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ABSTRACT

The main aim of this research was to assess whether surface 
geoelectrical surveys can identify areas of Chalk in Anglia that 
are capable of providing good supplies of water to wells. Chalk is a 
fissured limestone. Ibis work was done in Norfolk because 
considerable interest had been expressed by the Water Authority there 
in the use of surface resistivity in locating good well sites.
Five 25km x areas were chosen (around pumping stations; Beetley, 

Fakenham, Houghton St. Giles, Lyng and Sail) where geoelectrical 
soundings were made. A total of 65 soundings were obtained in 
55days (May 29 to July 23, 1982).
A relationship between electrical resistivity and specific capacity 

has been revealed and explanations for the relationship are presented, 
but further geological information is reqiured before the relationship 
can be understood sufficiently to be of use as a means of predicting 
likely well yield.
Hie thesis is presented in five parts; parti presents the general 

descriptions of the research objectives, location of the study area, 
the previous work in the area, the nature of existing data and and 
outline of the research approach and method of investigation. Partll 
reviews and discusses the regional geology and hydrology of Norfolk. 
The principles of electrical resistivity surveying is reviewed and 
related to Norfolk in partlll . PartIV gives a detailed description 
of the nature and reduction or processing of available data and the 
criteria for choosing the areas for the detailed site study. Also the 
surface electrical resistivity surveys of the five areas are discussed 
in this part.
In partV, the integrated results from the five site areas are 

summarised with conclusions and recommendations on the use of surface 
electrical resistivity in assessing the characteristics of of good and 
poor well sites in Norfolk Chalk.
The thesis is accompanied by an Appendix in which details of certain 

technical aspects of the research are recorded.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 RESEARCH OBJECTIVES

The main aim of this research is to assess whether surface 
geoelectrical surveys can identify areas of Chalk in Anglia that are 
capable of providing good supplies of water to wells. For this it was 
necessary to:
a. identify good and poor well sites in the north western 

sub-catchments of the Anglian Water Authority in terms of 
yield by an initial statistic (specific capacity; yield per 
unit time per unit drawdown),

b. study the surface electrical responses (resistivity) of 
these sites by surface electrical soundings,

c. analyse and integrate all available useful data ( geologic, 
hydrogeologic and geophysical) of each of the sites to 
assess whether good and poor yielding sites are reflected by 
significant and consistent differences in their geophysical 
signature.

The standard and conventional method of studying or locating good 
well sites in the Chalk has been by trial test boreholes. This 
procedure is slow and expensive and needs a number of wells to be able 
to locate good borehole sites. Considerable interest had been 
expressed in Anglia in assessing the usefulness of surface geophysics 
for indicating areas most likely to provide good yields, in particular 
the usefulness of electrical resistivity surveys, for where contrasts 
exist between the resistivities of the fissured (conductive) and 
massive (less conductive) Chalk, surface electrical resistivity could 
be used in increasing the chances of success in well site location. 
If a good correlation could be established between geophysical records 
and the lithologic, hydrologic and chemical characters of the rock, 
then a great deal of information may be obtained by these methods to 
help limit the amount of drilling required.

Schwartz and McClmont (1977), Kelly (1977), Heigold et al (1979), 
Konsinski and Kelly (1981), and Sckimschal (1981), carried out 
geoelectric soundings for the purpose of estimating aquifer 
parameters; the aquifer being the drift deposits (sandstone) in 
different parts of the United States. The basis of their assessment 
was the concept of a formation factor, developed by Archie (1942), in



his work on the petrophysics of brine-filled granular reserviour 
rocks. Their work was restricted to glacial sands and gravel and 
Heigold et al (1979), pointed out that studies on the granular 
aquifers deposited in other geologic environments were needed before 
meaningful generalizations could be made.
The primary advantage of employing the electrical resistivity method 
in well site location is the amount of information it provides within 
a very short time and at very reduced cost. The results from surface 
electrical resistivity surveys focus interest to a limited number of 
areas for the hydrogeologist and may be valuable in this use. Such 
surveys are not considered as a replacement for the conventional test 
boreholes but a means to help reduce the number of test boreholes to 
be drilled. *
Norfolk has been chosen as the research area because in Norfolk 

considerable difficulty has been experienced in locating good supply 
wells in the Upper Chalk which constitutes t|ie major source of 
groundwater accounting for over 85% of the county's groundwater 
resources. It is overlain mostly by drift deposits (Sands and gravel 
and Chalky boulder clay) of varying composition and thicknesses. The 
Chalk is found exposed mostly along river valleys where the rivers 
have cut through the overlying deposits to expose the Chalk 
underneath. The problem in locating a good supply well is that 
different yields are obtained from wells in the same locality (Mr 
Bennett, Anglian Water Authority, personal communication).

Hydrogeologists that have worked on Chalk, discovered that it is 
essentially a fissure flow aquifer. As Foster and Milton (1974), 
noted, in fissure flow aquifers, it is not sufficent to know the 
magnitude of the fissures, the three-dimensional distribution of 
permeability they respresent is also required. Some of the wells 
which have been sunk in areas where the probability of striking 
fissures were high, failed to produce water and were abandoned.
This research would therefore have to cope with a recognised problem 
associated with locating fissures. Fissures are physical 
discontinuities varying in aperture from as little as 0.01mm to as 
much as 5mm or more (Foster and Milton,1976) in the Chalk. Their 
orientations have been speculated from core samples but a prediction 
of their spatial density and extent has been impossible because of 
lack of information on their three-dimensional distribution.
The resistivity of a bed represents its bulk effect or response to an 
electric current and this response is indicative of the physical state 
of the bed including the net work of fissures within it. In



resistivity prospecting with direct current (dc), the two parameters 
most commonly taken into account are;
a. true resistivity of the formation which is a physical 

constant depending upon the nature of the rock, the moisture 
content and the conductivity of the saturating water,

b. the apparent resistivity which is not a physical constant 
but reflects the distribution of true resistivities in the 
subsoil and depends on the spatial configuration of the 
measuring system.

In the author's opinion, not much work has been recorded on the use 
of electrical resistivity geophysics in fissured aquifers. The 
difficulty of establishing a relation between the electrical 
resistivity and the hydrualic characteristics of fissured aquifers is 
mainly due to the principles of equivalence and suppression. 
Resistivity contrasts and 'effective' relative thickness (Flathe,1963, 
Battachyra et al,1968) of the fissure zones within the aquifer are too 
small to be readily distinguishable. Theoretically, the fissure 
zone's distribution can be calculated, but practically in many cases, 
they are not readily observed on the field curve except where 
appreciable contrasts in electrical properties and thicknesses are 
involved. These difficulties raise problems that have to be 
considered in completing this research.

1.2 LOCATION AND DESCRIPTION OF THE STUDY AREAS

The study areas lie within the shaded area in Figure 1.1a, which is 
about 6761(11?" covering some parts of central and northern Norfolk. The 
total of this area fs l25Km2. They lie directly N.W. of
Norwich within sheets 132 and 133 of 1:50000 first series and between 
British National Grid references TF900130 and TF900380 to the west and 
TG160130 and TG160380 to the east (Fig 1.1b).
Three areas of relative topographic contrast exist. The first 

constitutes the southern part of the Cromer ridge. It runs S.W. from 
the N.E. corner of the area and swings N.W. about the centre of the 
area in a U-shape. This range marks the extent of land up to 90mAOD 
but less than 100mAOD. A second group comprises of four isolated 
hills along the western edge of the area and they do not exceed 80mAOD 
in height. The rest of the area is mostly below * 60mAOD, but the 
lowest grounds occur to the S. and E. being mostly below 30mAOD and 
as low as less than 15mA0D to the south of the Wensum river valley. 
Two drainage systems are prominent. An east-south east system
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comprising the major rivers of the Wensum and Bure. The Wensum and 
its major tributaries (Blackwater and Foulsham) and minor tributaries 
drain over half the entire area, but with Bure and its tributaries, 
they drain about 80% of the entire area. The second system which 
drains northwards comprises of the rivers of Stiffkey and Glaven and 
drain only about 20% of the area. The U-shaped ridge seperates the 
two systems from each other (Fig 1.1b).
The Chalk which underlies most of Norfolk is buried under glacial 

deposits and occasionally outcrops on the surface mostly along the 
river valleys where rivers have cut through the less resistant glacial 
drift to reveal the Chalk underneath. The erosive work of the rivers 
gives the area an undulating topography.

The modified temperate climate of Norfolk allows precipitation all 
the year round, with the bulk precipitation occuring during the winter 
season. The annual total rainfall is least in the south eastern part 
of the study area and increases northwards and westwards towards the 
highland areas (Fig 1.2).

The average annual recorded rainfall over five years (1978-1982) 
within the study area, ranges from 661mm/yr at Foulsham to 734mm/yr at 
Fakenham (Table 1.1). Evaporation over the same period ranges from 
514-588mm/yr for actual and 570-718mn/yr for potential (Table 1.1). 
The need to irrigate depends on the 'root constant' which is defined 
as the maximum soil moisture deficit that can be built up without 
checking transpiration. Between the months of April and August, 
actual evaporation is usually high. Evaporation and transpiration are

EVAPORATION
FAKENHAM FOULSHAM GRESSENHALL 

RAINFALL
HEYDON LYNG

YEAR POT. ACTUAL TOTAL RESID. TOTAL RESID. TOTAL RESID. TOTAL RESID. TOTAL RESID.
1978 739.20 655.80 650.40 641.40
1979 683.50 588.50 759.00 170.05 641.40 42.90 741.40 152.70 639.50 51.00 688.40 99.40
1980 718.00 555.50 725.15 191.10 684.40 141.80 691.10 135.55 673.20 117.70 641.90 86.40
1981 623.50 552.50 754.70 202.40 573.40 112.70 739.60 177.05 678.10 125.60 721.40 168.90
1982 570.50 514.00 690.05 176.05 748.30 234.30 813.00 298.95 725.20 211.20 737.60 223.60
MEAN 648.88 552.63 733.62 184.90 660.66 132.93 727.10 191.06 671.48 126.38 697.33 144.58

Table 1.1 Annual Rainfall and Evaporation (in mm) for five Stations within the Study 
area (1978-1982)
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facilitated by temperature and sunshine. So, it would be expected 
that during the summer months when the temperature is highest in 
Britain with long periods of sunshine, that evaporation and 
transpiration would be highest. Thus, within these periods, the need 
to irrigate is obvious. Figure 3.4 shows the monthly variations of 
total rainfall and actual evaporation at five stations within the 
study area over five years (1978-1982).

