A REVIEW OF THE
HYDROGEOLOGICAL
INFORMATION FOR THE
THOMPSON AND MERTON
AREAS, NORFOLK

File No: Chalk Groundwater Unit 10, Wissey

ENVIRONMENT AGENCY



A REVIEW OF THE HYDROGEOLOGICAL INFORMATION FOR THE
THOMPSON AND MERTON AREAS, NORFOLK
INCLUDING PREDICTIONS OF THE IMPACT OF NEARBY CHALK
WATER ABSTRACTIONS ON WATER LEVELS AT THOMPSON WATER,
CARR AND COMMON SSSI AND CANDIDATE SAC

Report prepared by Andrew MacKenney-Jeffs
Water Resources Section
The Environment Agency - Central Area, Anglian Region
February 1999



DOCUMENT CONTROL SHEET

Copy No:

Title: A Review of the Hydrogeological Information for the Thompson and Merton Areas,
Norfolk, including Predictions of the Impact of Nearby Chalk Water Abstractions on
Water Levels at Thompson Water, Carr and Common SSSI and Candidate SAC

File Reference: Chalk Groundwater Unit 10, Wissey

Document Approval and Amendment Record

Version No: 1

Status: Internal Agency Document
Author: Andrew MacKenney-Jeffs, Hydrogeologist on contract from Simpson and
Partners

Checked: February 1999, Chris Taylor, Team Leader - Hydrogeology

Purpose: Review of Hydrogeological Information Available for Thompson Water, Carr
Common SSSI and Candidate SAC

Distribution List' Copy NoJs]
Hydrogeology, Brampton 1,2,3

Peterborough, Head Office Cal
Hydrogeological Services International Limited (for Project KA100128)

Document History:

Version 1 15/02/1999



A REVIEW OF THE HYDROGEOLOGICAL INFORMATION FOR THE
THOMPSON AND MERTON AREAS, NORFOLK
INCLUDING PREDICTIONS OF THE IMPACT OF
NEARBY CHALK WATER ABSTRACTIONS ON WATER LEVELS AT
THOMPSON WATER, CARR AND COMMON SSSI AND CANDIDATE SAC

CONTENTS

1. INTRODUGCTION .ottt ettt bbbt b bt bbb bbb 3
2. SOURCES OF INFORMATION ON THE STUDY AREA
2.1 Previous studies covering the Thompson & Merton areas........ccocecvvvveviieiesesnennas 4

2.2 Data Sources FOr ThiS REPOI . ... s e 4

3. DESCRIPTION OF THE STUDY AREA

31 Topography and DIaiNAQE......ccciiiiiiiieieieie et sb e b snenreas 6
3.2 (C=To] [0 o |2 TSP P TSP 6
4. HYDROGEOLOGY
4.1 Introduction to Hydrogeology 0fthe Area.......icceci i 8
4.2 GroUNAWALET. FIOW ..ottt 8
4.3 ODbservation BOrENOIES........coiiiiiiicce e 9
4.4 AQUITEr CharaCeIISTICS ..oviviiiiiiiiie ittt b se e e 1
4.5 Trials of Aquifer Characteristics and Drawdown Prediction Methods.................. 13
4.6 Choice of Best Available Method for Predicting Drawdown Effects.................... 16

5 WATER RESOURCES

51 Water Resources Licencing POIICY % 18
5.2 ADSEraCtioNn 1N the AT ... e 18
53 Groundwater Recharge and DiSChArge.......cccooeveiiieeieicie e 20

6 HYDROGEOLOGY OF THOMPSON WATER, CARR AND COMMON SSSI

6.1 LT Ao o [V o3 A To] o FO SO RTPRSTP PR 21
6.2 Surface Hydrology and Habitat..........cccooiiiii i 21
6.3 CoNSErvVatioN OB JECTIVES. ....uiiieiiccie et ceree st e e e e e saeenres 22
6.4 Water Levels at Thompson Water, Carr and Common SSSl.......ccccovvvviininiienne 22
6.5 Relationship Between Drift Water Levels at Thompson Common and Chalk

GroUNAWALEN LEVEIS.....ciiiiiii ettt 24
6.6 Relationship Between Surface Water Levels at Thompson Common and-Chalk

GroUNAWALET LEVEIS.. ..ottt ne e 25
6.7 Possible Relationship Between Water Levels at Thompson Water and Chalk

GroUNAWALEr LEVEIS.....cuiieeeece ettt a e e nne s 27
6.8 Surface Water Flow at Thompson Water, Carr and Common SSSi........cccc........ 28

G:\Hydro\WP\AAMI\XINTERN\THOMHYD2.doc Printed 16 February, 1999

Page 1



6.9 Possible Relationship Between Stream Flow at Thompson Water, Carr and Common

SSSI and Chalk GroUndWater LEVEIS ..ot 27
7 PREDICTION OF POTENTIAL EFFECTS OF ABSTRACTION IN THE AREA
7.1 [N (oo [0 T3 (o) 4 FUUTEER TP PRRERRRRTRRRTRR 29
7.2 Predicted drawdown effects at TL 99/027 ... eeeeee oo eea e 29
7.3 Predicted drawdown effects at TL 99/052.....eeeeieieieeeeeee e eeee e 30
7.4 Predicted drawdown effects at TL 99/ 7 3. et 32
75 Potential Effect of Groundwater Abstraction on Drift Water Levels and Surface
Water Levels At Thompson Water, Carr and Common SSSl.....ccccoevvviveiiennnn. 33
8 CON C LU ST ON S et ettt e et e e et e et eeaete e e et eesateeeseteeesssteeesatteeesareessaeeesansreenns 35
R IE F E R EN CES ...ttt e et et e e et e e ee et e e ettt e eat e e e s ee s et e e e aaeessaeeesareeens 36
FIGURES ..ot e e e e e e e ee e e e s e e nneeas e ——— 37

APPENDIX A

Borehole Geological Information (Summary)

G:\HydrooWPVAMI\XINTERN\THOMHYD2.doc Printed 16 February, 1999

Page 2



A REVIEW OF THE HYDROGEOLOGICAL INFORMATION FOR THE
THOMPSON AND MERTON AREAS, NORFOLK
INCLUDING PREDICTIONS OF THE IMPACT OF
NEARBY CHALK WATER ABSTRACTIONS ON WATER LEVELS AT
THOMPSON WATER, CARR AND COMMON SSSI AND CANDIDATE SAC

CONTENTS
1 INTRODUGCTION ..ottt et b e nb e ane snenenens 3
2. SOURCES OF INFORMATION ON THE STUDY AREA
21 Previous studies covering the Thompson & MEerton areas.......cccoceeeeeerereeereneennns 4
2.2 Data Sources FOr ThiS REPOI......ccuiiiiiiiiicieeie e 4
3. DESCRIPTION OF THE STUDY AREA
31 Topography and DraiNAQE.......cccceieiiiiirieire ettt 6
3.2 L€ =To] [0 SRS 6
4. HYDROGEOLOGY
4.1 Introduction to Hydrogeology 0f the Area.......cccceveieiiiiiet e 8
4.2 GroUNAWALET FIOW ..o e 8
4.3 ODbservation BOreholes... ..o 9
4.4 AQUITEr CharaCteriStICS ....cooiiiiiiieiieieerie et n
4.5 Trials of Aquifer Characteristics and Drawdown Prediction Methods................. 13
4.6 Choice of Best Available Method for Predicting Drawdown Effects.................... 16
5 WATER RESOURCES
51 Water Resources Licencing POlICY .o 18
5.2 ADSErACTION 1N the AT .. e b 18
5.3 Groundwater Recharge and DiSCharge......ccoeeveiiiiiieice e 20
6 HYDROGEOLOGY OF THOMPSON WATER, CARR AND COMMON SSSI
6.1 INEFOAUCTION ...ttt sb bbb e 21
6.2 Surface Hydrology and Habitat..........ccocevvieiiiiiiiece e L 21
6.3 COoNServation ODJECTIVES. ... e e 22
6.4 Water Levels at Thompson Water, Carr and Common SSSl......ccccecvvivvviivnienennn. 22
6.5 Relationship Between Drift Water. Levels at Thompson Common and Chalk
GrouNdWaAter LEVEIS.....cooiiiiiieiei e 24
6.6 Relationship”Between Surface-Water Levels at Thompson Common and Chalk
GrOUNAWALET LEVEIS ..ottt nnean 25
6.7 Possible Relationship Between Water Levels at Thompson Water and Chalk
GroUuNAWaALEr LEVEIS. ...t 27
6.8 Surface Water Flow at Thompson Water, Carr and Common SSSl........cccccu...... 28

G:\Hydro\WJMNAMAXrNTERN\THOMHYD2.doc Page | Printed 15 February. 1990



6.9 Possible Relationship Between Stream Flow at Thompson Water. Carr and Common

SSSI and Chalk GroundWater LeVEIS. ..o 27
7 PREDICTION OF POTENTIAL EFFECTS OF ABSTRACTION IN THE AREA
7.1 [N (oo LU Yo £ Lo 1o F TR TR TT OO P R 29
7.2 Predicted drawdown effects at TL 99/027 ..o eeeeeei et e e 29
7.3 Predicted drawdown effects at TL 99/052 ....ooooiiioeiiie ettt 30
7.4 Predicted drawdown effects at TL O9/173 ..o 32
7.5 Potential Effect of Groundwater Abstraction on Drift Water Levels and Surface
Water Levels At Thompson Water, Carr and Common SSSl.......cccccoevveneiinnnne 33
8 CON C LU ST O N S et e et e et e e e e e et e e et e e et e e e et e e et e e saeaenenaeeeesanes 35
REFERENCES.....ooooeeeeeeeee, et ee e —ee e e —eeee eeeaeeeeaeeeeeateeeaaeteena—teeaateesaraeeaararaes 36
F I G U R E S ..ottt ettt ettt e e et e e et e e et e e et e e et e e ettt e e reneeeeetreeseaneeeennes 37
APPENDIX A

Borehole Geological Information (Summary)
APPENDIX B \

Notes on trend analysis by polynomial curve fitting to data

G:\Hydro\WPAAMAXINTERN\THOMHYD2.doc Page 2 Printed 15 February, 1999



11

12

13

14

15

1.6

1.7

INTRODUCTION

The scope of this study is primarily a desk study of available hydrogeological information
on the Thompson & Merton areas supplemented by field readings from sources outside the
Agency as well as data on Agency records.

The primary aim of the report is to present information that can be referred to by Agency
Water Resources Staff when determining abstraction licence applications in the study area.
Some of the information included is simply graphical presentation of existing data from
Agency records (such as observation borehole hydrographs). The report also includes
results of further analysis and interpretation of data carried out by the author, such as
contour plotting of geological information and interpretation interms o f the possibility for
groundwater recharge to Chalk via leakage through Drift and discharge from the Chalk to
Drift and surface water.

The Thompson & Merton areas are located in the south east of the Wissey catchment, south
of the Watton area. The general location of the area of study is shown on fig. 1.1. The
specific area covered for the purpose of this review is the whole of sheet TL 99 NW on the
OS 1:10000 series, plus the northern section of sheet TL 99 SW north o f grid line 294000,
together referred to as the 'study area’ in this report.

The main feature of conservation interest in the area is Thompson Water, Carr and Common
SSSI which is part of the Norfolk Valley Fens candidate SAC under the EC Habitats
Directive. The current policy of the Agency is to protect candidate SACs as if they were
designated SACs. As the hydrogeology of this valley feature is distinctive, a separate
section (6) is given over to this subject. The section includes a study o f the relationship
between surface water levels and Chalk groundwater levels.

Section 7 of the report includes the results of some calculations on the potential effects of
abstraction in the area on Chalk groundwater heads. Examples are given of predicted
drawdowns at three different locations in the study area, indicating the potential effects of
various licenced and proposed abstractions. The method used may be applicable to other
locations for proposed abstractions within the study area.

This report identifies that the available information suggests that the Chalk aquifer is
recharged through the drift cover and that discharge from the Chalk aquifer occurs in the
valley of the Thompson Stream which flows though the centre of the site of Thompson
Water Carr and Common SSSI. It is concluded that the interference effects of nearby Chalk
water abstraction have the potential to reduce the head jn the Chalk aquifer beneath
Thompson Water Carr and Common SSSI and if this occurs therewill be ji reduction in the
amount of Chalk groundwater which is discharged via the drift deposits which are in turn
drained by the Thompson Stream.

Rainfall data have not been reviewed here although recognised as important for correlation
with water level trends. Further understanding of the hydrogeology of the study area should
be gained by study of future field readings.
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2.1

2.11

2.1.2

2.1.3

2.1.4

2.1.5

2.2

2.2.1

2.2.2

SOURCES OF INFORMATION ON THE STUDY AREA

Previous studies covering the Thompson «&Merton areas

A study of the Wissey catchment, carried out by Land & Water Resource Consultants was
published in December 1987 and accepted by the newly established NRA unit of the AWA
in July 1989.

‘A Review of the Water Resources of the Catchment of the River Wissey, Norfolk’ carried
out for the NRA by Aspinwall & Company was published in August 1992. The study
incorporated a groundwater model of the Wissey catchment using the FLOWPATH
numerical model, representing steady-state groundwater flow in the catchment.

Two studies of the possible impact of abstraction in the Wattonarea were published in 1992
and 1993. ;A Review of the Possible Impact of Public Water Supply Abstraction on
Surface Water Flow in the Watton Area’ by Aspinwall & Company was published in April
1992. ;A Review of the Possible Impact of Groundwater Abstraction for Public Water
Supplies on Caudlesprings Fen, Watton, Norfolk’ by Simpson & Partners was published
in August 1993. Although these studies do not specifically cover the Thompson & Merton
area, they contain some information which is relevant to this area.

The NRA published an internal dossier ‘Interim Wetland Hydrological Report for
Thompson Common SSSI, Site No. 18 (June 1995) as part of the NRA Project 9035011
Hydrological Monitoring of Wetlands.

The most recent Hydrological Report for Thompson Common, Site 18, by HSI was
published in May 1998 as part of Hydrological Monitoring of Wetlands Project
K.VW3501 1. This report includes the results of monitoring carried out at the site since 1992
and details of new monitoring borehole installations in 1997 by Soil Mechanics.

