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1 INTRODUCTION 

1.1 Background  

1.1.1 On behalf of the Client, Barr Environmental Ltd., Wardell Armstrong (WA) submitted 

a planning application and an Environmental Impact Assessment Report (EIAR)1 for 

Killoch Energy Recovery Park in May 2021. In response, East Ayrshire Council (EAC) 

have requested the following additional information/clarification in relation to the 

EIAR Chapter 11 Water Resources and Flood Risk1: 

• Further justification for the scoping out of the assessment of impacts on the private 

water supply at High Tarbeg Farm which is ground water fed. 

• Further information on baseline characterisation of site setting including PrWS, the 
catchment areas draining the site and surrounds and the main outflow under the 

A70.  

1.1.2 In order to address EAC comments, this Technical Note (TN) discusses Killoch Energy 

Recovery Park (the Site) and High Tarbeg Farm/ Private Water Supply (PrWS) in parallel 

through the baseline conceptualisation; provides a conceptual site model for both the 

Site and PrWS; and concludes with a discussion and justification for the scoping out of 

the PrWS from the EIAR assessment.  

 
1  Wardell Armstrong (2021). Environmental Impact Assessment Report, Chapter 11 (GM11372/REP-0006). 
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2 BASELINE CHARACTERISATION 

2.1 Site Descriptions 

The Site  

2.1.1 The ‘Proposed Development’ site is the head office of Barr at Killoch, near Ochiltree, 

which currently incorporates a number of office and storage buildings, asphalt plant 

and associated infrastructure (operated by Breedon Aggregates) and Killoch Training 

Centre. In addition, there is a visitor/employee car park and a weighbridge which will 

be retained as part of the Proposed Development. The Proposed Development is 

shown on Drawing GM11372-105.  

2.1.2 The wider site area (the Site) encompasses the Proposed Development and includes 

bare ground used as a laydown area for equipment and storage of materials, see 

Drawing GM11372-105.  

High Tarbeg Farm PrWS 

2.1.3 High Tarbeg Farm PrWS is located at National Grid Reference (NGR) NS 48671 20672 

which is approximately 445m east of the Site (380m at its closest point) and 715m east 

of the Proposed Development. High Tarbeg Farm PrWS is the only PrWS within 1km 

of the Site, see Drawing GM11372-105.  

2.1.4 The PrWS abstracts groundwater (via a borehole) from the bedrock aquifer for 

commercial use in dairy farming. The abstraction licence (CAR/R/1013959) indicates 

the likely abstraction quantity to be between 10m3/d and 50m3/d.  

2.2 Geology  

2.2.1 Details regarding the Site geology can be found in EIAR Chapter 14 Geo-environmental 

and Mining, below is a high-level summary.   

The Site 

2.2.2 According to the British Geological Survey (BGS) 1:50,000 scale map, the Site is 

underlain by Devensian Glacial Till deposits, comprised of a heterogenous mixture of 

clay, sand, gravel and boulders. According to the BRITICE glacial mapping there are a 

number of drumlines in the surrounding area associated with glaciation (ice 

movement and deposition of glacial sediment load).    

2.2.3 The bedrock geology underlying the Site is the Mauchline Volcanic Formation (MVF) 

which is described as basic lavas with intercalated tuff, tuff breccia, agglomerate, 
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sandstone and mudstone, typically 98m to 180m thick4. The MVF is underlain by the 

Scottish Upper Coal Measures Formation (Scottish UCMF) described as sandstones, 

siltstones, mudstones and coals, which has a maximum thickness of over 750m2. 

2.2.4 A Site Investigation (SI) was undertaken in 2017 comprising of shallow boreholes (up 

to 4.5meters below ground mbgl) and trial pits. The results of the SI identified Made 

Ground comprising clay, gravel, brick, concrete, brick, ash, wood and plastic to depths 

of 3.2mbgl. Bedrock, sandstone, was encountered in one borehole (BH03B) at 

4.10mbgl.     

High Tarbeg Farm PrWS 

2.2.5 High Tarbeg Farm is also underlain by Devensian Glacial Till superficial deposits and 

MVF bedrock. BGS mapping sheet 14E indicates the boundary between the MVF and 

the Scottish UCMF is approximately 180mbgl. There are two publicly available BGS 

borehole logs at High Tarbeg Farm: NS42SE26 to 71mbgl and NS42SE27 to 29mbgl. 