1.3 PREVIOUS WORK IN THE AREA

The hydrogeology and the hydraulics of the Chalk of Norfolk have 
been extensively studied however, such work on the study areas is 
either scanty or non existent. Most of the hydrogeological work done 
in Norfolk are in the adjoining areas to those of the study area. The 
Chalk is regionally homogenous (Ineson,1953) and so the regional 
characteristics of the Chalk of the study area have been drawn from 
all these surrounding areas.

Ineson's initial work (1953,1959a,1959b) was concerned with the 
interpretation of groundwater movement in the vicinity of a 
discharging well. In 1962, he studied the permeability of the Chalk 
in East Yorkshire, East Anglia and Southern England. He attributed 
variations in permeability to two causes;
i. a primary cause resulting from differing conditions in its 

mode of deposition and
li. a secondary cause dependent upon post depositional changes 

arising from secondary deposition within the pore spaces and 
structural effects (faulting, folding and fissuring).

Among other hydrogeological properties of the aquifer, he noted that 
variations in permeability could be related to structural patterns, 
erosional features and lithologic changes. In 1965, Ineson and 
Downing studied several Chalk catchments including some in East Anglia 
to investigate the influence of surface geology on direct runnoff and 
groundwater discharge.

A brief description of the hydrogeological condition of the Chalk 
and its overlying deposits of East Suffolk and Norfolk was published 
by the East Suffolk and Norfolk River Authority (1971) as part of a 
general consideration of water resources and demands of the area.

Chilton (1972), studied "the hydrogeology of the Upper Yare catchment 
and included a detailed groundwater budget and analysis of likely well 
yields. Headworth (1972), published an analysis of natural water 
level fluctuations in the Chalk of Hampshire and the values of



transmissivity and storage he obtained from them. Buchan (1963), in 
relating geology to groundwater reported a variation in transmissivity 
based on the Chalk topography being 2-5times greater for valley areas 
than the hill areas.
Two maps of Northern East Anglia were published by the Institute of 

the Geological Sciences (1976) with information on the geology, 
hydrogeology, surface and groundwater features, rainfall and 
artificial abstractions. They also carry explanatory notes on the 
characteristics of the principal formations.

Parvisi (1977), studied the hydrogeology of the Tas catchment and 
shared the same basis of classifying the Chalk into upland and 
valley (lowland) Chalk with Buchan (1963). Winch (1980), studied the 
hydrogeology of the Tud and Wensum catchments in Norfolk. 
Alabo (1981), studied the distribution of iron and manganese in the 
groundwaters of Norfolk.

Occasionally, the hydrogeological department of the I.G.S., carries 
out hydrogeological investigations of the Chalk of East Anglia. 
Pumping tests and borehole logging have been carried out at Rushall 
near Diss in southern Norfolk to evaluate the nature and permeability 
of the Chalk (Foster and Milton,1974,1976). The hydrualic behaviour 
of the Chalk aquifer in restricted areas within the Yorkshire Wolds 
was investigated by Foster and Crease in 1975. Also geophysical 
investigations into the intergranular and fissure permeability of the 
Chalk (Price et al,1982) and fissure flow investigation for 
hydrogeological purposes (Tate et al,1970) were carried out. Foster 
and Robertson (1977), in their geophysical investigations of a 
semi-confined Chalk aquifer in East Anglia (Rushall), suggested that 
the bulk of the permeability development in the Chalk is above -10mAOD 
with no highly permeable horizons below -20mAOD.

Barker (1981), used surface electrical resistivity to investigate 
the possible extension of the buried channel to East Dereham in 
Norfolk. He suggested the alleged buried channel to be a plume of 
leacheate from a livestock farm. Oteri (1981), used surface 
electrical resistivity to investigate the extent of saline water 
intrusion form a disused mine into fresh water aquifer in a 
confidential area in Norfolk.

Over 99% of the vast existing reports on the work done on the Chalk 
involve either a study of its hydrogeological or hydrualic 
characteristics or water quality. Most of the time the investigation 
procedure involves numerous test boreholes which are both expensive 
and take a long time to give results. There is no mention of any



attempt to reduce the number of test bores and thus the cost. Apart 
from Barker's work, there is no mention of surface electrical 
resistivity method in the hydrogeological study of this part of 
Norfolk.

1.4 EXISTING DATA

There are 561 wells documented from the area in the I.G.S. 
hydrogeological data bank. Out of these only 132 were used for the 
detailed study areas. These dated from 1880 to 1979 (161/22-147/595).
Most of the available data on the wells is a record of surface 

elevation, bore diameter, depth and nature of casing, rest water 
level, pumped water level and yield with year of measurement and a 
geological description and thicknesses of lithologies penetrated by 
the drillers. Occasionally, information on the depth at which water 
was struck is included. A well documented bore hole should contain 
all the above information and in a fairly continuous 
manner (Table 1.2). It should also contain a good geological 
description of the driller's log.
The pumping stations and a few other boreholes contain the above 
information in a fairly satisfactory nature. This constitutes only 
about 10% of the total boreholes used in this study. The greater 
majority of the boreholes are very deficient in most of the 
information desired. Table 1.3 shows a typical poorly documented 
borehole.
Most of the geological classification of the lithologies penetrated by 
the boreholes have been by the drillers most of which are farmers who 
have little or no knowledge of geology. The I.G.S. has been trying 
to improve the situation by either geologically reclassifying and or 
redescribing the drillers' details on the lithologies 
encountered (Table 1.4). Chapter Six deals in greater detail on the 
nature of the available data and their reductions or conversions into 
usuable form.

1.5 APPROACH AND METHOD OF INVESTIGATION

The investigations required for this research have been carried out 
in four phases;
1. Collection and processing of hydrogeological data,
2a. preliminary period of field work, followed by the 
2b. testing and choice of analytical methods,



i.H /.

- 1 0  - _
^30/1^ Y/rilsinrhan R.D.C.T Pumnin? Station, Houghton St. Giles, Barsham" 

* (a) Surface +92-V-. Y/ell-top +9 3*j» Shaft 62-jV x 6. Concrete cylinders:
¥v ' l  A,lrcrv-C~
w  63-V from woll— (p erf or at cd 39y to 63 '̂) . Y/ater struck at +55^ • V/hen shaft

50, yield 18,000 g.p.h. (12 h. test); shaft 62V, R.Y/.L. +55^- P.Y/.L. +52.

Recovered to +50jV in 30 min. Suction +30y. Yield AQ000 g.p.h. (/*. d. test).
/R.Y/.L. +53-£. P.Y/.L. +3A-- Recovered to +50 in 20 min. Yield 39,300 g.p.h.
(average) (7^ d. test). LeXTane, Aug. 1 9A6.

 ̂ R.vv.L. +51 P.V.r.L. +33-J-. Yield 32,000 g.p.h. Oct. Hardness: P. 65,

T. 245- Anal. Nov, 1953* R.Y/.L. +53d- P-Y/.L. +43^- Soring.̂  R.Y/.L. +50̂ -.

P.Y/.L. +3SJ. Autumn. Yield 32,000 g.p.h. 1957. R.Y/.L. +512- P-V/.L. +39-

Snrir.g. R.Y/.L. +4 9a*. P.Y/.L. +342"« Autumn. Yield 29,000 g.p.h. 1964- Ait*/. 1.
+ 4 -£/x* P u/.l • + 3 h-3/V* ’Z O i S ' O O  O  otr.

(b) Surface +69:£- 7/ell-top +-70i*. Bore 32̂ - in reduced to 30 in at 53
t o-ZarvC-

down. Lining tubes: 53 x 30 in from woll-top (perforated 23 to 53); 105 x 2;

in from 4f> down (perforated); gravel pack outside 24 in tubes. Y/ater struck 

at +49f. R.Y/.L. +53£- P.Y/.L. +9. Yield 65,000 g.p.h. (for d.). P.Y/.L.

(not at equilibrium). Recovered to +35t  in 1 min and to +52̂  in 5 min. 

Yield 76,500 g.p.h. (for ^ d.) (14 d. test). Hardness: NC. 65, C. 260.
Anal. Stow, Feb. 1966-

::adc Ton soil

Sand and Gravel Sandy loam v.dth gravel
£

Soft chalk v.'ith small flints 
Fairly hard chalk...

-vy.- Firm chalk with some softer

38
3

11

49
52

a)

! 139 patones, contaiming fairly 
large flints ...

Fairly hard chalk with large 
flints

] pp<w 4 C S lt
nature of strata.

60 112

150_

GSOLOmXCaL
classification

THICKNESS
ft.

DEPTH
ft.

C 'Icp 1 1

cLdfe •

t £ ‘/t

J Loose ckofik 

^ cJWLk.

3

5 s / t

4

G z K l

u
fP-tf.ffle

Table 1.2 A fairly well, uocumented borehole



- l i 

ft

146/205 Gartree Cottage, The Green. Grcssenhall 
Surface +118. Bore. ?fv’o tte r Bros. . 1 946.
t Pleist. Drift c.~30 c. 30

C_A t ^  ̂  f f yy\ -tr.
-

Table 1.3 A typical poorly documented borehole

. 1 4 t/Ziy ftlitlord ami Launditch H.O.C*, Council Houses, Richmond Place,
\ ‘ . Lyng ..
^ Surface +51. Lining tubes: 77 X 6 in from surface. R.W.L. +44. P.W.L. +39. Yield
1,200 g.p.h. (8 h. test). Buckingham, Mar. 1950.

