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1 Introduction 

1.1 Background 

Hanson Quarry Products Europe Ltd (Hanson) has operated a limestone quarry at Penderyn in the 

Brecon Beacons National Park for over a hundred years.  Penderyn Quarry (“the Site”) consists of 

a main quarry void in the east and a processing plant and office area in the west.  Figure 1.1 shows 

a location plan for the Site showing these areas. 

Surface water and groundwater drain to a sump in the quarry void which has been dewatered below 

the groundwater table under the pre-existing dewatering exemptions since 1998 to facilitate 

extraction of Limestone.  The majority of water pumped from the quarry sump is transferred to the 

Nant Cadlan that flows to the west of the Site, with the remainder used for dust suppression and 

wheel washing purposes.  These activities were, until January 2018, exempt from abstraction 

licencing. 

Hanson is applying, under the transitional arrangements, for one full abstraction licence and one 

transfer abstraction licence.  The proposed licences will cover the current dewatering at the Site with 

rates applied for being based on the pumping rates recorded during the seven year qualification 

period.  The transfer licence covers the transfer of water from the quarry sump to the Nant Cadlan.  

The full licence covers the use of water at the Site for dust suppression and wheel washing purposes. 

This document has been written in support of the applications and should be read in conjunction with 

the application forms. 

1.2 Land Ownership 

As required by Section 4.2 of the application form, Figure 1.1 shows the Hanson freehold land 

ownership boundary at the Site.  This is also shown in Appendix B, and Appendix A shows the land 

ownership boundary together with the site water management plan. 

1.3 Report Structure 

This technical note covers many of the detailed requirements of the New Authorisations applications 

and includes the following: 

• Existing water movements and water management at the Site including abstraction 

arrangements, consumptive use details and discharge locations (Section 2); 

• A summary conceptual model for the Site (Section 3); 

• A water balance for the quarry sump estimating the surface water and groundwater inflow 

components to the sump (Section 4); and 

• Summary of the Environmental Impact Assessment (EIA) for dewatering from the Site 

(Section 5). 
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Figure 1.1 Penderyn Quarry location and land ownership boundary 
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2 Water Management 

2.1 Site Water Management Plan 

The existing water management plan is described in this section and is shown schematically in 

Figure 2.1 with a real world image provided in Appendix A (ref. P7m/110). 

The quarry sump collects surface water runoff and direct rainfall from the quarry void surface water 

catchment together with some groundwater ingress.  The relative proportion of flows from surface 

water and groundwater to the sump is considered further in Section 4.2.  Water abstracted from the 

quarry sump is pumped along a pipeline which discharges to the Nant Cadlan.  The pump takes 

water to the top of the void and gravity drainage conveys water to the discharge location at Nant 

Cadlan (see Appendix A). 

When water is required for dust suppression or wheel washing purposes, a stop-cock located at the 

wheel wash facility (see Appendix A), is manually closed to prevent pumped water from flowing to 

the Nant Cadlan.  Figure 2.2 shows a photograph of the stopcock.  When closed, water is diverted 

to three storage tanks.  Two storage tanks are located at the main drystone plant and one at the 

wheel wash facility.  These are filled via gravity drainage as required when the stop-cock is manually 

closed.  From these tanks, water is abstracted for dust suppression purposes at the main drystone 

plant and coating plant and for wheel washing at the Site entrance.  Further details on these 

consumptive uses are provided below.  After water from the main pipeline is diverted to the wheel 

wash storage tank, this water is pumped to another storage tank at the coating plant as is required. 

Excess unused water from the main drystone plant is collected in a pipe and conveyed to a drain in 

the coating plant, where excess unused water from the coating plant joins this.  This drain is joined 

by another drain collecting excess unused from the wheel wash facility and these discharge to the 

settlement lagoon adjacent to the quarry office.  Water from this settlement lagoon drains to two 

settlement lagoons (lagoons 1 and 2) in the west of the Site.  At lagoons 1 and 2 the inflowing pipe 

(from the lagoon adjacent to the quarry office) splits flows, approximately equally between lagoons 

1 and 2.  These lagoons each discharge to Nant Cadlan at two locations separated by approximately 

200 m, both of these are upstream of the main discharge location which comes directly from the 

quarry sump. 
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Figure 2.1 Schematic water management plan 
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Figure 2.2 Photograph of stopcock used to manually divert water for use in dust 

suppression and wheel washing 

2.2 Abstraction Arrangement 

The vast majority of abstraction is undertaken from the quarry sump using the sump pump.  During 

dry periods, typically only over the summer months, water is also pumped directly from the sump to 

a bowser and this water is then used for dust suppression on the quarry haul roads.  This procedure 

is due to change in summer 2019 (as discussed below). 

The sump and sump pump, from which abstraction is currently taking place, are shown in 

Appendix A.  Figure 2.3 shows an image of the quarry sump taken from the south looking north taken 

in October 2018.   

The sump pump operates under two modes as follows: 

• Automatic: pumping rate controlled by a float switch which activates when water depth in the 

sump reaches 4.2 m.  The sump pump deactivates automatically when water depth in the 

sump reaches 3.7 m. 

• Manual: pumping activated manually within the pump housing at the Site whenever water is 

required for wheel washing or dust suppression purposes. 

The automatic pumping mode setting prevents the quarry from flooding, while the manual override 

is only used when water is required in the processing plant or wheel wash facility.  Manually operated 

pumping is mostly used in summer when there is increased demand for water for dust suppression 

purposes and levels in the sump are naturally lower (due to lower summer rainfall). 

Figure 2.4 shows a photograph of the quarry sump pump flow meter.  This gives real time readings 

of pumping rate and pumping level which are recorded at 10 second intervals when the pump is 

active. 

As quarrying progresses, the pumping location and area could change and Table 2.1 shows the four 

points that delineate the pumping area which corresponds to the excavation area that is being 

dewatered (i.e. the quarry void).  
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Based on hydrographs of water levels in the quarry sump, the float switch on level is thought to be 

set at around 250 m AOD.  The sump pump is serviced on a quarterly basis by Pump Supplies 

Limited. 

The sump has a maximum depth of around 8 m (i.e. to 242 m AOD) and is approximately 2,000 m2 

in area.  The pumping level would therefore drop no lower than 242 m AOD under manually operated 

pumping conditions.  During the qualification period (1 January 2011 – 31 December 2017), sump 

water level varied from 246.42 – 254.00 m AOD with a mean level of 249.97 m AOD.  The highest 

level of 254 m AOD, was recorded when the pump failed and the quarry floor flooded in December 

2015 (ESI, 2016).  Over the qualification period, sump levels were typically between 249 and 

251 m AOD. 

Table 2.1 Quarry abstraction location details 

Location Easting Northing 

North east corner 296150 209310 

South east corner 296225 209085 

South west corner 295660 208750 

North west corner 295410 209200 
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Figure 2.3 Quarry sump photograph from the south looking north 
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Figure 2.4 Quarry sump flow meter 

Pumping to the bowser for haul road dust suppression is only used during dry periods over summer.  

This abstraction is not metered.  Anecdotal evidence (records are not kept) indicates that this 

additional abstraction is typically used for up to three months per year (over summer) with the bowser 

being typically filled twice per day.  However, this frequency is weather-dependent.  Section 4.3 

provides an estimate of the abstraction rate.  

In 2019, Hanson is proposing to install an additional tank which will take water directly from the sump 

pipeline.  This will be used to supply fixed rain guns for dust suppression purposes which will have 

an increased coverage across the Site.  Therefore, in future the bowser will be used less frequently.  

Any water used in the bowser will be taken from a storage tank and, as this is after the flow meter, 

all abstraction at the Site will be metered. 

2.3 Site Water Use 

Water is used for dust suppression, wheel washing and conditioning at the Site.  Table 2.2 

summarises these uses and their respective sources.  Water used for wheel washing and dust 

suppression is taken from the quarry sump and is the subject of this application.  Water used for 

conditioning at the pug plant is sourced from mains water and is not considered further.   

Water used to fill the storage tanks at the wheel wash and main drystone processing plant is taken 

directly from the quarry sump water transfer pipeline.  Water is pumped from the storage tank at the 

wheel wash facility to a storage tank at the Coating Plant where it is utilised for dust suppression 

purposes.  Over the qualification period, water was also taken directly from the sump to fill a bowser 
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for dust suppression purposes over the summer period or in dry weather, but this practice will shortly 

cease as described above. 

Photographs of the storage tanks are shown in figures 2.4 to 2.6. 

Table 2.2 Details of water use 

Use Location 
Source of 

used 
water 

Abstraction method 
Storage 
tank size 

(m3) 
Water usage 

Main drystone 
processing plant 

adjacent to primary 
crusher 

Quarry 
sump 

Sump pump 2 x 51.5 
Dust 

suppression 

Wheel wash facility 
Quarry 
sump 

Sump pump 30 Wheel wash 

Coating Plant 
Quarry 
sump 

Sump pump 15 
Dust 

suppression 

Quarry haul roads 
Quarry 
sump  

Pump to bowser (over 
qualification period) Sump 

pump (from 2019 
onwards) 

2.5 (bowser 
size) 

Dust 
suppression 

Pug Plant 
Mains 
water 

From mains n/a Conditioning 
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Figure 2.5 Drystone processing plant storage tanks 

 

Figure 2.6 Wheel wash facility storage tank 
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Figure 2.7 Coating plant storage tank 

 

2.4 Discharge Details 

There are four discharge locations at the Site, two convey used water and surface runoff from the 

plant site area to the Nant Cadlan (A and B), one is a stormwater overflow (C) and the final location 

is a transfer of unused water from the quarry sump (D).  The discharge locations are shown in 

Appendix A and schematically on Figure 2.1.  Table 2.3 summarises details of the discharges and 

discharge locations together with the permits authorising these.  All discharge permits are appended 

in Appendix C. 

Locations C and D are immediately adjacent to each other and south of the site access road.  Figure 

2.8 shows a photograph of discharge locations C and D.  Both of these discharge through plastic 

pipes.  Used water discharges from settlement lagoons 1 and 2 through woodland to the Nant 

Cadlan.  None of these discharges are metered.  
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Table 2.3 Details of discharge of abstracted water 

Discharge 
location 

National Grid 
Reference 

Discharge 
Limit 

Effluent Type Permit ID 

A 
SN 94912 

08906 
n/a 

Trade effluent 
consisting of site 

drainage 

Used water 
discharge 

AN0238501 
B 

SN 94923 
08858 

n/a 

C 
SN 94953 

08758 
368 l/s 

Trade effluent 
consisting of storm site 

drainage 

Stormwater 
overflow 

D SN 9494 0871 

Rainfall 
dependent 

not 
exceeding 

50 l/s 

Trade effluent 
comprising pumped 

groundwater and site 
drainage from the 

quarry sump 

Transfer of 
clean 
water 

AN0272901 
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Figure 2.8 Photograph of discharge locations C and D, C is on the left 

 

2.5 Other Abstractions 

The Site holds one abstraction licence (ID 21/57/23/51).  This licence allows for up to 45.46 m3/day 

of surface water to be abstracted at a rate not exceeding 1.27 l/s from an unnamed tributary of the 

Nant Cadlan that flows through the northern part of the Site.  The licence allows water to be used 

for the manufacture of ready mixed concrete (termed ‘Premix’ on the licence).  
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3 Conceptual Model 

3.1 Background 

The conceptual hydrogeology at the Site is well understood and is based on site investigations, a 

comprehensive ongoing monitoring regime, and various analytical and desktop assessments.  The 

latest hydrogeological conceptualisation is provided in Appendix D and a summary of the key 

aspects of the conceptual model is outlined in Section 3.2. 

3.2 Summary 

3.2.1 General 

Figure 3.1 shows a conceptual hydrogeological cross section through the Site. 

Superficial deposits are absent at the Site, but outside the Site boundary they are mostly comprised 

of glacial till with some peat and alluvium.  At depth, glaciofluvial and glaciolacustrine deposits are 

present.  The bedrock geological sequence around the Site features the Twrch Sandstone 

Formation, which is comprised of cemented sandstone and conglomerate, overlying a sequence of 

Carboniferous Limestone of the Pembroke Limestone Group.  The Dowlais Limestone Formation 

forms part of this group and comprises the economic mineral at the Site.  The Carboniferous strata 

are offset by the normal northerly dipping Dinas Fault. 

The Bodwigiad Stream and Nant Cadlan are the closest watercourses to the Site, being located 

200 m south and immediately west of the Site respectively.  A tributary of the Nant Cadlan flows 

through the northern part of the Site.  The Bodwigiad Stream joins the Nant Cadlan 400 m south of 

the Site.   

Owing to the cemented nature of the constituent sandstone and conglomerate units, the Twrch 

Sandstone is less permeable than the limestone and the degree of hydraulic connectivity between 

the two is thought to be limited.  Due to its lower permeability, surface watercourses tend to be mostly 

sited over areas of Twrch Sandstone rather than the limestone, or where the limestone is overlain 

by superficial deposits such as glacial till.   

The limestone aquifer has a negligible primary porosity and groundwater flow within this unit is 

largely dependent upon secondary features such as joints, faults and karstic fissures and conduits.  

Bedding planes may act as inception horizons for development of karst features and where lower 

permeability mudstone units are present, perched groundwater layers may form.  Groundwater flow 

in these perched layers is likely southwards, in line with the stratigraphic dip. 

The bedrock groundwater level surface shown on Figure 3.1 is a simplification and, in reality, the 

situation is thought to be much more complex with a series of perched water tables and a downwards 

vertical gradient.  Analysis of the summer 2018 dry period by Stantec (2019) suggests that 

groundwater levels could naturally be below the quarry floor level of 250 m AOD during dry summers.  

Historical groundwater elevation data presented by Steffen, Robertson and Kirsten (UK) (1998), 

shows that the water table at the Site prior to quarrying was at around 265 m AOD over winter.  This 

large range in levels is expected in limestone aquifers with low storage where groundwater flow is 

dominated by flow through fracture systems.  
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There could be some discharge from the limestone aquifer to surface water features, including the, 

Bodwigiad Stream and Nant Cadlan, where the watercourses directly overlie the limestone aquifer.  

Such connectivity will be reduced and may even be absent where the limestone is overlain by Twrch 

Sandstone or glacial till.  Dependent on location, the watercourses could be gaining or losing to 

groundwater.  Epikarst features may locally enhance connectivity with the underlying aquifer. 

Groundwater flow within the limestone aquifer appears to be south and westwards.  However, flow 

varies spatially dependent on the density of fractures and karst formation.  There is some drawdown 

due to quarry dewatering evident in monitoring boreholes within the Site boundary, but this has 

largely stabilised since 2014 and groundwater is thought to comprise only a minor component of 

quarry dewatering (see Section 4.2). 

