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Regulatory & Industry Standard Guidance, Methodologies &
Literature References

Published Data Sources

« Ordnance Survey (OS): Topographic maps at scales of 1:50,000 and 1:25,000.
« OS open-source digital data (Meridian 2, Panorama & Terra50 data-sets).

« British Geological Survey (BGS): Published 1:50,000 scale solid and drift geological mapping,
sheets-no. E107 (Denbigh).

« BGS Geoindex, well details and borehole logs, 2019.

« Natural Resources Wales (NRW), 2019 data regarding licenced abstractions, source
protection zones, flood risk mapping & landfill sites.

o Natural Resources Wales (NRW), 2015, ‘Clwyd Catchment Abstraction Management
Strategy’.

« "Climate & Drainage", Technical Bulletin No.34, Ministry of Agriculture Fisheries & Food
(MAFF), September 1976.

« Centre for Ecology & Hydrology Flood Estimation Handbook Web Service, FEH13 Rainfall
Model (https://fehweb.ceh.ac.uk/), November 2018.

o “The Calculation of Actual Evaporation and Soil Moisture Deficit over Specified Catchment
Areas”, Grindley J, November 1969, Hydrological Memorandum 38, Meteorological Office,
Bracknell, UK.

. "Estimation of Open Water Evaporation, Guidance for Environment Agency Practitioners”,
R&D Handbook W6-043/HB, J W Finch and R L Hall, October 2001.

« Environment Agency / British Geological Survey, ‘The Physical Properties of Major Aquifers
in England and Wales’, Hydrogeology Group Technical Report WD/97/34, 1997.

« British Geological Survey, ‘The Hydrogeology of Wales’, 2015.

« "Greenfield Runoff Estimation for Sites", HR Wallingford (HRW), on-line calculation tool, UK
Sustainable Drainage, Guidance & Tools.

« Flood studies report, Volume IlI: Meteorological Studies”, National Environment Research
Council (NERC), 1975.

« “Flood Estimation for Small Catchments (IH 124)”, Institute of Hydrology, Report No.124,
Marshall DCW & Bayliss AC, June 1994.

« Environment Agency, ‘Hydrogeological Impact Appraisal for Dewatering Abstractions’,
Science Report SC040020/SR1, 2007.

. Environment Agency, ‘Hydrogeological Impact Appraisal for Groundwater Abstractions’,
Science Report SC040020/SR2, 2007.

« “Minerals Planning Policy (Wales), Minerals Technical Advice Note (Wales), 1: Aggregates”,
Welsh Assembly Government (WAG), March 2004.

« “Planning Policy Wales, Technical Advice Note 15: Development and Flood Risk” (TAN15),
WAG, July 2004.

« North Wales Caving Club [WWW], northwalescavingclub.org.uk.

« Natural Resources Wales, ‘Clwyd Management Catchment Summary’.



Site Specific Data Sources

« Sigma Survey, ‘Denbigh Quarry Update Survey’, 21/08/2019, DBQU210819 A1.

« Pleydell Smithyman, ‘Denbigh Quarry, Preliminary Development Plans’, Nos.
M18.155.D.004, 024, 025, 026, 027 & 007.

. Key GeoSolutions Ltd, ‘Denbigh Quarry, Report on Geological Exploration In Western
Extension’, March 2003.

o Hughes Drilling Ltd, 2007 drilling logs, Denbigh Quarry.

« BCL Consultant Hydrogeologists Limited, 2019 Drilling and Piezometer Construction Logs,
Denbigh Quarry.

o Pleydell Smithyman, ‘Denbigh Quarry, Formal Request for a Scoping Opinion Relating to The
Winning and Working of Limestone from the Western Extension of Denbigh Quarry’, 2019.

« Denbighshire County Council, Scoping Opinion, 01/2019/0573, 14/08/2019.
« Dewatering Discharge Records, Denbigh Quarry, 1999.