R.W.L. +4314. P.W.L. +3914. Recovered to +4314 in 1 min. Yield 2,240 g.p.h. (7 d. test). 
Electric pump. July. Suction +23. Yield 2,800 g.p.d. Hardness: NC. 50, C. 175.
Anal. 1956. R.W.L. +4314. P.W.L. +42*. Yield 1,120 g.p.h. Oct. 1959. R.W.L. +43. Jan.; 
+45. Sept. 1960; +4314. P.W.L. +42tfl Yield 1,150 g.p.h. Oct. 1962. R.W.L. +43.
P.W.L. +42. Yield 1,059 g.p.h. Nov. 1964.

Pleist. Drift ... ... 60 60
U3c ... ... 50 110 r

*

ft
PUtSt . Go

U . C k  . 5 o

So\ ̂

S a-Y\cL

! 6l

»ScLn<A

Blu-^

a- S+on e S

cS

c(a-‘j

d a

6°U-(.(ier C(ou^ 
\ M a r  (.

( CKalk

2. © z

o 1 4

S' o

o o
.

1*1- o 4- 3

3 o 4- G

* 0 S' o

o s - C

4- o lo o

o 1 r a

A geological description of a driller's classification •Table 1.4



3. major period of field work, and
4. analysis, interpretation and integration of all available 

useful data.

Phase 1
After collection and arrangement of well data of the study area, the 

data was reduced to a usuable form. A careful consideration and 
analysis of the details of the well data for an assessment of the 
hydrogeological conditions that existed was made. This involved a 
study of the surface topography, Chalk topography, thickness and 
nature of overlying deposits, rest and pumped water levels and yield 
to see to what extent they effected the yields of the wells.

Phase 2
This was in two stages;

Firstly, an eight day preliminary field work in two 
areas (Lyng and Caistor St Edmunds) was carried out (Nov 
20-29,1980) and it resulted in eight soundings. This phase 
had three objectives namely;
a. to study the physical characteristics of the Chalk 

where exposed (Caistor St. Edmunds Quarry: Frettenham 
Lime Co Ltd),

b. to assess the workability of the surface 
electrical resistivity method in Chalk overlain by 
superficial materials and

c. to gain acquaintance with likely problems to be 
encountered in surface electrical resistivity surveys 
in Norfolk.

Also during this phase, the nature of the hydrogeological 
problem was discussed with the Norwich Water Division (Mr 
Bennett). It was as a result of these discussions that the 
studied site areas were chosen.
Secondly, analytical methods were tested and choice made of 

the most convenient and accurate ones within the limits of available 
options.

Phase 3
This phase constitutes the major part of the project and involves 

the surface electrical resistivity surveys at each of the 25km2- site 
areas. This lasted for 51 days (May 29-July 18,1982) within which 65 
geoelectric soundings were made. Two days were however lost as a



result of instrument fault.

Phase 4
The fourth and last stage involved the analysis and interpretation 

of the field data and its integration with available useful data. 
Because of the amount of data realised, certain criteria were used to 
group the data and the results considered more as a group than as 
individuals.
From time to time, visits were made to the Water Research Centre ( 

Medmenham), Water authorities (Southern and Norwich) and Water 
contractors (George Stow and Co Ltd).

It is unfortunate and sad that no borehole geophysical log was 
available to use for the correlation of the. surface with 
underground data and/or for the confirmation of results. One of the 
reasons for this was that there were no existing logs in the areas of 
study and it was likely to cause a lot of problems to acquire some. 
Secondly, the problems posed by the design of the boreholes made the 
cost of such a venture great. An attempt made by the hydrogeological 
department of the I.G.S. in 1976 to log already existing boreholes 
was a failure because virtually all the boreholes were cased with 
steel casings to very close to the bottom. Nevertheless, the 
importance of the geophysical logs in this kind of study has been 
reviewed in Chapter 5.5.



This part contains two chapters. In Chapter 2, the regional 
geology of the study area is reviewed. This was particularly 
aimed at bringing out the physical characteristics of the 
overlying deposits (variation in lithology and thickness) and 
the Chalk (attitude, fractures, flint bands and nodules, 
burried channels, etc) that effect surface electrical 
measurements or readings.
In Chapter 3, the hydrology of the study area is reviewed with 
the help of rainfall, evaporation and groundwater level data 
from observation stations within the study area. The effect 
or influence of the physical characteristics of the 
lithologies encountered on their hydrogeological 
characteristics is presented.
The observed or reviewed physical characteristics of the 
lithologies discussed in this part are theoretically related 
to their possible influences on geoelectrical measurements in 
Part IV.



CHAPTER TWO

2.0 REGIONAL GEOLOGY

The regional geology of this area of Norfolk is relatively simple 
and formations exposed are those common to East Anglia ranging from 
the Upper Cretaceous to Recent.
The geology of Norfolk has been adequately studied and reviewed by 

previous work in the area although most of it has been mainly for 
stratigraphic correlation. So this chapter is intended to review the 
relevant existing geological literature on the area with a view to 
bringing out the nature of the variation in lithologic composition and 
thicknesses of the individual units. For this purpose, the works of 
Woodward (1882), Chatwin (1961), Larwood and Funnel (1961), Hancock 
(1967), Woodland (1970), Chilton (1972), Parvisi (1977), Winch (1980), 
and Alabo (1981) have been found very useful.

The area is recorded only on the six inch "Old series" maps, but the 
geological map of the area presented in this work has been extracted 
and modified from the Institute of Geological Sciences (1976) map of 
Northern East Anglia on a scale of 1:125000 (Fig 2.1). The lithologic 
logs of existing water wells and boreholes also were of use.

2.1 GEOLOGICAL HISTORY

In the early Cretaceous, denudation of the land and active erosion 
by advancing sea resulted m  sandstone beds of the Lower Greensand 
being deposited under shallow water conditions. Subsidence later 
brought about deepening of the waters and the Gault clay was 
deposited.

Instability of the land with further subsidence towards the end of 
the Cretaceous resulted in the deposition of great thickness of Chalk 
covering older rocks extensively over the whole of British Isles. The 
Chalk represents the oldest rocks that outcrop in the study area.

The Chalk was subsequently raised, as a consolidated limestone, 
above sea level, thus initiating the action of the agents of 
denudation. By this time the Chalk had been subjected to slight 
tectonic readjustments in the form of gentle tilting and folding.
During the Eocene, the sea transgressed from the south east, 

depositing sands and clays. The alternate deposition of sands and 
clays during the Eocene, indicates fluctuations in the depth of 
sedimentation. Subsequent erosions have removed nearly all traces of
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its existence, leaving it outcropping in restricted areas in Norfolk. 
The Eocene strata does not outcrop within the area and the boreholes 
do not seem to have encountered it.

A long break in deposition occured during which the land was above
* sea level. The next transgression deposited the Pleistocene Crags as

a shoreline deposit covering the extensive Chalk beds in the East of 
Norfolk.

The glacial ice was arriving at this time and the late Pleistocene 
was characterised by alternating periods in climatic conditions

• (intense cold with milder intervals). These alternations caused
changes in sea level. There is still controversy on the number of 
glacial episodes but at least a minimum of two has been recognised by 
all concerned. The ice sheets gave rise to thick extensive deposits 
of boulder clay, sands and gravels covering much of the solid deposits

• of Norfolk.
During an interglacial period when glaciers melt, the glacial 

meltwaters from the hill areas, carve out or eroded consequent courses 
to the major valleys with the valley sides being modified by a process 
of solifluction (slow downslope movement associated with the thawing

# of frozen ground). Thus, the pre-existing river valleys offered a
preffered channel for the glacial meltwaters. The rivers would be 
overladden with the debris from solifluction deposits and the load 
dragged along the valleys with consequent widening and deepening of 
the old river valleys. In some of the old rivers; the erosion may

• also have been aided by sub-glacial rivers. Some of the valleys were
scoured to great depths resulting in deep depressions termed buried 
channels (Boswell,1914), or buried valleys (Woodland,1970) in which 
the heavier coarser materials are transported only a short distance 
with the finer particles transported further downstream. The profile 
of many of these valleys must also have been influenced by Pleistocene 
changes in sea level
Various calculations have been made to estimate the amount of change 

m  sea level resulting from the different glacial episodes based on
# estimates of the volume of iced formed. They range from 80-150m in

theory to about 100m from geological evidence of lowered sea
levels (West,1968). Table 2.1 shows the glacial and interglacial
periods of East Anglia and the relative sea level changes during the 
interglacial periods. These sea level changes may have been
responsible for the development of the karst in the Chalk.
The recent deposits comprising Terrace sands and gravels and

alluvium occur mostly along the river floors and sides and are the
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aftermath of denudation by rivers. A summary of the regional 
succession of strata in Norfolk and the general succession in the 
study area are shown in Tables 2.2 & 2.3.

AGE PERIOD TYPE OF SEA/LAND RELATIVE WORLD
XI (2? BP PERIOD LEVEL CHANGES CHANGES IN SEA

IN NORFOLK (M) LEVEL(M)

Flandrian
11 -

Late
Interglacial 85+

Weichselian
Middle

Glacial -140
60

Ipswichian 5-10
Interglacial (7.5) 30+

70 -
Gippingian Glacial -120

150? -
Hoxian Interglacial 30 70+

190? -
Lowestoftian Glacial -30

240? -
Cromerian Preglacial

350 -

Table 2.1 Pleistocene Succession in East Anglia 

2.2 SOLID DEPOSITS

Solid deposits here refer to all the pre-glacial deposits. Within , 
the area of study they are represented by only the Crag and the Chalk.