Recharge to the limestone is from direct rainfall and runoff through solutional features (and 

potentially from loss of flow in surrounding watercourses).  Particularly on the southern face of the 

Penderyn Quarry void, karst has developed though limestone dissolution by acidic runoff from areas 

of Twrch Sandstone outcrop.  Solution features are most prominent at the contact between the Twrch 

Sandstone and the limestone and represent preferential recharge pathways to the limestone.  A 

series of sinkholes are present on the limestone outcrop around the Site and dolines have formed 

on the Twrch Sandstone to the south and east of the Site.  These also represent preferential 

recharge pathways to the limestone aquifer and act to limit surface water runoff. 

Cwm Cadlan Special Area of Conservation (SAC) (also designated as a Natural Nature Reserve 

(NNR) and Site of Special Scientific Interest (SSSI)) is the closest designated site to the Site.  This 

SAC is designated for its grassland habitats and is thought to be primarily dependent on surface 

water.  Further detail on the conceptualisation of the SAC is outlined in Section 3.2.2. 

3.2.2 Cwm Cadlan SAC 

The Cwm Cadlan SAC is located north of the Site and north of Dinas Fault (as is shown in Figure 

3.1).  North of the Dinas Fault, groundwater flow in the limestone is thought to be limited due to 

attenuation of recharge to the limestone through the overlying glacial till.  Additionally, geological 

mapping shows that the eastern part of the SAC is underlain by Twrch Sandstone Formation which 

has a low permeability (BGS, 1979).  Boreholes drilled within the SAC, show that the underlying 

glacial till, glaciofluvial and glaciolacustrine deposits can have a combined thickness of greater than 

70 m thick in this area.  Surficial glacial till diverts rainfall to springs that are present to the north and 

north-west of the Site and appear on the northern flanks of the ridge into which the quarry void is 

excavated.  These perched springs also feed the Cwm Cadlan SAC.   

Discharge of groundwater to the drift deposits within the SAC from the limestone bedrock is also 

limited by the low permeability drift material.  Given the thickness of the drift material, and that much 

of the area is inferred to be underlain by Twrch Sandstone Formation, these flushes are not 

particularly vulnerable to changes in groundwater levels in the limestone.  Boreholes installed into 

the drift indicate that there are significant thicknesses of granular material (sands, gravels) within the 

sequence.  Although these would allow horizontal movement of water, vertical movement would be 

much lower due to intervening low hydraulic conductivity layers within the drift.  Given the above, it 

is therefore concluded that limestone and drift deposits at the SAC are hydraulically isolated from 

one another. 
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Figure 3.1 Conceptual hydrogeology cross section 
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4 Quarry Water Balance 

4.1 Sump Pumping Records 

One flow meter was present at the Site during the qualification period (1 January 2011 – 31 

December 2017), and this recorded pumping rate from the quarry sump.  The sump pump flow meter 

records pumping rate at intervals which are dependent on the pumping rate but typically every 10 

seconds. 

Table 4.1 summarises the maximum recorded quantities that were pumped during the qualification 

period and Figure 4.1 shows a plot of recorded pumping rate over the qualification period compared 

to rainfall.  The maximum hourly and instantaneous pumping rates are given as the maximum 

pumping capacity. 

During the qualification period, the maximum recorded daily pumping volume was 9,676 m3/day.  
This high pumping rate was recorded on 24 December 2013 and is related to a high rainfall event 
with over 89 mm falling on 23 and 24 December 2013.  Mean pumping rates vary from 684 – 
979 m3/day typically being greatest over the winter period and lowest over summer in line with 
seasonal variations in rainfall. 

The maximum recorded annual volume was in 2014 (328,895 m3) despite the record only being 93% 
complete.  Had the data record been complete for this year, assuming a that the pumping rate 
operated at the daily average for the remaining 7%, the estimated annual pumping volume is 
353,078 m3.   
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Table 4.1 Quarry sump: Maximum metered quantities abstracted during the qualification period 

Year 
Period of 

Abstraction 
Purpose 

Record 
Complete 

(%) 

No. 
Recorded 

Abstraction 
Days 

Actual 
Maximum 
(m3/year) 

Actual Daily 
Maximum 
(m3/day) 

Actual 
Daily 
Mean 

(m3/day) 

Max 
(m3/hour) 

Max 
instantaneous 

flow (l/s) 

2011 All year 

Dewatering 
and use 

(See 
Section 

4.3) 

100% 257 249,478 4,582 684 504 140 

2012 All year 100% 283 315,869 5,591 863 504 140 

2013 All year 100% 295 298,855 9,676 819 504 140 

2014 All year 93% 294 328,895 7,538 979 504 140 

2015 All year 98% 298 271,897 9,329 832 504 140 

2016 All year 30% 94 72,625 5,944 n/a1 504 140 

2017 All year 99% 305 283,112 7,499 782 504 140 

1A mean pumping rate has not been calculated due to the record being mostly incomplete  
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Figure 4.1 Plot of sump pumping rate and rainfall over the qualification period 
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Figure 4.2 Sump pumping rate histogram over the qualification period 
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4.2 Surface Water and Groundwater Inflows to Sump 

Figure 4.1 demonstrates that pumping rate from sump shows a strong correlation with rainfall.  Dry 
weather flow analyses for dry periods in winter and summer 2013 have been undertaken by ESI 
(2017) to estimate inflows to the sump from groundwater.  Accounting for change in sump storage 
volume using the sump level and recorded pumping rates from the sump, groundwater inflows were 
estimated to be: 

• Approximately 75 m3/day (0.87 l/s) over summer; and 

• Approximately 113 m3/day (1.31 l/s) over winter. 

Groundwater inflows are greater over the winter period when groundwater levels are higher and 
there is a steeper hydraulic gradient towards the sump.  However, flows remain small and the 
difference is not significant.  Further detail on the dry weather flow analyses is provided in ESI (2017) 
which is appended in Appendix D. 

Stantec (2019) undertook an analysis of the exceptionally dry summer of 2018 where between 
21 June and 26 July 2018 only 6.8 mm of rain fell.  This assessment concluded that groundwater 
ingress is relatively low and not inconsistent with the value of 75 m3/day which has been reported 
previously.  Indeed, groundwater inflows were so low that water in the sump was insufficient to meet 
the water use requirements of the Site and water was imported using tankers. 

These estimated groundwater inflows represent up to 16.5% of the mean daily recorded pumping 
rate during the qualifying period (as shown in Table 4.1.  Even allowing for variations in groundwater 
inflow rate due to changes in pumping level and rainfall, most of the water abstracted, and to be 
abstracted from the sump, is surface water (comprised of runoff and direct rainfall) and not 
groundwater.  This proportion is clearly lower than what would be classified as “wholly or mainly 
groundwater” and therefore a licence may not be required.   

4.3 Water Usage (Full Licence) 

Other than the flow meter fitted to the sump pump, there are no other working meters at the Site.  

Therefore, an estimate of water use at the Site has been made based on anecdotal evidence 

supplied by Hanson.  Hanson staff indicate that: 

• Both storage tanks (each holding 51.5 m3) at the main drystone processing plant are filled at 

least once per day and both are filled up to twice a day in summer; 

• the storage tank at the wheel wash facility (holding 30 m3) is filled at least once per day but 

can be up to twice per day dependent on traffic; and 

• the water bowser (holding 2.5 m3) is filled up to twice per day during summer.  

The storage tank at the Coating Plant supply tank is filled on an auto timer from the tank at the wheel 

wash facility and does not take any additional water from the sump. 

Based on the tank storage volumes given in Table 2.2 and the above information, daily usage is 

assumed to range from 133 – 271 m3.  Water is only used when the quarry is operational and the 

manual stopcock is closed.  Planning permission allows the Site to be operational on Saturdays and 

the Ready Mixed Concrete Plant can work 24 hours per day, 7 days a week.  Assuming that the 

maximum volume could be used up to 312 days per year (i.e. six days per week over a year).  Based 

on this, the Site is expected to use an annual volume of approximately 84,552 m3 has been 

requested.  This is equivalent to 312 days multiplied by the maximum expected rate (271 m3/day).  

These rates are summarised in Table 6.1. 
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Hanson will fit a flow meter at discharge location D in 2019.  This meter will be west of the stopcock 

and therefore the difference between the total pumped and total discharged volumes will equal the 

total volume of water used for wheel washing and dust suppression purposes. 

4.4 Water Transfer (Transfer Licence) 

Surface water and groundwater ingress to the Penderyn Quarry void are dewatered to facilitate dry 

working of the limestone mineral.  Based on the volumes presented in Table 4.1, the maximum 

pumping rates are estimated to be: 

• Annual (based on 2014): 328,895 m3 based on 93% of the record, estimated actual use is 

353,078 m3; and 

• Daily: (based on 2013): 9,676 m3. 

For simplicity and to account for variations in rainfall, these values have been rounded to 
10,000 m3/day and 360,000 m3/year. 
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5 Environmental Impact Assessment 

5.1 Planning Permission 

Appendix F contains the extant planning permissions for the Site that are associated with this 

abstraction.  Hanson will be submitting a planning application to allow working of mineral in the area 

denoted “Application Site” on TYG 1b in Appendix G.  As part of this application, Hanson proposes 

to give up the rights to work the “Area to be Preserved” as is shown on TYG 1b (see Appendix G).  

It is not proposed to work below 265 m AOD in the Application Site and therefore the groundwater 

table will not be intercepted in this area. 

5.2 Environmental Impact Assessment 

Various hydrogeological and hydrogeological impact assessments have been undertaken for the 

Site and these indicate that the principle receptors from the abstraction at the Site are: 

• Cwm Cadlan SAC; and 

• Penderyn DCWW licenced groundwater abstraction. 

Potential impacts from the abstraction on these receptors have been assessed using the most recent 

conceptualisation (ESI, 2017) (see Appendix D).  The latest full Environmental Impact Assessment 

(EIA) was undertaken as part of the Review of Old Mineral Permissions (ROMP) application (SRK, 

2011) and this is appended in Appendix H. 

These reports conclude that impacts on the SAC and DCWW abstraction due to abstraction activities 

at the Site are expected to be negligible when quarrying down to a level of 250 m AOD.  Stantec 

(formerly ESI Ltd) undertakes 6 and 12 monthly monitoring reports on behalf of Hanson.  The latest 

annual report concludes that to date, there have been no impacts on either receptor due to quarry 

dewatering (Stantec, 2019).  SRK (2011) notes that the risks to the SAC and DCWW abstraction are 

expected to remain low even as quarrying advances to a level of 165 m AOD.   
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6 Summary of Licencing Requirements 

6.1 Summary of Quantities Requiring a Licence 

Table 6.1 summarises the quantities that are being applied for as part of the full and transfer licence 

applications.  The maximum annual and daily volumes for the full licence have been estimated based 

on the discussion in Section 4.3.  The maximum annual and daily volumes for the transfer licence 

have been arrived at using the actual volumes in Table 4.1.  The maximum and daily annual transfer 

volumes are based on the maximum recorded mean daily pumping rate of 9,676 m3/day from 2015.  

This has been rounded up to 10,000 m3/day to allow for variations in rainfall. 

Maximum hourly and instantaneous pumping rates are based on the pump capacity. 

Although the required volumes for the transfer licence have been estimated, we do not expect the 

transfer licence to be rate limited. 

Table 6.1 Summary of quantities requiring a licence 

Type 
Maximum 
(m3/year) 

Maximum 
(m3/day) 

Maximum 
(m3/hour) 

Maximum 
instantaneous 

(l/s) 

Full 84,552 271 504 140 

Transfer 360,000 10,000 504 140 

 

The licence is required for the maximum ten year period that is allowed for the Swansea Bay Rivers 

catchment where the Site is located. 
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1 INTRODUCTION 

 Background 1.1

In 2011, Hanson Quarry Products Europe Limited submitted an Environmental Statement in 
support of an application for revised planning conditions for Penderyn Quarry as part of the 
Review of Old Mineral Permissions (ROMP) process (White Young Green, 2011).  This 
included a conceptual model of the local groundwater system.  A key element of the ES was 
to assess the risk posed by the development to the nearby Cwm Cadlan Special Area of 
Conservation (SAC). 

In its response to the application, the Countryside Council for Wales (CCW now Natural 
Resources Wales (NRW)), whilst disagreeing with some aspects of the conceptual model, 
accepted that the risk posed by quarrying would remain low whilst working was restricted 
above the 250 mAOD bench and the rate of pumping from the quarry sump did not indicate 
that the effective catchment area of the sump was increasing. 

At a meeting held on 28 February 2013 between Hanson, Brecon Beacons National Park 
Authority (BBNPA) and NRW, ESI Ltd (on behalf of Hanson) presented the results of a 
method for calculating transient water balances at Penderyn Quarry using an approach 
advocated by CCW in its response to the ROMP.  This was written up in a technical note 
which was reviewed in detail by NRW and is now being applied in the regular hydrometric 
reporting for the site (ESI, 2014). 

At that meeting ESI also presented an outline conceptual model that aimed to bring together 
some of the points that CCW had made in its response to the ROMP application with other 
lines of evidence, in order to support the view that further working above 250 mAOD did not 
pose a significant risk to the SAC. 

Since that meeting Hanson, BBNPA and NRW have agreed to take the planning permission 
forward in two stages for working above and below 250 mAOD.  All parties agree that a 
more comprehensive assessment of risk would be needed to support working below 
250 mAOD (albeit that this may be further informed by ongoing monitoring).  For working 
above 250 mAOD, the parties are seeking to converge on a monitoring and management 
scheme that is proportionate to the level of risk represented by the quarry at its current 
depth. 

 Objectives and Scope 1.2

The aim of this report is to review some recently collected data to assess whether this adds 
further strength to the view that that further working above 250 mAOD does not pose a 
significant risk to the SAC. 

One of the key aims of the conceptual model is to provide an understanding of the degree of 
hydraulic connection, if any, between the quarry and the SAC.  The focus of the 
reconceptualisation has therefore been on the implications that the new data have on this 
hydraulic connection and therefore the risk to the SAC. 

The new data comprise five new monitoring boreholes, OB13 to OB17, which were drilled 
around the site in 2015.  Details of the new boreholes are provided in ESI, 2015 and their 
location is shown on Figure 1.1.  Two of these (OB13 and OB17) are located within the 
quarry boundary.  These two, along with a third (OB15) are all located to the south of the 
Dinas Fault, in areas which were expected to be limestone outcrop according to BGS data.  
The remaining two (OB14 and OB16) are located to the north of the Dinas Fault next to the 
SSSI/SAC boundary in areas indicated to be drift covered by BGS data.  These boreholes 
have now been equipped with data loggers and data are available from May 2015. 
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Figure 1.1 Locations of new boreholes 

These borehole data have also been supplemented with additional information obtained from 
a Cardiff University MSc thesis which looked at the hydrology and hydrogeology around 
Penderyn Distillery (located approximately 1 km south west of the centre of the main quarry). 

This revised report (Rev1.3) includes additional data collected from the new boreholes since 
that considered in the original reconceptualisation report (ESI, 2017) and discusses the 
implications of the findings for the assessed level of risk that ongoing dewatering of the 
quarry at 250 mAOD poses to the integrity of the SAC. 
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2 REASSESSMENT OF CONCEPTUAL MODEL IN LIGHT OF NEW 
DATA 

 ESI, 2013 Conceptual Model 2.1

Figure 2.1 below presents a schematic illustration of ESI’s 2013 conceptual model which has 
been developed upon in this report with the recently obtained information. 