Data Sources For This Report

Topographic data was obtained from the OS 1:10 000 series sheet TL 99 NW and part of
sheet TL 99 SW. These sheets were used as base maps in this study. For smaller scale
mapping of the area, the OS 1:25 000 sheet TL 99 and OS 1:50 000 sheet 144 were used as
base maps.

Geological data was taken from strata records on Agency Well Archives TL 99 and TL 98.
Some of strata records have apparently been copied from historic data, others have been
provided by drillers. The accuracy of most of the strata information cannot be verified. For
the purpose of constructing contours of estimated geological layer thickness, the strata
record data was summarised and entered onto a spreadsheet (MERTGEOL.XLS)
reproduced in Appendix B. An updated BGS 1:50 000 Geological Map covering this area
has not yet been published.
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2.2.3

2.2.4

2.2.5

2.2.6

2.2.7

Water level data for observation boreholes on the Agency OBH network was obtained from
Hydrodat. For the most part the construction records of these boreholes is as supplied by
the contractors and has not been verified. The data was derived from manual dip readings
taken .by Agency staff at approximately monthly intervals. Water level data (also on
Hydrodat) for gauge boards and observation boreholes at Thompson Water, Carr and
Common SSSI was measured by an employee of Mr J Raker, the holder o f groundwater
abstraction licence 6/33/48/G/197. This data was forwarded to the Agency by Land and
Water Resource Consultants Ltd.

The BGS 'Hydrogeological Map of Northern Hast Anglia’, Sheet 1, 1981 was referred to for
general information on the hydrogeology of the wider area such as extent of Chalk aquifer
and regional groundwater flow direction. The geology indicated on this map on a scale of
1:125 000 was not used to construct a larger scale geology map for the study area because
the detail on the BGS Hydrogeological map may not be sufficiently accurate for this
purpose. In at least one instance, information on the BGS Hydrogeological map appears
to conflict with the record of an existing borehole in the area (refer section 6.7.1).

Abstraction data for licenced abstractions in the area was obtained from Agency records of
annual abstraction returns provided by the licence holders. Some of this data was retrieved
from the Agency’s main-frame data base, additional data was found on paper archives of
the original abstraction returns. In some instances the data may be incomplete eg. Merton
Farms may have abstracted in 1997 at a time when they did not hold a valid abstraction
licence.

Aquifer characteristics for the area (refer table 4.4) were taken from data on Agency
technical files and for the most part rely on previous interpretation of historic pumping test
data.

Stream flow data for watercourses on Thompson Common was measured by Agency Water
Resources staff using an Ott current meter, or in the case of very low flows by estimation.
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3. DESCRIPTION OF THE STUDY AREA

3.1  Topography and Drainage

3.1.1  The Merton area is located on land at an elevation of 45 to 55 mAQD, situated hetween the
Watton valley to the north and the Thompson valley to the south and east. As well as farm
land there are a number of woodlands in the Merton area mcl_udmg} Wayland Wood and
Merton Wood. The Thompson area includes land at an elevation of 50 MAOD falling to
30 mAQD in the Thompson valley. The land is mainly farm land with some woodland. In
the Thompson valley there are ‘areas of Fen meadow and open grassland within the
boundary of Thompson Water, Carr and Common SSSI.

3.1.2  Surface water drainage in the area is generally towards the Thompson stream (see fig 3.1).
The Thompson stream runs initially south-éastwards from its head*near Low Common
Farm and turns southwards then flows westwards ann% the Thompson valley where it
enters Thompson Water TL 9165 9497. A tributary of the Thompson stream arises in the
area of Caston Common and flows south-westwards,joining the ThomPson stream at about
TL 934961, Local drainage near Merton Hall and Broadflash does not appear to reach the
Thompson valley and feeds into a number of ponds in the vicinity of Merton Hall. A letter
to the NRA from Lord Walsingham dated 11 December 1989 and filed on 503/2996
includes some information on the history of ponds in the Merton area.

32 Geology

321 The BGS HydrogeoIoH(y map for northern East Anglia indicates that the geology in the area
IS UPJ)er/Mdee Chalk overlain in most places by Drift which includes unditferentiated
Boulder Clay and/or fluvio-glacial sand and gravel, alluvial deposits etc. An up to date

BGS 1:50000 Geological Map covering this area has not yet been published.

3.2.2  Information from boreholes in the vicinity su%]e_st that the thickness and nature of the Drift
cover vary considerably. The up|oer IaYers of Drift recorded in several borehole logs consist
mainly of sand, silt and gravel while the lower part of the Drift apparentlg consists
Bredommantly of grey clay. Borehole information SlﬂgeStS the existence of a Drift filled

uried chalk valley to'the South and east of the site of TL 99/143 %NB the accuracy of these
logs is not knowni The deepest Drift encountered ina horehole here is recordedas 39.3m
at TL 99/041.  Estimated contours of the clay-rich layer of Drift were derived from
borehole log data in the area. These contours are shown overlain on a 1:10000 map of the
area (fig.3.2). The approximate ling of the Drift filled buried chalk valley can be identified
on this map. The archived borehole information indicates that the clay-rich layer of Drift
thins in the area of Thompson Common and in one borehole TL 99/167 appears to be
comﬁletely absent. Estimated contours of the sandy layer of Drift were derived from
borehole fog data in the area. These contours are shown overlain on a 1:10000 map of the
area (fig.3.3). The deepest recorded sandY Drift in the area is 19.8m at TL 99/017B near the
centre of the Drift filled buried chalk valley. Borehole information at Thompson Common
indicates that thicknesses of sandy Drift here can range from 0.4 m at TL 99/167 to greater
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than 4 mat TL 99/169. Fig 3.4 shows estimated total Drift thickness contours on a 20000
scale map, as generated from available borehole data using the Surfer contouring program.
The contouring method used in Surfer was triangulation with linear interpolation, a low
de?ree of smoothing was m_corRorated/ "The data points used are shown on fig 3.4 and the
data reproduced in Appendix A. The distribution of data points is very sparse in some
areas. Contours must be regarded as estimates onl¥, in particular contours in areas without
data points may not be representative of actual drift thicknesses.

2.3 The Chalk inthis region is believed from BGS mapping to dIE eastwards at less than 1° and
?enerally thickens In the same direction resultlnﬁ in a thickness of more than 450 m at
locations east of Norwich as more of the Chalk succession is present here. Borehole
information indicates that the top of the Chalk is close to the ground surface within parts
of Thompson Common, eg. 0.4 mBGL at TL 99/167 and 7.0 mBGL at hoth TL 99/173 and
TL 99/201. A contour plot of estimated Chalk surface levels, based on available borehole
information and generated with the Surfer contouring_program, is shown on f|?.3.5. The
contouring method used in Surfer was triangulation with linear interpolation, a low degree
of smoothing was incorporated. It is noted that a north-south_geologlcal section throuPh
the Watton and Griston areas (fig 10 of‘A Review of the Possible Impact of Groundwater
Abstraction for Public Water Su Hhes on Caudlesprings Fen, Watton, Norfolk’, Au?.ust
1993) indicates a hl?h in the Chalk surface near TL 99/054, with gradients falling
northwards to the Watton valley and southwards through Griston.

24 No geophysical |O?S of boreholes in the area were found. Qut of 33 strata Io?s found for
boreholes intersecting Chalk in the area, 8 specifically indicated Upper Chalk while the
remammﬂ records showed undefined Chalk. The sfrata Iogs where U8 er Chalk was
specifically indicated were for boreholes: TL 99/004, TL 99/005, TL 99/027, TL 99/031,

L 99/032, TL 99/034, TL 99/153 and TL 99/154. It was noted that none of the records
specn‘maII%/ mentioned the 'hard band” known as the Chalk Rock horizon, it is difficult to
draw any further conclusion as to whether any of the boreholes did actually intersect the
Chalk Rock or enter Middle Chalk.
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4.1
411

4.1.2

4.1.3

4.2
42.1

42.2

HYDROGEOLOGY

Introduction to Hydrogeology of the Area

The aquifer in the area is shown on the ‘Hydrogeological Map of Northern East Anglia’
1981 as Upper/Middle Chalk. Borehole information in the area does not provide any clear
indication of the Chalk Rock horizon and it may be that this has not been intersected by
em_stmgz_bor_eholes or more likely that the level of geological recording has been inadequate
to identify its presence, It eéppears that the Chalkis covered for the most part by a semi-
confining’ layer of Boulder Clay plus glacial/fluvial sand and gravel deposits which where
they are In hydraulic continuity with the underlying Chalk aquifer are regarded, as part of

the Chalk aquifer.

For back?round.information onh dro?eology of the Wissey catchment refer to sections I
and IV ofthe Wissey study carried out Tor the NRA by Land & Water Resource Consultants
(December 1987) and chapter 2 of ‘A Review of the Water Resources of the Catchment of
the River Wissey, Norfolk’ carried out for the NRA by Aspinwall & Co (August 1992).

It is believed that the Boulder Clay acts as a leaky, seml-conflnm(% layer. It is stated in
section .23 of 'A Review of the Water Resources of the Catchment of the River Wissey,
Norfolk™ (August 1992I) that ‘pumping tests in the “confined” Chalk of several days
duration or longer usually indicate leaky conditions’. The results of the modelling exercise
conducted during the same study also indicated that the Boulder Clay acts a semi-Confining
Ia¥er on a catchment scale, but on a local scale its behawourma}/ vary over short distances,
relecting lateral changes in the permeability of the different lithologies present.

Groundwater Flow

Groundwater contours on the BGS Hydroqeology map for northern East Anglia indicate that

regional Hroundwater flow is towards the south-west, however more local groundwater
features such as a ‘high’ area approximately 1 km south of Thompson Common suggest that
local groundwater flow patterns may be more complicated. There is currently insufficient
groundwater level data available for the Thompson/Merton area to enable groundwater
contours for the area to be plotted on a 1:10000 scale. The component of local groundwater
flow variations, within the regional south-westerly flow direction are therefore unknown.

Vertical flow is considered in this paragraph. It is very likely that vertical leakage through
the Drift deposits occurs throughout the area. However the velocity and direction of leakage
will vary considerably accordln? to location and season, depending mainly on the nature
of the Drift deposits at any location and the difference in hydraulic head across the semi-
confining layer or layers. Evidence of artesian conditions identified in some Chalk
boreholes (fsuch as TL'99/124 and TL 99/173) during some winter months indicate that the
direction of leakage at these locations will be ugwar under certain conditions. An estimate
of leakage coefficientof the Drift deposits in the Thompson area has been made by further
analysis of the pumping test carried out on TL99/153 inNovember 1990 ésee section4.4.4).
The range of values calculated from the results of this test was checked against recorded
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drawdowns due to abstraction from other boreholes in the area to see if it gave a reasonable
indication of average leakage coefficient of Drift in the locality (see section 4.4.8).

423 The h¥draullc mgnlf_lcanceofthe Drift filled buried chalk valley to the south and east of the
site of TL 99/143 is unknown. A controlled pumping test with extensive water level
monitoring would probablz be *necessary to provide information on the h¥draul|c
significance of this feature. Chalk groundwater levels both to the north and the south of the
buried chalk valley would need to be monitored if useful information was to be obtained
from a long pumping test.

43  Observation Boreholes

431 There are 11 observation boreholes within the study area with records available on
Hydrodat. Table 4.1 gives details of these horeholes; locations are shown on fig 4.1,
According to the borehole construction and strata records, most of these boreholes Benetrate
Chalk, however there are a few with 2 separate installations within the main borehole
apparently monitoring water levels in different horizons. As there are no construction details
of these installations 1t is not certain which horizons are being monitored . In addition to
these 11 observation boreholes there are currently a further 6 shallow monitoring boreholes
purpose built to separately monitor water levels in the Drift at Thompson Water, Carr and

~ Common SSSI. Details of these 6 monitoring boreholes are shown on table 6.1 in the
section on Thompson Water, Carr and Common SSSI.

432 Inorder to try to understand the status of readings from TL 99/017A and TL 99/017B the
depth of both internal installations was measured by R.Maxey on 16 July 1998. The depth
of TL 99/017A was confirmed at 24.2 mBGL, the depth of TL 99/017B was confirmed at
7.85 mBGL. Hydro raphs of TL 99/017A and TL 99/017B are shown on fig 4.2,
TL99/017B may indicate groundwater levels in the UBD e, predommantl%/ sandy Drift.
TL99/017A is blocked at a recorded depth of 24.2 mBGL where the strata log indicates
chalky Boulder Clay, therefore the hydrograph of TL 99/017A may regresent potentiometric
levels in the lower Drift if the installation is open to the drift a about 24m, Levels in
TL99/017A generally fall from the start of the record in 1975 until the end of 1992 when
they appear o stabilise at around 39.5mAQD.

Chalk OBH TL 99/004 5fi8 4..3%indicates relatively stable groundwater conditions at this
location from 1970 to 1990, with seasonal fluctuations from 30.0 m to 34.0 mAOD. From
1991 onwards, summer groundwater levels generally drop below 30.0 mAQD.

4.3.4 Chalk OBH TL 99/005 gfig 4.4) indicates a trend of?enerally falling groundwater levels

at this location from 1970 onwards. It should be noted that this observation borehole is
located approximately 1.2 km from a major groundwater abstraction at Watton by Anglian
Water Services Ltd. The top of the Chalk at TL 99/005 is shown on the well record as
39.77 m ADD. Assuming”this is correctrthe Chalk would hkve become unconfined here
durm? periods of low groundwater levels in 1990-1992 and again in 1996-1997.  In this
report unconfined conditions in Chalk are taken as aRplzmq where Chalk groundwater
heads fall below the top of the Chalk aquifer, whether the Chalk is covered by Drift or not.
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Table 4.1 : Observation Boreholes in Thompson & Merton Areas

Well Ref NCR Type  Location Drift/Ck Range in
Interface L
mAOD mAOD

TL 99/004 TL 9176 9678 Chalk ~ West Verge, Thompson 32.05m 27.8m

to 34.0m
TL 99/005 TL 9236 9941 Chalk  Verge,A1075, Wayland 39.71m 38.0m
Wood, NrWatton t0 46.3m

TL 99/007TA  TL 9369 9828  Chalk? ~ Verge, Griston 35.23m 41,6 -47.4m

TL 99/007B L Drift?  Cross Roads 431 -47.Tm

TL 99/008 TL 9440 9640 Chalk  Stow Bedon n 3%.9281 to

Im

TL 99/017A  TL 915 976 L Drift 2~ Verge, Merton 15.12m 39.4 - 43.0m

TL 99/017B U Drift 2 Cross Roads 45.8 - 48.5m

TL 99/027 TL 9158 9729 Chalk  Verge, North of Thompson 21.89m : 3%03?