2.2.1 Hie Chalk

Three zones of the Chalk have been recognised on the basis of faunal 
differnces, Lower, Middle, and Upper in order of decreasing age. The 
Upper Chalk is the thickest of the three and has been reported to be 
thickest regionally in Norfolk with an individual maximum thickness of 
200m (Rocklands Nc> 1; Parvisi,1977). The zones are seperated by



PERIOD DOMINANT
PROCESS/ES

FORMATION LITHOLOGIC DESCRIPTION

Blown sand Sands
Recent Post glacial Alluvium Clay, sands and silt

Valley gravels Gravel and sand

Upper and Plateau gravels Sand and gravel
Middle Glacial Boulder clay Clay, till with

boulders
Pleistocene Processes Sands & gravels Sand and gravel

Loams Silt and clay

Weyborne crag Sand
Lower Norwich crag Shelly sand and

gravel with clay
seams

Pliocene Submergence Coralline crag Shelly cementesand
(denudation)

Eocene Erosion London clay Clay
transgression Reding beds Mainly clay

Emergence
Chalk Limestone

Cretaceous Subsidence Gault Clay
Erosion Lower Greensand Sand

Table 2.2 Regional Succession of strata in Norfolk
(modified from Nickless, 1973)

PERIOD FORMATION LITHOLOGIC DESCRIPTION

Recent
Blown sand 
Alluvium 
Valley gravels

Sands
Clay, sand and silt 
Gravel and sand

Upper and
Middle
Pleistocene

Plateau gravels 
Boulder clay 
Sands and gravels 
Loams*

Sand and gravel 
Clayey till with boulders 
Sand and gravel 
Silt and clay

Lower
Pleistocene 
and Pliocene

Crag Shelly sand and gravel with 
occasional clay seams

Eocene Absent Absent

U. Cretaceous Chalk Limestone

* occasionally absent probably removed by erosion.

Table 2.3 Geological Succession of the Study area.



distinct markers; Chalk rock, Melbourn rock and Totternhoe stone.
Most of the boreholes of this area do not penetrate beyond 60m into 

the Chalk and only the Upper Chalk occasionally outcrops in the study 
area. So only the geology of the Upper Chalk is considered in this 
study.

It is typically a soft, fine grained, very porous and homogeneous 
white limestone composed mainly of the calcerous remains of 
micro-organisms laid down in a warm moderately deep water on the 
continental shelf at the time, well away from the shoreline.

The Upper Chalk is well bedded and jointed with horizontal and 
inclined fractures (fissures). It contains occasional finger shaped 
flints or nodular bands lying along the bedding planes (Plate 2.1).

Plate 2.1 Flint bands and nodules along the bedding plane in 
Chalk
The resistivity of this section or a section like 
this in the Chalk is going to be higher than for 
Chalk free from flints. By how much this happens 
would depend on the thickness of the flint band and 
other factors discussed in Chapter 5.4

The dip is generally less than one degree and in most places is 
almost truly horizontal (24'). Due to the soft nature of the Chalk,
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\
its upper surface is of irregular undulations resulting from 
dissection by present day river valleys and older glacial 
channels (filled with drift deposits). From Fig 2.2, the surface of 
the Chalk was a fairly flat surface inclined eastwards at an average 
gradient of eight minutes (08'). This older surface persists where 
overlying Crag protected the Chalk from later erosion.

Solution pipes and hollows occur occasionally in the Chalk filled by 
glacial deposits (see Fig 3.8).

Evidence of large scale disturbance of the top few metres of the 
Chalk is also apparent. Here the rock generally forms a broken 
rearranged mass without stratification and foreign pebbles and sand 
pockets are present. Flint layers are disrupted and dispersed and in 
some cases, the Chalk is arched up into anticlinal structures. 
Woodward attributes these features to land ice which ground up the 
rock, particularly where surface inequalities existed. Some of this 
disturbance is almost certainly cryoturbation. The Chalk could have 
been reduced to a soft mud through which flint pebbles sank, which 
flint afterwards set like mortar. Crude bedding could be produced in 
the valley fill by masses sliding over one another, possibly by 
solifluction.

2.2.2 Crag

A marine transgression during the Lower Pleistocene resulted in the 
deposition of a basal conglomerate and the Crag. Its distribution is 
restricted to the eastern half of the N.E. section of the study area.

LITHOLOGIC DESCRIPTION THICKNESS(M)
Grey clay 1.73
Grey sand and shells 4.88
Fine sand and clay 5.49
Silty sand and silty clay 3.05
Silty sand with shells and
silty clay with shells 2.74
Clay, sand and shells 8.53
Sands, clays, pebbles and shells 14.00

40.44

TABLE 2.4 Typical Sequence of the Crag at Ludham Pilot 
Boring (TG385199)
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The Crag is basically a heterogenous greyish sand unit with bluish 
green to grey silty clay laminae or intercalations becoming shelly 
towards the base. In Norfolk where encountered, it overlies the Upper 
Chalk. It shows in general a lateral transition from a sandy gravel 
in the west to a series of beds of gravel, sand and clay in the east.
The Crag varies in lithic character and comprises of beds of sand and
laminated clays, and pebbly gravels. The composition of the Crag 
encountered by two boreholes within the study area (TG 278292 & TG
164318) show the greatest alternating sequences in the
area (Table 2.5a & b). Table 2.5a seems to agree with the typical 
sequence of the Crag at the Ludham pilot boring (TG 385199, see 
Table 2.4) further N.E. outside the study area.
At its base is a bed of large flints resting on the Chalk surface. 

Its contact with the Chalk is planar dipping gently to the east. The 
Crag thins out westwards and its western margin has been fragmented by 
the effects of later erosion and deposition. It is found exposed 
mostly down cutting action of the rivers (along Wensum at Lyng(TG 
06891758)). At depth, fresh Crag is grey to bluish green in colour, 
but oxidation of iron to a considerable depth gives it its rusty brown 
colour at outcrop. Its thickness regionally increases from a few 
metres at its western edge to about 45m to the coast at Southwold. 
Within the study area, its thickness varies from complete absence in 
the W. to a maximum of 18m to the E. (TG 137242). Figure 2.1 shows 
the western limit (extent) of the Crag within the study area.

2.3 SUPERFICIAL DEPOSITS

This group refers to all unconsolidated glacial, periglacial and 
post glacial deposits ranging in age from Middle Pleistocene to 
Recent. It is subdivided into two groups; glacial and post glacial 
valley deposits.

2.3.1 Glacial deposits

The Pleistocene period experienced a number of glacial episodes, 
each characterised by a sequence of glacial drift deposits. As the 
ice sheets thawed, melt waters carried large quantities of clay, sand 
and gravel which were deposited beyond the ice margin. The 
relationship between the S^nd and gravel and the Chalky Boulder clay 
is complex. They sometimes occur in very rapid sequences and in such 
cases are referred simply to as undifferentiated drift
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A. NORWICH ROAD, NORTH WALSHAM (TG 278292, BH 147/24)

LITHOLOGIC DESCRIPTION THICKNESS (M)

Small rounded flints 2.29

Grey stiff clay 0.15

Grey sand, fine with flint fragments 1.52

Fine grey sand (water bearing) 5.33

Grey sand, very fine with shell
fragments 0.61

Close-grained stiff grey clay with
fine sand 1.52

Large flints 0.30

11.72

*

*

B. WOLTERTON PARK, WICKMERE (TG164318, BH 147/25)

LITHOLOGIC DESCRIPTION THICKNESS(M)

Fine sand 2.13 

Blue clay 1.07 

Shingle 1.22 

Blue clay and sand 2.74 

Coarse blue sand 2.13

9.27

Table 2.5 Sequences of the Crag in and around the study area 
in Norfolk



deposits (Table 2.6). These are found thickest where they fill 
glacially deepened valleys known as buried valleys (Woodland,1970). 
They both frequently overlie the Chalk in alternating sequences. The 
Sands and gravels are considered as being interglacial deposits.

iA. Glacial Sand and gravel

These interglacial deposits were laid down before and after the 
Chalky Boulder clay and covers about 30% of the study
area (Fig 2.1). The deposits consist of poorly sorted, slightly 
clayey sands and gravels which usually contain a little Chalk, 
generally less than 1% by weight. The proportion of sand varies 
considerably vertically and laterally. In some places, the sand is 
devoid of pebbles while in others thick beds of gravel occur.

Occasionally, the Sand and gravel are current bedded, are
ferruginous, and contain thin seams of clay, and loam. The thickness 
of these deposits is variable, changing vertically and laterally with 
no predictable trend.

B. Chalky Boulder clay

The Chalky Boulder clay simply called ' Boulder clay' is considered 
a product of the Lowestoft glaciation and covers over 50% of the study
area (Fig 2.1). It is a stiff bluish to grey Chalky clay with
pebbles, cobbles and small boulders of Chalk, flints and
quartzite (Table 2.7). Other rock types are also present mainly those 
of Jurassic and Lower Cretaceous origin indicating that its ice sheets 
passed over outcrops of formations now exposed in west Norfolk and 
Lincolnshire.
The deposit varies in lithic content and thickness vertically and 
laterally without any consistent trend.
Stratigraphically, the Chalky boulder clay overlies the Crag or the 

Chalk (Table 2.2 & 2.3), as Norwich brickearth outcrops of which are 
scattered in patches all over Norfolk. Locally, sand and gravel 
deposits are all that remains of this boulder clay where the clay has 
been removed by erosion. Table 2.7 shows typical boulder clay 
sequences within the study area.
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A. RICHMOND PLACE, LYNG (TG 068180, BH 147/279)

LITHOLOGIC DESCRIPTION THICKNESS(M)
Soil 0.61
Sand and stones 3.66
Blue clay 1.52
Sand 3.05
Blue clay 4.27
Sand 0.91
Clay 1.22
Boulder clay 1.83
Marl 1.22

18.29

B. NORWICH ROAD, NORTH WALSHAM (TG 278293, BH 147/24)

LITHOLOGIC DESCRIPTION THICKNESS(M)
Soil 0.61
Loamy sand 0.91
Flint gravel with red sand 2.13
Very fine light buff sand 9.14
Very fine sand (water bearing) 4.57
Light clay, with a mixture 
of red loam and fine sand 9.75
Blue clay, stiff and compact 0.61
Fine grey sand and loam 1.22
Dark grey clay, with small 
flint fragments 0.76