 

Figure 2.1 Original ESI conceptual model (2013) 

The key elements of ESI’s 2013 conceptual model are summarised below: 

• The sump at Penderyn Quarry appears to be below the water table for much of the time, 
although there is some historical information to suggest that during very dry years the 
water table may be below 250 mAOD. 

• The ease with which water flows through the limestone worked at Penderyn Quarry 
varies significantly in 3D: in some places the rock is effectively ‘impermeable’, whereas 
in other places large voids have been encountered.  Understanding the likely distribution 
of these more permeable features is key to understanding the risk posed by dewatering 
to the SAC.   

ESI’s 2013 conceptual model proposed that the large voids encountered above the water 
table and on the south face of Penderyn Quarry were created by aggressive runoff 
generated from the overlying Millstone Grit which enters the limestone and flows down 
the dip of the strata towards discharge points to the south west (as proven by tracer 
tests), much of this flow occurring above the water table.   

In contrast, there was little evidence of major karstic features in the north face of the 
quarry, although some seepage horizons were apparent in the lower quarry faces.  This 
suggests that layering and flow along bedding horizons may be important within the 
limestone. 

• The above evidence suggests that there are a variety of routes by which rainfall is 
transmitted to the quarry sump as illustrated in the following schematic.  This means that 
rainfall in the quarry catchment is attenuated by varying degrees as it flows towards the 
quarry sump.  Some of these pathways are clearly ‘runoff’ and some can be considered 
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to be ‘groundwater’.  However, there appears to be a continuum between the two 
processes such that it is hard to make a specific distinction between them. 

 
Figure 2.2 Conceptual model of flow routes to the quarry sump 

The 2013 conceptual model was mainly focussed on understanding flows into the quarry 
sump in support of the transient water balance calculations.  These showed that the area 
required to generate the flows observed in the quarry was very similar to the surface water 
catchment of the quarry1.  This suggests that the quarry is not drawing in water from a 
significant distance away and supports the view that the current quarry operations (i.e. 
above 250 mAOD) do not pose a significant risk to the SAC.  

Having shown that the quarry is not drawing in water from a significant distance, the 2013 
conceptual model did not focus in detail on the potential pathway between the quarry and 
the SAC.  The following aspects of the conceptual model are relevant to that area: 

• There is a potential pathway through the limestone north of the quarry along which 
drawdown effects could propagate towards the SAC. 

• Groundwater levels collected in the area appear to indicate the presence of a 
groundwater divide between the quarry and the SAC.  

• The Dinas Fault, a sub vertical fault, lies between the SAC and the quarry and may act 
as a barrier to flow.  However, its proximity to the groundwater divide makes this difficult 
to confirm. 

• The Cwm Cadlan SSSI/SAC is entirely underlain by drift deposits.  These are vertically 
and horizontally heterogeneous (including both low and high hydraulic conductivity 
deposits) and provide a degree of hydraulic separation from the underlying limestone.  

• The drift deposits are of variable thickness which may impact on the degree of hydraulic 
separation from the underlying limestone. 

                                                
1
 Note that, due to the dipping strata and the groundwater gradients from north east to south west, it is likely that the catchment 

of the quarry sump is not exactly the same as the surface water catchment: some areas to the north and east outside of the 
current quarry surface water catchment may be part of the sump catchment, whilst some parts of the quarry itself, e.g. benches 
on the southern faces, may not have been in the sump catchment, particularly prior to recent development. 
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• Most of the eastern parts of SAC may also be underlain by Millstone Grit which overlies 
the Carboniferous Limestone (See Figure 1.1).  If present, this formation would provide 
additional attenuation of any drawdown signal from dewatering within the limestone. 

• The Nant Cadlan provides a hydraulic barrier across which effects are not likely to 
propagate.  This means that the areas of SSSI/SAC to the north of the river are not 
expected to be at risk from dewatering from the quarry.  The areas that have been 
agreed by NRW and Hanson not to be at risk through this protective mechanism are 
shown on Figure 1.1. 

 2015 Geology Data 2.2

Information from the new boreholes and the MSc thesis (Hull, 2013) is consistent with the 
presence of a deep, drift-filled channel underlying the SSSI/SAC as previously discussed.  
However, this new information has provided significant additional detail and refinement to 
the previous understanding of the drift lithology and extent/depth/morphology.  This is 
summarised in Figure 2.3 and Figure 2.4 and is discussed in more detail below. 

 

 

Figure 2.3 Revised schematic geological section north west – south east  
(GW level data reviewed covers 01/01/2015 to 31/03/2017) 
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Figure 2.4 Revised extent of drift 

2.2.1 Extent and nature of the drift 

The extent of the drift is recorded on the published BGS 1:50,000 drift map and has so far 
been encountered in all boreholes outside the site boundary.  The presence of two metres of 
Glacial Till in newly-drilled OB15 (immediately north of the quarry) indicates that this unit 
extends further south (closer to the quarry) in the vicinity of OB15 than mapped by the BGS 
(Figure 2.4).  The additional drift cover means that recharge to the limestone aquifer to the 
north of the site is probably lower than previously implied and this would mean that there is 
less groundwater flowing to the SAC and to the quarry from this area.  However, runoff and 
interflow generated from this relatively impermeable material will flow northwards to the SAC 
above the water table in the and may support the springs in this area.  Any such flows would 
therefore be perched and thus not vulnerable to dewatering at the quarry. 

Newly-drilled OB14 encountered a much greater thickness of drift than had previously been 
found in any of the boreholes in the area (the borehole was completed at 70 m without 
encountering limestone).  This is potentially significant in that the greater the thickness of 
drift, the greater the potential for hydraulic separation between the shallow drift water table 
(that in part supports the SAC vegetation) and the underlying limestone water level.  Whilst 
thicker than previously encountered, this finding is consistent with the conceptual 
understanding of drift-filled palaeochannels, where thicker drift deposits would occur over the 
palaeovalley thalweg (a thalweg being the line formed down the valley by joining the lowest 
points in a section across the valley).   

Examination of the thickness of the drift deposits in the boreholes drilled to date shows that 
drift thickness within the outcrop increases consistently with distance from the outcrop 
boundary.  The borehole data and drift deposits outcrop pattern suggests that OB14 lies 
fairly close to the thalweg and the thickest part of the drift sequence.  Although other 
boreholes (e.g. OB 2) have been drilled close to the thalweg, these did not prove the full drift 
thickness and were drilled to shallower depth than OB14.  The hypothesised channel 
thalweg is shown in Figure 2.5. 
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Figure 2.5 Inferred palaeo-channel route 
 

It had been previously suggested by CCW that the Glyn Perfedd hillock feature (Figure 2.5) 
that separates the SAC into two arms might be bedrock-cored.  This would have brought 
limestone close to surface which could then have provided the flow to the base-rich flushes 
on the feature’s northern flank.  However, the thickness of drift seen in OB14 suggests that 
the feature is actually drift-cored.  The new borehole evidence therefore supports the view in 
SRK, 2011 that these flushes do not originate directly from limestone bedrock, but from the 
drift which is now shown to be >70 m thick in this area; the basic nature of their chemistry is 
therefore probably the result of the limestone being one of the sources for the material 
making up the drift.  This therefore means that these flushes are significantly less vulnerable 
to any changes in the water level in the underlying limestone than CCW had previously 
suggested. 

The presence of a thicker drift sequence is suggestive of a greater potential for hydraulic 
separation between the limestone and the SAC.  However, this depends on both the 
thickness of the drift and its nature.  Both the borehole log for OB14 and the conceptual 
model presented in the MSc thesis (Hull, 2013) indicate that there are significant thicknesses 
of granular material (sands, gravels) within the sequence.  Although these would allow 
horizontal movement of water, vertical movement would be much lower due to intervening 
layers of low hydraulic conductivity within the drift.  A summary of the lithology encountered 
in OB14 is provided below: 

• The top 7.3 m of OB 14 is Glacial Till.  This Glacial Till deposit is found widely across 
most boreholes in the area varying in thickness from c. 1 -15.4 m. 

• The dominant unit below this is a thick, sandy gravel unit which is interpreted as fluvio-
glacial deposits.  This unit is thickest in OB14 at 27.2 m but is also encountered in 
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OB8a, OB9a and OB16 as a mixture of clays and gravel with a thickness of c. 13 m, 
c. 10 m and 7.9 m respectively.  

• Laminated red and green clays were encountered below the fluvio-glacial deposits in 
OB14.  These glacio-lacustrine deposits have not been found in any other boreholes 
drilled to date in the area. 

• Fine green gravel with red clay with sands and gravel occur below the laminated clays. 
These have also been interpreted as glacio-lacustrine deposits.  These account for the 
lowermost 23.5 m of the superficial deposits in OB14.  The limestone bedrock was not 
encountered. 

The typical sequence of Devensian drift in the Brecon Beacons area includes a further 
sequence of glacial till beneath the glacio-lacustrine deposits, suggesting that the base of 
the drift in the vicinity of Glyn Perfedd could be at significantly greater depth than the 70 m 
drilled within OB14 without encountering limestone bedrock. 

The lithological data obtained to date therefore indicate that the drift sequence can be 
subdivided into three main lithological units: Glacial Till, glacio-fluvial deposits and glacio-
lacustrine deposits. 

The thickness of drift beneath the SAC will vary at any particular point based on its location 
relative to the centreline of the buried valley and the outcrop boundary.  This, along with the 
variable lithology means that it is difficult to determine the precise level of hydraulic 
separation afforded by the drift.  Multiple pathways could exist through the drift material 
depending on the relative elevation of the limestone water level and the lithology of the drift 
material contacting the palaeo-channel sides.  For example where limestone abuts sands 
and gravels relatively high up the drift sequence, then this would bypass the potentially 
isolating effects of low hydraulic conductivity deposits lower down the drift sequence.  
Conversely, where there was no direct hydraulic connection between the limestone 
groundwater and granular drift deposits, the multiple clay and silt layers which are always 
present would afford a high degree of hydraulic separation to vertical flow even where 
significant thicknesses of granular deposits were also present. 

Irrespective of the drift variability, the ubiquitous presence of Glacial Till over the drift outcrop 
will offer a high degree of hydraulic separation between the ground surface and groundwater 
at deeper levels. 

2.2.2 Solid geology 

The information collected from the new boreholes was generally consistent with previous 
borehole information.  Evidence of voids and/or fractures in the limestone encountered was 
only noted in OBH13 at elevations above the current sump elevation.  This is consistent with 
the 2013 conceptual model. 

Figure 1.1 shows that large parts of the SAC are mapped as being underlain by Millstone 
Grit.  This formation overlies the Carboniferous Limestone and could potentially attenuate 
the effects of dewatering in the limestone.  However, the nature of the Millstone Grit and its 
presence locally has not been proved in any boreholes in the area: in fact the deep drift filled 
channel may have cut through the Millstone Grit to the underlying strata in places.  The 
current assumption is therefore that the Millstone Grit does not act to limit dewatering effects 
being transmitted to the SAC along the line of the drift filled channel (Figure 2.5).  However, 
to the north of this, the areas of the SAC mapped as being underlain by Millstone Grit are 
more likely to be shielded from dewatering by the Millstone Grit. 
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 Groundwater Level Data 2.3

2.3.1 Amplitude of seasonal fluctuations 

The hydrographs of groundwater levels in the boreholes monitoring the limestone around the 
quarry (Figure 2.6 shows recent data) fall into two groups: those with larger amplitude 
seasonal variations (particularly OB13 (annual range c. 20 m) and OB15) and those with 
smaller amplitude variations.  Larger amplitude variations are seen in areas of limestone 
outcrop/thin drift whilst smaller amplitude variations are seen in areas of drift cover.  This 
supports the view that the extensive areas of Glacial Till to the north and east of the quarry 
reduce/attenuate recharge to the limestone in these areas.   

 

Figure 2.6 Recent groundwater levels 

The large amplitude at OBH13 in particular (e.g. compared to OB12 which is nearby) 
suggests a greater connection with the surface and shallower flow pathways and it may, in 
part, represent an ephemeral perched or semi-perched horizon within the limestone 
sequence (See Figure 2.2).  This may be linked to the presence of voids encountered during 
the drilling of this borehole at 260-280 mAOD (i.e. around the current position of the water 
levels recorded in the borehole and above the current base of the quarry at 250 mAOD).   

The 2013 conceptual model suggests that karstification will tend to be focussed along 
stratigraphic horizons.  The location of the voids in OBH13 and the general dip of the strata 
in the area suggests that these horizons have been intercepted by the quarry and this may 
be linked to the location of seepage faces in the lower benches of the quarry.  By 
extrapolating the elevation of the void-containing horizon up-dip, away from the quarry and 
toward the SAC (as shown on Figure 2.3), it can be seen that it would crop out above the 
level of the water table to the north and therefore would not represent a direct pathway to the 
SAC. 

Seasonal fluctuations in water levels in boreholes monitoring the superficial deposits are 
generally small and this may reflect relatively good connection with surface (levels are 
generally at or above ground level).   

However, a recharge signal is evident in the deep drift at OB14 data which is similar in 
nature to the signal seen in the limestone at OB16 to the east.  The recharge signal at OB14 
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is also similar to the signal in the limestone at OB12 (to the south) but the water levels are 
higher at OB14 than at OB12 and so the recharge signal at OB14 must be driven from 
further to the north east rather than from OB12.  The monitoring zone at OB14 is completed 
in the superficial deposits at depth (from 64 to 70 mbgl); this suggests that a recharge signal 
is being transmitted into the deep drift in this area from the limestone to the east, but that it is 
buffered from the shallower depths near the surface by overlying lower permeability material. 

2.3.2 Direction of groundwater flow 

Groundwater level data collected from the newly-drilled boreholes have provided additional 
information on the pattern of groundwater levels around the quarry.  These confirm hydraulic 
gradients in the limestone from the north and east towards the quarry and, whilst these are 
consistent with the previously postulated groundwater divide along the location of the Dinas 
Fault, they do not categorically confirm it.   

The steep, north-south, hydraulic gradient in the limestone between OB15 and OB16 
observed throughout the majority of the period for which data are available suggests that the 
pathway between these monitoring locations is of low transmissivity; this may be in part due 
to the presence of low permeability superficial material and/or the Dinas Fault.  

In contrast, some of the groundwater hydraulic gradients to the north east of the quarry are 
very shallow (between OB15 and OB8A for example) which, combined with the evidence of 
reduced recharge through the Glacial Till in this area (discussed above), suggests that there 
is little active groundwater flow in this area.   