040.4 m

TL 99/032 TL 9395 9442 Chalk  Breckles Heath -3.33m 32.1m

t0 36.8m

TL 99/034 TL 9144 9457 Chalk  Nr. Thompson Water 5.55 m ZgloT to

Am

TL 99/167 TL 9374 9648 Chalk  Thompson Common 4 36.6 m 3%6881 to

9m

TL 99/173 TL 9333 9642 Chalk ~ Thompson Common 1 28m 3%.5891 to

m

TL 99/201 TL 9328 9570 Chalk ~ Thompson Common 26.3m 33.86m

(new 1997) 12.02.1998
435

43.6
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Chalk OBH TL 99/007A (fig 4.5%,, located 2.1 km west of TL 99/143, indicates relatively
stable groundwater conditions at this location from 1970 to 1990, with seasonal fluctuations
from 43.7 mto 47.5 mAOD. From 1989 onwards, summer groundwater levels generall
erP below 43.0 mAOD. Hydrcﬁragh TL 99/007B follows the pattern of TL 99/007
quite closely, except that levelSat TL 99/007B do not drop as low as comParabIe low levels
at TL 99/0 7A_dur|nP summer/autumn. It is thought by the author that TL 99/007B
indicates levels in the lower sandy clay Drift, not far from the top of the Chalk aquifer. The
well record indicates that tube ‘B” extends to 11.6 m and shows the top of the Chalk at 14m
below ground level. Piezometer depths measured by R.Maxey on 16 July 1998 were 11.05
mBGL for TL 99/007B and 28.62mBGL forTL 99/007A.

Chalk OBH TL 99/027 ,&fig 4.6), located 840 m south of TL 99/143, indicates relatively
stable groundwater conditions at'this location from 1970 to 1989, with seasonal fluctuations
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from 35.9 m to 40.3 mAQOD. From 1990 onwards, levels have generally declined, with
summer/autumn levels falling below 34 mAQD in 1996 and 1997." Also since 1990, winter
levels have failed to recover near to the generally high winter levels of the 1970's and

1980's.

3.7 The general trend of the hydrograph of TL 99/008 (fiﬁ 4.7) indicates relatively stable
groundwater conditions at this location since 1976. The hydrograph of TL 99/034 (f|%_4.83
shows wider fluctuations than TL 99/008, probably reﬂectlnﬂ the fact that confine
conditions were prevalent (ie.groundwater heads above to% of Chalk) whereas TL 99/008
may be located in an area where groundwater heads were below the top of the Chalk.

438 The Eeneral trend of the hydrograph of TL 99/032 (Ifiq 4.9) indicates a similar pattern to that
of TL 99/034, with a full recovery of winter levels'in 1994 and 1998 after previous low

summer levels.

439 Hydrographs of TL 99/167 and TL 99/173 are shown on fi% 4.10. These indicate Chalk
?roun water levels from May 1992 to April 1998 at TL 99/167 and TL 99/173. Seasonal
luctuations are observed with minimum groundwater levels of about 33.8m and 32.85m
respectively indicated in September 1997,

4,3.10 The following tahle 4.2 shows 2 observation boreholes into Chalk in the area that are at least
5 km distant from any major abstraction,in the area and are useful as indicators of regional
Chalk groundwater “levels against which hydrographs from other boreholes may be
compared (refer section 4.5.49. The hydroPrap s of TL. 89/019 and TL 89/020 are
reproduced on figures 4.11 and 4.12. It Should be noted that conditions in the Chalk are
unconfined at the location of these boreholes but the strata logs of both boreholes indicate
that the Chalk is covered by Drift at TL 89/019 and TL 89/020 .

Table 4.2 . Chalk Observation Boreholes Distant from Major Abstractions

Well Ref ~ NGR Type  Depth  Location Drift/Chalk ~ Range in
(m) Interface Water Level
mAOD mAOD

TL 89019  TL8778 9778  Chalk ~ 39.62  Verge near The Arms  30.54 m 23.0 t0 28.5m
TL89/020 TL 83989302 Chalk ~ 51.82  Redcross Plantation 44.82 m 22.6 t0 28.8m

44 Aquifer Characteristics

44.1 A number of punning tests of varying quality have been carried out on horeholes in the area
since 1977, mainly in supPort ofabstractionlicence. applications.JSomeofthese-tests were
for a‘pumping"duration of several days. Few of these tests had the benefit of observation
boreholes measured reqularly. Test details and aquifer characteristics as found on Agency
technical files are summarised in table 4.4 and in the following paragraphs.

4.4.2 A pumping test was carried out on borehole TL 99/107 (P L Brown)from 30 July 1985 to
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443

444

6 August 1985. The average pumping rate over the 7 day period was 1279 m?lda¥. Wiater
levels at the nearest observation borehole TL 99/48, at 87m distance from TL 99/107. were
monitored at frequent intervals during the test.

Table 4.4 : Aquifer Characteristics from Results of Previous Tests in the Area

Method of Calculation ABH - 0BH T (m2day) L(m) S
(distance in m)

Jacob-Cooper approximation TL 99/107 TL 99/48 349 00122

Drawdown Data (87 m)

Theis Calculated Recovery TL 99/107 T(L8 799/%8 318 00264
m

Theis Calculated Recovery TL 99/124 256

Oct/Nov 1977 test

Jacob-Cooper approximation TL 99/124 221

Dec 1990 test drawdown

Theis Calculated Recovery TL 99/124 267

Dec 1990 test

Theis Log/Log TL 99/153 TL 99/154 470.6 003

Drawdown Data (40 m)

Jacob-Cooper Drawdown Data  TL 99/153 TL 99/154 395.9 0058

Nov 1990 test (40 m)

Theis Calculated Recovery TL 99/153 240.4

Watton Method TL 99/153 TL 99/154 355 2000t0 0017

Log/Log Drawdown Data (40 m) 4000

Range in Values 221-470 2000 to .001 -

4000  .006

Pumping tests were carried out on TL 99/124 %Merton Farming Co Ltd) in
October/November 1977 and agam in December 1990 when the borehole was pumped for
7 days at an average rate 04225 mJday. Aquifer characteristics previously calculated from
these tests are shown on table 4.4.

A 7 day pumping test was carried out on TL 99/153 in November 1990. The Pumpin rate
was maintained at about 136.4 m3hour for the first 16 hours of the test, the rate then fell to
about 104.5 nrVhour until the valve was opened again at 72 hours into the test. Frequent
readings were taken at TL 99/153 and observation borehole TL 99/154, about 40 m distant
from TL 99/153, dur|n8 the test and recovery phase. Agmfer characteristicsas given in the
licence aPpllcatlon C/0064 technical report for TL 99/153 are shown on table 4.4. In
addition, the drawdown data at observation borehole TL 99/154 was analysed by the author
using the Walton method which assumes a leaky confined aquifer withno delayed yield.
Although the drawdown curve of the observation borehole TL 99/154 indicates an element
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4.5
451

45.2

453

454

of delayed yield up to t=100 minutes, the late data fits approximately to Walton type curves
for r/L "values of 0.01 and 0.02 (leakage coefficient L= 2000 to 4000m). Bearing in mind
the geological nature of the drift succession that overlies the Chalk, estimation ofa leakage
coefticient is relevant when the drift is partly saturated as it is considered by the author that
the long-term drawdown response of the Chalk aquifer in the Thompson area could he
approximated to that of a leaky confined system. "It is noted that an estimated leakage
coefficient of L= 2000 to 4000m is not inconsistent with a thickness of 4 to 20 metres of
low permeabll%%laual deposits that could have a vertical hydraulic conductivity in the'
order of 103to 10" m/sec (approximately 10° to ]D*m/daY). In practice the variability of
the low permeability deposits in the area would mean that leakage coefficients would have
a considerahle range.

Trials of Aquifer Characteristics and Drawdown Prediction Methods

Two different methods of predicting groundwater level drawdowns were tested to check

whether they were applicable to the aquifer conditions in the area. A range of aquifer

characteristics ((jbased on those shown on table 4.43 were applied with each method.

Predicted drawdowns were compared with measured water level changes at observation

borgholes. The results obtained enabled more informed choices to be made about the

ﬁgun‘er characteristics and methods best applied when making drawdown predictions for
e area.

The Theis time-drawdown method was trialed with aquifer characteristics as follows:
T=300to 400 m2day ~ S=10.002 to 0.005

A pumping time of 122 days was used as this was assumed to be the durat‘llon ofthe summer
irrigation Season over which abstraction rates were averaged.

The De Glee steady state method for leaky confined aquifers was trialed using aquifer
characteristics of.

T=300t0400 m3day L - 3000 to 4000 m _ o
It is assumed for this method that drawdowns due to abstraction have reached equilibrium
by the end of a summer irrigation season. The DeGlee condition of only a small change in
head in “near surface recharge source’ is assumed to apply.

Each method was trialed against net change in Chalk water levels recorded on a range
observation boreholes in the area from SeFtember 1992 to September 1996 (see table 4.%
In order to separate the effects of"“natural’ changes in Chalk water levels from the effects
of local abstraction it was also necessary to find observation boreholes in an adjacent area
located some distance from any major abstraction. From inspection of the hydrographs of
TL 89/029and TL 89/020 hoth of which are locatedin Chalk at least 5 km from any major
groundwatefabsffactlon. it Is estimated that the ‘natural' change in Chalk water levels from

eptember 1992 to September 1996 was a net fall of about 0.1 m. It is assumed that the
natural’ chan%e in Chalk water levels includes the net change due to rainfall in the area.
It is assumed that any additional lowering of groundwater levels inthe Thompson/Merton
area over the same period is due to the effects of local groundwater abstraction.
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Table 4.5
Well Ref

TL 99/004
TL 99/005
TL
99/007A
TL 99/008
TL 99/027
TL 99/034
TL 99/167

TL 99/173

TL 99/2017

TL 89/019

TL 89/020

Change in Chalk Water Levels Recorded at Boreholes in the Study Area

NGR

TL 9176 9678

TL 9236 9941

TL 9369 9828

TL 9440 9640

TL 9158 9729

TL 9144 9457

TL 9374 9648

TL 9333 9642

TL 9328 9570

TL 8778 9778

TL 8898 9302

Location

West Verge,
Thompson

Verge, A1075,
Wayland Wood

Verge, Griston
Cross Roads

Stow Bedon

Verge, North of
Thompson

Nr. Thompson
Water

Thompson
Common 4

Thompson
Common 1

New monitoring
BH (1997)

Verge near
The Arms

Redcross
Plantation

Drift/Ck
Interface
mAOD

32.05m
39.71m
35.23m
i
21.89m
555m
36.6 m
28 m
263 m

30.54 m

4482 m

1992 (Sept)
Water Level
mAQOD

2828 .
39.23 *
42,01
371
34.9
26.4
345
33.58
N/A
23.24

23.0

Change i Confined/
WL 1992 Unconfined
to 1996 C/UC
Aug/Sept  (Sept 1992)
- 11 UC
-0.37 * uc
dry 1996 C
-0.64 ”
- 1.05 C
-0.4 C
-0.65 uc
-0.72 C

N/A C
-0.12 uc
-0.04 uc

Note: * Storage effects at the top of the Chalk may significantly attenuate water level
changes around 39-40mAC)D at TL 99/005.

455

The predicted drawdown effects o f abstraction under the sum of the licences listed on table

5.1 except for licence 6/33/48/G/256 were calculated by both the Theis and the DeGlee
Actual abstracted quantities for each licence during the summer irrigation
seasons of 1992 and 1996 were used in the drawdown calculations. Licence 6/33/48/G/256
was omitted from the drawdown calculation as the available contoured water level
{nfgrmatlcl)ln suggests it is far enough down-gradient of the site for interference drawdown
0 be small.

methods.
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45.6 The results of these predictions were compared with the recorded change in levels noted
from the hydrographs of the relevant observation borehole (see tables 4.6 and 4.7).

Table 4.6 Theis Predicted Chan(lje in Chalk Water Levels and Actual Change
Recorded in OBHs (September 1992 compared to September 1996)

RECORDED  EXPECTED THEIS THEIS THEIS THEIS

Well Ref NetChange Net Change t=122days  t=122days t:122dags t:122dags
OBH Recorde Less‘Natural’ T =40 T=40 T=30 T=30
at OBH Chan?e 01 m S=0.002 S=0.005 S=0.002 S=0.005

m

) m) m m
TL 99/004 - 11 - 10 - 127 -0.99 - 1.58 - 121
TL 99/005 —T -0.27 -0.81 -0.56 -0.97 -0.64
TL 99/008 -0.64 -0.54 -0.77 - 0.51 -0.91 -0.58
TL 99/027 - 105 -0.95 - 11 -0.84 - 137 - LOO
TL 99/034 -04 -0.3 -0.68 -0.43 -0.80 -0.48
TL 99/167 -0.65 -0.55 -0.95 -0.68 - 116 -0.80
TL 99/173 -0.72 -0.62 - 1.10 -0.82 - 135 -0.99

Note: predicted figures in bold are those that agree within 10 % of figure derived from
relevant hydrograp
45.7 From inspection of figures in table 4.6 the following observations are made:

1) Theis method using T =400 nr/dag and S=0.005 agéJears to give reasonable estimates
of drawdowns in the Chalk at TL 99/004 and TL 99/008.

2) Theis method using T = 300 m2day and S=0.005 af;)ears to give reasonable estimates
of drawdowns in the Chalk at TL 99/008 and TL 99/027.