29.70

(compiled from borehole information)

Table 2.6 Typical sequences of the undifferentiated
Pleistocene drift deposits in and around the study 
area in Norfolk



A. METTON (TG 196374, BH 131/13)

LITHOLOGIC DESCRIPTION THICKNESS (M)
Sandy clay 1.22
Stiff blue cl ay and stones 5.18
Sandy clay and boulders 3.20
Fine running sand 0.30
Sandy clay and boulders 1.52
Fine grey running sand 0.15
Sandy clay and boulders 1.22
Fine running sand 0.15
Sandy clay and gravel 1.68
Sandy clay and small boulders 4.27
Stiff sandy clay, very sticky with boulders 6.10

24.99

B. SALL BRIDGE PUMPING STATION,
CAWSTON (TG 126242, BH 147/254) C. (TF 912194, BH 146/382)

LITHOLOGIC DESCRIPTION THICKNESS(M) LITHOLOGIC THICKNESS
DESCRIPTION (M)

Soil 0.23
Sandy clay and stone 0.46 Soil 0.30
Yellow sandy clay 0.30 Brown clay 2.13
Yellow sand and little Clay and stones 2.44
clay 0.46 Blue clay 20.42
Dirty white sandy clay 1.91 Soft clay 9.75

3.36 35.04

D. CROXTGN HOUSE, FULMODESTONE E. HERNE LANE, BEESTON
(TF 983310, BH 146/383) WITH BITTERING (TF 906149,

BH 146/398)
LITHOLOGIC THICKNESS LITHOLOGIC THICKNESS
DESCRIPTION (M) DESCRIPTION (M)
Blue clay 4.57 Soil 0.61
Clay and sand 12.19 Gravelly clay 3.35
Clay and stones 9.75 Clay with boulders 18.90

26.51 22.86

(compiled from borehole data) 
Typical Chalky Boulder Clay sequences in and around 
the study area in Norfolk

Table 2.7
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C. . High Level (plateau) gravels

These occur in small lenticular patches which are restricted to 
higher ground and between the river valleys. They often rest on

• boulder clays and sometimes in eroded ditches. The High Level gravels
are basically unsorted and consist of flints, which are often large 
and are set in terrigenous sand, loam or clayey matrix. Their 
thicknesses are often less than 10m.

• 2.3.2 Recent (valley) deposits

The glacial drift is overlain by mainly alluvium (including terrace 
gravels) formed by the present drainage system and ranging in age from 
Late Pleistocene to Recent. These deposits occur at the same locality

• but with the gravels on a higher level than the less gravelly
alluvium.

A. Terrace gravels

• These were deposited by rivers when flowing at higher levels. They
consist of coarse angular to subangular gravels with rounded flint 
fragments in a buff or brown unstratified sand matrix. Occasionally, 
they contain sand lenses in places. The terrace gravels are found 
mainly on the slopes of the main valleys and are usually less than 6m

• in thickness.

B. Alluvium

The alluvium occurs as narrow strips along river channel floors
• where it flanks the river on either sides. Its thickness increases

downstream becoming more extensive but generally not exceeding 5m. 
Alluvium comprises of sands, silts, clays with occasional gravel seams 
and appreciable amounts of peat.

• 2.4 GEOLOGICAL STRUCTURE

The geological structure of this area is identical to those of the 
whole of East Anglia which is relatively simple.

The micro-organic fine grained and layered nature of the Chalk could 
easily be mistaken to be massive. It rests unconformably on but 
almost parallel with the older Jurassic rocks. Numerous inclined
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joints and fissures are very common.
Regionally, the Chalk dips gently eastwards to south eastwards at 

less than one degree increasing in dip slightly eastwards. it is
flexured with no marked folding. Faulting seems to be generally absent.

The Pleistocene glaciation and post glacial readjustments, have 
modified the original surface of the Chalk. The original peneplanar 
surface of the Chalk has been converted into an undulatory surface. 
The lows of the undulations, occasionally become very deep with steep 
sides at buried valleys (Woodland,1970) where abnormal thicknesses of 
deposits occur. Figure 2.2, shows the characteristics of the modified 
Chalk surface. The buried channels often follow pre-existing drainage 
lines (see Fig 3.7).

Funnel (1978), summarised some of these features from his study of 
the base of the Crag in Norfolk;
a. a series of S.S.W-N.N.E. trending depressions, extending to 

depths greater than -46mAOD.,

(after Funnel, 1978)
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b. an apparent uniform plain inclining gently eastwards from 
about 30mAOD in the west, to depths of -16mA0D in the north 
east of Norfolk and 0mAOD in south Norfolk, and

c. a NW-SE trending bevel in north Norfolk (Fig 2.3).
*

There is controversy on the origin of these features and this has 
led to two schools of thought. One advocates an erosional origin 
while the other advocates a tectonic origin. Whatever the origin, 
such features are bound to influence the pattern of groundwater flow 

# in the area.

*



CHAPTER THREE

REGIONAL HYDROLOGY

This chapter discusses the hydrology of the catchments, reviews the 
hydrogeology of the different lithologies, considers the general 
groundwater flow equation with comments on its individual components 
(hydraulic gradient, hydraulic conductivity, transsmissivity and 
storage coefficient) and the regional hydrogeological characteristics 
of the Chalk.

3.0 GENERAL

Groundwater originates from infiltration of rain water and the 
percentage of infiltrated rainfall that percolates to the water table 
consititutes the most important source of recharge to groundwater. 
The amount of percolation that occurs depends upon the soil moisture 
which is said to be in deficit if below field capacity (due to 
evaporation and transpiration). The extent of the acquired deficit 
controls the amount of percolation that occurs while the soil moisture 
deficit itself depends on the relative amounts of precipitation and 
evaporation.

3.1 HYDROLOGY OF THE CATCEMQ1TS

3.1.1 Surface Catchments

The study area lies in Hydrometric area No 34 and is within the area 
administered by the Norwich Water and River Divisions of the Anglian 
Water Authority.

It comprises sections from five catchments. Table 3.1 gives an 
estimate of the areas of each catchment, while Figure 3.1 shows their 
distribution within the study area.

The catchment boundaries are surface water divides and are taken 
here to follow topographic highs (Freeze and Cherry,1979) separating 
the rivers into their individual drainage systems. They are primarily 
areas of recharge. These divides define the direction of slope of the 
land surface and the direction the surface runnoffs would tend to 
follow, all other factors remaining constant. Surface water divides 
are characteristically fixed and not subject to variation or 
fluctuations over a very long period. The Wensum and Stiffkey
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catchments within the area are each divided into two sub-catchments.i

CATCHMENT CATCHMENT NUMBER RELATIVE AREA 
(LICENSING NUMBER)

Tud 12 0.03
Wensum 11 0.65
Bure 6 0.22
Glaven 4 0.08
Stiffkey 3 0.20
Others Gt. Ouse A. 0.02

Table 3.1 Relative areas of the Catchments within the 
Study area

3.1.2 Groundwater Catchments

Five regional groundwater units are represented(Fig 3.1) At very 
few places are their boundaries nearly coincident with the surface 
catchment boundaries for most are displaced from the later. This is 
because of the fundamental difference in their characteristics. The 
surface catchment boundaries are fixed and controlled by erosion while 
the groundwater unit boundaries vary spatially because the water 
levels that determine their locations are controlled by groundwater 
flow: they may also fluctuate. These groundwater divides are boundary 
potentials across which flow does not occur, rather flow diverges from 
them(Freeze and Cherry, 1979). The groundwater unit boundaries are 
placed along these lines of highest groundwater potential in the area 
and under isotropic conditions groundwater will flow at 90 degrees to 
these boundaries; thus they give an indication of the direction in 
which groundwater would normally tend to flow (Fig 3.2).

3.1.3 Groundwater Levels and Seasonal Variations

Nine observation boreholes have been used in this assessment which 
covers the ten year period 1973-1982. The locations of these sites 
are shown on Figure 3.1.

Out of the nine observation stations for Chalk rest water levels, 
only Little Walsingham has Chalk outcropping on the surface. The 
others have the Chalk overlain by Chalky boulder clay, sand and 
gravel, Crag or drift in different combinations, proportions and 
thicknesses.
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Figure 3*2a Effect of topography on regional groundwater flow patterns (after 
Freeze and Witherspoon, 1967).

#
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Figure 3*2bEffect of geology on regional groundwater (low patterns (after 
Freeze and Witherspoon, 1967).
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Rest water levels(R.W.L.) indicate the potential of groundwater at 
their locations in the boreholes. Water will flow from areas of high 
total potential to areas of low total potential. Thus a study of the 
distribution of groundwater levels would indicate possible directions 

¥ of groundwater flow and could indicate possibly areas of recharge for
the aquifers. The data from Fakenham and Sculthorpe shows a south 
eastward and north eastward decrease in groundwater levels towards 
Foulsham and Little Walsingham respectively. The data from Guestwick 
and Heydon shows a southward decrease towards Great Witchingham while

• those 'from Gressenhall, Foulsham and North Elmham show an eastward
decline. These show a south east resultant decline towards Great 
Witchingham (Fig 3.1). These characteristics are indicative of the 
regional groundwater flow in this area.
The annual variation of groundwater levels ranges from 0.3 to 0.5m

• at Fakenham and from 0.7 to 2.7m at North Elmham. There is a close
relationship in the overall pattern of groundwater variation for all 
the observation boreholes. They all show two seasonal responses: a 
period of groundwater recession and a period of groundwater recharge 
(Fig 3.3). Groundwater recession commences around February orj March

• of each year and continues to August or September when it reaches
maximum recession with minimum groundwater level. Groundwater 
recharge commences from August or September and continues to February 
or March when maximum groundwater levels are attained(Fig 3.3 and 
3.5).

