  

The superficial deposits, which are primarily cohesive and of a low permeability, are considered 
as non-aquifer units and cannot be modelled. As such, the model does not apply to the 
superficial deposits present on both the minesite and the SAC, and the simulated changes in 
groundwater levels are representative of those occurring in Moor Grit and Scarborough aquifers 
only.   

The external model boundaries for the two main aquifer units are shown in Figure 2.1 and 2.2 
(Appendix 2).  The Moor Grit and Scarborough have drain cells to the west, north and east, with a 
recharge boundary to the south.  The drain cells are used to simulate both spring discharges and 
discharge from the aquifer outcrop edges (which include transfers from an upper to a lower 
aquifer unit).     

7.1.2 Construction Conditions 

The long term mine construction features that are expected to impact on groundwater levels and 
spring flows have been simulated in the following worst case model.  The conservative 
assumptions made on the construction elements are listed below and illustrated in Drawing 
1433DevOD292 Appendix 1 and Figures 2.1 and 2.2 Appendix 2. 

1. Areas occupied by bunds C, D, E and F, lined ponds, areas of hardstanding and buildings, 
the laydown area, welfare area, and shaft platforms 

 

2. Areas of bunds A, B and G, capped with restoration soils only, are treated as with a 
conservative reduced recharge of 10% of background recharge (equivalent to 20 mm/a). 

3. Lined shaft basement construction features at the Service Shaft and Production Shaft to 
around 5.5 m below ground level have been modelled as impermeable.  To more 
accurately represent the basements in the model, layer one (the Moor Grit Formation) was 



 

12 
40-FWS-WS-83-PA-RA-0002 1433DevOR296Rev 5/September 2017 

split in half to form two layers and the no flow boundary condition for the basement was 
only added to the uppermost layer. 

4. Three diaphragm walls at the Service, Production and MTS shafts, with outside diameters 
of 37.8 m, 34.8 m and 11.05 m respectively.  Each of these diaphragm walls will be 1.2 m 
thick and will be installed to 60 m depth keyed into the Ellerbeck Formation. These have 
been simulated as No Flow boundaries to the base of the Cloughton Formation.   

5. Three lined shafts to 120 m depth and 11 m diameter at each of the three shaft locations. 
These have been simulated as No Flow boundaries to the base of the Saltwick aquifer.   

6. A re-infiltration trench that will collect runoff from the catchment shown in Arup Drawing 
YP-P2-CX-509 and recharge into the Moor Grit Formation.  The re-infiltration trench is 
assumed to be excavated into the Moor Grit Formation rock head.  An upper limit to the 
recharge along this trench was calculated based on the catchment area (approximately 6.5 
ha) of the re-infiltration trench and effective precipitation.  To prevent groundwater 
flooding along the re-infiltration trench, drain cells were placed along the trench outline in 
layer one.   

7.2 Modelling Approach 

The groundwater modelling has been undertaken using the USGS numerical finite difference 
groundwater model code MODFLOW-2005, using the Groundwater Vistas 6 (GV6) interface.  A 
modified version of MODFLOW-2005 (MODFLOW-USG) called MODFLOW-USG, has also been 
used which allows for the use of unstructured grids.  The following model runs were undertaken 
for both the pre-development base case and post-development models: 

 One steady state model run with background recharge at calibrated levels.  This run was 
undertaken to determine the Long Term Average (LTA) change in groundwater levels and 
spring flows as a result of the construction features forming the post-development 
landform; and 

 One dynamic steady state model run to determine the maximum and minimum changes in 
spring flows and groundwater levels through a typical year using a typical synthetic 
recharge sequence to allow typical seasonal changes in water levels to be shown. 

Full details of the model construction, parameter setting, input parameters and model 
calibration are presented in  report (Appendix 2). 