3) Theis method usinﬁ< the range of T and S values chosen appears to overestimate
drawdowns in the Chalk in the vicinity of TL 99/034, TL 99/167 & TL 99/173 located in
the Thompson valley area.
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Table 4.7 DeGlee Predicted Change in Chalk Water Levels and Actual Change
Recorded in OBHs (September 1992 compared to September 1996)

RECORD  EXPECTED DECLEE ~ DEGLEE  DEGLEE DEGLEE

Weil Ref ~ Change  Net Change T =300 T-300 T =400 T =400
OBH Recorded  Less‘NaturaF
at OBH Changze 01m L—3000m - 4000m L - 3000m L=4000m

(m) ) @ (n) @ (n)
TL 99/004 - 11 -1.0 -1.10 - 131 -0.82 -0.98
TL 99/005 -0.37 -0.27 -0.60 -0.77 -0.45 -0.58
TL 99/008 -0.64 -0.54 -0.53 -0.70 -0.39 -0.53
TL 99/027 - 1.05 -0.95 -0.90 - 111 -0.67 -0.83
TL 99/034 -04 -0.3 -0.44 -0.61 -0.33 -0.46
TL 99/167 -0.65 - 0.55 -0.73 -0.92 -0.54 -0.69
TL99/173 -0.72 -0.62 -0.89 - 1.10 -0.67 -0.82

Note: predicted fig#res in bold are those that agree within 10 % of figure derived from
relevant hydrograp

458 From inspection of figures in table 4.7 the following observations are made:

1) DeGlee method using, T = 300 m2day and L - 3000 m appears to 9ive reasonable
estimates of drawdowns in the Chalk at TL 99/004, TL 99/008 and TL 991027.

2) DeGlee method using T = 400 nr/day and L = 4000 m a(%)ears to give reasonable
estimates of drawdowns in the Chalk at TL 99/004 and TL 99/008

3) DeGlee method using T = 400 nr/day and L = 3000 m appears to 8ive reasonable
estimates of drawdowns In the Chalk in the vicinity of TL 99/034, TL 99/167 & TL 99/173
located in the Thompson valley area.

4.6 Choice of Best Available Method for Predicting Drawdown Effects

4.6.1  On the hasis of the results shown in tables 4.6 and 4.7 and available hydrogeological
information on the area, the follqwm? aquifer characteristics and methods are assessed as
the best available at the current time for predicting drawdown effects of abstraction in the

alea.

1) The DeGlee method using values of L= 3000 m and T= 400 nr/day for estimating Ion?(-
term drawdowns in the Chalk in some parts of the Thompson valley area where the Chal
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46.2

46.3

is covered by Drift (but not where the Chalk is uncovered).

2) The DeGlee method using values of L=3000 m and T= 300 m'/day for estimating long-
terlrln drawdowns in the Chalk in the Thompson/Merton area apart from the Thompson
valley area,

3) The Theis method using values of T= 300 m2day and S=0.005 could be applied. This
iS likely to overestimate drawdowns in the Chalk n the Thompson & Merton areas, but
would be consistent with the A?ency’s duty to apply the ‘precautionary principle’ when
assessing potential derogation effects.

One advantage of the DeGlee method for estimating the effects of long-term abstraction in
this area is that it takes into account an element of recharge as leakage through the Drift, it
also models a steadK state condition in which uncertainties in aquifer storage coefficientare
of no concern. The main uncertainty in the DeGlee method is the value of Ieaka%e
coefficient used, and the I|m|.t|ng assumptions of the method which maY. or may not be
satisfied. It should be recognised that the method assumes one permeability value for the
area, whereas in practice the Drift varies in permeabiliy according.to locality.” It should also
be noted that at some localities and during some seasons, relative heads in the Chalk and
u1pp.er Drift will be such that groundwater will leak upwards from the Chalk into the Drift.
his point is addressed further in section 5.3.1.

The Theis method may he preferred when estimating the effects of abstractions of shorter
duration, however it should be noted that local variations in storage coefficient in the Chalk
and complications of transient effects at confmed/unconfined boundaries could mean that
estimates made by the Theis method may be open to a higher margin of error.
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51
511

5.1.2

513

5.2
52.1

5.2.2

5.2.3

WATER RESOURCES
Water Resources Licencing Policy

Most of the study area is located in the Middle .Wis_sez/ Sub-Unit %B) of the Chalk 10
EYV issey) Groundwater Unit, with gust a small section inthe north of the area fallln% in the

pper Wissey Sub-Unit (see flgg. .1). The Chalk 10 (Wissey) Groundwater Unit has a
nominal resource surplus of 22300 m3day according to the NRA document 'Abstraction
Licensing, Technical Guidelines' (February, 1996).

A draft Water Resources Management Plan was also re%ared for the Chalk 10 (Wissey)
Groundwater Unit by the Agency in November 199. Over the whole unit.this report
suggests that there is a resource surplus of 18450 mVday. «

Information from a draft report on the water resources of the Wissey, get to be published,
indicates that the Middle Wissey Sub-Unit had a nominal surplus of 14300 m3dag In 1997,
In licencing terms there is water available for licencing in the Middle Wissey Sub-Unit. It
should be noted however that the water licenced (1996 situation) for spray irrigation in the
Merton & Thompson area accounts for nearly all of the uantléy licenced for spray
irrigation in the Middle Wissey Sub-Unit (approximately 2000 mVday).

Abstraction in the Area

There are currently 3 major licenced groundwater abstractions in the study area, plus 2
major licences recéntly expired for which renewal applications are being considered by the
Agency. Inaddition to these, there are a few smallerabstractions for agricultural purposes
in‘the area and a number of domestic sources.

The spray irrigation licences recentlg expired are 6/33/48/G/172 &P L Brown) spray
wng{%tlon part expired 30 September 1996 and 6/33/48/G/I 96 (Merton Farming Co(? expired
31 March 1997." In addition a time limited variation of licence 6/33/48/138 held by A P
gEast Anglia) Ltd expired on 31 July 1997. A renewal application for this part of licence
/33/48/138 is also heing considered by the Agency.

The following table 5.1 gives details of the 5 major abstractions in the area including the
3 applications pendln%. etails of a smaller abstraction at TL 99/126 for spray irrigation
are also given in the table, this is included as it is situated near the eastern boundary of
Thhompsonfwit(ir, Carr and Common SSSI. The location of the abstraction boreholes is
shown on fig 4.1,
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Table 5.1 Details of Spray Irrigation and Industrial Abstractions in Merton Area

Agency National grid ~ Application/  Use Daily abstraction Annual
Borehole reference licence rate (m3day) abstraction
Reference (m3year)
TL 997107 TL 9201 9894 ARIpIication Spray 1276.4 113.600
(PL Brown) CN/1788 irrigation
TL99/113  TL 9465 9410  6/33/48/G/256  Spray 1820 100,000
(Pilkington) irrigation
TL 99/124 *  TL 9263 9792 Application Spray . 4254.5 213,800
LMert_on CN/2006 irrigation and
arming Co) agriculture
TL99/126  TL 941965  6/33/48/G/219  Spray 2305 13450
(MF Warren) irrigation and
agriculture
TL99/143  TL 9159 9813  6/33/48/138 Industrial 273 mvday (LApril 162,000
AP (IEast to 20 June
Anglia) Ltd 727 mVday (21June
to 31 March)
. A{)})Iication Industrial 1250 300,000
CV/2087

TL99/153  TL 92359641  §/33/48/G/197  Spray 3000 185,000
(J Raker) irrigation

*Note: licence 6/33/48/G/197 is due to expire on 30 September 1998

5.2.4 Recorded annual abstractions for 5 of the above licences since 1992 are shown in the
following table 5.2. Abstractions under licence 6/33/48/G/219are not included as licenced
quantities are very small relative to the other 5 licences listed on table 5.1.

Table 5.2 : Recorded Major Spray Irrigation and Industrial Abstractions (m3
in the Thompson & Merton Area

Year  TL 99107 TL 99113  TL99/124  TL 99/143  TL99/153  Total

PL Brown  Pilkington E/Ierto.n AP (IEast (J Raker)  m
arming Co ~ Anglia) Ltd
1992 38664 25890 84535 198979 0, 343068
1993 9137 ” 73351 291935 29040 403463
1994 55894 7 135060 242985 88950 522889
1995 70865 78233 | 167282 251518 120639 688537
199 66675 76886 114789 239953 121694 619997
1997 34823 21071 182865 62529 307288 *

* 1997 abstraction from TL 99/124 not reported and so cannot be included in total
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5.2.5

5.2.6

5.3
53.1

5.3.2

Fig-5.2 is a graph of total mean daily abstraction rates for all SI and industrial users in
Merton area since 1983 as listed on table 5.1, exclu.dmg abstractions from TL 99/113. It
should be noted that figures for abstraction by Anglian Processors Ltd before 1992 are not
available on Agency records and therefore could not be included in pre-1992 totals for the
area. It should-also be noted that figures for abstraction bg Merton Fannin Compan}/ in
1997 are not available on Agency records (licence 6/33/48/G/196 had explred()J and therefore
are not included in the total for the year. Fig 5.3 shows a breakdown of mean daily
abstraction rates for 4 major licences .listed on table 51 excluding abstraction from
TL99/113 (Pllklngton? and "TL 99/126 (MF Warren). Mean daily values were derived by
dividing monthly totals by the number of days in that month.

Inspection of table 5.2 and figure 5.2 indicates that there has been a significant increase in
groundwater abstraction in the area since 1989, peaking in 1995. This %Pg)ears to be due to
Increases by all the major abstractors and the granting of licence 6/33/48/G/197 in 1992,

Groundwater Recharge and Discharge

It is thought that the main recharge mechanism operatln(i in part of the study area is
downward leakage through the Drift deposits into the Chalk. The source of water to the
Drift deposits is thought to be infiltration of rainwater, with runoff also con.trlbutln?. 0
recharg{e at some locations, according to the season. Available fgeologlcal information
suggests that the permeability of the Drift, which covers most of the Study area, varies
considerably according to thickness and nature of the Drift deposits. Therefore the rate and
amount of recharge reaching the Chalk may vary considerably according to locality. It

follows from the DeGlee equation that the rate of recharge to or indeed natural discharge
from the Chalk is also likely to vary conmderably in time according to changing seasonal
groundwater head differentials across the Chalk/Drift interface. In'the Thompson valley
area for example this chan?(mg direction and rate of recharge is likely to occur according
to relative changes in Chalk and Drift groundwater heads in the vicinity.

In order to obtain an estimate of the recharge from rainfall potentially available to this area,
the approximate groundwater sub-catchment of the upper Thompson valley was first
outlined from the BGS hydrogeological maﬁ of Northern East Anglia. The area of this sub-
catchment is estimated as 20 km2  The Thompson/Merton area is situated in MORECS
s%uare 130. The mean annual rainfall for this square for the period 1961 to 1994 was
638mm, the mean annual actual evaporation was 496mm, therefore the effective
precipitation for this period was 142mm/year accordmg to MORECS.  The estimated
potential recharge available to the area is therefore 2840000 mJdyear. In practice a
proportion of this recharge will be lost through surface runoff in some seasons.
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5.3.3 Itis not possible within the scope of this study to carry out a water resource balance for the
study area because the groundwater and surface water outflows from the area are not
known. However for the purpose ofammp}le comparison with the estimated potential
recharge available to the area, it is noted that the total ofmaj7or licenced groundwater
resources as on LApril 1996 in the st.udz/ area amounted to 1087850 m3year.” Inview of
the fact that much of the abstraction in the area is licenced for spraY irrigation during the
summer months, it could be that abstraction of these quantities would deplete resources in
the Chalk aguifer and reduce natural stream discharge.
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6.1
6.1.1

6.1.2

6.1.3

6.2
6.2.1

6.2.2

HYDROGEOLOGY OF
AND CANDIDATE SAC

Introduction

THOMPSON WATER, CARR AND COMMON SSSI

The most sensitive site of conservation interest in the area is Thompson Water, Carr and
Common SSSI, part of the Norfolk Valley Fens ¢SAC. As it is primarily a wetland site,
water resources available to the environment at this site are a key factor in preserving the
integrity ofthe site. In 1991 the wewPomt of English Nature ahout the water resources of
the site was that it was surface water ted. It is now realised by the A%ency, after further
study of the site, that |groundvvater provides a significant contribution to the Water resources
of the site, particularly in ‘drier’ years when surface water inputs are relatively low.

The site is located on the northern edge of the Breckland area of Norfolk. The boundary of
the site is marked on fig 6.1. The site is Part ofthe Norfolk Valley Fens ¢cSAC and as such
comes under the scope of the EC Habitats Directive. A large part of the site is owned by
the Norfolk Wildlife Trust.

Borehole information at Thompson Common (grid square TL 93 958 indicates that the
Chalk is relatively near to the surface at the northern part of Thompson Common, minimum
recorded depth 0°4 mBGL at TL 99/167. Information from horeholes TL 99/126 and TL
99/173 suggests that the Drift cover above the Chalk thickens to 7 or 8m at hoth east and
west edges of Thompson Common as well as to the south at borehole TL 99/201 #see
f|?.3.4). Borehole information indicates the presence of mainly sandy Drift near the surface
otthe Common, underlain in some places by clay-rich Drift of thickness 4m at TL 99/173
and 3.3m at TL 99/201.

Surface Hydrology and Habitat

Thompson Water, Carr and Common SSSI s situated in a south-west trending valley ofa
tributary of the river Wissey. Two streams flow into the site, from the north. “These  meet
on the site and flow south-west towards Thompson Water, an artificial lake at the boundary
of the site (see fig.6.1). Downstream of the confluence of the two main tributary streams
we understand that the channel in Thompson Stream was realigned (straighténed) and
deepened circa 1973, in order to improve the drainage characteristics for upstream housmq
developments. As part of the dralnaage improvementworks, the bed of the stream channe
was cut to circa 2m below surrounding ground level, which resulted in the chalk.bemq
exposed in places in the stream bed and hanks, e.%. close to borehole TL 99/201. The 35)0|
which was excavated was placed on the eastern bank of the stream channel to form a low
bund. For further information on the hydrol_og;r of the site refer ‘Hydrological Monitoring
of Wetlands Project KVW35011, Hydrological Report, Site 18* HSI, May 1998,

The surface of Thompson Common is gently undulatingi], with a number of depressions
known as ;pingos\ The SSSI site comprises a variety of habitats supporting a wide range
of plant communities which have developed in response to variations in topogrﬂ)hy, soil
ype and wetness. The diversity of the %rassland communities is enhanced by the

epressions known as ‘pingos’ some of which are damp or water filled throughout the'year,
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althou?h others are dr¥ for much of the year. For further information refer ‘Interim Wetland
Hydrological Report for Thompson Common SSSI, Site No. 18' NRA. June 1995,

6.23 The site supports an exceptional number of plant and animal sE)e_cies, including an
invertebrate fauna of considerable national importance. Further details are given in the
SSSI citation issued by English Nature (28 November 1983).