2.3.3 Vertical hydraulic gradients between limestone and drift 

Comparison of water levels in the previously-drilled dual installations at OB8, OB9, and 
OB10 (Figure 2.7) provides an indication of the degree of connectedness between the drift 
and the limestone, although care needs to be exercised in interpretation due to the 
combination of the extent of the piezometer response zone and the variable drift lithology.  In 
general, these show a similarity in the amplitude of variation in the drift and the limestone.  
Amplitude of variation in both drift and limestone is of the order of 1 to 2 m at OB8 and OB9, 
but is significantly higher, just under 10 m, at OB10 (closer to the edge of the mapped 
superficial deposits). 
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Figure 2.7 Groundwater levels in dual installations 

The dual piezometers also suggest that hydraulic gradients between the drift and limestone 
may be variable in direction – they are upward at OB9 (near the discharge zone associated 
with the Nant Cadlan) and downward at OB8 and OB10 (i.e. this area is a recharge zone to 
the limestone, albeit the rates of recharge are attenuated by the overlying drift). 

At OB10 (to the south of the Dinas Fault), the difference between the limestone and drift is 
around 8 m (downward gradient).  Whilst this is suggestive of greater separation between 
the drift and the limestone, the piezometer installation at this location is such that this may, in 
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part, represent the hydraulic gradient within the limestone rather than the hydraulic gradient 
between the top of the limestone and the water table in the drift.  There is a difference in the 
amplitudes of variation at this location (around 4 m for the upper zone and up to 8 m for the 
lower zone) which also supports a hydraulic separation between the two units or within the 
limestone (i.e. suggests that the variations in water level in the limestone are being 
transmitted laterally from a recharge area rather than downwards through the drift in this 
area as it is hard to conceptualise how the range of amplitude of seasonal fluctuation can 
increase along a flow path). 

The hydrographs in OB10 suggest that there may be some degree of perching within the 
limestone units, possibly as a result of intervening lower hydraulic conductivity horizons.  
This was also observed in OB13, where seepage was noted well above the base of the 
immediately adjacent quarry.  It was roughly coincident with the elevation at which seepages 
can be seen in the quarry face, above a thin mudstone band, and hence may indicate an 
element of perched water within the limestone mass.  This suggests that there may be a 
significant degree of hydraulic separation perpendicular to the limestone bedding planes.  
The implication of this is that dewatering effects from the quarry would be largely limited to 
the horizons intercepted by the quarry; whilst they could propagate along the bedding plane, 
the ability to propagate across it would be more limited.   

At OBH10a, the limestone hydrograph shows some effect of the quarry dewatering with a 
small drawdown occurring from around 2009 onwards but stabilising since 20142.  This is not 
reflected in the upper horizon (OBH10b): this also supports the idea that there is a weak 
connection between the shallow and deep limestone groundwater at this location.  This small 
drawdown is not seen in other limestone locations that are close to OB10 but on the other 
side of the Dinas Fault (e.g. OB09A/B) supporting the possibility that the fault is acting as 
some form of barrier. 

 

Figure 2.8 Groundwater and spring elevations north of Penderyn quarry 
 

                                                
2
 Similar drawdown is also observed at OBH12 
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Aside from OB10, there is other evidence for perched water within the drift at the site.  To 
the north east of the site, springs issue from Glacial Till at locations shown in Figure 1.1.  
The elevation of these springs is above the groundwater levels in the adjacent limestone OB 
locations – as shown in Figure 2.8 - and must therefore represent perched groundwater 
within the drift.  A conceptual cross section between OB8 and OB15 is shown on Figure 2.9. 

 

 

Figure 2.9 Perched springs to north east of quarry (water levels recorded July 2015) 
 

2.3.4 Groundwater levels near the quarry sump and groundwater inflows to the 
quarry 

Groundwater levels at OB17 have been compared with the nearby quarry sump water levels 
(Figure 2.11 – note period of high sump levels during pump failure over Christmas 2015).  In 
the period of record, there is an almost continuously present upward hydraulic gradient 
between the borehole and the sump which suggests that groundwater flow into the sump is 
occurring throughout most of this period.  Occurrences of sump levels exceeding water 
levels observed at OB17 are rare and short lived within the observed data; (see April 2016 in 
Figure 2.10 below). 

During the pump failure and flooding event over Christmas 2015, water levels in the quarry 
rose to c. 254 mAOD before the pumps were reengaged.  Although some of this rise is likely 
to have resulted from collection of runoff water, it suggests that the winter groundwater 
levels at this location are several metres above 250 mAOD. 
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Figure 2.10 Water levels around Penderyn sump 

It is currently much harder to say anything definitive about the position of summer 
groundwater levels.  There is a one-off record during drilling at the site in the 1990s that 
suggests that, during very dry periods, the groundwater level may be below 250 mAOD, but 
this has not yet been substantiated due to the lack of a very dry period since OB17 was 
drilled.  The current summer period has been quite dry and it will be useful to review the 
latest site data when it becomes available. 

SRK, 2000 reports that ‘The base of the new development is currently at about 258 mAOD, 
which is just below the summer groundwater table, with about 0.5 m water collecting in the 
deepest part of the sump during dry spells during the summer.  Pumping was intermittent 
during the period June to September.’  Note that groundwater levels in summer 2000 were 
higher than in many other summers and so the ‘normal’ summer groundwater level is likely 
to be lower than this. 

A short period of reversal in the hydraulic gradient between the sump and OB17 can be 
observed in April/May 2016 in Figure 2.10.  This is a period of 19 days during which time the 
maximum difference in water levels was 0.32 m.  It is expected that there was minimal 
pumping required over this period as rainfall was low and seepage to ground was likely to be 
occurring3.  This would tend to suggest that the groundwater level was close to the sump 
level at this time. 

 Groundwater Inflow During Dry Weather. 2.4

Figure 2.2 shows that water may reach the sump from a variety of sources some of which 
may be interflow, some of which is perched groundwater leakage and some of which is 
deeper groundwater inflow.  These results from OB17 would suggest that there is a small but 
fairly continuous deeper groundwater flow component for much of the time.  Water taken 
from the sump during dry periods is therefore expected to be entirely derived from 
groundwater.   

In order to ascertain what proportion of the water pumped from the quarry is derived from a 
deep groundwater pathway, pumping rates were reviewed over periods of no rainfall.  It is 

                                                
3
 Unfortunately, metered flow data are not available for this period, but low pump run hours suggest that pumping was minimal 

over this time.   
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considered that, towards the end of a period of dry weather (i.e. with zero rainfall), any water 
entering the quarry will be derived from groundwater.  Dry periods were identified in both 
summer and winter when the ambient groundwater levels would be lower and higher 
respectively.  The purpose of this is to see how the magnitude of such groundwater inflows 
changes across the year. 

Pumping rates (including allowance for change in storage volume) were assessed over dry 
periods in the summer (June to August) of 2013 and winter (Jan to March) of 2013 as shown 
in Figure 2.11.  

 

 

Figure 2.11 Rainfall and discharge data in dry conditions 

The average dry weather discharge in summer was 75 m3/d (over 12th – 21st July 2013, 
discounting the small peak visible towards the end of the period which is considered to be a 
rainfall event, albeit not captured by the rain gauge) compared with an average discharge of 
416 m3/d over the whole three month period observed (i.e. dry weather flow (groundwater) 
constituted 18 % of mean flow for the three month period observed).   

Average dry weather discharge in winter was calculated as 113 m3/d (over 23rd Feb 2013 to 
5th March 2013 discounting the small peak in flow towards the end of the period which is 
considered to be a rainfall event not captured by the rain gauge) compared with an overall 
average discharge of 1020 m3/d over the whole three month period observed, which 
includes the period of dry weather noted above (dry weather flow (groundwater) constituted 
11 % of mean flow for the three month period observed).  

The long term mean daily discharge rate from Penderyn between 1999 and 2017 is 
721 m3/d.  Assuming that, say, 15% of this flow was groundwater (using the indicative 
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percentages above), this would suggest that the long term rate of groundwater abstraction at 
the quarry is around 110 m3/d.  This is considered to be a small flow compared to, for 
instance, an average flow of c. 24,500 m3/d 4 in the Nant Cadlan; when scaled to the area of 
the Cwm Cadlan SAC this gives an estimate of effective precipitation of 1,629 m3/d for the 
SAC (i.e. long term average ‘groundwater’ abstraction from the quarry is about 7% of the 
effective precipitation over the SAC).   

 Catchment Area to the Quarry 2.5

The surface water catchment of the quarry has been estimated by applying an automatic 
algorithm to the latest survey data.  There has been a small increase (+2%) in area 
compared with the previous catchment area calculated due to continued development of the 
southern face of the quarry in this period.  Note that the current development of the southern 
benches may also intercept larger proportions of rainfall where this previously flowed down 
dip (Flowpath 7 on Figure 2.2). 

It is recommended that an increase in catchment area is factored into the transient water 
balance in future hydrometric reports for the site.  The increase applied should be at least 
2% depending on the consensus about the amount of capture of what was previously 
Flowpath 7 water. 

 

Figure 2.12 Surface water catchment of Penderyn Quarry 2017 

 

                                                
4
  Mean daily flow between January 2000 and May 2016 
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3 SUMMARY AND CONCLUSIONS 

 Revised Conceptual Model 3.1

The revised conceptual model is shown in Figure 3.1 and Figure 3.2 and discussed in the 
following text 

 

 

Figure 3.1 Revised conceptual model  
NB (low (hollow) and high (filled) water levels recorded on 01/01/2015 – 31/03/2017 respectively) 

 

 
Figure 3.2 Revised conceptual model (north-east of quarry) 
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The groundwater system in the limestone to the north of the Dinas Fault is not very active 
due to attenuation of recharge to the limestone through the overlying Glacial Till which 
diverts rainfall to the springs that occur to the north and north west of the quarry.  The 
diverted recharge flows to perched springs which appear on the northern flanks of the ridge 
into which the quarry is excavated and which feed into the SAC (see Figure 2.9, Figure 3.1 
and Figure 3.2).  Recharge of the drift within the SAC from the bedrock is also limited by the 
low permeability material. 

There is some evidence for recharge signals from the limestone to the north of the Dinas 
fault affecting water levels in the deepest horizons within the drift (e.g. OB14 which is 
constructed in the deep drift below the SAC) – being transmitted there from the east rather 
than the south.  However, this deep signal in the drift below the SAC is significantly 
attenuated as it passes upwards through the drift and is not at all pronounced in the shallow 
water levels in the SAC.  This suggests that OB14 is an important pathway monitoring site. 

Recharge to the limestone in the groundwater system to the south of the Dinas fault occurs 
through the drift close to the fault and directly through the limestone nearer to the quarry.  
The upper horizons of the limestone here are often more directly connected with the surface, 
possibly by karstified horizons close to the water table, as indicated by the greater amplitude 
of groundwater variations and flashy responses. 

There is evidence that the limestone is acting as a multi-layer aquifer system and therefore 
the pathway for effects of the quarry dewatering may be largely confined to the horizons 
intercepted by the quarry.  The dip of the beds means that, to the north, this ‘pathway’ would 
rise, extending to surface before it reached the SAC. 

A significant part of the SAC to the north and east is mapped as being underlain by the 
Millstone Grit and this is likely to shield the SAC from any dewatering effects in the 
limestone, particularly in conjunction with the intervening deep, drift filled channel. 

 Resultant Pathways between Quarry and SAC 3.2

There are therefore two potential pathways for dewatering effects to extend from the quarry 
to the SAC as shown in the conceptual model figures above.   

1 Via the overlying Glacial Till in the few places where the underlying limestone is fully 
saturated (i.e. where water levels in the till are not perched).  In these locations, a 
reduction in limestone water levels would potentially result in a reduction in Glacial Till 
water levels and this then could reduce interflow and spring flow.   

2 Via the main body of the deep, drift filled channel underlying the SAC.  In this case, 
reduction in groundwater levels in the limestone would be transmitted laterally across the 
Dinas Fault, into the deep drift and then upwards through the drift to the surface 
hydrological system on which the SAC depends. 

In both cases there is evidence that the risk of effects occurring over these pathways is low.   

• In the case of the pathway through the Glacial Till, the new evidence of perching 
presented in this note suggests that much of the shallow hydrological system arising 
from the Glacial Till between the quarry and the SAC is perched and hydraulically 
isolated from the underlying limestone (and thus at no risk from quarry dewatering).  The 
degree of separation increases to the north east of the quarry due to thickening of the till.   

• In the second case, the presence of a very deep sequence of layered, low hydraulic 
conductivity deposits (including widespread Glacial Till at surface) under the SAC 
provides a high degree of hydraulic separation between the limestone and shallow water 
system on which the integrity of the SAC depends.  The groundwater level data 
presented in this note shows clear evidence of significant attenuation of the recharge 
signal through this layered system.  This again implies a very low risk to the SAC from 
continued quarry operation at 250 mAOD. 



Penderyn Quarry Geological/Hydrogeological Reconceptualisation Page 19 

 

61190TN2Rev1.3 Penderyn Reconceptualisation Report 2017 
Draft for project team review 

There is some suggestion in the evidence reviewed above that the Dinas Fault is acting as a 
hydraulic barrier (and is possibly the reason for the groundwater divide), but this is not 
conclusive.  If this were the case, it would mean that the risk posed by quarrying dewatering 
is lower than would otherwise be the case. 

In summary, the new boreholes and water level data have provided useful new information 
about the conceptual model of the local hydrogeology.  This new information is generally 
consistent with the ESI 2013 conceptual model and in each case indicates that the risks to 
the SAC posed by the quarry dewatering at 250 mAOD are even lower than previous 
evidence could demonstrate.  

 Implications for Degree of Risk to Cwm Cadlan SAC 3.3

Hanson and NRW had previously agreed that some parts of the Cwm Cadlan SAC north of 
the Nant Cadlan were not susceptible to impacts from quarry dewatering.  The above lines of 
evidence regarding geology, groundwater levels and pumping rates have been used to 
review the levels of risk in different parts of the SAC from continued working of the quarry at 
250 mAOD as follows: 

• The evidence presented above suggests that, to the north of the quarry, groundwater 
within the Glacial Till - which provides a source for a few small springs between the SAC 
and the quarry – is perched and not in hydraulic continuity with the deeper groundwater.  
This would mean that there is no risk that dewatering at Penderyn Quarry could derogate 
stream flows that feed water into the southern side of the SAC.  Any surface water 
issuing from this source will be intercepted by the Nant Cadlan tributary which runs 
parallel to the main stream along the southern edge of the SAC.  This suggests that the 
degree of risk of dewatering to these springs and the southernmost part of the SAC near 
the quarry is lower than the ‘low risk’ was previously assessed by NRW/CCW. 

• Areas of the SAC between the quarry and the Nant Cadlan to the north east of the 
quarry are now considered to be at negligible risk from quarry dewatering given the 
significant thickness of heterogeneous – but generally low permeability – drift deposits 
present in this area and evidence of perching above the piezometric surface in the 
limestone. 

• The new boreholes have now shown that the Glyn Perfedd hillock is underlain by 
significant thickness of heterogeneous drift rather than limestone.  It is considered that 
this implies that there is no risk to the SAC from dewatering to the north of the hillock nor 
to any seeps on its southern side. 