7.3 Steady State and Dynamic Conditions Modelled 

For the long term steady state conditions, the post development construction features have 
been imposed onto the pre-development base case model. In addition, surface water discharge 
into the re-infiltration trench was decreased from the maximum calculated value for the 
catchment until unacceptable groundwater flooding was not observed in the model.  The 
recharge rate for the model cells, representing the re-infiltration trench, was calculated to be 
27,710 mm/a (approximately 140 times background recharge) at steady state conditions.  This 
was then used in the model to obtain the steady state post-development model results that are 
representative of Long term Average (LTA) post-development conditions. 
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For evaluation of the long term average seasonal variation conditions, the dynamic steady state 
base case and post-development steady state models were both converted to transient 
simulations and run for several years until dynamic steady state had been achieved.  For the 
purposes of this study, dynamic steady state is defined as the point at which the amplitude of 
seasonal groundwater fluctuations does not change.  From this modelling, it was determined 
that dynamic steady state conditions could develop after a period of six years after completion of 
the operational landform.  

For the dynamic model runs the initial heads derived from the steady state models were used.  A 
synthetic recharge sequence was derived from MORECS data and long term monthly rainfall at 
Whitby to model a total annual recharge equivalent to the steady state calibrated model 
recharge of 200 mm/a.  Zero recharge was applied over the summer period (June to September, 
inclusive), which is consistent with rainfall experienced on site during recent summers.  On a 
similar basis a synthetic sequence was developed to represent monthly recharge into the re-
infiltration trench with low recharge during summer months and high recharge over the winter 
months (November to March) so that the total annual recharge was equivalent to that used in 
the steady state model.   

To enable evaluation of the magnitude of physical impacts at the key sensitive groundwater 
receptors described above, the following existing monitoring locations and dummy points were 
considered in the simulations, as shown in Figure 3.1 and 3.2 (Appendix 2) for the Moor Grit and 
Scarborough aquifers respectively:- 

 Spring Flush Receptor: the impacts on groundwater level changes in the Moor Grit strata 
were considered by simulated changes at Assessment Points SAC 6, 7 and 8 (at well 
GW133A/HG111A)  and at existing wells GW130 and 131. 

 Moorside Farm Spring Receptor: the impacts on groundwater level changes in the Moor 
Grit strata were considered by simulated changes at Assessment Points SAC 6, 7 and 8 (at 
well GW133A/HG111A) and at existing wells GW130 and 131. 

 Soulsgrave Farm Spring Receptor: the impacts on groundwater level changes in the 
Scarborough strata were considered at the intermediate well position GW112/HG119 from 
the simulated impacts on spring flows at SF2. 

7.4 Model Results 

Impacts on Ground Water Levels  

The results of the Steady State modelling have been compared with the baseline conditions for 
the Moor Grit and Scarborough Formations. This shows that the greatest fall in groundwater 
levels in the Moor Grit occurs in two depressions and is counteracted by the re-infiltration trench 
in the centre of the site that locally increases groundwater levels between the areas of reduced 
and zero recharge.  

Decreases in groundwater level reach approximately 2 m to the north west of the Shaft Platform 
and 2.9 m around Bunds C and D, and the Welfare area.  Due to the relatively large areas of no 
recharge zones, the steady state decline in groundwater levels is simulated to cover almost the 
entire minesite area, except local to the re-infiltration trench.  Around the Spring Flush and 
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Moorside Farm Spring area, this effect reduces to a fall in groundwater levels of less than 0.05 m 
due to the recharge to the spring source sustained by the re-infiltration trench. 

From the dynamic state modelling of seasonal changes in the Moor Grit aquifer, which sustains 
the Moorside Farm Spring and the Spring Flush terrestrial ecosystem, the following changes in 
ground water levels are simulated to occur at the locations shown in Figure 3.1 (Appendix 2):- 

 A 1.03m to 1.81 m rise in groundwater levels (between March to January) above baseline 
conditions SAC 6 located 200m from Moorside Farm Spring. 

 A 0.61m to 1.25m rise in groundwater levels (between April to January) to above baseline 
conditions at SAC 7 located 115m from Moorside Farm Spring. 

 A 0.07m to 0.19m fall in summer groundwater levels at GW133A located 80m from 
Moorside Farm Spring. 

 A 0.17m to 0.32m fall in summer (July to September) groundwater levels at SAC 8 located 
125m from Moorside Farm Spring. 

 A negligible <0.05m fall in groundwater levels at Moorside Farm Spring. 