6.3  Conservation Objectives

6.3.1 The Norfolk Valley Fens area is being considered as a possible SAC because it contains
habitat t)@)es and/or species which are rare or threatened within a European context. The
Norfolk Valley Fens area supports the following European interests:

1) Calcium-rich 5ﬁring water fed fens* _
- for which this is considered one of the best areas in the UK
- for which the area contains more than 10% of the UK resource.

*These are wetland areas that are supplied with base-rich groundwater. The water level is
permanently high. Many plants that are rare or scarce in the UK occur in alkaline fens.

6.3.2 English Nature, in a letter to the Agency Water Resources Manageron 20 February 1998,
stated the conservation objectives for Thompson Water, Carr and Common SSSI as follows:

1) Maintain the internationally |mpo_rtant population of Desmoulin’s snail.

2 I\/Itatl_ntaln and enhance thé notifiable communities of swamp, mire and grassland
vegetation. : _— .

3) Maintain and enhance the ecological and geomorphological interest of the pingos.

4) Ensure water levels and water quality are maintained to achieve these objectives.

5) Increase understanding of invertebrates, especially Red Data Book ‘species, and
manipulate management, where appropriate, to meet their needs.

6) Maintain and enhance Populaﬂons of rare and nationally scarce vascular plants.

7) Maintain and enhance the alder woodland. _

8) Enhance the diversity of community types and habitat structure.

The most directly relevant of these objectives in terms of water resources is the general
statement (4) to ensure water levels and water quality are maintained in order to achieve
objectives 1,2 & 3.

6.4  Water Levels at Thompson Water, Carr and Common SSSI

6.4.1 Atotal of 9 gauge hoards were installed at Thompson Common in 1992 by thjt[)holder of
abstraction.licence 6/33/48/G/197." Single readings of these gauge hoards have been taken

on a monthly basis since April 1992 bg the holder of licence 6/33/48/G/197. A further 4
R/zliug_e boards were installed in 1997 as part of the Agency Wetland Hydrological
onitoring Project and are monitored by the Agency, 3 of these effectively replaced Pauge

boards TL 99/194, TL 99/195 and TL 99/199 which became submerged at times o h|1gh
water level. However the original 3 gauge boards were retained and renumbered as TL
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6.4.2

6.4.3

6.4.4

6.4.5

99/213. TL 99/214 and TL 99/215 respectivel?/. The locations of the gauge, boards are
shown on fig 6.2. Plots of the hydrographs of the 9 gauge boards installed in 1992 are
shown on figures 6.3 and 6.4.

A total of 7 monitoring boreholes were, installed at Thompson Common in 1992 as a
condition of abstraction licence 6/33/48/G/197. Ofthese 7 boreholes, 2 penetrated into the
Chalk and 5 finished in Drift above the top of the Chalk. These have all been monitored on
a monthly basis since April 1992 as a condition of licence 6/33/48/G/197. A further 2
monitoring boreholes TL 99/201 (Chalk) and TL 99/202 (Drift) were installed in 1997 as
part of the Agency Wetland H%drologlcal Monitoring Project and are monitored by the
Agency. The locations of all these boreholes are shown on fig 6.2. Details of the Drift
monitoring horeholes are given in table 6.1 below. Details of the Chalk monitoring
boreholes were included intable 4.1,

Table 6.1 :  Shallow Drift Monitoring Boreholes at Thompson Common

Well Ref  NCR Drﬁth Location Drift/Ck Range in Water
f ) In'ta\eéfsce LeAV(%lD
m m

TL 99/168  TL 9365 9644 294 Thompson Common3  <340m 34310364 m
TL 99/169  TL 9346 9643 3.98 Thompson Common2 <309 m 31t0343m
TL 99/170  TL 9296 9561 3.54 Thompson Common5 <302 m 30.7t0331m
TL 99171 TL 9301 9557 360  Thompson Common6  <294m 30.6t0 326 m
TL99/172  TL 9308 9543 351 Thompson Common7 <292 m 30.8t0325m

TL99/202  TL93289570 400  New Monitoring BH ~ <29.2m 3228 m
(1997) 12.02.98

Hgdrographs ofthe Drift monitorin% boreholes (apart from TL 99/202) are shown on figures

6.5 and 6.6. The hydrograph of Chalk monitoring borehole TL 99/173 is also shown on

fig.6.6 for comparison. All the Drift hydrographs show a similar seasonal pattern although
the magnitude of seasonal changes appears to vary according to location of the borehole.

The hydrographs of readings recorded by data loggers on TL 99/201 (chalk) and adiacent
TL 997202 ﬁant) are shown on fig.6.7. The hydrographs of TL 99/201 and TL 99/173 hoth
indicate that at times the water level has not been constrained by the structure and has been
overflowing. This confirms that groun_dwater head inthe Chalk n the vicinity of Thompson
Common was ahove the Chalk/Drift interface for periods during some recent winter/spring
seasons at least. It follows that where low permeabiltiy drift isabsent then water from the
fCh?Ik would be able to discharge directly upwards info permeable drift and surface water
eatures.

Fig 6.8 shows h dro%ra}Jhs ofboreholes TL 99/167 (Chalk OBH), TL 99/168 (Drift OBH)
and gauge board TL 99/214. These are all located within 120 m of each other, on the east
side of Thompson Common SSSI. Comparison of these hydrographs indicates some degree
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6.4.6

6.5

6.5.1

6.5.2

6.5.3

6.5.4

of h){draullc connection between water levels at all three points. This observation is
developed further in section 6.5. The reason why water levels at gau%e board TL 99/214
are higher than those in TL 99/168 or TL 99/167 is not know, it may be that ground level
%rldgglrfg?dwater levels around TL 99/214 are higher relative to levels at TL 99/168 and

Fig 6.9 shows hydrographs of boreholes TL 99/173 EChaIk OBH), TL 99/169 (Drift OBH)
and gauge board TL 99/197. TL 99/169 (Drift OBH) and gauge hoard TL 99/197 are
located within 100 m of each other on the west side of Thompson Common SSSI, TL
99/173 (SChaIk OBH) is located just outside the western edge of Thompson Common SSSI
about 130m west of TL 99/169 (Drift OBHP. Comparison of these hrdrographs indicates
some degree of h){draullc connection between water levels at all three points. This
observation is developed further in section 6.5. Gauge board TL 99/197 readings sug&est
that the water feature concerned was dry for periods during 1992, 1995, 1996 and 1997.

Relationship Between Drift Water Levels at Thompson Common and
Chalk Groundwater Levels

It has already been noted (section 3.2) from horehole records that clax-rlch Drift at
Thompson Common s relatively thin, in places and non-existent at the location of
TL99/167. Several of the horehole logs at Thompson Common indicate the presence of at
least 3 m of sandy Drift near the surface. One of the 7 sites drilled at Thompson Commaon
fTL 99/167) indicates the absence of low permeability drift ie a “flow window’ at this
ocation. On the basis of this geological information it'is not unreasonable to assume that
there are other potential routes for Chalk dground,water to flow upwards into the Drift and
support or contribute to stora%e of groundwater in the shallow Drift deposits in this area.
Overflpwing conditions recorded at TL 99/173 and TL 99/201 (see section 6.4.4) show that
heads in the Chalk are sufficient at times such that upward flow into the Drift could occur.

Comparison of Chalk and Drift water levels at Thompson Common such as those shown
on figs 6.8 and 6.9 suggests that Chalk groundwater heads could support groundwater levels
in the shallow Drift deposits during some seasons. It should be noted however that since
the monitoring points for Chalk and Drift data on figs 6.8 and 6.9 are not in exactly the
same location, relative levels on these graphs do not necessarily reflect the hydraulic
gradient across the Chalk/Drift interface.

In order to study more closely the relationship between Chalk, Drift and surface water
levels, a number ofcross-ﬁ)lots. were derived from the water level data recorded from 1992
to 1998. Where applicable, linear regression lines were fitted to the data and R2 values
calculated to give an indication of the closeness of fit of the data to the regression line
(R=Pearson correlation coefflment%. The formulae of the regression lines are also shown
on the graphs. Inz_hls study,an R2value Qf?reater than 0.75 is taken as indication-of a
significant correlation etween the two variables. In cases where the correlation appears to
be significant, the gradient of the regression line gives an indication of the average change
in Drift or surface water levels for a'given change in Chalk water levels.

Cross-plot 1 (fig 6.10) shows TL 99/169 Drift water levels and TL 99/197 gauge hoard
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6.5.5

6.5.6

6.5.7

6.5.8

6.6

6.6.1

levels plotted against TL 99/173 Chalk water levels. Correlation of TL 99/169 and TL
99/173 levels indicated an R2value of about 0.79. It should be noted gsee fig 6.9? that
seasonal recovery of Drift water levels at TL 99/169 leads recovery of Chalk water levels
at TL 99/173 by approximately 1 month. This may be due to the proximity of TL 99/169
to the main stream runnmﬂ]throuﬁh Thompson Common which could provide additional
surface water recharge to the Drift before Chalk é;roundwater levels become high enough
to supﬁort Drift water levels. During this period the Chalk could benefit from recharge
from the overlying Drift.

Cross-plot 2 (fig _6.11]1 shows TL 99/168 Drift water levels and TL 99/214 gaug;e board
levels plotted a?allnst. L 99/167 Chalk water levels. Linear regression of TL 99/168 and
TL 99/167 levels indicated an R2value of about 0.85 which suggests a positive correlation
between the two data sets.

TL 99/168 Drift water levels and TL 99/214 gauge board levels were also plotted against
TL 99/173 Chalk water levels in cross-plot 3 {fig 6.12). The plots show a similar pattern
to cross-plo.t 2 but a different gradient of the reg{ressmn line. The result is useful in that it
indicates that ap,orommate water levels in Drift at TL 99/168 could be predicted on the hasis
of Chalk water levels some 400m away at TL .99/173,

Cross plot 4 (fig _6.13)[ shows TL 99/170 Drift water levels and TL 99/215 gaugie hoard
levels plotted a?alnst L 99/173 Chalk water levels, about 950m away. The carrelation of
the two data sets appears to be significant (R2= 0.884), indicating that aﬁprommate water
levels in the Drift at TL 99/170 could be predicted on the basis of Chalk water levels
readings at TL 99/173.

The above cross-plot ana.I?/sw strongI)( suggests hydraulic connection between Chalk
roundwater heads and Drift water levels at Thompsan Common which also suggests that
halk Broundwater head is an important factor in the maintenance of water levels in the

sandy Drift that has been found in several boreholes on the SSSI. It is reasonable to assume

that if permeable Drift exists directly over the Chalk then there is a pathwa?; for

&roundwater to migrate from the Chalk'to the Drift and vice versa. It is understood that in
e past ?roundwate,r heads in the area were much higher because there was little

groundwater abstraction, therefore it is I|kelg that generally much higher quantities of water

were discharging from the Chalk into the Drift at Thompson Common,

Relationship Between Surface Water Levels at Thompson Common and
Chalk Groundwater Levels

Comparison of Chalk groundwater levels and surface water levels at Thompson Common
such as those shown on figs 6.8 and 6.9 suggests that Chalk groundwater could indirectly
support water levels in surface features during some seasons. It should be noted however
that since the monltorlng points for Chalk an %auge board data on figs 6.8 and 6.9 are not
in exactly the same location, relative levels on these graphs do not reflect the true difference
in Chalkand surface water levels at the water feature. '
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6.6.2

6.6.4

6.6.5

6.6.6

6.6.7

6.6.8

In order to study more closely the relationship between Chalk groundwater levels and
surface water levels, a number of cross-plots were derived from the water level data
recorded from 1992 to 1998. Where applicable, linear reqressmn lines were fined to the
data and R2|_va|ues calculated to give an indication of the closeness of fit of the data to the
regression ling,

TL 99/197 gauge hoard levels are shown on cross-plot 1 (fig 6.10) plotted arqainst TL99/173
Chalk water levels. Data recorded when the gauge board was evidently dry has been
omitted from the cros_s-ﬁlot. The plot of TL 99/197 and TL 99/173 data indicates an R2
value of about 0.8 which suggests a positive correlation between the two data sets.

TL 99/214 2gauge board levels are shown plotted agalnst TL 99/167 Chalk water levels on
cross-i)lot (fig 6.11) . The cross-plot of TL 99/714 qauge board data indicates that the
water level at the gauge board started to rise (non linearly) when Chalk groundwater levels
at TL 99/167 increased above about 35.8 mAOD. Afer reachlnP a maximum of about
31.25 mAOD? water levels at the gauge hoard appeared to fall"again in a non-linear
relationship to Chalk water levels. ~ The overall pattern indicates a hysteresis effect
whereby the rise in surface water levels lags the rise in Chalk levels during winter and
similar }/ the fall in surface water levels lags the fall in Chalk levels during summer. QOne
explanation of the hysteresis effect m_a%/ e that changes in surface water levels at this
feature may be groundwater driven, with storage in the Drift probably acting as a buffer.

TL 99/214 3qauge board levels were also plotted against TL 99/173 Chalk water levels in
cross-plot 3 (fig 6.12): Again, the result shows a similar pattern to cross-plot 2 with
hysteresis observed. The result may also be useful in that it indicates that approximate water
levels at gauge board TL99/214 could in some conditions be predicted on the basis of Chalk
water levels about 400m away at TL 99/173.

TL 99/215 gauge board levels are shown plotted against TL 99/173 Chalk water levels on
Cross plot _(f|? 6.13). The scatter of data is qune high in this case and the relatively low
R2value indicates that correlation between the two data sets is low. It should be noted that
TL 99/215 gauge board is situated about 950m away from TL 99/173. .