As a result of this re-evaluation, the area of SAC that is considered to be at no risk from 
dewatering Penderyn Quarry at 250 mAOD has been considerably expanded (Figure 3.3).  
The small, residual area in which the risk is considered to be very low but which cannot be 
completely excluded is restricted largely to the southernmost part of the original SSSI 
nearest to the quarry.  The relevant areas are as follows: 

SAC whole area 85.6 Ha 
Area of SAC previously agreed to be not at risk 25.1 Ha 
Area of SAC no longer considered to be at risk from 
dewatering at 250 mAOD 59.1 Ha 
Residual area of SAC at which risk from dewatering at 
250 mAOD cannot be completely precluded 1.3 Ha 

   % area of SAC at which risk cannot be completely precluded 1.5% 
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The following combination of (improbable) events would all need to occur for such a risk to 
materialise: 

• A substantial fissure in the limestone between the quarry and the SAC that is not 
currently active would need to become active (note that no further working will take place 
on the northern side of the quarry whilst the quarry is restricted to working above the 
250 mAOD level); 

• This fissure would need to intercept large amounts of water (which would be detected 
using the transient water balance) which would significantly change the amount of 
groundwater flowing towards the SAC.  This is considered to be unlikely given the low 
recharge and inactive groundwater flow to the north of the quarry; 

• The fissure would then need to be closely connected to a permeable horizon within the 
drift sequence under the SAC.  There is some evidence that there is some connection 
between the limestone and the deep drift (i.e. recharge signal in OB14) but this appears 
to be driven from the east not the south; 

• Any deep permeable drift horizons would in turn need to be well connected to the 
surface: the available logs suggest that the drift sequence under the SAC is very layered 
and so any transmission of a signal through these strata is likely to result in significant 
attenuation (as evidenced by the difference in the OB14 and OB9 recharge signals); 

• The overall hydraulic resistance through the whole of the above sequence would need to 
be very low to cause any significant change in groundwater fluxes to a point that could 
cause a perceptible change in moisture content of the shallow horizons such that would 
cause an impact on the local flora (note that there is virtually no head difference between 
the current quarry floor and the SAC at this location); 

In our opinion the probability of such a sequence of occurrences is very low.  This, together 
with the small residual area of the SAC which cannot be precluded from risk, as well as the 
maintenance of the early warning monitoring arrangements at the site in the form of a 
Scheme of Working5

 is more than satisfactory to be able to conclude that continuing to work 
Penderyn Quarry at the 250m AOD level will not adversely affect the integrity of the SAC. 

                                                
5
 The Scheme of Working originally approved in February 1998 is to be updated to record various amendments to the scheme 

that have taken place over time and will be submitted to the BBNPA for formal approval prior to the determination of the ROMP 
application. 
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Figure 3.3 Revised assessment of areas of Cwm Cadlan SAC considered not to be at risk from further working of Penderyn Quarry at 

250 mAOD 
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PENDERYN QUARRY ROMP - HYDROLOGICAL IMPACT 
ASSESSMENT 

1 INTRODUCTIONBACKGROUND 

Hanson UK (Hanson, formerly ARC) are currently undertaking a review of old minerals 
permissions (ROMP) for Penderyn Quarry.  The ROMP requires an environmental impact 
assessment (EIA) to support the approval of planning conditions controlling proposed future 
quarrying activities.  SRK Consulting (UK) Ltd. (SRK) were commissioned by Hanson to 
produce a hydrological impact assessment (HIA) which will feed into the main EIA and 
ROMP that WYG Environment Planning Transport Ltd. (WYG) are compiling.  The EIA 
will include impact assessments for various environmental aspects including water, noise, 
aesthetics and ecology.  The HIA will look specifically at potential impacts to surface water 
and groundwater receptors.  

SRK was originally engaged by Hanson in April 1995 to assist with the design and 
installation of a monitoring network around Penderyn Quarry, in order to comply with 
Conditions No 7, 8 and 9 of the planning consent Ref No CV 14033 to deepen and extend 
the quarry.  A requirement for dewatering in the quarry and the associated potential 
reduction in local groundwater levels was identified as a potential pathway for impact on two 
main potential receptors - the Cwm Cadlan Grasslands Site of Special Scientific Interest 
(SSSI), immediately to the north of the quarry and the Penderyn water supply borehole about 
1 km to the south (Figure 1-1).  The key stakeholders, being the Brecon Beacons National 
Park Authority (the BBNPA) who administer planning control within the national park, the 
Countryside Council for Wales (CCW) who now manage the SSSI and the Environment 
Agency (EA) who are responsible for protection of the Penderyn borehole and water 
resources as a whole in the area of the national park, were engaged at this point. The three 
key stakeholders together with Hanson Aggregates are referred to collectively as “the 
Relevant Parties” in the Scheme of Working (SoW) referred to below.

In accordance with the planning consent, a SoW was agreed by the Relevant Parties and 
approved specifically by the BBNPA which sets out the requirements for groundwater 
monitoring, survey of vegetation in the Cwm Cadlan SSSI, exchange of data and remedial 
action if required.  Monitoring results have been presented to the aforementioned 
stakeholders on an annual basis since 1996 in the form of an annual monitoring report which 
summarises the results of hydrological monitoring over the previous year (and ecological 
monitoring on a bi-annual basis).  Where any significant changes from the baseline are 
recorded, the implications of these changes on the site conceptual model and potential for 
resulting negative environmental impacts are discussed.  A liaison meeting is held annually 
between Hanson, CCW, the EA, BBNPA and SRK to discuss the findings of the previous 
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year’s monitoring and any changes to quarrying arrangements or monitoring required going 
forward.   

Hydrological monitoring has been ongoing since 1996 and a comprehensive three and a half 
year baseline hydrological data set had already been acquired by the time the quarry floor 
went sub-water table in 2000.  No adverse effects of dewatering on either the SSSI or the 
Penderyn borehole have been detected since monitoring began. 
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This report summarises the hydrological conditions at Penderyn using hydrological 
monitoring results collected on a continuous basis since 1996.  The long record of 
hydrological monitoring data acquired for the site has enabled a robust conceptual 
hydrological model to be developed for the site in which Hanson and SRK have a high 
degree of confidence.  Following a review of sensitive sites in the area, the conceptual model 
has been used to derive an assessment of potential risk to each of these sites.  Mitigation 
measures for any potential impacts identified are discussed.  

A list of previous reports and relevant texts is presented at the end of this report. The reader 
is referred to these for background information. 

1.1 Scope 

The scope of this HIA is to: 

• Summarise proposed operations in the context of potential hydrological impacts; 
• Discuss the conceptual site model; 
• Review sensitive sites; 
• Summarise hydrological monitoring results to date; and 
• Review the risk of hydrological impacts to sensitive sites and their mitigation, should 

it be necessary. 

2 APPROACH 

EA (2007) [Ref 8] presents various methodologies for hydrological impact assessment of 
quarries.  Because of the difficulties in characterising and predicting flow in fractured 
aquifers, such as the limestone which may exhibit conduit flow, it may not be possible to use 
a methodology which involves quantitative estimation of potential impacts.  In this situation, 
a 'monitor and mitigate' approach offers a favourable alternative.  This approach is 
summarised in Box 2-1. 

Box 2-1: Monitor and mitigate approach to HIA (after EA, 2007 [Ref 8]) 

Step 1: Establish the regional water resource status. 

Step 2: Develop a conceptual model for the abstraction and the surrounding area. 

Step 3: Identify sensitive sites. 

Step 4: Commence preliminary monitoring at those sites. 

Step 5: Design and demonstrate effective mitigation measures for the sensitive sites. 

Step 6: Specify trigger levels for the mitigation measures. 

Step 7: Continue surveillance monitoring at the sensitive sites. 

Step 8: If necessary, implement mitigation measures when trigger levels have been passed. 
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The monitor and mitigate approach is employed at Penderyn quarry because of the 
dominance of conduit flow in the underlying bedrock, which has been observed in some 
areas of the site (see Section 4).  Hydrological monitoring has been in place at Penderyn 
quarry since 1996 and a mitigation procedure in case of risk of impacts to sensitive sites is 
outlined in the original SoW (Appendix A).  This report will provide a review and update of 
the HIA at Penderyn approximately following the procedure outlined in Box 2-1 and based 
on monitoring results to date. 

No specific trigger levels for mitigation measures (step 6 in Box 2-1) have been set for 
Penderyn Quarry, nor is it the intention to do so as part of this HIA or otherwise, as it was 
decided between SRK, Hanson and the other Relevant Parties that the hydrological system at 
Penderyn is complex and as such any significant changes from the baseline conditions 
(acquired prior to quarry deepening below the regional groundwater level) should be 
considered on an individual basis should the need arise.  

3 SITE SETTING AND PROPOSED DEVELOPMENT 

3.1 Location 

Penderyn quarry is situated to the east- northeast of Penderyn Village, some 8 km north of 
Aberdare, and is served by a direct access off the A4059 Hirwaun to Brecon Road.  It is 
located within the southern central portion of the Brecon Beacons National Park. 

3.2 Topography 

The land surrounding Penderyn quarry can be mainly described as moderately undulating 
upland.  Elevation of the surrounding land varies between around 240mAD in the Nant 
Cadlan valley bottom and 460mAD on the surrounding hilltops. 

3.3 Geology  

Figure 1-1 shows the lithology and major structures identified in the general vicinity of 
Penderyn quarry. 

Penderyn quarry is working Carboniferous Limestone at the northern edge of the south 
Wales coal fields.  Aggregate quality limestone is extracted from upper light grey beds, the 
Llandyfan Limestone and lower dark grey beds, the Cil Yr Ychen Limestone.  The limestone 
dips gently (10-25 degrees) to the southeast and forms part of the southern limb of a regional 
east west trending anticline. 

The bedrock in the area around Penderyn is heterogeneous and block faulted.  The eastern 
end of the quarry is reasonably proximate to a significant fault which strikes northwest-
southeast and downthrows the productive measures to the east.  This is around 250m beyond 
the property curtilage.  A regionally significant structure – the Dinas Fault, runs northeast-
southwest across the north-western boundary of the quarry footprint. 

There is a regionally consistent structural pattern across the limestone and Millstone Grit and 
major joints are believed to cross the junction between the two lithologies (SRK, 2003[Refs 
16, 17, 18]). 
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3.4 Groundwater 

There are two aquifers present in the general vicinity of Penderyn quarry: 

• Millstone Grit – minor aquifer producing small, but useful, local supplies; and  
• Llandyfan and Cil-yr-Ychen Carboniferous Limestones – a major aquifer of local 

importance and often proving public supplies. 

Results from monitoring to date have suggested the importance of faults and unconformities 
in influencing the hydrogeological regime at Penderyn (Section 6.3).  The limestone and 
Millstone Grit demonstrate heterogeneous hydraulic characteristics typical of a system 
dominated by conduit groundwater flow.  Block faulting is likely to be the dominant control 
on groundwater flow in the region.  Faults, by their very nature, tend to obstruct groundwater 
flow perpendicular to strike by positioning permeable strata against less permeable strata, by 
causing compaction of sediment and through the development of impermeable clay gouge.  
Contrastingly, they can promote flow parallel to strike and, in limestone terrains, these 
pathways frequently develop solution features which, in time, become karstified. 

The limestone at Penderyn shows evidence of karstic features.  Two cave systems have been 
identified just to the east of the quarry site, Ogof Fawr (Grid Ref. SN 984 097) and Ogof 
Fach (Grid Ref. SN 975 097).  There is strong evidence of intrastratal karstification and 
collapse structures (“cave zones”) at the juncture between the limestone and the Millstone 
Grit formations and at the contact between the Llandyfan and Cil Yr Ychen Limestones. This 
phenomenon can be observed on the southern fringes of the Penderyn Quarry.  Both Ogof 
Fawr and Ogof Fach are located in the Oolite Group, an observation that has led researchers 
to suggest that significant cave systems in the Penderyn area are largely confined to this 
group and that the mechanism for such localised channelling of flow has been the presence 
of impermeable shale bands above and below (Humphreys,1980 [Ref 6]).  It is worth noting 
in this context that the Oolite Group resides some depth below the planned limit of the 
Penderyn Quarry.  The cave system at Ogof Fawr provides evidence of having evolved in the 
vadose zone with flow occurring down the slope of the bedding plane.  Humphreys thus 
conjectured that in the Penderyn area flow tends to occur in a down dip direction in the 
unsaturated zone, but then flows along strike once beneath the water table.  He therefore 
concluded that water entering the Ogof Fawr passes well south of the Penderyn Quarry.  
Furthermore, a more recent tracer experiment performed by Bristol University during 2000 
(Maurice, 2003 [Ref 3]) picked up little or no tracer in the quarry. 

The limestone and Millstone Grit show a clear and direct hydraulic connection, demonstrated 
in monitoring results to date (Section 6.3). 

The drift deposits that overly the limestone and Millstone Grit are generally thin (5-15m) and 
of significantly lower permeability than the underlying bedrock so as to be of little regional 
significance in terms of groundwater flow.  The drift, however, plays a role in local-scale 
hydrogeology at the SSSI (Sections 4 and 1.1). 

The regional status of groundwater in the area is discussed in Section 3.7. 
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3.5 Surface Water  

The Nant Cadlan stream is the most significant surface water body in the vicinity of 
Penderyn quarry and all surface water from the quarry and adjacent wetland (Cwm Cadlan 
SSSI) drains to this watercourse. 

The Nant Cadlan shows strong evidence of a major and direct link between surface water 
and groundwater, as discussed in Section 1.1.  Conversely, surface waters in the Cwm 
Cadlan SSSI receive little or no direct recharge from the underlying limestone or Millstone 
Grit (Sections 4 and 1.1).  There are two springs that rise, respectively, just to the south and 
east of Glyn Perfedd farm and pass into a stream that flows through the old SSSI 
immediately adjacent to the quarry.  Their proximity to, and alignment with, the Dinas Fault 
suggests a close association with the fault.  Flow in both springs is perennial and largely 
confined to well-defined channels that provide little opportunity for water to disperse over 
adjoining pastures. 

3.6 Proposed Development 

Hanson is currently working below the water table at the 250 m AOD (above ordnance 
datum) level.  Quarrying operations are now focussing on the southern quarry faces.  To deal 
with water flowing into the quarry, Hanson periodically pumps a combination of ground and 
surface water from a sump in the base of the quarry (Figure 1-1).  The base of the sump is at 
approximately 242 m AOD i.e. 8m below the quarry floor.  It is expected that quarrying will 
continue on the southern quarry faces for another five years, with no deepening of the quarry 
floor.  The next quarry deepening is anticipated to take place in 2015, when another bench 
level will be excavated to 235m AOD.  The final development will see the quarry floor at 
165m AOD. 

The planned method of dewatering throughout the quarry life is sump pumping. 