As illustrated by the baseline data (Drawing 1433DevOD232 Appendix 1), during the summer to 
autumn period, groundwater levels in the Moor Grit at Moorside Farm Spring (GW133A / 
HG111A) typically fluctuate by around 1.5m. The modelling locations that best represent the 
groundwater level changes immediately uphydraulic gradient of the spring and forming its 
primary source area are best represented by the triangle of modelled nodes at MF2 at the spring,  
GW113A 80m to the southeast, SAC 8 125m south west and SAC 7 115m to the north east (Figure 
3.1 Appendix 2). From this triangle of nodes, the simulated groundwater level changes over the 
summer autumn period at SAC 7 and 8 around 120m, uphydraulic gradient of the spring, will vary 
between a minimum rise of 0.61m to a maximum fall of 0.32m at SAC 8.  This indicates that the 
re - infiltration trench will provide adequate recharge into the Moor Grit Aquifer.  This 
demonstrates that the simulated groundwater level change in the Moor Grit Aquifer at the 
spring is very low in comparison with the magnitude of seasonal variation in the groundwater 
levels at this location.  Therefore, as the spring is sourced primarily from runoff from the 
superficial deposits, with only a minor contribution from the Moor Grit Aquifer, the small change 
in groundwater levels caused by the minesite development will have no significant impact to 
spring flows.  This condition is supported by the results of the spring flow rate simulations 
discussed below and equates to a local very low magnitude of change against the natural 
baseline seasonal variation, which is considered to represent a negligible significance of impact 
on this receptor.   

In the Scarborough aquifer, the simulated groundwater level changes at GW136, within the same 
zone of groundwater level impact as the spring at Soulsgrave Farm, demonstrate a steady state 
impact of 0.27m. When compared with the annual seasonal groundwater level fluctuation 
monitored in the Scarborough in HG119/GW112 and GW 115, of 1.3m and 1.5m respectively 
(Ref. 1), this equates to a local low magnitude of change against the natural baseline seasonal 
variation, which is considered to represent a minor significance of impact on this receptor. 

Impacts on Spring Flow Rates  
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As illustrated in Figure 3.9 (Appendix 2) and demonstrated from the baseline hydrogeological 
monitoring (Drawing 1433DevOD232 Appendix 1), the long term changes in recharge to 
Moorside Farm spring is simulated to cause a very low reduction in spring flow rate over the May 
to October period of up to  4.9 x 10-3 l/s (0.42 m3/day). As illustrated in Drawing 1433DevOD232, 
during this summer to autumn period of low recharge conditions, baseline monitoring has 
typically recorded intermittent spring flow rate discharges at this location of around 0.03 l/s, 
although varying between no flow and peak of 0.06 l/s, which is a very small change in 
comparison with the measured seasonal range in flow rates. Such a very low reduction in spring 
flow rate over the May to October period of up to 4.9 x 10-3 l/s would be beyond the resolution 
of measurement in the field, and would therefore not be noticeable either too the domestic 
water supply or the spring flush area.  

Simulated reductions in spring flow rate changes at Soulsgrave Farm Spring due to the long term 
changes in recharge to the Scarborough Formation are simulated to cause a relatively consistent 
very low reduction in spring flow rates of up to 6.2 x 10-3 l/s (0.54 m3/day). Baseline monitoring 
has determined that seasonal flows vary between 0.1 and 1.0 l/sec during the winter months, 
0.02 and 0.7 l/sec during the spring months, no flow to 0.6 l/sec during the summer months, and 
no flow to 0.53 l/s during the autumn months. As such, the simulated changes in spring flows at 
this location, caused by the proposed long term operational conditions is less than 1% of the 
measured winter  season fluctuation in flow rates and less than 10% of the measured summer 
seasonal range in flow rates. Such changes would be beyond the resolution of measurement in 
the field, and would therefore not be noticeable.  

7.5 Conclusions 

The results of the multi-layered Transient and Dynamic State modelling undertaken by ESI has 
determined that the cumulative and long term effects of the development will cause a very low 
physical change in the groundwater levels in the Moor Grit or Scarborough Formations 
underlying the hydrogeologically supported Spring Flush ecosystem and a low physical change in 
the groundwater levels and spring flow rates at the Moorside and Soulsgrave Farm spring water 
supplies.  This very low change in groundwater levels is typically at times of the year when 
groundwater levels are low and where flow from the Spring Flush has been observed to be 
intermittent and dominated by contribution of recharge to the Moorside Farm Spring via 
superficial deposits which would not be affected by minesite development.   