Cross-plot 5 shows TL 99/193 and TL 99/198 gauge board data plotted against TL 99/173
Chalk groundwater levels. Both data sets indicate a significant correlation hetween Chalk
grounawater levels at TL 99/173 and surface water levels in the features concerned.

The above cross plot analysis indicates a link between Chalk groundwater levels and
surface water levels in some water features at Thomlpson Common. This link may be via
the sandy Drift that has been found in several horeholes on the SSSI. It has been concluded
in section 6r5;8 that Chalk groundwater head is an important factorin the maintenance of
water levels in the sandy Drift that has been found in several boreholes on the SSSI. 1t is
reasonable to conclude that Chalk groundwater heads may be an important factor in
maintaining surface water levels in features such as 'pingos?during some seasons. Overall
the analysis indicates a reasonabl ﬂood hydraulic connection between Chalk groundwater
levels and surface water levels at Thompson Common. This is strong supporting evidence
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6.6.9

6.7

6.7.1

6.7.2

6.7.3

for the current understanding that surface water features at Thompson Common are mainly

.groundwater supported.

On the hasis of the above analgms it is also suggested that it ma}{. be possible in future to set
cessation levels based on TL99/173 for example, if it is confirmed that the state of the
surface water features or Drift water levels at Thompson Common could be predicted from
Chalk (\;roundwate_r level data. More trialling is needed with more frequent data to see if the
suggested correlation holds in different seasonal conditions. The data on which the current
study is based was only read on a monthly hasis. The effect of rainfall on the surface water
features was not considered in the analysis.

Possible Relationship Between Water Levels at Thompson Water and Surrounding
Chalk Groundwater Levels

Thompson Water is fed by surface water from the main stream runnin([] south-west through
Thompson Carr. The water level in the lake is controlled by a sluice close to Peddar’s Way
on the south-west e_d%e of the lake. No water level readings on Thompson Water are
available, however in the absence of detailed information the maximum water level of the
lake is estimated from nearby ground level and ?auge board TL 99/203 readings to be about
31.0 mAOD. The hydrogeoIoPlcaI map of Northern East Anglia indicates that Thompson
Water is_located partly on valley gravels and Chalk. This is inconsistent with the log of
observation borehole TL 99/034 which indicates a total thickness of 25.4 m of Drift over
Upper .Chalk, the lower section of Drift being described as 7.6 m of marl, 3.0m of hallast
‘presumably drillers description of gravel) and 10.4 m of blue soft clay. TL99/034 is
ocated approximately 100 m south of the southern edge of Thompson Water where the
hydrogeological map of Northern East Anglia indicates exposed Chalk.

The following 2 points in the Hydrological Report on Thompson Common (HSI - May

1998% appear to be inconsistent with ?eologlcal and water level data from TL 99/034:

a) schematic cross-section figure 5 of the above report indicates that the water level in
hompson Water is the same as adjacent Chalk Groundwater levels.

b) it is stated in section 7.2 that 'The Thompson Lake, in addition to flow from the stream

that runs through the site, also probably receives groundwater from the underlying Chalk.’

Both these Eoints appear to be inconsistentwith groundwater levels recorded at observation
borehole TL 99/034 which have only risen above 31 mAOD durmg,8 months over the last
20 years, and since 1989 have rarely risen above 30 mAQOD according to Agency records.
The outfall of Thompson Water (south-westwards) falls into a stream bed approximately
2 m below the highest level of the lake.

. The above information suggests that it is not known for certain that Thompson Water is in

hydraulic continuity with Chalk groundwater apart from minor seepages through the
thickness of boulder clay that is considered by the author to underlie.most of ThomPson
Water. There remains the possibility that considerahle amounts of water could be transfered
through windows of higher {Jermeablhty drift. If any correlation between changes in
groundwater heads in the Chalk and water levels in Thompson Water is indicated as a result
of future observations, it is suggested that routes of water input to Thompson Water other
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than direct groundwater input are considered.

6.8  Surface Water Flow at Thompson Water, Carr and Common SSSI
6.8.1 Flow data available this site is very limited. The only information found on Agency records

Was current me,terin% data as given on table 6.2. Locations of the current metering points
are shown on fig 6.15.

Table 6.2 Current Metering Results for Sites on Thompson Common SSSI

Site No  Location NCR Recorded Flow  Recorded Flow  Recorded Flow
(fig. 6.14) on 25.04.95 on 19.06.96 on 27.01.97
1 downstream of road TL 9404 9661 6.9 s 0 53 15
culvert (NE stream)
2 Uﬁstream of confluence  TL 9343 9606 10.3 1 <0.001 Us 8.2 s
(NE stream)
3 upstream of confluence ~ TL 9340 9608 26.0 15 0.65 Is 183 1s
W stream)
4 downstream of bridge ~ TL 9309 9547 42,0 Ifs 12 Us* 202 1s

(combined stream)
note: * this low flow was estimated

6.9  Relationship Between Stream Flow at Thompson Water, Carr and Common SSSI and
Chalk Groundwater Levels

6.9.1 There is currently insufficient data on surface water flows in the area to be able to make any
conclusions on ‘this question. More current metering data for the main_ streams on
Thompson Common is required. It is noted that gauPe boards TL 99/200 and TL99/203 are
located in the Thompson Steam at the south of Thompson Common. If in future
stage/dmchargbe relationships could be established at these points then data from these gauge
boards could be used to derive approximate stream flows. Further study ma>{ reveal more
about the way in which stream baseflow may relate to Drift water”levels and Chalk
groundwater heads at Thompson Common.
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! PREDICTION OF POTENTIAL EFFECTS OF ABSTRACTION IN THE AREA
71 Introduction
711 The potential effects of major abstractions in the area have been assessed in terms of the
Predlcted drawdowns in Chalk water levels that could occur as a result of these abstractions.
n section 4.6 conclusions were reached regarding choice of best available methods for
[)redlctlng drawdown effects in this area. In this section these conclusions are applied to
hree examples where predicted drawdowns as a result of major abstractions in the area are
estimated.
7.1.2  The locations selected for drawdown predictions are all sites of existing boreholes into
Chalk so that predicted drawdowns may be compared with measured changes if desired.
Table 7.1 Locations Selected for Chalk Head Drawdown Prediction
Agency Current  Location NGR Reason for Selection
BH Ref Use
TL 99/027 OBH Verge of Road North of Thompson ~ TL 9160 9730 Site with thicker drift.
Agency  (OBH on Agency network ) Long existing WL record
TL 99/052  Occasional ~ North of College Farm Thompson  TL 93159673 Upper Thompson valley
' Domestic ~ Owner: Mr Baidock Potential derogation
TL 99/173 OBH Western Edge of Thompson TL 9333 9642 Proximity to Thompson
J.Raker ~ Common Common SSSI

113

1.2
121

Boreholes TL 99/027 and TL 99/052 were both equipped by the Agency with transducers
and data Io%gers on 8 September 1998. Domestic borehole TL 99/052 is drilled in the base
ofa well which is used occasionally for garden watering by the owners, Mr & Mrs Baldock.

The potential effects of abstractions as listed on table 5.1, apart from licence 6/33/48/G/256
gsee section 4.5.5), have been estimated. Licences 6/33/48/G/172 (P L Brown) and
/33/48/G/196 (Merton Farming Col) have now expired, however applications for renewal
of these licences at rates Prewously icenced are currentf}/ beln? considered by the Agency.
The P.otennal effects of these abstractions have therefore also been considered. ~ The
Eoten jal effects of Iarﬁe abstractions by AWS at Watton and East Watton, located about 4
m to the north/north-east of Thompson Common have not been considered in this
assessment. The potential effects of these abstractions are uncertain because thhsly are
{/(\)/c_ated nogth Qtf a groundwater divide that forms the northern boundary of the Middle
ISsey sub-unit.

Predicted drawdown effects at TL 99/027
It has been concluded in section 4.6.1 of this report that the DeGlee method with aquifer

characteristics applied of T= 300 nr/day and L= 3000 m appears to be the more accurate
of the methods trialed for estimating long-term changes in head in the Chalk in the study
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122

-s0lution, assuming a constan

area, aloart from the T_homPson valley. The above aquifer characteristics have been assumed
to apply at the location of TL 99/027 on the basis ofPrevlous trials of a range of aquifer
characteristics (see table 4.72. It should be noted that this method models a steady state

head of recharge in the aquitard above the aquifer concerned.
A range of leakage values L= 3000m and 4000m has been applied in order to show the
sensitivity of the method to variations in this parameter.

Table 7.2 shows DeGlee %redlcted head changes in the Chalk at the location of observation
borehole TL 99/027 RNG - TL 9158 9729). Total predicted head changes in the Chalk at
TL 99/027, as a result of the possible abstractions listed on the table, are estimated by this
method at approximately 5.9 m, possibly up to 7.2 m if a value of L=4000m applies.

Table-7.2 Predicted Effect of Abstraction at Licenced and Proposed Rates
on Head in Chalk Near TL 99/027

Borehole Application/  Daily | Distance DeClee Predicted  DeGlee Predicted
Reference Licence Quantity  from Head Change Head Chané]e
(deayy TL 99/027  T=300 m2/day T=300 m2/day
(m) L=3000 m L—4000 m
TL 99/143 6/33/48/138 721 - 840 0.55 0.66
(AP)
TL 99/143 6/33/48/138 1250 840 0.95 113
(AP) + CV/I2087
TL 99/107 ARJpIication 12764 1705 0.56 0.72
PL Brown CN/L788
TL99/124 ~ Application 42545 1225 2.48 3.06
Merton Farming ~ CN/2006
TL 99/126 6/33/48/G/219 2305 2640 0.06 0.09
Mr Warren
TL 99/153 6/33/48/G/197 3000 1170 181 2.22
J Raker (exp 30.09.98)
Totals Lies + Applies  10011.4 5.9 1.2
723 The predicted changes in head have not been observed in practice at TL 99/027 because

124

total abstraction rates in the area have not aEproached a seasonal mean of 10011 m3day in
recent Years. Abstraction returns indicate that the highest mean monthly total on record
abstracted from the boreholes listed in table 7.2 was 5463 m3day in August 1995.

Further estimation of drawdowns by the DeGlee method at rates.actually,abstracted- and
comparison with measured changes at TL 99/027 may possibly help in understanding the
hydraulic significance of the relatively deep Drift encountered at this location.
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1.3
13.1

1.3.2

Predicted drawdown effects at TL 99/052

It has been concluded in section 4.6.1 of this report that the DeGlee method with aquifer
characteristics applied of T= 400 m2day and L= 3000 m appears to be the more accurate
of the methods trialed for estimating long-term changes in head in the Chalk in the vicinity
of Thompson Common in that it produced drawdowns of the right order of magnitude. As
TL 99/052 is located in the Thompson valley area, the above aquifer characteristics have
been assumed to apply at the location of TL 99/052. It should be noted that this method
models a steady state Solution, assuming a constant head of recharge in the aguitard above
the aquifer concerned and that the hydraulic properties of the aquitard can be approximated
bX using average values to represent'what in practice may be a wide range of penneabilities.

range of leakage values L= 3000m and 4000m hasheen applied in order to show the
sensitivity of the method to variations in this parameter.

Table 7.3 shows DeGlee Bredlcted head changes in the Chalk at the location of observation
borehole TL 99/052 (NGR: TL 9315 96732. Total predicted head changes in the Chalk at
this location, as a result of the possible abstractions listed on the table, are estimated by this
method as approximately 4.2 m, possibly up to 5.2 mifa value of L= 4000m applies.

Table 7.3 Predicted Effect of Abstraction at Licenced and Proposed Rates

on Head in Chalk Near TL 99/052

Borehole Application/  Daily Distance DeGlee Predicted  DeGlee Predicted

Reference Licence Quantity  from Head Change Head Change
(mJ/dayY TL 99/052  T=400 m2/day T=400 m2/day

(m) L=3000 m L.=4000 m

(TA_ 8)9/143 6/33/48/138 121 2095 0.19 0.26

TL 99/143 6/33/48/138 1250 2095 0.33 0.44

(AP + CV/[2087

TL 99/107 Aﬁplication 1276.4 2485 0.28 0.38

PL Brown CN/1788

TL 99/124 ARIpIication 42545 1300 L7 2.20

Merton Farming ~ CN/2006

TL 99/126 6/33/48/G/219 2305 975 0.12 0.14

Mr Warren

TL 99/153 6/33/48/G/197 3000 860 1.69 201

3 Raker (exp 30.09.98)

Totals Lies + Applies 100114 42 5.2
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133 It is very unlikely that the Pred_lcted changes in head have been observed in practice at
TL99/052 because total abstraction rates in'the area have not approached a seasonal mean
of 10011 m3day in recent years. Further monitoring of water levels at TL 99/052 and
g:ofmparltson with actual abstraction rates at the above boreholes may provide useful
information.

4 Itis thought that the supply to the domestic well at TL 99/052 relies in dry seasons on
groundwater overtopping the borehole casing and refilling the well. The top of the borehole
casing was measured b Agzencystaffon8 eptember 1998 as 2.25 mBGL. Water level at
this time was measured as 2.28 mBGL. Predicted changes in head at TL 99/052 su%gest
that there may potentially be a derogation risk at this protected right due_primarily to
abstractions from TL 99/124 and TL 99/153. Assessment of the risk”is outside the scope
of this. report but is recommended that this issue is considered in future licence
determinations concerning abstraction from TL 99/124 and TL 99/153.

74 Predicted drawdown effects at TL 99/173

74.1 Ithas been concluded in section 4.6.1 of this report that the DeGlee method with aquifer
characteristics applied of T= 400 m2day and L= 3000 m appears to be the more accurate
of the methods trialed for estimating long-term changes in head in the Chalk in the vicinity
of Thompson Common. The above aquifer characteristics have been assumed to appl¥ at
the location of TL 99/173 on the basis of previous trials of a range of aquifer characteristics
(see table 4.7). It should be noted that this method models a steady state solution, assuming
a constant head of recharge in the aquitard above the aquifer concerned. A range of Ieakaﬂe
values L= 3000m and 4000m has been applied in order to show the sensitivity of the
method to variations in this parameter.