« Hydrometric Monitoring Data, BCL Consultant Hydrogeologists Limited / Breedon Trrading
Limited, 2022.
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BORE HOLE LOG
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BORE HOLE LOG HUGHES DRILLING

Client: Hﬂ NSe . Church Stretton, Shropshire, SY6 6LU.
. Tel. 01694 731470  Fax. 01694 731469
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BRORE HOLE LOG FAUGHES DRILLING
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BORE HOLE LOG

HUGHES ™=
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BCL Consultant | project: Breedon Group | Hole No: P1/19
BCL Hydrogeologists | site: Denbigh Quarry | Sheet: lof1
m&n Limited | job No: BCL/PI/0519/001 | Eastings: 305303
Logged By: Gavinder Meetca | Northings: 366911
Drill Rig: Soilmec PSM8GT | Inc/Ori: %0/ 0
Contractor: Hughes Drilling Drilling Started: 31 May 2019 9:00 AM | Depth (m): 30
Driller: M. O'Sullivan | Drilling Finished: 31 May 2019 12:00 PM | Elevation (maOD): 88.5
Lithology &
Grain Size " w
55 %%
.—g,’é‘ 5 H % Bt s E
g €9 | z=:2:339 |3k oF
B~ H g S F s > 238 38
a8& ws ‘ | ‘ ‘ | ‘ o3 B

PLASTIC PIPE HOUSING
WITH SCREW CAP LOCK

CEMENT SEAL TO 0.50M
BENTONITE SEAL TO 1.00M

LIGHT GREY/BROWN LIMESTONE

GRAVEL PACK (5-10MM)
FROM 1.00M

PLAIN 50MM HDPE
PIEZOMETER PIPE TO 6M

REST WATER LEVEL

24M SLOTTED PIPE WITH
FILTER MEMBRANE

GREY LIMESTONE, ~30-40% Orange/pink clay content

DARK GREY LIMESTONE, ~20% Light pink clay content

END CAP




BCL Consultant | project: Breedon Group | Hole No: P2/19
BCL Hydrogeologists | site: Denbigh Quarry | Sheet: 1of1
m&n Limited | 1ob No: BCL/PI/0519/001 | Eastings: 304966
Logged By: Gavinder Meetca | Northings: 366901
Drill Rig: Soilmec PSM8GT | Inc/Ori: 90/ 0
Contractor: Hughes Drilling Drilling Started: 31 May 2019 9:00 AM Depth (m): 60
Driller: M. O'Sullivan Drilling Finished: 31 May 2019 12:00 PM | Elevation (maOD): 139.5
Lithology &
Grain Size " "
£%5 4%
sz o s & | BE cE
= 28 | 7. & 8| g€ SE
8o 28 | 9F ¢ 8% 28 33
8E & | ‘ ‘ ‘ ‘ ‘ a1 =
140 PLASTIC PIPE HOUSING
° | R EEE LIGHT GREY/BROWN LIMESTONE ° WITH SCREW CAP LOCK
128 | (e | CEMENT SEAL TO 0.50M
2 I : | . | : 2 BENTONITE SEAL TO 1.00M
A e [ T I T I T N GRAVEL PACK (5-10MM)
EEER FROM 1.00M
. 134 HEZEZI o PLAIN 50MM HDPE
CAVITY, up to 50 cm deep PIEZOMETER PIPE TO 6M
132 GREY LIMESTONE, zone of up to 30% pink clay content
8 - 8
0 130 0 54M SLOTTED PIPE WITH
FILTER MEMBRANE
128
12 12
126
14 14
124
16 16
122
18 i8
120
20 [IGHT GREY LIMESTONE, ~10% pink clay content o
118
22 22
116
24 24
114
26 26
112
28 28
110
30 30
108
32 32
106
34 34
104 GREY LIMESTONE, ~30% pink clay content
36 36
102
38 38
100
40 40
98
42 42
96
44 44
94
46 46
92
48 48 —Y REST WATER LEVEL
20
50 50
88
52 52
86
54 54
84 DARK GREY LIMESTONE, ~20-30% pink/brown clay content
56 56
82
58 58
80 END CAP
60 60
78
62 62