On the basis of this modelling, it has been confirmed that there is no requirement for any 
additional groundwater control measures to be implemented as part of the final minesite 
development to mitigate physical impacts on groundwater levels or spring flow rates on sensitive 
receptors. 

R IZATT-LOWRY  
DIRECTOR  
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1 INTRODUCTION 

1.1 General Background 

In September 2017, FWS Consultants prepared a Hydrogeological Risk Assessment of the 
Cumulative Long Term Conditions at Woodsmith Mine (Ref 1). That document included 
quantitative hydrogeological modelling by ESI (Ref 2) to demonstrate the effectiveness of the 
recharge trench to be constructed to the west of Bund C. This recharge trench is designed to 
mitigate impacts on the hydrogeological receptors including Moorside Farm Spring and the 
Spring Flush area. 

Since submission of that document, additional hydrogeological testing has been undertaken by 
Arup (Ref 3) to confirm the infiltration characteristics of the Moor Grit Sandstone, into which the 
recharge trench is to discharge. This Technical Note presents a summary of this additional 
information in conjunction with the previous permeability information for the Moor Grit 
Sandstone, as presented in the Hydrogeological Baseline Report (Ref 4). By comparison of this 
supplementary site specific test data with the permeability characteristic adopted in the 
quantitative model, ESI has reviewed the  hydraulic conductivity of the Moor Grit Sandstone 
used in simulating the performance of the recharge trench  evaluation of this new data is 
presented in its Technical Note: Section 73 Groundwater Modelling: Review of Model 
Limitations, which is included as Appendix 2 of this document.  

Based on the supplementary in-situ infiltration data from the alignment of the recharge trench 
and review of hydrogeological parameters adopted in the model, clarification is provided in this 
Technical Note to demonstrate that the design of the proposed recharge trench will mitigate 
potential hydrogeological risks to groundwater flows at Moorside Farm Spring. 

2 SUMMARY OF INFILTRATION CHARACTERISTICS FOR THE MOOR GRIT 
SANDSTONE 

2.1 General 

As detailed in the Hydrogeological Baseline Report (Ref 1) and determined from the Arup 
infiltration testing (Ref 4), the following sections provide details of the geometry and physical 
properties of the Moor Grit Sandstone aquifer into which the proposed re-infiltration trench will 
discharge. 

2.2  Geometry and Physical Properties of Aquifer 

thick and 
comprises a layer of weathered and fractured permeable fine to medium grained cross bedded 
sandstone with occasional medium to coarse gravel to pebble beds and discontinuous 
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argillaceous beds and thin coal laminations within the upper and mid-section of this unit.  It rests 
unconformably on the upper mudstone beds of the Scarborough Formation. 

From the visual descriptions of the Moor Grit rock core and exposed in the trial pits excavated 
along the line of the recharge trench, the permeable upper part of the Moor Grit aquifer unit is 
expected to exhibit both intergranular and fracture flow.  From the visual descriptions of the 
rockhead, along the alignment of the proposed infiltration trench, the sandstone was generally 
observed to have multiple weathered fractures and bedding planes within the upper 0.4m to 
0.6m and was underlain by more competent sandstone below. 

2.3  Site Measured Hydrogeological Properties 

The hydrogeological properties of the Moor Grit, as determined by insitu and laboratory testing, 
may be summarised as detailed overleaf. 

Hydraulic Conductivity  

 Most Likely Value Range 

Laboratory Testing  
Weathered 2.03 x 10-5 m/s  
Fresh 7.15 x 10-6 m/s  
Packer Tests 
 2.03 x 10-5 m/s 1.4 x 10-5 m/s to 2.4 x 10-5 m/s 
 1.86 x 10-5 m/s 1.3 x 10-5 m/s to 2.0 x 10-5 m/s 
 1.55 x 10-5 m/s 1.3 x 10-5 m/s to 1.9 x 10-5 m/s 
 2.89 x 10-6 m/s 2.7 x 10-6 m/s to 4.7 x 10-6 m/s 
 3.8 x 10-5 m/s - 
 1.58 x 10-5 m/s 2.2 x 10-5 m/s to 5.5 x 10-5 m/s 
Pumping Test 
HG123 2 x 10-7 m/s 1 x 10-6 to 7 x 10-7 m/s 
HG127 1 x 10-7 m/s 3 x 10-6 to 6 x 10-7 m/s 
Variable Head Permeability    
 2 x 10-6 m/s 1.5 x 10-6 to 3.2 x 10-7 m/s 
Infiltration Tests Along Recharge Trench Alignment 
 2.36 x 10-5 m/s  
 5.22 x 10-6 m/s  
 2.04 x 10-6 m/s  
 Permeability not 