Both logs support the geological description of MVZ and include: lava, tuff as well as 

mudstone and ironstone bands.   

2.3 Hydrogeology  

2.3.1 Details regarding the hydrogeology can be found in EIAR Chapter 11 Water Resources 

and Flood Risk, below is a high-level summary.   

The Site 

2.3.2 The 2017 SI recorded groundwater levels between 0.48mbgl and 3.82mbgl in the 

Made Ground/superficial deposits below the Site, these levels remained consistent 

during a 3-month monitoring period. It should be noted not all boreholes/trial pits 

encountered groundwater (see EIAR Chapter 14 Geo-environmental and Mining) 

indicating groundwater presence to be within perched isolated aquifers across the 

Site.  

2.3.3 No groundwater levels are available for the MVF or the Scottish UCMF and the 

groundwater flow direction is unknown.  
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2.3.4 The BGS online hydrogeology map2 classifies the MVF as a low productivity aquifer 

described as “small amounts of groundwater in near surface weathered zone and 

secondary fractures”.  

2.3.5 The Scottish UCMF is classified by the BGS as a moderately productive aquifer 

described as “regional, cyclic multi-layered aquifer with low yields from sandstones, 

higher yields where mined but poor quality water”.  

2.3.6 According to BGS records3, the Site is located in an area with a groundwater 

vulnerability class of 4a, meaning that the groundwater is vulnerable ‘to those 

pollutants not readily adsorbed or transformed and may have low permeability soil; 

and less likely to have clay present in superficial deposits’. 

High Tarbeg Farm PrWS 

2.3.7 No groundwater levels are available for the superficial deposits, MVF or Scottish UCMF 

within the vicinity of High Tarbeg Farm and again the groundwater flow direction is 

unknown.  

2.3.8 According to BGS records show High Tarbeg Farm has a groundwater vulnerability 

class of 2, meaning that the groundwater is vulnerable to some pollutants, but only 

when they are continuously discharged/leached.  

3 HYDROGEOLOGICAL CONCEPTUAL SITE MODEL  

3.1.1 The EIAR Chapter 11 Water Resources and Flood Risk contains a source-pathway-

receptor linkage conceptual site model for the Site to assess the impact from the Site 

and Proposed Development. This section of the TN provides a Hydrogeological 

Conceptual Site Model (HCSM) summary for both the Site and the PrWS separately 

with discussion of the potential ‘crossover’ between the two HCSMs in Section 4.   

3.2 The Site  

3.2.1 Precipitation falling on the Site is likely to form surface water runoff due to the 

presence of infrastructure (offices/buildings etc) and areas of hardstanding. The 

surface water runoff will be intercepted by on-site drainage (Storm Water Drain). 

Precipitation falling on the Site where infrastructure and hardstanding are absent is 

likely to infiltrate to the underlying Made Ground and superficial deposits. However, 

 
2  British Geological Survey (2020) Geoindex Onshore: Hydrogeology 1:625,000 Scale Map [online].  Accessed 07/03/22.  

Available at: http://mapapps2.bgs.ac.uk/geoindex/home.html   
3  British Geological Survey (2011) Groundwater Vulnerability (Scotland) GIS Dataset Version 2.  

http://mapapps2.bgs.ac.uk/geoindex/home.html
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due to the predominant clay-nature of the Made Ground and superficial deposits, 

infiltration is likely to be restricted. It should be noted the presence of the 

infrastructure and Made Ground associated with the Site is unlikely to reduce/alter 

the exiting groundwater recharge in the area due to the naturally occurring low 

permeability nature of the superficial deposits.  

3.2.2 Groundwater within the superficial deposits and Made Ground is likely to be perched 

and restricted in lateral extent to areas of higher permeability deposits i.e. sands and 

gravel (sand/gravels and brick in the Made Ground). Groundwater within the perched 

aquifer is unlikely to migrate laterally unless the areas of higher permeability are 

connected. SI in 2017 shows the higher permeability strata encountered within the 

superficial deposits are not widespread across the Site and therefore the superficial 

aquifer is also unlikely to be widespread across the Site.  