• The period of recession corresponds to the Spring and Summer months
when evapo-transpiration is greatest with actual evaporation 
occasionally exceeding total rainfall. This consequently builds up 
soil moisture deficit. The recharge period corresponds to the Autumn 
and Winter months when evapo-transpi ration is minimum and total 
rainfall exceeds actual evaporation (Fig 3.4).
Groundwater levels do not seem to attain maximum levels during the 
months with highest residual rainfalls, rather maximum levels are 
attained about 2 to 3 months after maximum residual rainfall has been 

^ attained. This delayed attainment is controlled mostly by the extent
of soil moisture deficit, the nature of the overlying deposits and the 
depth of the groundwater level from the surface. The maximum residual 
rainfall tends to occur immediately after or at the end of groundwater 
recession which is a time of high soil moisture deficit. So the 
initial rains are used to make up for the soil moisture deficit with 
the result that the .actual amount of infiltration that reaches the 
groundwater domain is reduced.



Further, the rate of infiltration and time to attain maximum 
recharge is also dependent on the nature and thickness of the 
overlying deposits especially their permeability. Thus the influence 
of maximum residual rainfall is to initiate recharge, full recharge 
being attained within the next month or two(Fig 3.5). Table 3.2 
summarises the time between attainment of maximum groundwater levels 
and maximum residual rainfall for sites with both rainfall and 
groundwater data.

Some of these sites are very close to rivers(North Elmham, Heydon 
and Great Witchingham) while others are further away from the 
rivers (Fig 3.1) The Fakenham site with the least annual variation 
range (0.3 to 0.5m) is located on the surface and groundwater divides 
and is also a pumping station.

LOCATION YEAR DEPTH (M) DELAY* REMARKS

Fakenham 1979 15.18 7 15.23m of
1980 15.26 4 clay top layer
1981 14.99 3

Heydon 1979 2.89 4 Pleistocene drift
1980 3.13 3 and Crag top layer
1981 2.62 0 undifferentiated to
1982 3.29 1 27.13m depth
1982 3.75 2

Foulsham 1979 1.30 4 Pleistocene drift top
1980 1.42 3 layer of 13.40m
1981 1.57 2 thickness

* 1981/82 1.89 1
1982 1.51 2

Gressenhall 1979 4.08 4 13.71m of sand
1980 4.22 3 and gravel top layer
1981 5.00 2
1981 4.29 1
1981 4.58 5
1982 5.07 3

* delay in months
Sunnary of delays in attainment of maximum 
groundwater level from maximum residual rainfall

Table 3.2
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Its low variation could be possibly as a result of suppression 
resulting from pumping. The North Elmham site with the highest annual 
variation (0.7 to 2.7m) lies almost on the Wensum river. Its high 
range of variation is probably as a result of the tidal effects of the

* river as high tide would tend to recharge the aquifer while low tide
would permit it to discharge. Ineson and Downing(1974), remarked that 
most of the rivers in Norfolk are in hydraulic continuity ! with the 
aquifers they flow through. Generally, from the nine observation 
stations, variation ranges tend to be smaller relatively at locations

» further away from rivers.

3.2 HYDROGEOLOGY OF THE LITHOLOGIES ENCOUNTERED

Two aspects of geology are of great importance in the hydrogeology
• of the area:

a. the hydrogeological character of the deposits overlying the 
Chalk and

b. the nature of the Chalk aquifer.

* 3.2.1 Hydrogeological character of deposits overlying the Chalk

These are of variable lithology and thickness. They provide little 
in terms of water resources but are very important in the movement of 
water to and from the Chalk. Table 3.3 summaries the hydrogeological

• characteristics of the overlying deposits as applied in this study.

A. Recent deposits (plateau & valley gravels, and alluvium)

These consist of unsorted sand with occasional flints. They are of 
high porosity and are very permeable often underlain by Chalky boulder 
clay. They are also of very limited extent and are often restricted 
to the river courses.
The underlying Chalky boulder clay prevents percolation to deep 

storage, rather water is confined by these Recent deposits and results 
in occasional perched watertables. These are often exploited for
local water supplies and where they abut on the valley sides, springs 
result. In the valleys they are always in hydraulic continuity with 
the rivers and on hills they permit up to 90 percent of rainfall to 
percolate to groundwater storage. As a unit they are not very
important for supply but hydrogeologically they are significant as 
they offer good recharge surface for inflitration.
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FORMATION LITHOLOGIC DESCRIPTION HYDROGEOLOGICAL
CLASSIFICATION

Recent deposits Sand and gravel with occasional aqiufer 
clay or silt laminae or seams

Chalky boulder
clay Clayey with chalky boulders aquiclude

Glacial sands Sand and gravel with occasional
and gravels clay seams or laminae aquitard

Crag Shelly sand and gravel with 
occasional clay seams aquitard

Table 3.3 Summary of the hydrogeological characteristics of 
the overlying deposits.

Aquitard in this study is used to comprise of a 
porous and permeable formation which normally is 
aquiferous but contains laminae or seams of 
impermeable materials such as silt and/or clays in 
substantial amount which are capable of reducing its 
permeabiltiy.

B. Chalky boulder clay

This consists of variable lithology but mostly of clay being 
occasionally chalky. It is very porous but of very low permeability. 
Though it is stratigraphically underlain by sand and gravel, it 
occasionally overlies the Chalk directly.

Chalky Boulder Clay covers over 50% of the total exposed surface 
area. As found from over 90% of the boreholes, it constitutes one of 
the strata that overlies the Chalk. So its actual extent is a lot 
more than that represented by its outcrop area as most of the recent 
deposits are underlain by the Chalky boulder clay. This shields a 
great percentage of the subsurface aquifers, in particular reducing 
the area through which percolation can reach the Chalk freely.

Its wide spread occurence has hydrogeological significance as it 
reduces the amount of rainfall recharge to deep storage. The boulder 
clay ranges from semi-permeable(for sandy facies) to impermeable(for
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clayey facies) depending on its lithological characteristics (Table 
2.7). Sandy horizons within the Chalky boulder clay give rise to 
perched aquifers which are being locally exploited for supply at 
shallow depths(4m to 25m). These perched aquifers often dry up during

* the summer months.
At most of the Chalk boreholes, the rest water levels stand above 

the level of the Chalk in the overlying deposits(Fig 3.6 and 3.7). 
This means that either the Chalk is semi-artesian or that water 
infiltrates to the Chalk through the boulder clay. An average annual

* infiltration rate through Chalky boulder clay of 10mm (0.0003mcK) has
been estimated by Ineson and Downing(1965).

C. Sand and Gravel

* These deposits consist mainly of poorly sorted sands, becoming
occasionally clayey. They are very porous but with variable 
permeability dependent on the extent of the clay content. When 
present as a pure unsorted sand and gravel, it is of high permeability 
but its permeability decreases with increasing clay content.

* Stratigraphically, it is underlain by Crag to the east and Chalk to
the west but borehole data indicate that it is occasionally underlain 
by Chalky boulder clay.

These sediments cover about 30% of the entire exposed surface area 
of the study area. They are uncemented and porous with variable

* lithology and thickness. Water tends to be impounded in them where
exposed and underlain by Chalky boulder clay or where they contain 
clay seams. These have in places given rise to intermittent and 
shallow water supplies(perched aquifers) for local and farm house 
purposes.

For most boreholes, pure permeable sand and gravel overlies Chalk 
directly. So its importance lies in the fact that it is almost always 
in hydraulic continuity with the Chalk. Very often, it is overlain by 
Chalky boulder clay which confines it: hence it is recharged upwards 
from the underlying Chalk or laterally from adjacent exposures, when 
present. It behaves as a single unit with the Chalk under natural 
conditions and as a recharge source during abstraction from the 
Chalk(Parvisi, 1977). Where sands and gravel outcrop, they readily 
allow infiltration and have been known to allow over 90% of the 
rainfall to percolate(Woodland,1946).
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D. Crag

Crag comprises basically a heterogenous sand unit with occasional 
silty clay laminae or seams and occasionally becomes shelly towards 
its base(Table 2.4 and 2.5). Its lithological characteristics makes 
it porous but with variable permeability, the permeability depending 
on the amount of clay contained. Where it occurs, it directly 
overlies the Chalk.
Groundwater from the Crag is commonly ferruginous. Difficulties 

encountered in exploiting the groundwater in the Crag are generally 
associated with uncemented sands which constitute a problem to 
drilling and later development of the boreholes. Thus, there are no 
records of boreholes terminating in the Crag. In those boreholes 
passing through the Crag into Chalk, the Crag has always been sealed 
off by the well lining.

Changes in lithology and thickness seem to dominate the Crag's 
hydraulic behaviour especially that associated with low permeability 
fine sands. With coarser materials, high permeability exists. In 
areas where Crag overlies Chalk that is completely saturated with 
water, it seems to be in hydraulic continuity. During abstraction 
from underlying Chalk, it acts as a source of recharge to the Chalk by 
induced downward leakage(Foster and Robertson,1977).

3.2.2 Hydrogeological character of the Chalk

A. General

This constitutes the principal aquifer and accounts for over 90% of 
the groundwater resources of Norfolk. Weathering,secondary structures 
and the overlying deposits control the characteristics of the Chalk 
and so combine to determine its hydraulic behaviour. Dissolution and 
stress relief resulting especially from the Pleistocene glaciation 
have locally widened joints and fissures. Also erosion during the Ice 
Age contributed in modifying the topography of the Chalk surface by 
creating local and regional topographic differences such as upland and 
lowland areas, and buried channels.
The Chalk primarily comprises of a uniform sequence of white 

limestone, microscopically made up of a matrix of plates of minute 
spheroidal organic bodies(cocoliths) with diameters less than 
3micro-metres. Occasionally, larger particles are embedded in the 
primary matrix.
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Laboratory tests on core samples from the Chalk show extremely low 
intergranular permeability between 0.0001-0.001mcf/despite a moderate 
porosity range of 0.14-0.20 (Foster and Milton,1974, Foster and 
Crease,1975). Also, centrifuge specific yield tests carried out on

% core samples by Foster and Crease(1975), giving values of storage of
0.002-0.005 suggest that pore drainage under gravity is of minor 
significance to supply the greatest part of this saturated porosity 
constituting physically inert storage. These low values are not 
compatible with the high yields realised from the Chalk. As with

• other carbonate aquifers, the hydraulic behaviour of the Chalk is
controlled by secondary permeability. The secondary permeability in 
the Chalk is essentially confined to physical discontinuities; joints 
and fissures which are occasionally widened by solution. Thus, the 
Chalk constitutes essentially a fissure flow aquifer.