determined 
Infiltration test on competent unfractured 

sandstone did not complete the test  
Rising Head Permeability From Boreholes Within The Area of the Recharge trench 
 3.75 x 10-4 m/s  
 5.83 x 10-5 m/s  
 1.17 x 10-4m/s  

 
This data indicates the permeability for the Moor Grit sandstone ranges from 3.75 x 10-4 to 
2 x 10-7 m/s, with the higher permeabilities associated with weathering of the sandstone.  From 
the laboratory testing undertaken by Arup, intergranular permeabilities of between 2 x 10-5 m/s 
(weathered) and 7 x 10-6 m/s (fresh) have been determined. 

The following characteristic design permeability values are considered appropriate for the Moor 
Grit Sandstone aquifer:- 
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 Minimum Kh 2 x 10-7 m/s 

 Maximum Kh 3.75 x 10-4 m/s 

 Most Likely Kh 1.3 x10-5 m/s 
 

Transmissivity 

From the results of the pumping tests the following transmissivity values have been determined 
in the Moor Grit sandstones:- 

 HG123: 0.07 to 0.5 m2/d 

 HG127: 0.07 to 1.8 m2/d 

Porosity 

From the laboratory testing, the following porosity design values are considered to be 
appropriate for the Moor Grit sandstone aquifer:- 

 Minimum  27% 

 Maximum  37% 

 Most Likely  30% 

2.4 Modelled Hydraulic Conductivity and Recharge Characteristics 

Details of the hydrogeological parameters utilised in the quantitative multi-layered modelling for 
the recharge trench (Ref 3), carried out by ESI (Ref 7) are presented in the 2017 Groundwater 
Model Update, included as Appendix A within Appendix 6 to FWS Consultants Hydrogeological 
Risk Assessment, Phase 4 Works at Woodsmith Mine (Ref 6). 

Calibration of the simulated groundwater levels in the Moor Grit aquifer determined that 
permeability (K) characteristics within the sandstone vary laterally from west to east across the 
site, such that in the zone of the recharge trench (primarily Zone 2 and locally Zone 1 in ESI [Ref 
7]) lower infiltration characteristics were adopted in the model than have been measured in the 
field and are therefore conservative, as summarised below:- 

 Zone 1 Kx 2.3 x10-6 m/s, Ky and Kz 5.8 x10-6 m/s 

 Zone 2 Kx 3.5 x10-6 m/s, Ky and Kz 6.9 x10-6 m/s 

3 VALIDITY OF PERMEABILITY VALUES UTILISED IN THE QUANTITATIVE MODELLING 

As demonstrated above, the modelling by ESI (Ref 2) of the long term cumulative conditions for 
the developed minesite adopted site specific and reliable permeability values for the  Moor Grit 
Sandstone that directly correspond to the results of the infiltration testing undertaken at 40m 
centres along the alignment of the proposed recharge trench.  
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In the steady state model a recharge rate to the recharge trench of 8.8 x 10-7 m/s was adopted 
and in the transient model, the simulated recharge rate to the trench did not exceed 1 x 10-6 m/s. 
As the recharge rates applied in the model are less than the mean infiltration rates measured 
from field investigations over the length of the recharge trench, the modelled design of the 
recharge trench is considered achievable in the field conditions determined onsite. 

As such, the results of this modelling are considered reliable and simulate the transient and 
steady state impacts that are expected to occur on groundwater levels and flow conditions 
within this southwestern area of Woodsmith minesite. 