3.2.3 Groundwater levels in the MVF are unknown and therefore it is unknown if the 

bedrock is in hydraulic continuity with the superficial deposits however, there is 

potential based on the shallow sandstone encountered within the SI borehole BH03B. 

Groundwater within the MVF is likely to predominantly flow via fracture flow through 

the igneous strata (lava, tuff etc) and through the sand and siltstone however, flow 

direction is unknown due to absence of groundwater data from the bedrock.  

3.3  High Tarbeg Farm  

3.3.1 The baseline HCSM for High Tarbeg Farm is similar to that of the Site in terms of: the 

low permeability and restricted infiltration through the superficial deposits; perched 

aquifers and restricted lateral flow within the superficial deposits and the unknown 

groundwater levels and groundwater flow direction within the MVF.  

3.3.2 The HCSM of the PrWS can be summarised as follows:  

• Groundwater is abstracted from either the MVF or the Scottish UCMF. At present 

this is unknown.  

• As groundwater is abstracted it creates local drawdown in groundwater levels 

within the vicinity of the abstraction well (borehole) which is referred to as a ‘cone 

of depression’. The size and extent of the cone of depression is dependent on the 

volume of water abstracted, the drawdown in the well and the hydraulic 

conductivity of the aquifer being abstracted from.   
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• Groundwater supplying the borehole will be recharged by lateral flow within the 

bedrock aquifer from up hydraulic gradient within the aquifer and also by surface 

infiltration when the bedrock is exposed at surface/where low permeability 

deposits at surface is absent.  

3.3.3 The CAR licence indicates up to 50m3/d is abstracted from the PrWS for use in dairy 

farming. The hydraulic conductivity of the bedrock aquifers is unknown however, 

literature research indicates indicative hydraulic conductivity of 4.2x10-7m/s (meters 

per second) and 3.9x10-9m/s for MVF and Scottish UCMF respectively. Based on the 

hydraulic conductivity values and the maximum thickness of the two bedrock aquifers, 

Sichardts Equation (analytical solution) was undertaken to provide a worst-case 

scenario radius of influence ROI (the lateral extent of the drawdown), see Annex 1. 

The maximum ROI has been calculated to be 350m in the MVZ, 141m in the Scottish 

UPCM and 2m based on likely drawdown in both MVZ and Scottish UCMF, see Figure 

1.     

4 DISCUSSION  

4.1.1 This section discusses the Site in relation to the PrWS and provides further information 

as to why the PrWS was scoped out of EIAR Chapter 11 Water Resource and Flood Risk 

assessment.  

4.1.2 Figure 1 shows a schematic of the HCSM comparing the ROI from groundwater 

abstraction from the MVZ; the Scottish UCMF and also the ‘likely’ ROI based on likely 

drawdown.  From these worst-case scenarios it is clear to see that the water supplying 

the PrWS at High Tarbeg Farm (i.e. within the ROI) does not extend as far as the Site 

or Proposed Development therefore the Site will not impact the PrWS regarding water 

supply.  

4.1.3 There are no proposed or existing groundwater abstractions as part of the Site and 

Proposed Development therefore the PrWS and groundwater resource in the bedrock 

will not be impacted by the Site.   

4.1.4 Groundwater within the superficial deposits is likely to be perched and limited in 

lateral extent therefore movement and migration within the superficial deposits is 

likely to stay localised to the Site.  

4.1.5 There is over 10m topographical elevation difference between High Tarbeg Farm (c. 

170mAOD) compared to the Site (c.156mAOD). As water flows from areas of high 

elevation to low, groundwater within the superficial deposits is likely to move from 
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the farm to the Site (should a continuous aquifer within the superficial deposits be 

present).  

4.1.6 Surface water runoff on site will be captured by the onsite Storm Water Drain and will 

remain separate from the groundwater, therefore no pathway between the site runoff 

and the groundwater being abstracted by the PrWS.        

4.1.7 In addition to the above, the Scottish Environment Protection Agency (SEPA) advises 

that all groundwater abstractions within 250m of all excavations deeper than 1m need 

to be identified to assess the potential risk4. The PrWS is approximately 475m away 

from the Site and a further 175m away from where excavations will take place in the 

Proposed Development (approximately 650m from the PrWS), this suggests that there 

will be negligible impacts on the PrWS.  