• The role of secondary processes in the development of the fissure
system tends to overshadow any significant variations in the 
constituent material. Clearly, factors contributing to any secondary 
porosity resulting from fracturing and fissuring, and thus producing a 
hydraulic conductivity far greater than that of the material of the

• aquifer, are very important in determining the pattern of groundwater
flow through the Chalk.

B. Fissures, Joints and the Hydrualic characteristics of the Chalk

• The regional and local variation of joints and fissures commands a
lot of influence on the hydraulic behaviour of the Chalk.
The exact origin of these joints and fissures and their relationship 

with the structural geology of Norfolk is complex and not completely 
known. The factors that have modified them are connected with

• solution action and stress relief associated with transitions in
climate during the glacial and interglacial periods and glacial 
erosion. Foster and Milton(1974), found from core samples from the 
Chalk that the Chalk contained microscopic fissures of
apertures(width) often less than 0.01mn. Ineson(1962), noted that 
laboratory techniques appeared to be of a restricted value in 
determining permeability parameters which are representative of the 
Chalk aquifer under natural conditions. Water acidified by carbon 
dioxide percolating through the fissures, very slowly dissolves the 
calcium carbonate of the Chalk thereby widening the fissures. Fissure 
openning due to this process obviously decreases with depth. Erosion 
and stress relief resulting from melting ice during the Pleistocene
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glaciation is also considered as having contributed in widening the
fissures and joints (Hollingworth,1963). Locally, swallow holes
resulting from solution action on the Chalk have been filled by
glacially derived deposits(Fig 3.8). Flint nodules and bands
occasionally are associated with the fissures and have well developed
opening around them, sometimes with evidence of weathering(Plate 2.1).

The Chalk is characteristically well layered. Two sets of complex
joints and fissures are common. A conformable set which is along the
bedding and a set which is multi-directional and inclined with steep
angles. These features have not been observed in the study area due ofto lack outcrops but are presumed to be present and have been observed

♦

Fig 3.8
Schematic diagrams across a swallow 
hole in Chalk filled in by glacial 
deposits
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at Caistor St Edmunds, where the Chalk outcrop is being worked by 
Frettenham Lime Co Ltd(Plate 3.1). These fissures and joints vary in 
width and extent and their exact location and distribution cannot be 
predicted. Their effect on the hydraulic behaviour of the Chalk have 
only been inferred from analysis of pumping test data.

The fissures would increase the porosity of the Chalk and its 
permeability by providing interconnections by-passing the Chalk 
matrix. Knowledge of the aperture, density and three dimensional 
distribution of the fissures are very important in estimating the 
hydraulic behaviour of the Chalk. A slight variation in either of 
these would introduce a variation in aquifer properties. Foster and 
Robertson(1977) estimated the porosity of the fissured Chalk to be 
between 0.15-0.45 . This indicates how much the fissures could affect 
the porosity of the Chalk if its matrix porosity is of the order of
0.14-0.20. Foster and Crease(1975), in trying to explain the extent 
of heterogeneity or anisotropy introduced by variation in the diameter 
of the aperture of a fissure, found that theoretically, a fissure of 
5mm aperture in the plane of the hydraulic gradient would contribute 
as much as 6000m^<Jto the transmissivity value of the aquifer. So one 
would expect that wider apertures would lead to greater 
transmissivities if in the direction of the hydraulic gradient. Most 
of the time, the orientation of these fissures are not known. But if 
the density were high, the component of the fissures in the direction 
of the hydraulic gradient would be high enough to introduce great 
anisotropy or heterogeneity in the aquifer.

In practice, it is difficult to study how far the joint and fissure 
pattern extends to depth or how rapidly the opening of the joints and 
fissures decreases with depth. This is important in any assessment of 
the effective thickness of the Chalk as an aquifer. This not 
withstanding, a basically layered hydraulic structure- should be 
expected for the Chalk aquifer as follows. A top fissured layer of 
high permeability development(major fissure zone) which is divided 
into two zones by the lowest level of seasonal water level 
fluctuation; an intermediate layer with reduced permeability resulting 
from fissures that have only partially opened under overburden 
pressure: and a basal fissureless layer. This concept of the Chalk 
en-masse agrees with the suggestion by Foster and Robertson(1977), 
that the bulk of permeability development in the Chalk of East Anglia 
is above -10mAOD with no highly permeable horizons below -20mAOD

i
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»

Plate 3.1 Fissures and joints in the Chalk

These fractures increase the overall porosity of the 
Chalk. Such sections of the Chalk if saturated 
could have a relatively less resistivity than the 
unfissured Chalk. The effect of the fractures on 
the bulk resistivity of the Chalk is discussed in 
Chapters 4 and 5.

3.3 GENERAL GROUNDWATER FLOW

Certain hydraulic parameters are very commonly used to assess the 
groundwater resource of a well site. A consideration of the general 
groundwater flow equation would show how these parameters affect the 
discharge from the aquifer. The general equation is:

q  VO dfJii + K-y d2hy + KzH2ilj, -  -§.dh- 3.1
^  dx* df-dz2 T at

where Q= rate of change of discharge
K(x,y,z)= components of the hydraulic conductivity in the 
x,y,z directions 
S= storage coefficient 
T= transmissivity
4£= rate of change of total head with time .

These parameters are briefly reviewed together with a few others that
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*

influence them.

3.3.1 Total hydraulic head(h)

The fluid potential of unit mass of fluid at a point is given by 
(Hubbert,1940):

$ -- 3 " ■* jCi -
where = fluid potential

g= accerleration due to gravity 
z= elevation head 
V= velocity of flow 

Q = mass density of the fluid 
dp= change in pressure.

As the flow velocities are often very small,V2/2 is negligible. 
Also as water density is more_or_less constant, equation 3.2 becomes

^  -  S 2" +  — -S5 3.3

The total head(h) may be defined as

H=Hz +Hp 3.4
where Hz= elevation head 

Hp= pressure head
Equation 3.4 is very similar to equation 3.3, so the fluid potential 
is almost entirely represented by the elevation and pressure heads, 
which combine virtually constitute the total hydraulic head.

The manometric height above a reference datum is thus taken to 
refer to the total hydraulic head. This is dependent on the nature of 
the aquifer materials which controls the rate and direction of 
movement of water in the aquifer. Flow occurs from regions of high 
total head to regions of low total head.

3.3.2 Hydraulic gradient(i)

This is the decline of total head over a given distance, normally 
measured in the direction of flows. For any discharge, it is 
dependent on the permeability of the section of flow in consideration. 
A low rate of total head fall results in a low hydraulic gradient and 
often reflects a high permeability.



3.3.3 Hydraulic conductivity (K)

For a rock this could be broadly defined as its ability to transmit 
fluids and is dependent on the rock properties namely; the size and 
shape of the voids, together with the size, shape and extent of their 
interconnections.
Hydraulic conductivity simply refers to the rate of flow of a fluid 
per unit area of the aquifer when under a unit hydraulic gradient. It 
is dependent on both the rock and fluid properties. The rock 
properties are described by a parameter known as intrinsic 
permeability. This may be combined with the fluid properties (density 
and viscosity) of the permeating media to provide a value for 
hydraulic conductivity. The conventional Darcy's equation for 
specific discharge helps to bring out how the fluid and rock 
properties affect the hydraulic conductivity. The Darcy's equation 
is;

d= density of the matrix materials 
£= density of the fuild 
u= viscosity of the fluid 
cd2̂  intrinsic permeability 
g= acceleration due to gravity 
i=dh/dl= hydraulic gradient 
A= area at right angles to macroscopic flow 
K=(cdVg)/u= hydraulic conductivity.

In the expression for K, the proportionality constant c, depends on 
the rock properties and is the intrinsic permeability. K is often 
referred to as coefficient of permeability. The fluid considered in 
this study is water, though with minor included gases held under 
pressure(for confined state).

Ki A 3.5a

which may be rearranged as;
3.5b

where c - a proportionality constant
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3.3.4 Transmissivity (T)

This is usually one of the parameters estimated from the analysis of 
pumping test data and is the product of the hydraulic conductivity of 
the aquifer and its saturated thickness;

T= KD 3.6

where D is the saturated thickness of the aquifer. Transmissivity is 
defined as the rate of flow through across_sectional area of y width 
through the whole aquifer thickness under unit hydraulic gradient.
Transmissivity is estimated for steady and unsteady flow conditions. 

Steady flow conditions are difficult to attain, but practically, it is 
said to be achieved when the changes in drawdown with time is
negligible or the hydraulic gradient is constant. In practice, after 
about eight hours of pumping, this 'stable' flow condition is achieved 
around a well (Mr C. Bennett, personal communication). Stable 
conditions are attributable to laminar flow and most of the work in 
the Chalk (Foster and Milton (1974), Ineson (1962), Foster and 
Crease (1975), Foster and Robertson (1977) comfirm flow to be laminar 
for distances up to 125metres from the pumping boreholes but flow 
becomes turbulent very close to the pumping boreholes.
Most assessments of favourable water well sites have been on

transmissivity values as Ineson (1962) considers it as a measure ofipermeability. For an aquifer of constant thickness this consideration 
is favourable. But the transmissivity of an aquifer contains two
independent variables (K and D). A high value of transmissivity could 
be as a result of increase in either or both of the variables. In 
which case, a section of the aquifer that is very thick with moderate 
hydraulic conductivity may seem more favourable than an area with very 
high hydraulic conductivity with very small thickness. This ambiguity 
may have been one of the reasons why Foster and Milton (1974), 
consider the evidence provided by pumping tests on the general 
hydraulic response of the Chalk (with regards to its confinment and 
boundary parameters) more important to a decision on water resources 
than the transmissivity values obtained from them.