3.7 Regional Water Resource Status 

Groundwater and surface water in the area is located within the Taff and Ely catchment and 
is managed by the EA as part of a Catchment Abstraction Management Strategy (CAMS) of 
the same name (EA, 2006).  More specifically, the Penderyn area is located within Water 
Resource Management Unit (WRMU) 6 and Groundwater Management Unit (GWMU) 12.  
The current status of WRMU6 is “over-licensed” with a target status for 2016 of “no water 
available”.   

According to the EA CAMS document (EA, 2006), the status of water resource in the 
Penderyn area can be summarised as follows: 

“Current actual abstraction is such that no water is available at low flows.  If existing 
licences were used to their full allocation they could cause unacceptable environmental 
damage at low flows.  Water may be available at high flows, with appropriate restrictions.” 
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4 CONCEPTUAL HYDROLOGICAL MODEL 

This step is equivalent to Step 2 in Box 2-1 and discusses the conceptual model derived for 
Penderyn.  This conceptual model has been developed over the previous 14 years using 
monitoring data discussed in Section 6.  It concentrates on the two main receptor sites 
identified in previous studies (SRK, 1997 [Ref 19]), but is equally applicable to receptors 
located more distant from the quarry.  

A conceptual model of the site was first described in August 1997 (SRK, 1997 [Ref 19]), but 
this original model has been reviewed and, where applicable revised and updated every year 
since 1997, based on the results of annual monitoring.  The result is a conceptual model that 
has been tested and adapted to a wide range of hydrological conditions ranging from very 
dry periods, such as October 1996 to September 1997 (1076mm) and very wet periods, such 
as October 2006 to September 2007 (2287mm).  A discussion of previous and current 
monitoring and results is included in Section 6. 

The model, shown in Figure 4-1, simplifies the hydrogeological regime at the SSSI into three 
layers: 

• The Surface Layer, which consists of the rooting zone of the SSSI along with the 
drift immediately below this zone and which is in hydraulic continuity with the 
surface. 

• The Drift Layer, comprising an intermediate layer between the surface layer and the 
underlying limestone; and  

• The Bedrock Layer, which consists of a) the Cil-yr-Ychen Limestone under the 
western part of the SSSI which is a fault bounded and locally karstified formation, 
with moderate to high permeability along major discontinuities and correspondingly 
low permeability and storage within the intervening blocks, and b) the Millstone Grit 
under the eastern part of the SSSI which has indicated good hydraulic continuity with 
the limestone (SRK, 2003 [Refs 16. 17, 18]).  

The limestone and Milltstone Grit aquifers respond rapidly to rainfall, with the hydrograph 
showing peaks corresponding to antecedent rainfall.  The response is typical of a well-
connected fracture-dominated aquifer.  This notion is reinforced by the similarity in 
behaviour between hydrographs of the borehole and nearby River Cynon.  The bedrock 
aquifer appears to be in direct hydraulic connection with the Nant Cadlan in the area to the 
west of the quarry, and this connection must have a high transmissivity.      

The model assumes that lateral groundwater flow in the Bedrock Layer is controlled by the 
presence and distribution of faults and fractures in the bedrock. The potential exists for 
considerable volumes of groundwater to flow along such discontinuities, but equally for the 
same features to act as barriers to flow perpendicular to strike, especially where such features 
have been filled with clay gouge.  The limestone in the area around Penderyn is 
heterogeneous and block faulted causing the groundwater regime to be compartmentalised. 
The Penderyn borehole is located in a different block to the quarry and buffered from the 
immediate effects of dewatering by proximity and connection to the River Cynon (see also 
Section 3.4). 
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Compartmentalisation of groundwater is demonstrated when comparing the falling 
groundwater levels observed at OB7 since 2000, with the unaffected water levels at OB5, 
just 300m to the west-southwest.   

It has previously been postulated that the Dinas Fault, a major strike-slip fault forming part 
of the regionally important Neath disturbance (Figure 1-1), helps to buffer the bedrock and 
overlying SSSI to the north from the effects of dewatering in the Penderyn Quarry (SRK, 
2003 [Refs 16, 17, 18]).  To this end it is pertinent to note that during working of the 
southern quarry faces in the past few years many gouge-filled structures, approximately 
parallel to the Dinas fault, have been intersected and have caused operational difficulties due 
to their unstable nature.  The crosscutting NNW-SSE joint sets that intersect the quarry 
appear to be fairly tight so far, although this condition has the potential to change if solution 
cavities are intersected during further quarry deepening.   

The source of water supplying the Surface Layer and therefore supporting the SSSI 
vegetation is an important element to the model and the assessment of potential impact to the 
Cwm Cadlan SSSI.  

Monitoring to date indicates that the SSSI is a surface water controlled regime strongly 
influenced by antecedent rainfall and soil moisture conditions.  SRK therefore consider that 
the Cwm Cadlan SSSI is principally a surface water fed system with little or no direct 
recharge from the underlying limestone or Millstone Grit.   

This assertion is supported by several lines of evidence, these are summarised as follows: 

• Presence of thin locally continuous layers of impermeable clay just beneath the soil 
horizon. This clay layer means that the Surface Layer hydrology supporting the SSSI 
vegetation is likely to be perched above the drift, and largely confined to peaty surface 
soils except when the drift is penetrated by more coarse gravely material. In this 
regard, the extent of the surface catchment supplying the flushed areas, together with 
the lateral permeability of the surface soils, is instrumental in prolonging the supply of 
surface water draining to the flush, especially during periods of low rainfall.  As the 
main vegetation communities are coincident with these lateral flushes, the loss of 
water through vertical drainage is not considered significant. 

• Differences in the relative elevations of the water table in boreholes across the site 
tend to reinforce the notion that the near surface and deep groundwater regimes 
operate independently.  At the eastern end of the site, limestone water levels are lower 
than those in the nearby surface sediments; this is clearly seen in OB8. Further west 
around OB9 and OB12, the limestone water level is above the water level in the 
overlying drift and surface sediments.   
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• There is a strong correlation between the water chemistry in the Surface Layer 
piezometers and the soils (collected within 0.15m of ground surface). The 
hydrochemical lines of evidence suggest that the water chemistry observed in the 
Surface Layer, particularly at the New SSSI ecological sites, is dominated by 
processes occurring within the shallow drift and surface soil system, coupled to the 
influence of antecedent rainfall as recorded by the hydrographs.  SRK recognises that 
the drift will be heterogeneous, but the similarity of the Mg/Ca ratio at all ecological 
sites, regardless of underlying geology, and the presence of alkalinity sources in the 
soil suggest that similar processes are controlling water chemistry at each ecological 
site.  One of the common features between the ecological sites is the blanket coverage 
of the underlying bedrock by drift deposits. Therefore, the source of the chemical 
signature observed in the Surface Layer water (indicating a limestone source) appears 
to be dissolution of limestone fragments hosted within the drift deposits, combined 
with the effects of mixing with rainfall, as suggested by the hydrographs and field 
observations.  To support this conclusion, SRK has previously reported observing 
limestone clasts and boulders in parts of the drift during the installation of OB1, OB9, 
OB10 and P7. Additional evidence for limestone in the drift was obtained during the 
installation of replacement piezometer P15d through visual observation of limestone 
clasts, positive fizz tests with dilute (10%) hydrochloric acid, and analysis of sediment 
from three depths for pH, Ca, Mg, SO4 and alkalinity. 

• January to July 2010 was very dry with only relatively small and short-lived rainfall 
events occurring.  These events were ineffective at recharging the Drift and Limestone 
Layers and consequently the recession of water levels over the spring months was 
long and uninterrupted.  The water levels in the Shallow Layer, however, remained 
above ground level and similar to winter levels for the most part of the spring, despite 
falling water levels in the underlying drift and limestone.  From mid May, the typical 
“summer low” occurred where water levels in the Surface Layer fall consistently 
below ground level and become far more sensitive to individual rainfall events.  This 
“summer low” for the most part continues even after the onset of unseasonably high 
rainfall from July to the end of September, despite the gradual but consistent recovery 
of water levels in the limestone and drift during this period.  This would suggest that: 

a)  the Shallow Layer is hydrologically quite independent from the underlying drift 
and limestone; and  

b)  the water levels in the SSSI can be maintained with small rainfall events (which 
are not sufficient to maintain the water levels in the drift or limestone) and the 
“summer low” is most likely to be the result of soil drying due to both higher 
summer temperatures as well as reduced rainfall. 
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There are, however, two potential areas of the SSSI where limestone sourced groundwater 
may contribute to moisture in the Surface Layer. These are located:  

• To the south of the Nant Cadlan in the Old SSSI (around OB1 and OB2) where there 
is underlying limestone bedrock and where there may be upward / lateral flow of 
limestone-sourced groundwater through the shallow drift and emergence as surface 
issues. 

• Just north of the north-eastern quarry boundary around OB8 and OB10, where the 
Surface Layer could receive contributions from the adjacent weathered limestone 
outcrops to the south / southeast; these are topographically higher than the ecological 
sites. There are two springs that rise in this area along the approximate break of slope 
most likely associated with the Dinas fault and that emerge through the drift; these are 
respectively, just to the north (distance: approximately 90m) and west (distance: 
approximately 300m) of OB10 and pass into a stream that flows through the old SSSI 
immediately adjacent to the quarry (Figure 1-1).  

However, in respect of the second point above, flow in both springs is perennial and largely 
confined to well-defined channels that provide little opportunity for water to disperse over 
adjoining pastures.  Although there is a possibility that declining water levels in the 
limestone brought on by drier summers may impact on flows in these springs, the springs 
themselves are not thought to sustain the SSSI floral communities. Most of the boggy ground 
and ponding (flushes) is upslope of the springs and the majority of the plant communities are 
located some distance away from these sources.  Furthermore, a sampling exercise 
undertaken by SRK in 1998-1999 at Ecological Survey Site 12, to the south of the property 
known as Wernlas, was able to establish that the chemistry of the spring was very different 
in character to the water collected at the vegetation survey site.  There have also been 
numerous field drains installed over the years that also serve to direct portions of surface 
flow away from the ecological sites, though some of these drains are now being filled in by 
CCW as part of their management plans for the SSSI.  The main features of the conceptual 
model for areas in the SSSI that could potentially be influenced by limestone sourced 
groundwater are illustrated in Figure 4-1. 

The quarry sump is currently about 20m below the surrounding groundwater table; therefore 
some pumping must be expected.  As part of a water balance undertaken by SRK for the 
Nant Cadlan Catchment (see SRK, August 1997), SRK concluded that a likely maximum 
groundwater discharge from the quarry of 4.5 Ml/day would constitute about 14% of the 
total catchment output of 32 Ml/day (long-term average value), but that this loss would be 
partly mitigated by the return of pumped water back in to the Nant Cadlan, which is known 
to recharge the underlying aquifer.  However, actual pumping from the quarry sump pump 
i.e. the amount of both surface run-off and groundwater inflow is consistently well below 4.5 
Ml/day and generally around 2% of catchment output.   
 
SRK consider that surface processes, rather than lateral limestone groundwater recharge 
processes are the predominant mechanism for sustaining the SSSI.  This observation is 
reinforced by water level monitoring in the SSSI Surface Layer and underlying drift and 
limestone over the most recent annual monitoring period (October 2009 to September 2010).   
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Therefore we conclude that, based on the conceptual understanding of the hydrological 
system at the SSSI, as well as flow data from the quarry that demonstrates that only a very 
small amount of dewatering is occurring from the limestone, the risk of any impacts from 
quarry dewatering is currently low. 

As the quarry continues to deepen it is inevitable that more groundwater will flow to the 
sump and that pumping as a proportion of the total catchment budget will increase.  SRK 
advocate, however, that the risks to the SSSI will remain low even as quarrying progresses 
due the buffering influence of the Dinas fault and due to the minimal hydrological 
connection between the SSSI Surface Layer and the Limestone Layer. 
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5 SENSITIVE SITES 

This step is equivalent to Step 3 of the HIA methodology outlined in Box 2-1, where water 
dependant features susceptible to flow and drawdown impacts are identified.  Defining the 
search area for such features in a fractured aquifer, especially karst, is very difficult due to 
the unpredictable nature of groundwater in such an environment (EA, 2007 [Ref 8]).  
Therefore, the search area has been guided by the conceptual model and knowledge gained 
over 14 years of site monitoring.   

Potentially sensitive sites in the vicinity of Penderyn quarry are shown on Figure 5-1 along 
with a nominal radius of 2.5km from the quarry sump.   

• Cwm Cadlan SSSI (which is also a Special Area of Conservation under EC Directive 
92/443/EEC) and other SSSI sites also managed by CCW (Dyffrynoedd Nedd A 
Mellte A Moel Penderyn, Cors Bryn-Y-Gaer and Woodland Park and Pontpren); 

• Public Water Supply (PWS) abstraction borehole belonging to Dwr Cymru 
Cyfyngedig (Welsh Water) – Licence No. 21/57/23/60; and 

• An unlicensed private abstraction borehole belonging to The Welsh Whisky Co Ltd. 

The SSSI and the Public Water supply are considered by the Relevant Parties to be the most 
sensitive sites to potential impact and by focussing the SoW on the protection of these two 
sites it is considered that the other more distant sites will be adequately protected by default 
– see 7.2.3 below. 

The unlicensed abstraction borehole belonging to The Welsh Whisky Co Ltd. was drilled in 
2000 into the Carboniferous Limestone aquifer and is limited to a relatively minor 20m3/day 
(the current limit for unlicensed abstractions).  The Welsh Water PWS borehole is located 
approximately 560m to the south and also abstracts from the limestone.  This borehole is 
licensed to abstract up to 1,136,500m3/year or 4,046m3/day.  Although the Welsh Water 
PWS borehole has not been used since early 1997, it remains a potential water source.   

A monitor and mitigate approach has been adopted for protection of sensitive sites from 
potential impacts from dewatering at Penderyn quarry.  This approach has been accepted by 
the Relevant Parties.  Although monitoring to date has focussed on protection of the Cwm 
Cadlan SSSI and the Welsh Water borehole as the most sensitive sites to potential impact, 
monitoring at Penderyn is also designed to detect any changes to the hydrological regime 
that might have the potential to impact some of the less sensitive sites.     
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6 GROUNDWATER AND SURFACE WATER MONITORING AND 
ANALYSIS 

6.1 Introduction 

Preliminary monitoring (step 4, Box 2-1) was instigated at Penderyn quarry in 1996 as part 
of a background survey required as a pre-requisite to the approval of the SoW.  The system 
comprises a combination of automated water level logging and manual water level 
measurements in boreholes and piezometers screened1 in each of the layers discussed in the 
conceptual hydrological model (Section 4).  Details of the monitoring system specified in the 
SoW as approved in 1998 are included in Appendix A.   

At various points in the past 14 years the scope of monitoring outlined in the original SoW 
has been altered, either with an increase in monitoring in some critical areas (such as the 
installation of OB11 and OB12 in 2003/2004) or a decrease in monitoring (such as in July 
2010 where monitoring was suspended in areas which are unlikely to be affected by 
dewatering prior to the next quarry deepening).  Where any changes to the monitoring 
system specified in the SoW have occurred, it has taken place with the full agreement of the 
Relevant Parties. 