14.2  Table 7.4 shows DeGlee predicted head changes in the Chalk at the location of ohservation
borehole TL 99/173 (NGR: TL 9333 96422)at the western edge of the SSSI.  Predicted
changes are ?I_VGH_ for T= 400 maday, L= 3000m and 4000m. The results are also shown

as a bar chart in fig 7.1, Total predicted head changes in the Chalk at this location at the

western edge of the SSSI, as a result of the abstractions listed on the table, are estimated by
this method as approximately 3.6 m, possibly up to 4.6 m ifavalue of L= 4000m applies.
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Table 7.4 Predicted Effect of Abstraction at Licenced and Proposed Rates on
Head in Chalk at Western Edge of Thompson Common SSSI (near TL 99/173)

Borehole Application/  Daily Distance DeGlee Predicted  DeGlee Predicted

Reference Licence Quantit from Head Change Head Change
(deayY TL 99/173  T=400 m2/day T-400 m2/day

(m) L-3000m L=4000 m

(TAL 3)9/143 6/33/48/138 727 2440 0.16 0.22

TL 99/143 6/33/48/138 1250 2440 0.28 0.38

(AP) + CV/2087

TL 99/107 AR‘pIication 1276.4 2845 0.23 033

PL Brown CN/1788

TL 99/124 ARIpIication 4254.5 1655 143 184

Merton Farming  CN/2006

TL 99/126 6/33/48/G/219 2305 774 0.14 0.16

Mr Warren

TL 99/153 6/33/48/G/197 3000 980 1.5 1.86

J Raker (exp 30.09.98)

Totals Lies +Applics ~ 100U.4 N/A 3.6 4.6

75 Potential Effect of Groundwater Abstraction on Drift Water Levels and Surface Water
Levels At Thompson Water, Carr and Common SSSI

75.1  Potential effects on the SSSI have been estimated on the hasis of fground_water level changes
as a result of licenced and proposed abstractions in the area (refer section 7.4).

7.5.2 Ithas been concluded in section 6.5.8 that cross glots of Drift levels and gauge hoard levels
against Chalk water levels (f|Fures 6.10 to 6.13) suggest hydraulic connection hetween
Chalk, Drift and surface water [evels at Thompson Common. "It therefore follows from the
DeGlee equation that the predicted Chalk water level chan?es at the location of TL 99/173
would result in corresponding changes in Drift water levels and in some seasons changes
in surface water levels at Thompson Common and discharge into the Thompson Stream.

753

The ma197n|tude ofchanges in Drift water levels relative to changes in Chalk water levels at
TL 99/173 may be estimated from the gradients of the relevant cross-plots. Estimated
changes in Drift water levels relative to a ran?e of possible changes in Chalk water levels
at TL 99/173 are shown on table 7.5. TL 99/173 is used as the reference for Chalk water
levels in preference to TL 99/167 because TL 99/167 penetrates only the top 3m of Chalk
and readings from TL 99/173 éwhlch penetrates 8m of Chalk) are considered to be more
representative of Chalk grounawater levels in the Thompson valley.
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Table 75 Estimated Changes in Drift Water Levels
Relative to a Range of Possible Chalk Water Level Changes at TL 99/173

Possible Change  Estimated chan?e Estimated chan?e Estimated chant};e Remarks

at TL 99/173 TL 99/168 (Drift) ~ TL 99/169 (Drift)  TL 99/170 (Drift)
0.25m 02m 01lm 0.25m
05m 04 m 02m 05m
10m 0.8 m 04m 0.95 m
15m 12m 06m 145m
20m 16m 0.3m 19m
Range of Drift ~ 34.41036.3 mAOD 33410342 mAOD 30.8to 33.0 mAOD  Estimates in table
levels applicable: are not valid

outside ranges

It should be noted that TL 99/169 is located nearer the main stream at Thompson Common
than either TL 99/168 or TL 99/170, this may explain Whg the gradlent of the cross-plot of
TL 99/169 data is considerably less than that of TL 99/168 and TL 99/170 data.

154 On the hasis of the above estimates, it is suggested that a change in Chalk water levels at
TL 99/173 may result in an equivalent change in Drift water levels at some areas of
Thompson Common. In others areas of Thompson Common the chan?e in Drift water
levels max be less than the change in Chalk water levels. It follows from the DeGlee
equation that changes in groundwater head differentials across the Chalk and shallow Drift
IS likely to produces changes in the groundwater inputs to or outflows from the Drift.
Therefore lowering of groundwater head differentials across the Chalk and shallow Drift
as a result of abstraction in the area is likely to reduce the dlscharﬁe of groundwater from
the Chalk into the Drift at times of the ﬁear when this would naturally occur. It should also
be noted that rate of discharge from the Chalk into the Drift will also vary according to
locality, depending on the presence or absence ofa lower permeability layer in the Driftand
the leakage coefficient of that layer.

755 The magnitude of changes in water levels at some surface water features relative to changes
in Chalk water levels at TL 99/173 may also be estimated from the gradients of the relevant
cross-plots.  Estimated changes in srface water levels relative to a possible range of
changes in Chalk water levels at TL 99/173 are shown on table 7.5. TL 99/173 is used as
the reference for Chalk water levels in preference to TL 99/167 because TL 99/167
penetrates only the top 3m of Chalk and readings from TL 99/173 (which penetrates 8m of
Chalk) are considered to be more representative of Chalk groundwater levels in the
Thompson valley. LV .
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Table 7.6 Estimated Changes in Surface Water Levels
Relative to a Range of Possible Chalk Water Level Changes at TL 99/173

Possible Change  Estimated change Estimated change Estimated chgnge Remarks

at TL 99/173 TL 99/193 TL 99/197 TL 99/19
(Chalk) (Gauge hoarad) (Gauge hoard) (Gauge board)
0.25m 0.1 0.07 0.1
0.5m 0.2 0.15 0.2
10m 0.47 0.28 0.47
15m 0.7 0.4 0.7
2.0 m 0.9 0.6 0.9
Range of 3541t036.2 MAOD 34210346 MAOD 3345 to 341 mAOD  Estimates in table
Surface water are not valid
levels applicable outside ranges

The location of TL 99/197 nearer the main stream at Thompson Common may Posmbly
explain why the gradient of the cross-plot of TL 99/197 data is considerably less than that
of TL 99/193 and TL 99/198 data. Estimates of surface water levels changes at TL 99/215
were not made hecause the scatter of points on cross-plot 4(fig 6.13) is too great to allow
correlation of surface water levels at TL 99/215 with Chalk water levels at TL 99/173.

7.5.6  Onthe basis of the above estimates, it is suggested that a change in Chalk water levels as
measured at TL 99/173 may result in smaller changes in surface water levels at some water
features at Thompson Common. On the assum ;7)t|on that the response of the water features
monitored at gaugehoards TL 99/193, TL 99/197 and TL 99/198 is t glcal of water features
at Thompson Common, it is suggested that changes for example of 0.25m or more in Chalk
water levels beneath Thompson Common may perhaps have a measurable effect on water
levels in some water features at Thompson Common.
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8.1

8.2

8.3

8.4

CONCLUSIONS

The hydrogeology of the area has been approximated to a semi-confined Chalk aquifer
overlain by glacial Drift of average leakage coefficient (L) of between 3000 and 4000m.
In reality 1t appears that the Drift varies in thickness and permeability over short distances.
Trials of a range of aquifer characteristics using the DeGlee and Theis methods for
drawdown pregiction indicated that the DeGleg method was probably more suitable than
Theis for predicting drawdowns in this area. Two ranges of aquifer characteristics have
been suggested in section 4.6 as best applicable to the valley and dupland’ parts of the area
whl%h approximately correspond to the local discharge and recharge areas of the Chalk
aquifer,

The relative effects of the various licenced and proposed abstractions in the study area could
be assessed in terms of the chan?_es in Chalk head predicted using the DeGlee method
applicable to semi-confined conditions. The predicted head changes at three locations in
the area have been calculated by the DeGlee method and are shown on tables 7.2, 7.3 & 7.4.
The significance of changes in Chalk head and variations in leakage coefficient (L) are
explained in section 7.5 as regards reductions in discharge from the Chalk aquifer into
Thompson Common.

On the basis of what is currently known about the h;{dro%eology of the area it is likely that
abstraction during summer months at some of the locations and licenced/proposed rates
listed on table 5.1 would have a measurable effect on water levels in the Drift deposits at
Thompson Water, Carr and Common SSSI and consequently on the levels in those water
features on the SSSI that are supported by groundwater inthe Drift deposits.  Groundwater
abstraction is likely to cause general drying out of the site which in extremes could result
in drying up of groundwater-supported water features that would otherwise have remained
damp throughout the summer season.

From a review of water level data and geological information it seems reasonable to
conclude that Thompson Water, Carr and Common SSSI and candidate SAC is in part fed
bg groundwater dlschar?(ed from the underlying Chalk aquifer and in consequence
abstraction from the Chalk aquifer can reduce groundwater heads beneath the site which in
turn may reduce groundwater heads in the chalk and overlying Drift deposits and reduce
discharge into the Thompson stream.

Prepared by: Andrew MacKenney-Jeffs
2.10.98
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A REVIEW OF THE HYDROGEOLOGY OF
THOMPSON AND MERTON AREAS, NORFOLK

FIGURES
1.1 General location of study area
2. (no figures)

Topographg and drainage ofthe area

Estimated Drift thickness contours: clay rich layer 1:10 000 scale
Estimated Drift thickness contours: sand{ I%/er 1:10 000 scale
Estimated total Drift thickness contours 1:20 000 scale
Estimated Chalk surface contours 1:20 000 scale

Location map of Chalk observation boreholes and main abstraction boreholes in the area
Hydrograph of OBHs: TL 99/017A & TL 99/017B
Hydrograph of OBH: TL 99/004

Hydrograph of OBH: TL 99/005

Hydrograph of OBH: TL 99/007A

Hydrograph of OBH: TL 99/027

Hydrograph of OBH: TL 99/008

Hydrograph of OBH: TL 99/034

Hydrograph of OBH: TL 99/032

Hydrograph of OBH: TL 99/167 & TL 99/173
Hydrograph of OBH: TL 89/019

Hydrograph of OBH: TL 89/020

Outline map of the Chalk 10 ﬂWis_sey) Groundwater Unit _ _

Graph of total mean daily abstraction rates for all maior SI'and industrial users in Merton
area since 1983 excluding abstractions from TL 99/113 _

Graph of recorded mean daily abstractions for the above 4 licences in Merton area

w

ro—ko
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Boundary of Thompson Water, Carr and Common SSSI

Locations of the boreholes & gauge boards on Thompson Water, Carr and Common SSSI
Hydrographs (1) of gauge boards Installed in 1992

Hydrographs (2) of gauge hoards installed in 1992

Hydrographs (1) Drift monitoring boreholes at Thompson Water, Carr and Common SSSI
Hydrographs (2 Drlftmomtorlng boreholes at Thompson Water, Carr and Common SSSI
Hydrographsof TL 99/201 1(chal)andad%acentTL 9202 (Drift)

Hydro%raphs of boreholes TL 99/167 (Chalk OBH), TL 99/168'(Drift OBH) and gauge
board TL 99/214 for comparison _

Hydrographs of boreholes TL 99/173 (Chalk OBH), TL 99/169 (Drift OBH) and gauge
board TL 99/197 Tor comparison _
Cross-plot L TL 99/169 Drift water levels and TL 99/197 gauge board levels plotted against
TL 99/173 Chalk water levels
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6.11
6.12
6.13
6.14
6.15
11

FIGURES continued

Cross-plot 2: TL 99/168 Drift water levels and TL 99/214 gauge board levels plotted against
TL 99/167 Chalk water levels .
Cross-plot 3; TL 99/168 Drift water levels and TL 99/214 gauge board levels plotted against
TL 99/173 Chalk water levels

Cross plot 4. TL 99/170 Drift water levels and TL 99/215 gauge board levels plotted
against TL 99/173 Chalk water levels _

Cr(%ss E)Iot I5: TL 99/193 and TL 99/198 gauge board levels plotted against TL 99/173 Chalk
water levels

Locations of current metering points on Thompson Common

Bar chart of DeGlee predicted head changes in the Chalk at the location of observation
borehole TL99/173 (NGR: TL 9333 9642?.

APPENDIX A
Borehole Geological Information (Summary)
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Chalk OBH TL 99/004 west verge of road near Thompson
NGR: TL 9169 9672
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Chalk OBH TL 99/027
Verge of road north-west of Thompson NGR: TL 9160 9730
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Thompson/Merton Area - Total of Groundwater Abstraction for Major SI and Industrial Use

Expressed as Mean Daily Rates (month total/days in month)

6000
5000 r-
4000
>+
5 3000
co
E
2000
ol
1000 e in-
<poooo
-0000000- 00000000 ><A>E0<N
® & P % B Q o Ep
C C C
0 (0] [0 [0 [0}

< 0°<g
0
DOOOOO———JI—OOOOOQO—' oooooofr- 0000000~ - 000
o8 8 3 9 § & g
C
0

C
10 10 10

?EE%SB’

Xz

JL

-0

—>

5.2.5”
* (LT

notej no a-gstraction
records fo™ Merton
Farming Co in 1997

?
co 0% B

& & 8 &8 & b
RSB osoh e

- -] -)



.. —e —Anglian Processors
Individual Recorded Major Abstractions in Merton Area since 1983 — —Merton Farming Co

Expressed as Mean Daily Rates (monthly total/days in month) _Xa 5;;2’:””
2000 . Q- S-Z.S e 0 C u~n









NOO

O oggiv

37.5

37.0

36.5

36.0

35.5

35.0

Gauge Boards;

Environment Agency

Anglian Region

. Thompson Common (N)

Legend

o <f> 3

+ TL99/192

0 TL99/193

O TL99/213

X TL99/214

_TLvir
— M-/ E



£>'4-

Gauge Boards:  Thompson Common(N&S)

35.0
34.5
w MG —
n-~A{"7 ano" -
+ TL99/196
Z 335 o TL99/197
8 O TL99/198
33.0' _
w x TL99/215
% 3257 _ A TL99/200
s
320 _
31.5
TLW/II Sty —
31.0

) Legend
Envi rori1ment Agency

Anglian Region



w3 *r

dovuw [pasT JeTeM



Water Level mAOD

34

33.5

33

32.5

32

31

30.5

30
Jan-92

Jul-92

Jan-93

Jul-93

Groundwater Levels At Thompson Common (2)
Drift: TL 99/170, TL 99/171 and TL 99/172

B
20°
0]
Aii

mn A00
0

m°A

|_ *
AA
Jan-94 Jul-94 Jan-95

vij

HTL99/170
©TL99/171
ATL99/172
BQa
¢ A
Ao 000 )
Qa ' A b * AAO ?
A Ao *V
OB -ff-
A A
> B A A A
© Sfio
a
Jul-95 Jan-96 Jul-96 Jan-97 Jul-97 Jan-98

Jul-98



invironment Agency

Anglian Region

A1 TL99/201 - THOMPSON COMMON

o
S
mASC

B2 TL99/202

Months from 01/01/1998 at 00:00

"Fl cj.