BCL Consultant | project: Breedon Group | Hole No: P3/19
BCL Hydrogeologists | site: Denbigh Quarry | Sheet: 1lof1
m&,, Limited | job No: BCL/PI/0519/001 | Eastings: 304588
Logged By: Gavinder Meetca Northings: 366956
Drill Rig: Soilmec PSM8GT | Inc/Ori: 9/ o0
Contractor: Hughes Drilling Drilling Started: 31 May 2019 9:00 AM | Depth (m): 67
Driller: M. O'Sullivan Drilling Finished: 31 May 2019 12:00 PM | Elevation (maOD): 148.7
Lithology &
Grain Size @ 9
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S8 &S\ TII110T 45 2
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° 11 e BROWN SANDY TOP SOIL ° WITH SCREW CAP LOCK
LIGHT GREY/BROWN LIMESTONE, occasional <10cm bands of CEMENT SEAL TO 0.50M
> T I T I T I pink clays 2 BENTONITE SEAL TO 1.00M
146
4 T 1 T 1 T I 4 GRAVEL PACK (5-10MM)
14a | FROM 1.00M
. | | . PLAIN 50MM HDPE
142 1 | 1 PIEZOMETER PIPE TO 6M
| I EEE!
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124 1 | 1 59M SLOTTED PIPE WITH
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26 122 i I l 26
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i i | ' 1 -
32 32
116 ; I I
| I |
24 34
114 I ; I I ' l
26 12 ; I l 36
T 1 I ] : |
38 38
EETN | (7T D |
40 - - 40
108 GREY LIMESTONE, increased calcite content to ~15%, brown
staining surrounding crystal growths
42 42
106
44 a4
104
46 46
102
48 48
100
50 50
o8
52 52
26
54 54
94
-v REST WATER LEVEL
56 56
92
58 58
90
60 60
88
62 62
86
o o4 CAVITY, 34 m deep o
END CAP
66 66
82
68 68
80
70 70
78




BCL Consultant | project: Breedon Group | Hole No: P4/19
BCL Hydrogeologists | site: Denbigh Quarry | Sheet: 1ofl
WE.D Limited | job No: BCL/PI/0519/001 | Eastings: 304803
Logged By: Gavinder Meetca | Northings: 367197
Drill Rig: Soilmec PSM8GT | Inc/Ori: 90/ O
Contractor: Hughes Drilling Drilling Started: 31 May 2019 9:00 AM | Depth (m): 78.5
Driller: M. O'Sullivan | Drilling Finished: 31 May 2019 12:00 PM | Elevation (maOD): 151.2
Lithology &
Grain Size “ "
§% 8%
sz ¢ 5€ SE
s 28 8| € OE
2 g 28 =5
SE | 3% Tl 89 2y
8E wE ‘ o =
o 152 R CEMENT SEAL TO 0.50M
LIGHT BROWN SANDY TOP SOIL BENTONITE SEAL TO 1.00M
150 LIGHT GREY LIMESTONE
2 PLASTIC PIPE HOUSING
148 WITH SCREW CAP LOCK
4 4 GRAVEL PACK (5-10MM)
146 FROM 1.00M
6 6
s 1ae N PLAIN 50MM HDPE
s PIEZOMETER PIPE TO 8M
10 - JOINT, soft brown sandy clay infill 10
o LIGHT GREY/BROWN LIMESTONE
12 12
138
14 14
1 136 LIGHT GREY LIMESTONE, ~10% pink clay content ©
134
18 18
132
20 20
130
22 22
128
24 24
126
26 26
124
28 28
122
30 30
120
32 32
118
34 34
- e GREY LIMESTONE, ~30% pink clay content - 70.5M SLOTTED PIPE WITH
FILTER MEMBRANE
114
38 38
112
40 40
110
42 42
108
44 44
© 106 LIGHT GREY LIMESTONE, ~10% pink clay content, brown "
staining
104
a8 48
102
50 50
100
52 52
98
54 54
96
56 56
04
58 58
o2 —¥  REST WATER LEVEL
60 60
90
62 62
88
64 64
s 86 DARK GREY LIMESTONE, ~10% pink/brown clay content .
84
68 68
82
70 70
80
72 72
78
74 74
76
76 76
74