 

R IZATT-LOWRY  
DIRECTOR  
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1 Introduction 
1.1 Background 

ESI Ltd (ESI) submitted a groundwater modelling report to satisfy the requirements of the 
Section 73 Application for the Woodsmith Mine Development in October 2017 (ESI, 2017).  This 
report is herein referred to as “the Section 73 groundwater modelling report”.  Hydraulic 
parameters used in the model (including those controlling recharge trench infiltration rates) 
have been based on a large number of field data across the site and subsequent extensive 
model calibration; however, in consideration of potential for local variation, the Section 73 
groundwater modelling report noted the absence of infiltration data specifically along the 
recharge trench alignment with which to confirm other nearby field data and calibrated 
parameters.  It was therefore recommended that infiltration testing in the Moor Grit Formation 
should be undertaken to confirm that local conditions were consistent with those encountered 
elsewhere and refined through calibration.   

Since the publication of the Section 73 groundwater modelling report and in response to its 
recommendations, the following fieldwork investigations have been undertaken (Arup, 2017): 

Infiltration tests according to BRE 365 at four locations along the proposed recharge 
trench (conducted by Arup); and 

Three rising head tests undertaken at existing boreholes close to the recharge trench 
(conducted by Sirius Minerals PLC). 

Using the results presented by Arup (2017), ESI has reviewed the comments made in the Section 
73 groundwater modelling report.  This review is presented in Section 2, below. 
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2 Evaluation of New Data 
2.1 Hydraulic Testing 

Arup (2017) undertook four infiltration tests approximately evenly spaced along the proposed 
alignment of the recharge trench.  Infiltration rates of 2.04 x 10-6 to 2.36 x 10-5 m/s for the 
northern three infiltration tests have been recorded by Arup (2017).  In the southernmost 
infiltration test water did not drain away quickly enough for an infiltration rate to be derived.  
Arup (2017) reports that the reason for this is that the Moor Grit Formation encountered at this 
location was more competent and less weathered than the other locations.  In the Section 73 
model, a steady state recharge rate of 8.8 x 10-7 m/s (27,705 mm/a) was applied.  In the transient 
model, the simulated recharge rate to the recharge trench did not exceed 1 x 10-6 m/s.  
Therefore, the recharge rates applied in the model are less than the rates derived from field 
investigations and are therefore considered achievable in the recharge trench in reality.   

The rates obtained in three of the tests are sufficiently high to imply that the mean infiltration 
rate over the length of the infiltration trench is higher than the modelled rate.  Therefore, the 
modelled recharge rate over the recharge trench is deemed appropriate and conservative. 

Arup (2017) also presents results of three rising head tests conducted in boreholes adjacent to 
the proposed recharge trench location in the Moor Grit Formation (GW116, GW130 and 
GW131).  Analyses from the tests indicate that the hydraulic conductivity of the Moor Grit at 
this location ranges from 1.17 x 10-4 to 5.83 x 10-4 m/s.  In the model, the Moor Grit Formation 
is calibrated with a maximum hydraulic conductivity of 6.9 x 10-6 m/s at this location.  
Permeability results from this testing are around an order of magnitude greater than has been 
obtained for the Moor Grit Formation elsewhere at the Woodsmith Mine site and therefore 
suggests that local hydraulic conductivities which are higher than the regional average.  These 
rising head test permeabilities support the results of the infiltration testing and suggests that 
the Moor Grit Formation would be capable of accepting a relatively high infiltration rate at this 
location. 

2.2 Model Limitations 

In the light of the testing discussed above we have revised the text presented in Section 3.5 of 
the Section 73 groundwater modelling report as follows: 

The calibrated model is suitable for making indicative long term predictions of changes in spring 
flows and groundwater levels caused by the development of the mine site as part of Section 73 
requirements.  However, following comments are made regarding the predictive capabilities of 
the groundwater flow model: 

Climate change is not explicitly modelled.  However, this is not considered significant as 
the recharge sequence used is representative of the baseline recharge and the predicted 
effects of the post-development construction features should all be related to baseline 
conditions. 

The resulting rise in groundwater levels at the MF2 spring due to recharge at the 
recharge trench will be dependent on the transmissivity between the spring and the 
recharge trench.  Pumping tests have suggested that the Moor Grit Formation 
underlying the recharge trench has a greater permeability orientated north-south than 
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east-west, with this heterogeneity likely caused by fracturing (ESI, 2014).  Given this 
heterogeneity and the relatively high hydraulic conductivity derived from the recent 
rising head tests, it is considered likely that there will be a good hydraulic connection 
between the MF2 spring and the recharge trench. 
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