HYDROLOG Archive Report
- THOMPSON COMMON

N

Y

mN\QCQO



dovuw |9Ae7 JeTeM



dovuw [sns7 Jes1ep



mAOD

34.8

34.6

34.4

34.2

34

33.8

33.6

33.4

33.2

33

Cross Plot 1 : TL 99/169 Drift levels and TL 99/197 Gauge board levels
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Cross Plot 3 : TL 99/168 Drift water levels and TL 99/214 Gauge board levels
plotted against TL 99/173 Chalk water levels (1992-1998)
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Cross Plot™L: TL 99/170 Drift water levels and TL 99/215 Gauge board levels
plotted against TL 99/173 Chalk water levels (1992-1998)
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Thompson/Merton Area: Borehole Geological Information

Well Ref
TL 99/004
TL 99/005

TL 99/007A
t1 99/016A
TL 99/017A

TL 99/027
TL 99/031
TL 99/032
TL 99/034
TL 99/167
TL 99/173
TL 99/036
TL 99/037
TL 99/040
TL 99/041
TL 99/042
TL 99/043
TL 99/044
TL 99/046
TL 99/047
TL 99/050
TL 99/051
TL 99/052
TL 99/076
TL 99/084
TL 99/126
TL 99/154
TL 99/156
TL 99/157
TL 99/201
TL 99/053
TL 99/054

TL 99/125

TL 99/0078
TL 99/016B
TL 99/017B

TL 99/166
TL 99/168
TL 99/169
TL 99/170
TL 99/171
TL 99/172

BH type

obhC
obhC
obhC
obhC
obhC
obhC
obhC
obhC
obhC
obhC
obhC
bhC
bhC
bhC
bhC
bhC
bhC
bhC
bhC
bhC
bhC
bhC

[ bhC
|| bhC
1bhC

abhC
bhC

1bhC

bhC
obhC
bhC
bhC
bhC
1
obhD
ObhD
ObhD
bhD
obhD
obhD
ObhD
obhD
obhD

Easting

9176
9236
9369
9230
9150
9158
9372
9395
9144
9374
9333
9010
9060
9108
9112
9115
9115
9115
9164
9194
9242
9269
9315
9327
9306
9410
9230
9320
9317
9328
9419
9432
9421

9369
9230
9150
9393
9365

9346
9296
9301

9308

Northing

9678
9941
9828
9270
9755
9729
9310
9442
9457
9648
9642
9580
9912
9770
9714
9751
9760
9775
9815
9654
9662
9794
9673
9481
9498
9650
9660
9601
9599
9570
9911
9956
9897

9828
9270
9760
9625
9644
9643
9561
9557
9543

51.85
54.91
49.23
48.08
51.72
52.29
34.47
36.27
31.15
36.98
35.06
36.6
476
48.8
57.6
51.8
51.8
48.8
518
50.0
48.8
43,3
381
424
45.1
39.0
50.0
34.0

34.0

33.274

52.7
56.7
51.8

49.23
48.08

51.72
35.66

36.93

34.6
33.76
33.02
3274

7.6
0.6
34
229
19.8
15
15
15
4.6
0.4
3
5.5

0
0

104
8.5
128
14

4.6
6.7

6.1
3.9
10
457
1.8
2.75
3.4
37
37

3.4
22.9

198
>4.1

05
>3.98
>3.54

>36

>3.51

122
14.6
106
6.1
16.8
229
122
25.9
2

0

4
6.1
8.2
4.6
29
19.5
9.1
3.7
4.8
7
7.6
19.5
0.9
9.1
3.05
6.3
12.8
3.7
3.4
3.3

10.6
6.1

16.8

>2.44
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Data summarised from strata records on Agency BH Archives
- approximate thickness of layers -
GL mAOD TK1 Sand m TK2 Clay m TK3 Sand m Total Drift m

TK1+TK2+TK3

19.8
15.2
14.0
29.0
36.6
24.4
24.4
39.6
25.6

04
7.0
116
8.2
4.6
39.4
28.0
219
51
94
13.7
11.8
25.6
48
191
7.6
8.1
15.6
71
71
7.0
18.3
11.9
18.3

14.0
29.0
36.6

N33 IIAN

1

321
39.7
352
191
151
27.9
101
-3.3

5.6
36.6
281
250
39.4
44.2
18.2
23.8
299
437
4214
36.3
37.0
17.7
333
23.3
375
309
345
26.9
26.9
26.3

34.4

m44.8

33.5

35.2

19.1
151

Top of Chalk mMAOD BH Total Depth m

42.70
41.10
29.60
45.70
45.70
39.60
39.60
54.90
46.60

3.36
15.00
39.60
25.90
35.00
50.30
44.20
62.20
30.10
60.00
36.60
37.18
33.22
28.60
45.41
39.62
45.00
91.00
45.70
45.70
12.00
30.78
38.70
25.91

29.6
45.7
457

41
2.94
3.98
354

36

351



Thompson/Merton Area: Borehole Geological Information  Data summarised from strata records on Agency BH Archives

1 NGR NGR - approximate thickness of layers - TK1+TK2+TK3
Well Ref I.BH type Easting Northing GL mAOD TK1 Sand m TK2 Clay m TK3 Sand m Total Drift m  Top of Chalk mAOD BH Total Depth m
TL 99/004 obhC 9176 9678 51.85 7.6 122 0 19.8 321 42.70
TL 99/005 obhC 9236 9941 54.91 0.6 14.6 0 152 39.7 41.10
TL 99/007A obhC 9369 9828 49.23 3.4 10.6 0 14.0 35.2 29.60
TL 99/016A obhc 9230 9270 48.08 22.9 6.1 0 29.0 191 45.70
TL 99/017A obhC 9150 9755 51.72 19.8 16.8 0 36.6 15.1 45.70
TL 99/027 obhC 9158 9729 52.29 15 22.9 0 24.4 27.9 39.60
TL 99/031 obhC 9372 9310 34.47 15 12.2 107 24.4 101 39.60
TL 99/032 obhC 9395 9442 36.27 15 25.9 12.2 39.6 33 54.90
TL 99/034 obhC 9144 9457 31.15 4.6 2 0 256 5.6 46.60
TL 99/167 obhC 9374 9648 . 36.98 0.4 0 0 0.4 36.6 3.36
TL 99/173 obhC 9333 9642 35.06 3 4 0 7.0 28.1 15.00
TL 99/036 bhc 9010 9580 36.6 55 6.1 0 116 25.0 39.60
TL 99/037 bhC 9060 9912 47.6 0 8.2 0 8.2 39.4 25.90
TL 99/040 bhC 9108 9770 48.8 0 4.6 0 4.6 44.2 35.00
TL 99/041 bhC 9112 9714 57.6 10,4 29 0 39.4 18.2 50.30
TL 99/042 bhC 9115 9751 51.8 8.5 195 0 28.0 23.8 44.20
TL 99/043 bhC 9115 9760 51.8 12.8 9.1 0 21.9 29.9 62.20
TL 99/044 bhC 9115 9775 48.8 14 3.7 0 5.1 437 30.10
TL 99/046 bhC 9164 9815 51.8 4.6 48 0 9.4 42.4 60.00
TL 99/047 bhC 9194 9654 50.0 6.7 7 0 13.7 36.3 36.60
TL 99/050 bhC 9242 9662 48.8 4.2 7.6 0 11.8 37.0 37.18
TL 99/051 bhC 9269 9794 433 6.1 195 0 25.6 17.7 33.22
TL 99/052 bhC 9315 9673 38.1 3.9 0.9 0 4.8 33.3 28.60
TL 99/076 bhC 9327 9481 42.4 10 9.1 0 19.1 233 45.41
TL 99/084 bhC 9306 9498 45.1 457 3.05 0 7.6 37.5 39.62
TL 99/126 abhC 9410 9650 39.0 18 6.3 0 8.1 30.9 45.00
TL 99/154 bhC 9230 9660 50.0 2.75 12.8 0 15.6 345 91.00
TL 99/156 bhC 9320  '9601 34.0 3.4 3.7 0 71 26.9 45.70
TL 99/157 bhC 9317 9599 34.0 3.7 3.4 0 71 26.9 45.70
TL 99/201 obhC 9328 9570  33.274 3.7 3.3 0 7.0 263 i 12.00
TL 99/053 bhC 9419 9911 52.7 18.3 34.4 30.78
TL 99/054 bhC 9432 9956 56.7 11.9 448 1 ‘38,70
TL 99/125 bhC 9421 9897 51.8 18.3 335 25.91
TL 99/007B obhD 9369 9828 49.23 34 10.6 0 14.0 35.2 29.6
TL 99/016B obhD 9230 9270 48.08 22.9 6.1 0 29.0 191 45.7
TL 99/017B obhD 9150 9760 51.72 19.8 16.8 0 36.6 151 45.7
TL 99/166 bhDi 9393 9625  35.66 >4.1 » 41
TL 99/168 obhO 9365 9644 36.93 05 >2.44 2 2.94
TL 99/169 obhp 0346 9643 34.6 >3.98 2 3.98
TL 99/170 obhO 9296 9561 33.76 > 3.54 2 3.54
TL 99/171 obhp 9301 9557 33.02 >3.6 7 36
TL 99/172 obhD 9308 9543 32.74 >3.51 2 3.51
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Thompson/Merton Area: Borehole Geological Information  Data summarised from strata records on Agency BH Archives

Well Ref
TL 99/004
TL 99/005
TL 99/007A
TL 99/016A
TL 99/017A
TL 99/027 *
TL 99/031
TL 99/032
TL 99/034
TL 99/167
TL 99/173
TL 99/036
TL 99/037
TL 99/040
TL 99/041
TL 99/042
TL 99/043
TL 99/044
TL 99/046
TL 99/047
TL 99/050
TL 99/051
TL 99/052
TL 99/076
t1 99/084
TL 99/126
TL 99/154
TL 99/156
TL 99/157
TL 99/201
TL 99/053
TL 99/054
TL 99/125

TL 99/007B
TL 99/016B
TL 99/0178B
TL 99/166
TL 99/168
TL 99/169
TL 99/170
TL 99/171
TL 99/172

NGR NGR - approximate thickness of layers - TK1+TK2+TK3

BH type Easting Northing GL mAOD TK1 Sand m TK2 Cla TK3 Sand m, Total Drift m  Top of Chalk mAOD BH Total Depth m
obhC 9176 9678 51.85 m 19.8 32.1 42.70
obhC 9236 9941 54.91 O% 15.2 39.7 41.10
obhC 9369 9828 49.23 3.4 19% 14.0 35.2 29.60
! obhC 9230 9270 48.08 229 29.0 191 45.70
i obhC 9150 9755 51.72 19.8 16.8 36.6 151 45.70
! obhC 9158 9729 52.29 15 24.4 . 39.60
i obhC 9372 9310 34.47 15 ?&i 24.4 ﬁﬁi 39.60
i obhC 9395 9442 36.27 15 2 ﬁ 39.6 3.3 54.90
i obhC 9144 9457 31.15 46 ?E 25.6 5.6 46.60
obhC 9374 9648 36.98 0.4 0.4 36.6 3.36
i obhc 9333 9642 35.06 3 . 28.1 15.00
i bhc 9010 9580 36.6 5. g; ]%9 25.0 39.60
j bhc 9060 9912 47.6 H 39.4 25.90
. bhC 9108 9770 48.8 4.6 46 44.2 35.00
bhC 9112 9714 57.6 10.4 29 39.4 18.2 50.30
bhC 9115 9751 51.8 ﬁ 19.5 28.0 23.8 44.20
bhC 9115 9760 51.8 g 9.1 21.9 29.9 62.20
bhC 9115 9775 48.8 14 3.7 5.1 43.7 30.10
bhC 9164 9815 51.8 4.6 4.8 9.4 42.4 60.00
, bhC 9194 9654 50.0 6.7 7 ﬁ 36.3 36.60
bhc 9242 9662 48.8 j. 7.6 é 37.0 37.18
. bhC 9269 9794 43.3 6 19.5 25.6 17.7 33.22
bhc 9315 9673 38.1 3 0.9 4.8 33.3 28.60
j bhC 9327 9481 42.4 ]b 9.1 19.1 23.3 45.41
; mbhC 9306 9496 45.1 4.% 3.05 . 375 39.62
, abhC 9410 9650 39.0 éi 30.9 45.00
| bhC 9230 9660 50.0 2.75 ﬁé 156 345 91.00
bhc 9320 9601 34.0 3.4 3.7 71 26.9 45.70

bhC 9317 9599 34.0 3.7 3.4 71 26.9
obhC 9328 9570  33.274 3.7 3.3 7.0 26.3 Ajﬂb
" bhC 9419 9911 52.7 18.3 34.4 30.78
bhC 9432 9956 56.7 11.9 44.8 38.70
bhC 9421 9897 51.8 18.3 335 2591
obhD 9369 9828 49.23 3.4 10.6 0 14.0 35.2 29.6
obhD 9230 9270 48.08 22.9 6.1 8 29.0 191 457
obhD 9150 9760 51.72 19.8 16.8 36.6 15.1 45.7
bhD 9393 9625 35.66 >41 ” 41
obhD 9365 9644 36.93 05 > 2.44 N 2.94
obhD 9346 9643 34.6 >3.98 ” 3.98
obhD 9296 9561 33.76 > 354 » 354
obhD 9301 9557 33.02 . 3.6 i 3.6
obhD 9308 9543 32.74 . 351 i 3.51
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