END CAP




BCL Consultant | project: P5/19
BCL Hydrogeologists | site: 1of1
...Em, Limited | job No: 305116
Logged By: 367513
Drill Rig: 9/ 0
Contractor: Hughes Drilling Drilling Started: 31 May 2019 9:00 AM 71
Driller: M. O'Sullivan Drilling Finished: 31 May 2019 12:00 PM | Elevation (maOD): 155
Lithology &
Grain Size w )
§5 8%
s a B 8 ¢ B8E SE
£ TO Foe ko2 8§ £E OE
To | 38 |65z 23805 83 =
SElBE [T I]]é= £
56

o

14

16
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29

26
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26

38

40

46

48

50

54

56

58

60

64

66

68

DARK BROWN SANDY TOPSOIL

LIGHT GREY LIMESTONE

CAVITY, 1 m degj

ep
LOSS OF SAMPLES TO CAVITY

PINK-GREY LIMESTONE, ~30% pink clay content

GREY LIMESTONE, 10% pink clay content

DARK GREY LIMESTONE, ~10% pink/brown clay content

CEMENT SEAL TO 0.50M
BENTONITE SEAL TO 1.00M

PLASTIC PIPE HOUSING
WITH SCREW CAP LOCK
GRAVEL PACK (5-10MM)
FROM 1.00M

PLAIN 50MM HDPE
PIEZOMETER PIPE TO 6M

65M SLOTTED PIPE WITH
FILTER MEMBRANE

REST WATER LEVEL

END CAP
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BREEDON GROUP: DENBIGH QUARRY - P1/19
BOUWER-RICE ANALYSIS (PARTIALLY PENTRATING BOREHOLE)
CALCULATION FOR HYDRAULIC CONDUCTIVITY (K) FROM SLUG TEST
Assumes aquifer is unconfined, homogeneous etc.

INPUTS

Screen length (m); d 24,00 ”
Drilled radius (m); r,, 0.12
Casing radius (m); r, 0.05 13 A
. 12 &
Base of deposit (mb collar) 100.00 :
Base of piezometer (mb collar) 30.00 11 €
Dip to water level {m) 7.93 +oo Well
10 :
Graph gradient (s7); (1/t)In{hg/h,) 0.0005 3
(linear approx. to early time data)
8
A 6.29425764 5
B 1.208834632
(Published graph from dfr,,) 3
5 :
Calculations :
D (m) 92.07 a
b (m) 22.07 z
3
dfre 208.6956522 5
In(Re/r,.) 3.616118592 L
[
-1 | 0.0 0.5 1.0 15 2.0 25 3.0 3.5
K (ms™) 9,41698E-08 dfrw
K (md™)
L 275 16
$ X
G 2
a w
2 &
L] g
x ]
: 2
5 27 14 =
@ ‘%
2
=
s
=
=z
2.65 12
y = -0.0005x + 2.6575
2.6 10
2.55 8
2.5 3
2.45 4
2.4 2
2.35 0
0 200 400 500 800 1000 1200 1400

—e—Farly time data

—e— Late time data

—e— Head above rest

Time from max displacment (s)

Linear (Early time data)



BREEDON GROUP: DENBIGH QUARRY - P2/19

BOUWER-RICE ANALYSIS (PARTIALLY PENTRATING BOREHOLE)
CALCULATION FOR HYDRAULIC CONDUCTIVITY (K) FROM SLUG TEST
Assumes aquifer is unconfined, homogeneous etc.

INPUTS
Screen length (m); d
Drilled radius (m); r,

w

Casing radius (m); r,

Base of deposit (mb collar)
Base of piezometer (mb collar)
Dip to water level (m)

Graph gradient (s7); (1/8)In(ha/hy)
(linear approx. to early time data)

54.00

14 :
0.12 I:
0.05 13 .
12 ¢
100.00 ;
60.00 11 €
50.28y | | well .