4.1.8 In addition, further investigation and confirmation of the existing drainage system on 

and across the site will be undertaken prior to finalising the drainage proposals. Any 

drainage not in use/abandoned shall be removed. The existing 600mm diameter 

culvert, known as the ‘Storm Water Drain’ is to be retained where possible and 

diverted in part to suit the layout proposals. It was agreed that the discharge rate into 

the existing 600mm diameter culvert crossing through the site would be limited to 

4.5l/s/ha which equated to 17.6l/s. This discharge has been retained for this new 

application. It is understood that Storm Water Drain is culverted under the A70 and 

likely outfalls to an open watercourse located at approximate NGR NS 48383 20349. 

Drawing GM11372-105 shows the catchment area draining the Site and surrounding 

area.  

5 CONCLUSION 

5.1.1 Based on the findings discussed in Section 4, it can be concluded that the impact to 

the PrWS at High Tarbeg Farm will be negligible and therefore is appropriate to 

remove it from the EIAR Chapter 11 Water Resources and Flood Risk impact 

assessment.    

  

 
4 SEPA (2017). Land Use Planning System SEPA Guidance Note 31 [online]. Accessed 07/03/22. Available at: 

https://www.sepa.org.uk/media/144266/lups-gu31-guidance-on-assessing-the-impacts-of-development-proposals-on-

groundwater-abstractions-and-groundwater-dependent-terrestrial-ecosystems.pdf 

https://www.sepa.org.uk/media/144266/lups-gu31-guidance-on-assessing-the-impacts-of-development-proposals-on-groundwater-abstractions-and-groundwater-dependent-terrestrial-ecosystems.pdf
https://www.sepa.org.uk/media/144266/lups-gu31-guidance-on-assessing-the-impacts-of-development-proposals-on-groundwater-abstractions-and-groundwater-dependent-terrestrial-ecosystems.pdf
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Figure 1 Schematic Hydrogeological Conceptual Site Model (indicative only) 



Annex 1 Analytical Equations

Radius of Influence

Sichardt equation:

Unit Value Justification
180 Maximum depth of the MVF, used a worst case scenario drawdown within the MVZ (very unlikley scenario) 

750 Maximum depth of the Scottish UCMF, used a worst case scenario drawdown within the Scottish UCMF (very unlikely 
scenario)

1 Likely drawdown in PrWS well (based on Cooper Jacob equation below)

4.20E-07
Indicative literature value for MVV (basalt value from Domenico and Schwartz 1990)

3.90E-09 Indicative literature value for Scottish UCMF (sandstone/siltstone value from Domenico and Schwartz 1990)
C Factor - 3000 Constant 

350 ROI result based on drawdown and hydraulic conductivity for MVF

141 ROI result based on drawdown and hydraulic conductivity for the Scottish UCMF
2 ROI result for likely drawdown in PrWS (based on higher cooper jacob equation below)

Cooper Jacob 

Unit Value Justification
189.54 Hydraulic conductivity converted to transmissivity for Scottish UCMF (T=K*B) worst case scenario 
1175.4 Hydraulic conductivity converted to transmissivity for MVZ (T=K*B) worst case scenario 

t Time from start of abstraction d 365 Assumed 1 year of abstraction 
S Storage coefficient - 0.00001 Storage coefficient for fissured rock (Dominico and Mifflin 1965)
Q Total discharge from well m3/d 50 Maximum abtraction volume based on CAR licence
r Distance from centre of well at r m 0.1 Distance at the well i.e. maximum drawdown at radius close to well

0.6 Caclulated drawdown at well Scottish UCMF)
0.1 Caclulated drawdown at well MVZ

Transmissivity of aquifer, convert from k to T ( T=k*B)
MVF

K m/s 7.56E-05
K m/d 6.53
B m 180

T m2/d 1175.4

R0 Radius of influence m

sc Calculated drawdown at r m

m2/dTransmissivity of aquiferT

Parameter

m/s

s Drawdown in well m

k hydraulic conductivity

189.54

Parameter

Scottish UCMF
2.93E-06
2.53E-01

750

KCsR 0

Sr

Tt

T

Q
s

2

25.2
log

4

3.2
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