It is not within the scope of this report to outline the exact details of the monitoring system 
and how it has changed over time, nor is it the purpose to provide a detailed description of all 
results since 1996.  Instead, the following section provides an overview of the past and 
current monitoring system and the key responses and trends observed at pertinent locations 
since 1996. 

  

                                                      
1 The screened interval of a borehole or piezometer is the interval over which the hole is open to groundwater ingress from 
the surrounding geological formation(s).  All of the installations at Penderyn are sealed with a bentonite seal above the 
screened interval, which means that groundwater flowing into the hole and/or water levels measured in the hole reflect only 
the hydrogeological conditions in the geology over which the hole is screened and are not influenced by the conditions in the 
overlying geology. 
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6.2 Monitoring Details 

Figure 1-1 shows the location of all monitoring locations used since monitoring began in 
1996.  Figure 6-1 shows only the hydrological monitoring locations that are currently being 
used, following the recent revisions to the monitoring system.  Monitoring boreholes and 
piezometers have been attributed various letters to help differentiate between their depth and 
position.  

• Observation boreholes in the drift and limestone are prefixed by the letters ‘OB’. 
• Where an observation borehole (OB) name is followed by the letter ‘a’, the borehole 

monitors water levels in the Bedrock Layer, while a letter ‘b’ indicates monitoring of 
water levels in the overlying Drift Layer.   

• Piezometers in the Surface Layer of the SSSI sites are prefixed by the letter ‘P’. 
• The use of letters to denote different piezometers does not indicate the same lithology, 

but instead reflects different piezometers at a single SSSI monitoring location such as 
P3a, P3b, P3c at ecological site 3; and the letter ‘L’ following a sample site name 
indicates the site contains a data logger, such as P3d (L) and this position is not 
sampled for water chemistry. 

Detailed lithological logs were taken during the drilling of the monitoring system in order to 
better interpret the monitoring results and to define the conceptual model.  These are 
included in Appendix B. 

Rainfall is continuously monitored using automated gauges positioned in the old SSSI near 
OB2, and at the quarry near the site office.  Both locations are shown on Figure 6-1. 
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6.3 Water Level Monitoring in the Bedrock Layer 

6.3.1 Equipment Summary 

Up to July 2010, groundwater levels were monitored in the limestone bedrock (‘Bedrock 
Layer’) in seven boreholes (OB5, OB7, OB8a, OB9a, OB10a, OB11 and OB12).  OB7 is in 
fact screened both in limestone and Millstone Grit.  In July 2010, automated water level 
monitoring at OB5 and OB12 was suspended until at least the next quarry deepening and 
replaced with manual measurements. 

6.3.2 Results and Analysis 

Table 6-1 outlines the typical responses observed in each of the monitoring location screened 
in the limestone or limestone and Millstone Grit.  Hydrographs for these boreholes from the 
start of monitoring until present are included in Appendix C. 

Table 6-1: Summary of hydrograph behaviour in the Bedrock Layer 

Borehole Typical Historical Behaviour 

OB5 

• Hydrograph shows rapid response to rainfall (<1 day) with sharp peaks and steep 

recession curves, characteristics that suggest high hydraulic conductivity (K) at this 

locality. 

• Base level of hydrograph (~215mAOD) supports notion of at least one major 

feature associated with this borehole at this level. 

• Strong correlation with nearby River Cynon hydrograph. 

OB7 

• OB7 is screened in both limestone and Millstone Grit. 

• WL has declined in OB7 since significant sump pumping began in second half of 

1999. 

• WL has two distinct and contrasting episodes of behaviour. Before 22/09/99, WL 

variation due to rainfall was negligible (0.08 m); after this date, it began to fluctuate 

significantly (3.18 m) and became very sensitive to rainfall. 

• Onset of water level (WL) fluctuations at precisely the time significant sump 

pumping began proves good connection with the quarry some 700 m away. 

• Emergence of erratic WL fluctuations may indicate change in the Storage 

properties of the limestone aquifer near OB7. Limited variation in WL before 

pumping was probably due to the dampening effect of a cavity intersected below 

the water table (WT) when drilling OB7. 

• WL decline has levelled off since 2007.  The quarry has not been deepened since 

this date and so it would seem that a further reduction in water levels will not occur 

until at least the next quarry deepening. 

OB8a 

• Time between rainfall and peaks on hydrograph is usually <2 days. 

• Response to recharge events is similar to OB8b in the deep drift, which suggests 

the two lithologies are fairly well connected at this location.  

• Limestone piezometric surface has been consistently ~0.5 m below that of the 

overlying drift, indicating a potential for downward flow from the drift to the 

limestone. 

 

File Ref: Penderyn_2010_ROMP_HIA_Final.docx  January 2011 
BELL/ KNIG 



SRK Consulting (UK) Ltd 
Penderyn Quarry ROMP HIA Page 20 

File Ref: Penderyn_2010_ROMP_HIA_Final.docx  January 2011 
BELL/ KNIG 

Borehole Typical Historical Behaviour 

OB9a 

• Response to recharge is very similar, although not identical, to OB9b in the deep 

drift, which suggests the two lithologies are fairly well connected at this location 

• Lag time between a rainfall event and the peak in the limestone hydrograph is 

usually less than a day 

• Response to rainfall in the limestone usually precedes that of the deep drift (OB9b) 

by a day. 

• The limestone piezometric surface was consistently above that of the drift prior to 

Sept. 2000 (by up to 0.1 m), but was then periodically exceeded by the head in the 

drift until mid-2003.   However, since 2003 water levels have reverted to the old 

pattern of behaviour. It is assumed from these observations that the screened 

interval was blocked for a time. 

OB10a 

• Piezometric surface in the limestone generally reacts more slowly to rainfall events 

(3-5 days) than WL in the shallow drift (1-3 days; see OB10b). 

• Piezometric surface in the limestone has been consistently below (by 8 – 10 m) that 

of the shallow drift since installation in 1997, so that potential exists for recharge 

waters to migrate down to the limestone from the drift. 

• Hydrograph of OB10a shows greater fluctuation in WL than OB10b.  

OB11 • WL monitoring commenced on 20/06/03. 

• Hydrograph behaviour is very different to its predecessor (OB3) but similar to OB5 

with rapid response to rainfall.  

• WL has fluctuated by up to 18 m since monitoring began. However, this volatility 

and range in WL variation has become more attenuated since the start of 2005. 

• Hydrogeological characteristics suggest the borehole has intersected a conduit-like 

feature with high conductivity and low storage characteristics.  

OB12 • WL monitoring commenced on 01/11/04. 

• Response is very similar to OB11, with a very rapid response to rainfall.  

• WL has fluctuated up to 6 m since monitoring began. 

• Hydrogeological characteristics suggest the borehole has intersected a conduit like 

feature as at OB11. 

 

Based on the information obtained from the hydrographs of the boreholes in Table 6-1, 
several key conclusions can be drawn:  

• A marked “summer low” was evident in 2010 due to a dry first 6 months of the year.  
As a result the water level in the Limestone Layer was significantly reduced during the 
first half of the summer and water levels at many locations were at their lowest since 
monitoring began.   

• With the exception of borehole OB7 none of the monitoring locations in the Bedrock 
Layer have shown a discernable change in water level or response type from the 
baseline conditions prior to 2000 and therefore no discernable response to the long-
term effects of dewatering of groundwater.  The water levels in OB7 seem to have 
stabilised and even recovered slightly since 2007.  Although, in the 2006/2007 annual 
report (SRK, 2007 [Ref 19]) it was suggested that borehole OB10a might have begun 
to show some evidence of a limited decline, this seems to have been chiefly due to a 
very dry summer and no sustained decline has been observed since. 
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• Water levels in all limestone observation boreholes respond positively to rainfall with 
variable lag times, typical of a system exhibiting conduit flow. 

• The head of water in the limestone at Borehole OB10 is typically some 4 - 10m below 
that of the drift. Historically, it has remained at least 1m below the drift/limestone 
contact. By contrast, the head of water in the overlying drift has always been 2m or 
more above this contact.  The difference in water level elevation between these two 
formations serves to show that the groundwater regime in the overlying drift is 
perched and quite separate from the one that resides in the underlying limestone. The 
overlying drift continues to show no effects due to dewatering. 

• The head of water in the limestone at Borehole OB9 is generally at or above that of 
the drift indicating little opportunity for vertical drainage of groundwater from the 
drift to the limestone, but with the possibility of recharge from the limestone to the 
drift.   

6.4 Water Level Monitoring in the Drift Layer 

6.4.1 Equipment Summary 

Up to July 2010, groundwater levels were monitored in: 

• two boreholes located in the ‘Old SSSI’ (OB1, OB2) which record water levels in the 
shallow superficial glacial deposits (‘Shallow Drift’);  

• three boreholes located in the ‘Old SSSI’ (OB8b, OB9b and OB10b) which record 
water levels in the deep superficial glacial deposits (‘Deep Drift’); and 

 
In July 2010, automated water level monitoring at OB10b was suspended until at least the 
next quarry deepening and replaced with manual measurements. 

6.4.2 Results and Analysis 

Table 6-2 outlines the typical responses observed in each of the monitoring points located in 
the Drift Layer.  Hydrographs for these boreholes from the start of monitoring to present are 
included in Appendix C. 

File Ref: Penderyn_2010_ROMP_HIA_Final.docx  January 2011 
BELL/ KNIG 



SRK Consulting (UK) Ltd 
Penderyn Quarry ROMP HIA Page 22 

Table 6-2: Summary of hydrograph behaviour in the Drift Layer 

Borehole Typical Historical Behaviour 

                 Shallow Drift 

OB1 

• WL is within 0.15 m of ground surface for most of the year and only falls significantly 

below after prolonged dry spells. 

• WL rarely rises above ground surface, even after periods of heavy rain, which 

implies surface control and unconfined conditions. 

• Hydrograph response time to rainfall events is <1 day. 

OB2 

• Behaviour in OB2 is very similar to OB1 with a WL that fluctuates within 0.2 m of 

ground surface for most of the year. Rapid response times to rainfall and evidence 

of periodic control by a discharge point near the borehole also indicate a close link 

with the surface water system. 

• However, the tendency for WL to occasionally break from the influence of this 

discharge feature suggests that it is not persistent and possibly bedded between 

less conductive soils. This reinforces the notion of a drift with highly variable 

physical properties. 

                 Deep Drift 

OB8b • See Table 6-1. 

OB9b • See Table 6-1. 

OB10b 

• See Table 6-1. 

• WL is strongly influenced by surface recharge and appears to be controlled by a 

discharge point at 287m AOD. The latter suggests some independence from the 

underlying limestone. Certainly, the connection is likely to be weak because the 

constant pressure signature does not appear to be translated to the limestone. 

 

Based on these responses, four key observations can be made:  
• Water levels in all drift observation boreholes respond positively to rainfall with 

variable lag times; 
• Low rainfall in the first 6 months of 2010 has resulted in lower than average water 

levels in the Drift Layer, as has been observed in the limestone; 
• Water levels and responses in the Drift monitoring boreholes have not discernibly 

changed from the baseline conditions and there is therefore no evidence of quarry 
sump pumping having impacted on water levels in the drift;  

• There is no indication of significant change in the potential for drainage from the drift 
to the underlying limestone. 

6.5 Water Level Monitoring in the Surface Layer 

6.5.1 Equipment Summary 

Water levels in the Surface Layer of the SSSI are automatically recorded and manually 
checked at ecological sites 1, 3, 7, 15, 16, 17, and 18 using loggers located approximately 1.5 
metres below ground level (mbgl). 

In July 2010, water level monitoring at P3 and P18 was stopped permanently and suspended 
at P16. 
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6.5.2 Results and Analysis 

Table 6-3 outlines the typical responses observed at each of the monitoring location screened 
in the Surface Layer.  Hydrographs for these boreholes from the start of monitoring to 
present are included in Appendix C. 

Table 6-3: Summary of typical hydrograph behaviour for the Surface Layer 

Site Typical Historical Behaviour 

P1 

• WL remains above ground surface (258.46m AOD) for most of the year except for during 

the summer months, indicating connection to a nearby constant pressure source and 

probable temporary confining conditions.  

• When WL is above ground, it has generally been near constant and insensitive to rainfall 

events.  

• When WL drops below ground surface it becomes more sensitive to rainfall events, with 

sharp peaky responses.  

• P1a was replaced by P1c in April 2003. 

P3 

• Responses are similar to P1a, and have remained above ground for the majority of the 

time indicating probable temporary confining conditions.  

• P3b was replaced by P3d during June 2002. 

P7 

• WL has regularly fluctuated between confined and unconfined conditions and is very 

sensitive to rainfall.  

• P7 was replaced by P7a in April 2003. 

P15 

• WL coincides with and is controlled by the elevation of the ground surface. When WL 

drops below ground surface, fluctuations in the hydrograph become more pronounced, 

as the water available from storage in the soil is much reduced. 

• P15c(L) was replaced by P15d(L) in June 2004. 

P16 

• WL at P16 and P17 behave in a similar way to P7. 

• P16 was replaced by P16a in April 2003. The water level at this locality is now rarely 

above ground level. 

P17 

• P17 was replaced by P17a in April 2003. Again, the character of the local groundwater 

regime at this locality is noticeably different since it’s replacement in 2003, with Wl now 

generally below ground level.  

P18 

• P18 was replaced by P18a in April 2003. 

• WL has been predominantly below ground surface for both P18 and P18a, since 

installation in 1998. Only rarely has the piezometric level risen above ground surface. 

During these times, the volatile nature of the hydrograph in response to rainfall events 

indicates that the shallow water system is periodically confined and controlled by a 

constant pressure feature a short distance from the hole.  
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Based on this assessment, the following conclusions can be drawn: 

• Water levels in all areas of the SSSI show no affects that are considered to be related 
to dewatering at the quarry sump; 

• Water levels in the surface layer are strongly influenced by antecedent rainfall 
(especially dry periods) and indicate that the surface layer is governed by direct 
recharge to, and drainage and evapotranspiration from a shallow soil system; 

• The impact of low rainfall on water levels in the surface layer in the winter/spring of 
2010 appears to be significantly less accentuated than in the underlying limestone and 
water levels in the surface layer during this period remained akin to previous years.  
This significant difference in long-term response to long-term rainfall is an important 
point which further suggests that water levels in the shallow soils in the SSSI are not 
controlled by recharge from the underlying limestone.   

• Hydrographs since 2003 show that water levels have tended to fall below ground level 
more frequently than in earlier years.  Heavy rainfall separated by abrupt dry periods 
is a phenomenon that appears to be much more common than pre-2007, particularly in 
summer, and therefore this observation is considered to be attributable to a change in 
rainfall patterns. 