10

0.0635 5

B8.045220568

2.11706566
(Published graph from d/r,,) &
H
Calculations
D (m) 49.72 4
b (m) 9.72
3
dfra 469.5652174 5
In(Re/r,) 3.4313452 L
0
-1 | 0.0 0.5 1.0 1.5 20 25 3.0
K (ms™) 5.04376E-06 dfrw
K (md™)
. 0 0.6
3 20 &0 80 100 120 140 180 180 280
H
2
o
3
o
H
B
o
= 0.5
g .
& -0.5
=
y = -0.0635x - 0.5462
0.4
0.3
0.2
-2
0.1
-2.5 a

—e—FEarly time data —a— Late time data

Time from max displacment (s)

—=a— Head above rest Linear (Early time data)

35

(w) 1524 anoge peay



BREEDON GROUP: DENBIGH QUARRY - P3/19
BOUWER-RICE ANALYSIS (PARTIALLY PENTRATING BOREHOLE)
CALCULATION FOR HYDRAULIC CONDUCTIVITY (K) FROM SLUG TEST

Assumes aquifer is unconfined, homogeneous etc.

INPUTS
Screen length (m); d
Drilled radius (m); r,,

Casing radius (m); r,

Base of deposit (mb collar)
Base of piezometer (mb collar)
Dip to water level (m)

Graph gradient (s7); (1/£)In(hg/hy)
(linear approx. to early time data)

A
B

(Published graph from d/fr.)

Calculations

59.00

0.12

0.05

100.00

67.00

58.02

0.0038|

B8.186683401
2.209672516

D (m) 41.08 4
b (m) 8.98
3
dfr 513.0434783 N
In(Re/r,) 3.415867747 L
0
1 ~ 0.0 0.5 1.0 1.5 2.0 2.5 30
K {ms™) 2.75006E-07 dfrw
K (md™)
. o 0.7
] 100 200 300 400 500 600 700 s40
£
14
2
= 2.
§ \‘ ¥ = -0.0038x - 0.4592
r e WY
s
@ 06
2
st
3
]
=z
05
-z
04
-3
03
-4
02
-5
0.1
-6 0
Time from max displacment (s)
—e—Farly time data —e— Late time data —a— Head above rest Linear (Early time data)

(w) 3521 anoqe peay



BREEDON GROUP: DENBIGH QUARRY - P4/19
BOUWER-RICE ANALYSIS (PARTIALLY PENTRATING BOREHOLE)
CALCULATION FOR HYDRAULIC CONDUCTIVITY (K) FROM SLUG TEST

Assumes aquifer is unconfined, homogeneous etc.

INPUTS
Screen length {m); d
Drilled radius (m); r,,

Casing radius (m); r,

Base of deposit (mb collar)
Base of piezometer {mb collar)
Dip to water level (m)

Graph gradient (s™); (1/t)In(hg/hy)
(linear approx. to sarly time data)

A
B

(Published graph from d/r,)

Calculations

70.50

0.12

0.05

100.00

78.50

64.30

0.2035

B8.463870667
2,392352606

14

13

12

11

10

D (m) = 35.7 4
b (m) - 14.2
3l
dir, = 613.0434783 2l
In(Re/r,,) = 3.807759732 t
0

-1 = - 0.0 0.5 1.0 2.5 3.0
K (ms™) 1.3739E-05 drw
K (md™) =

- 0

3 20 40 &0 80 100 120 140

ES

2

o

E

o

2

s

i-d

=]

s 1

5

g

=z

y = -0.2035x - 0.2505

—ea—Early time data

—e— Late time data

—e— Head above rest

Time from max displacment (s)

Linear (Early time data)

0.4

0.2

0.1

(w) 3531 ar0qe peal



BREEDON GROUP: DENBIGH QUARRY - P5/19

BOUWER-RICE ANALYSIS (PARTIALLY PENTRATING BOREHOLE)
CALCULATION FOR HYDRAULIC CONDUCTIVITY (K) FROM SLUG TEST
Assumes aquifer is unconfined, homogeneous etc.

INPUTS
Screen length (m); d
Drilled radius (m); r,,

Casing radius (m); r.

Base of deposit (mb collar)
Base of piezometer {mb collar)
Dip to water level (m)

Graph gradient (s™); (1/t)In(hg/hy)
(linear approx. to early time data)

A
B

(Published araph frem d/r,)

Calculations
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