6.6 Nant Cadlan Flow Monitoring 

6.6.1 Equipment Summary 

River stage at the Nant Cadlan (River Cynon) is automatically logged at a culvert (Figure 
1-1) where it passes the quarry entrance.  A stage-volume relationship has been developed 
for the cross-sectional area at this location in order that river flow can be calculated from the 
stage measurements.  Manual checks are also made at a staff gauge in the same location on a 
bi-monthly basis.   

6.6.2 Results and Analysis 

Flow records for the Nant Cadlan are presented in Appendix E.  The stream shows a flashy 
response to rainfall events, as would be expected in such a catchment.  No discernible 
changes in the hydrograph have been detected since monitoring began in 1997. 

6.7 Penderyn Borehole 

6.7.1 Equipment Summary 

Water levels are downloaded at the Penderyn borehole on a monthly basis by Hydrologic, 
who manage the data on behalf of Welsh Water.   

6.7.2 Results and Analysis 

The Penderyn Borehole is dependent on the groundwater in the limestone aquifer for its 
supply. Although this borehole has not been used since early 1997, it remains a potential 
water source and, as such, could be at risk from quarry dewatering. 
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Hydrographs showing the Nant Cadlan at the culvert and Penderyn Borehole are presented in 
Appendix E.  

The Penderyn borehole water level responds rapidly to rainfall, with the hydrograph showing 
peaks corresponding to antecedent rainfall. During the current monitoring period, the base 
water level during the winter months remained between 215.5 and 216m AOD. 

The borehole continues to show that it is highly responsive to rainfall events and that it 
exhibits traits that are typical of a well-connected fracture-dominated limestone.  This notion 
is reinforced by the similarity in behaviour between hydrographs of the borehole and nearby 
River Cynon. 

6.8 Hydrochemistry 

6.8.1 Sampling Undertaken 

Water samples are taken from a selection of boreholes and piezometers bi-annually – in May 
and September.  All samples are tested in the field for a range of physio-chemical 
parameters.  The samples taken in May are analysed in the laboratory for Ca and Mg and the 
samples taken in September are analysed for a comprehensive suite of inorganic 
determinants.  Full details of sampling protocol, locations and determinants as well as results 
for all samples since monitoring began are included in (SRK, 2010 [Ref 21]).  Sampling was 
undertaken from 1997 in order to build a baseline data set against which samples taken after 
2000 could be compared. 

Mg-Ca ratios are calculated for both May and September analyses as a primary indicator of 
water source, especially where groundwater originating from limestone sources is concerned.  
A change in Mg/Ca may indicate a change is the source of groundwater to a particular 
sampling point.  

6.8.2 Results and Analysis 

Although hydrochemistry has varied outside of the baseline values since 2000 for many of 
the determinants, including Mg-Ca ratio, no consistent trends have been observed that 
indicate a change in groundwater or surface water flow regimes. 

7 RISK OF HYDROLOGICAL IMPACTS 

7.1 Introduction 

Steps 5 to 8 in Box 2-1 require the assessment of trigger levels and development of 
mitigation measures should ongoing surveillance deem such measures necessary.  As already 
discussed in Section 2, no specific trigger levels for mitigation measures have been or will be 
set for Penderyn Quarry, as it has been decided between the Relevant Parties that any 
significant trend in change from the baseline conditions (acquired prior to quarry deepening 
below the regional groundwater level) should be considered on an individual basis should the 
need arise.   
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The following section, therefore, reviews the sites identified in Section 5 and provides a 
qualitative assessment of risk from hydrological impacts. 

As discussed in Section 2, a ‘monitor and mitigate’ approach has been taken towards 
hydrological impact assessment at Penderyn quarry and as such no quantative predictions of 
impact, either physical or chemical, have been made.  The approach relies instead on a 
robust conceptual model based on long-term monitoring results and ongoing indicator 
monitoring in order to detect any impacts early that would allow the instigation of 
appropriate mitigation measures before significant negative impacts could occur. 

7.2 Risk Assessment 

7.2.1 Cwm Cadlan SSSI 

 Risk: 

Impact on hydrological input to the SSSI, resulting in unfavourable conditions specifically 
for two plant communities, the M10 carex dioica – Pinguicula vulgaris mire and the M24 
Molinia caerulea – Cirsium dissectum fen. 

 Key Stakeholders: 

CCW 

 Assessment: 

Based on the current conceptual model, it can be concluded that the vegetation communities 
in the SSSI area to the north of the Nant Cadlan are not at risk from quarry dewatering, as 
there is no possibility of recharge of limestone groundwater to the surface layer.  This has 
been agreed by CCW (CCW, 2009). 

Although the possibility exists that limestone groundwater could be recharging the SSSI to 
the south of the Nant Cadlan, the lines of evidence outlined in Section 4 suggest that surface 
water processes, rather than lateral limestone groundwater recharge processes are the 
predominant mechanism for sustaining the SSSI.  Furthermore, the Dinas fault appears to 
provide a hydraulic barrier between groundwater abstraction at the quarry sump and 
groundwater under the SSSI.  Therefore, SRK would conclude that the risk to the SSSI from 
dewatering is low, and will remain so even as the quarry continues to deepen and flow to the 
sump as a proportion of total catchment output increases.  Moreover, any risk will be further 
reduced by the presence of ongoing hydrological monitoring as an early warning for any 
potential hydrological changes in the Surface Layer at the SSSI.  Thus, the present approach 
to monitoring at the site coupled with the procedures for resolving change as defined in the 
SoW (Section 7.2.4) are considered entirely adequate for limiting the risk of impact on the 
Cwm Cadlan SSSI. 
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7.2.2 Welsh Water Borehole 

 Risk: 

Derogation of water levels at the Welsh Water PWS abstraction borehole leading to 
increased pumping costs. 

 Key Stakeholders: 

Welsh Water, the interests of whom are represented by the EA.  

 Assessment: 

The quarry sump is currently about 20m below the surrounding groundwater table.  As part 
of a water balance undertaken by SRK for the Nant Cadlan Catchment (SRK, 1997), SRK 
concluded that the total catchment output is around 32 Ml/day (long-term average value) and 
that abstraction from the sump would be partly mitigated by the return of pumped water back 
in to the Nant Cadlan, which is known to recharge the underlying aquifer.  Actual pumping 
from the quarry sump pump since 1996 (which includes both surface run-off and 
groundwater components) has never exceeded 0.9 ML/day averaged over the year (highest to 
date recorded in 2006/2007 monitoring period) which represents less than 3% of the 
catchment water budget.  The present rate of pumping is not therefore impacting the 
groundwater resource on which the unused Penderyn Borehole is dependent.  This is 
demonstrated by an absence of decreasing water levels at OB5.   

Unless the rate of sump pumping increases radically, the risk of quarry dewatering impacting 
the regional groundwater resource is low.  It is not known how the quarry dewatering 
volumes will increase with quarry deepening although it is inevitable that more groundwater 
will flow to the sump and that pumping as a proportion of the total catchment budget will 
increase.  However, dewatering volumes are unlikely to represent a significant portion of the 
catchment budget unless several significant groundwater flow features are intersected.  
Moreover, monitoring at the site coupled with the procedures for resolving change as defined 
in the SoW (Section 7.2.4) are again considered to be entirely adequate for limiting the risk 
of impact on the Welsh Water PWS borehole.  

7.2.3 Other Sites 

SRK consider the Cwm Cadlan SSSI and the Welsh Water borehole as the most sensitive 
sites to potential impact.  This assertion has been accepted by the EA, CCW and BBNP since 
liaison regarding dewatering operations began.  However, monitoring at Penderyn is also 
considered appropriate for the early detection of any changes to the hydrological regime 
surrounding Penderyn quarry before they have the potential to impact any of the less 
sensitive sites mentioned in Section 5. 

7.2.4 Monitoring and Mitigation 

The existing monitoring network summarised in Table 7-1 below (locations shown on Figure 
6-1), coupled with the procedures for interpreting change as defined in the SoW (Section 
7.2.4) is deemed adequate for protection of sensitive sites until the next quarry deepening 
scheduled for 2015. 
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Table 7-1:  Summary of existing monitoring network at Penderyn quarry 

Conceptual Model Layer Monitoring Location Ids 

Shallow Layer 

Automated 3-hourly WL monitoring: P1, P7, P15 and P17 

Bi-monthly manual dips: None 

Bi-annual chemistry: P1, P7 and P15 

Drift Layer 

Automated 3-hourly WL monitoring: OB1, OB2, OB8b and OB9b 

Bi-monthly manual dips: None 

Bi-annual chemistry: OB2, OB9b and OB10b 

Bedrock Layer 

Automated 3-hourly WL monitoring: OB7, OB8a, OB9a, OB10a, 
OB11 

Bi-monthly manual dips: OB5, OB10a and OB12 

Bi-annual chemistry: OB7, OB9a, OB10a and OB11 

Surface Waters Bi-annual chemistry: S2 and S4 

 

At the next quarry deepening phase, locations at which monitoring was temporarily 
suspended in July 2010 (OB5, OB10b, OB12, P12, P16, and S6) will need to be re-assessed 
and re-commissioned where required.  However, no change to the established approach of 
monitoring and mitigation will be necessary.  This process will take place in liaison with all 
key stakeholders.  SRK suggests that only the re-commissioning of OB5 would be required 
to produce a monitoring system that could adequate detect changes from the next quarry 
deepening to the final quarry design. 

Data from the monitoring system are reviewed by the Relevant Parties on an annual basis to 
check for trends or changes that might represent a pre-cursor to negative hydrological 
impacts on the surrounding sensitive sites.  In the event that significant changes in the 
hydrological regime are detected, the mitigation implementation procedure is outlined in 
Figure 7-1.  It should be noted that any requirement for the implementation of mitigating 
action as a result of hydrological changes in the SSSI which result from quarry dewatering 
should be accompanied by clear evidence for a risk of an accompanying adverse change in 
the vegetation communities, as revealed by the two yearly ecological surveys.   

The SoW states that deepening of the quarry must be suspended if the results of the 
monitoring indicate that dewatering operations at the quarry are having or are likely to have 
an adverse impact on either the Cwm Cadlan SSSI or the Penderyn Borehole.  There is then 
provision for a “Special Liaison Meeting” to be called between the Relevant Parties to 
decide whether remedial action is required.  If action is required then Hanson should provide 
proposals for a remedial solution within 3 months of notification to cease deepening.  The 
SoW provides 3 likely alternatives for remedial action: 

• Continuation of quarrying with appropriate mitigating measures e.g. augment supply 
to plant communities or recharge aquifer; 

• Controlled floodback of the quarry; or 
• Cessation of dewatering operations allowing aquifer levels to return to normal. 

In relation to Box 1 of Figure 7-1 it should be noted that this indicates the arrangements 
within the SoW, as originally approved, for interpretive reports to be prepared and circulated 
to the relevant parties at four monthly intervals, with ecological survey reports in the SSSI to 
be prepared annually.  Owing to the current perception of low risk, at least until the next 
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phase of quarry deepening, hydrological reports are supplied at six monthly intervals, 
comprising an interim report supplied in May and a full annual report in December, with 
ecological survey reports prepared every other year.  This change in the scope of reporting 
has been agreed by the Relevant Parties in stages at various previous ALMs. 
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Figure 7-1:  Mitigation procedure in the event of detection of significant 
hydrological changes at the Cwm Cadland SSSI   
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8 CONCLUSIONS 

A Hydrological Impact Assessment (HIA) has been undertaken as part of a Review of Old 
Minerals Permissions (ROMP) for Penderyn quarry.  The site conceptual model has been 
reviewed and updated based on monitoring results from 1996 to date. 

Due to the presence of conduit flow in the bedrock aquifer underlying the site (including 
some solution enhanced/karst features), a monitor and mitigate approach has been adopted.   

Sensitive sites that might potentially be affected by detwatering operations in the quarry have 
been identified.  Out of these sites, the Cwm Cadlan SSSI and Welsh Water PWS are 
considered the most sensitive to potential hydrological change at the quarry.  Based on the 
monitoring results since 1996 and updated conceptual site model, the current risk to 
identified sensitive sites is low as: 

• The Cwm Cadlan SSSI has been shown to be a mainly surface water dependent 
system which is for the most part hydrologically independent to the underlying 
bedrock.  The hydrological separation of the SSSI and underlying drift and limestone 
has been particularly demonstrated in monitoring results from 2010.   

• The limestone underlying the SSSI appears to be hydraulically buffered from quarry 
dewatering operations by the gouge filled Dinas fault.   

• The current rate of sump dewatering represents a very small percentage of the 
overall budget for the Nant Cadlan catchment which suggests that the present rate of 
pumping is not impacting the groundwater resource available to the Penderyn 
Borehole.  

• Based on the above observations, the current risk to the SSSI and groundwater 
resources at Penderyn is low. 

 
As the quarry continues to deepen, it is inevitable that more groundwater will flow to the 
sump and that pumping as a proportion of the total catchment budget will increase.  SRK 
advocate that the risks to the sensitive sites will remain low even as quarrying advances 
due to:  
 
• The buffering influence of the Dinas fault.  
• The minimal hydrological connection between the SSSI Surface Layer and the 

Limestone Layer, demonstrated particularly in this year’s hydrological monitoring 
results. 

• The fact that future sump dewatering volumes are unlikely to represent a significant 
portion of the catchment budget, unless several significant groundwater flow features 
are intersected by the quarry.   

Moreover, ongoing monitoring will provide an early warning system against potential 
hydrological impacts which could be a pre-cursor to ecological impacts at the SSSI or 
potential derogative impacts to groundwater resources on which the Welsh Water PWS 
borehole relies.  
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In both cases a mitigation implementation procedure is in place in the case of any potentially 
significant hydrological impacts being detected in the monitoring data, as defined by the 
quarry Scheme of Working, which has been agreed by the EA, CCW and BBNP.  Mitigation 
measures might include re-distribution of dewatering water or partial/total cessation of 
dewatering, depending on the circumstances of the potential impacts.  Selection of a suitable 
mitigation measure would be undertaken if and when required, which would be undertaken 
through close liaison between the Relevant Parties. 
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9 RECOMMENDATIONS 

• Continue with hydrological monitoring at the current locations until the next planned 
quarry deepening in 2015;  

• Continue with annual reporting and meetings with key stakeholders; and 
• Review the requirement to re-instate monitoring at OB5, OB10b, OB12, P12, P16, and 

S6 in 2015, in liaison with all key stakeholders. 
• Details of the monitoring arrangements within the SoW should be updated to take 

account of the various changes that have taken place since the scheme was first 
approved in February 1998.  A revised document should be submitted along with the 
ROMP application for approval by the BBNPA.  All of the changes that have taken 
place have been recorded in sequential Annual Reports, so the revision of the SoW 
will in essence be an administrative exercise to summarise all of the changes into a 
single document.  The principles of the monitor and mitigate methodology will remain 
unchanged. 
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APPENDIX C - SSSI PIEZOMETER WATER LEVELS
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APPENDIX C - SSSI PIEZOMETER WATER LEVELS
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APPENDIX D - NANT CADLAN
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APPENDIX D - PENDERYN BOREHOLE
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