3.3.5 Storage coefficient and specific yield

Storage coefficient(S) refers to the volume of fluid released by a 
confined aquifer per unit surface area of the aquifer per unit change



in head normal to the surface. It is dependent on the elasticity of 
the aquifer materials and the fluid. It ranges from 1 bH  to 10"̂ " for 
Chalk.

Specific yield(Ss) refers to the volume of fluid stored by an 
unconfined aquifer per unit surface area of the aquifer per unit 
change in head normal to the surface. It is practically the same as 
effective porosity or the drainable pore volume as the elasticity of 
the material has a negligible effect upon the total volume of fluid 
released.

3.4 REGIONAL CHARACTERISTICS OF THE CHALK THAT INFLUENCE ITS 
HYDROGEOLOGY

The effect of erosion, weathering and deposition, tectonic 
readjustments and the Pleistocene glaciation on the hydraulic 
behaviour of the Chalk is here considered under the following
headings;
a. upland and lowland areas
b. buried channels (valleys)
c. nature of the boudary between the Chalk and its overlying 

deposits.
In discussing these, an attempt has been made to review their 

origin, characteristics and possible influence on the hydraulic 
behaviour of the Chalk aquifer. Occasional mention is made of the 
conclusions of previous workers on these characteristics.

3.4.1 Upland and lowland (valley) areas

These result from the configuration of the Chalk topography and are 
important hydrogeologically as they have been shown to have preferred 
yields (Parvisi, 1977). Parvisi, who worked in the Tas catchment, 
found Chalk in upland areas had better yields than that in the 
lowland areas. 1
The possible origin of the Chalk surface topography have been 

speculated to be either erosional or tectonic. R.G.West(1968), 
ascribed their origin to periglacial activities which includes 
solifluction. (Solifluction is simply slow flowage of water saturated 
debris downslope during periods of thaw in a periglacial environment.) 
This flowage erodes the surface along which itj is occuring. 
Associated with this is cambering of strata into; valleys, the 
development of sags and gulls, and the bulging at valley bottoms.



Figure 3,9 shows a diagramatic sketch of such landforms while Figure
2.2, is a section that shows the topography of the Chalk across the 
study area as encountered by boreholes. The ornament of the Chalk 
shown in Fig 2.2 should not be taken to imply that Chalk bedding 
remains undisturbed beneath valley floors and sides. Thus these 
valley processes are likely to fracture the Chalk and disturb the 
flint bands within it, and generally provide areas that are capable of 
giving better yields than obtained from Chalk on the uplands. In the 
study areas the yields were higher in the valleys than in the upland 
areas, which is the reverse of the trend recorded by Parvisi in the 
Tas catchment.

camber 9u,ls valley
s,°Pes bulge

clay clay clay

Fig 3-9 Transverse section through valleys showing cambering and 
bulging of strata.

The relative difference in elevation between the two 
features (upland and lowland areas) is not very much. Generally, it 
is never more than 10m except for buried channel zones where it could 
be as much as 50m. The upland or lowland areas have a tapering dome 
shape with varying width. Usually, their slopes are steep on one side 
and more gentle on the other (Fig 2.2).

Locally, these topographic impressions of the Chalk surface would 
tend to generate local flow systems with the upland areas constituting 
local areas of divergent flow to the lowland areas where flow 
converges (Fig 3.7). The extent of this property would depend on the 
dimensions of these features. For considerably larger features with 
greater elevation differences, flow systems would tend to be more 
regional in behaviour (Freeze and Cherry,1979).
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3.4.2 Buried valleys (channels)

Many boreholes encountered Chalk within depressions far below the 
regional elevation of the Chalk in those areas. These deep 

« depressions, buried channels (Boswell,1914) or buried
valleys (Woodland,1970), have remarkably close relationship with the 
present valley system. In Norfolk, they coincide very closely with 
some of the present day major valley bottoms. There is no doubt that 
the present valleys were formed within those valleys after they had

• reached their present day broad outlines. These are concentrated in
the Wensum and Bure valleys within the study area (Fig 3.7). 
Information on these buried valleys in Norfolk is dependent on the 
driller's records of water wells and only very few logs were described 
by geologists. Within the study area, only forty six recorded

• boreholes encountered either anomalous thickness of drift over Chalk
or Chalk at elevations far below Ordnance datum. The deepest is at 
Baconsthorpe (131/170, TG127369) in the Bure valley to the N.E. where 
the bore penetrated 104m of drift to reach the Chalk at -20mAOD. In 
the Wensum valley to the south, another borehole (147/513, TG130168)

• encountered the lowest recorded Chalk level at -27mA0D with a drift
thickness of 44m. Generally, in the study area, they lie between 
Ordnance datum and -27mAOD with drift thicknesses of 18m to 104m. 
These buried valleys have not been recorded from the Stiffkey and 
Glaven valleys.

• Woodland (1970), compared the buried valleys of East Anglia with
similar features in Denmark and Northern Germany and concluded that 
they were of similar origin. Their origin has been attributed mainly 
to downward erosion by stream drainage beneath the ice sheet. The 
extent of downward erosion was influenced by the amount of load of

• sand and gravel carried by the stream. The more heavily ladden with
debris the stream was, the greater the gouging action and the deeper 
or wider the valleys became. The erosion was irregular and the 
resulting thalweg was not gently sloping as with a sub-areal stream
but uneven and containing long irregular depressions. Woodland

ft concluded that the present major buried valley system are in the same 
position as they were before glaciation and that the buried valleys 
were formed later with the main valleys being sub-glacial in origin.

They are generally narrow and rarely more than 50m wide but 
occasionally more than 100m deep with steep sides (Fig 2.2). The 
infilling materials of these valleys vary from sand and gravel to 
Chalky boulder clay to an alternation of both, sometimes in rapid



sucession. Figure 3.7 shows the axis of these valleys in the study 
area as inferred by the I.G.S. from borehole data.

The significance of these valleys or channels hydrogeologically 
depends on the nature of the infilling materials. Generally, they act 
as a hydrogeological boundary being a barrier to flow if filled by 
impermeable materials (boulder clay, putty Chalk) and as a drain if 
filled by permeable materials. When filled by sand and gravel, they 
often behave as a unit with the Chalk.
Woodland (1946), and Ineson (1962), suggested that in general, the 

Chalk was higher yielding in valley areas than on the higher ground. 
But Foster and Robertson (1977), considers the glacial valleys in East 
Anglia to constitute poor sites for groundwater development because 
the zone of enhanced Chalk permeability will often have been eroded 
away during their formation thus leaving them as partial barrier 
boudaries to groundwater flow. From a buried channel filled 
dominantly with clays (in the Bradford-Marlingford buried valley 
system), which presupposes a barrier boundary, Chilton (1972), noticed 
that there was no apparent modification of the regional water table 
close to the well. In the study area, yields from most of the 
boreholes sited in the major valleys are good.

3.4.3 Nature of the boundary between the Chalk and its 
overlying deposits

Two types of boundary contacts between the Chalk and the overlying 
deposits basically occur. The contact is either sharp in which case 
the unconsolidated overlying deposits rest directly on the Chalk or 
gradational boundary in which case a transitional boundary zone exists 
between the fissured Chalk and the overlying deposits. The three 
types of deposits that commonly overlies the Chalk are Crag, sand and 
gravel, and Chalky boulder clay. Sharp contacts are mostly associated 
with Crag, Sand and gravel (131/61b, 161/636 and 147/254), while the 
gradational is mostly associated with boulder clay and an occasional 
'putty Chalk' layer acting as the transition zone (161/637). (Putty 
Chalk is a weathering product which is characteristically chalky, very 
soft and sticky). The putty Chalk zone is occasionally replaced by a 
marly layer (147/216 and 147/279).

The nature of the contact should play a significant role on both the 
rate of percolation of water to the Chalk aquifer (recharge) and the 
quality of the resulting Chalk water. Where the boundary materials 
are coarse, water flow into storage would tend to be fast. Water will
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spend less time in contact with the overlying strata and so the amount 
of leaching is considerably lower than when contact is prolonged. 
Where the boundary materials are fine or very fine, relatively low
permeability results as 
i nte rconnected po res. 
low favouring prolonged 
greater amount of total

the fine particles would tend to clog existing 
Thus, the rate of percolation will tend to be 
contact with the strata. Consequently, a 
dissolved solids would be taken into solution.

♦



PART III

This part contains two chapters. In Chapter 4, the principles 
of geoelectrical resistivity prospecting is reviewed and a 
theoretical analysis of the effect of porosity and salinity on 
the bulk resistivity of a rock (limestone) is presented. It 
further presents the possible problems that can be encountered 
in trying to identify the fissure zones by surface resistivity 
technique.
In Chapter 5, the geological and hydrogeological 
characteristics of the Chalk are related to results from 
Chapter 4 with respect to the study area and its possible 
limitations. Chapter 5 ends with a brief review of the 
borehole geophysical tools that are useful in groundwater 
exploration.
The ideas developed in this part constitute the basis for the 
application of the surface electrical resistivity technique to 
the site areas of Chapters 7 to 11 of Part IV.

»

i



CHAPTER FOUR

ELECTRICAL RESISTIVITY INVESTIGATIONS

4.1 THEORY OF SURFACE ELECTRICAL RESISTIVITY INVESTIGATIONS

4.1.1 Electrical Properties of Water Bearing Rocks and Soils

In most rocks and soils, electricity is conducted electrolytically 
by the intersticial fluid, and resistivity is controlled more by 
porosity, water content and the salinity of the water than by the 
resistivities of the rock matrix. Conduction through rock matrix is 
important only on rare cases in near surface mineral deposits or at 
depth within the earth where pore structures in the rock are closed by 
overburden pressure. Water, sometimes carrying a large amount of salt 
in solution, is the rock component which is most important in 
determining bulk resistivity. Depositional environment controls the 
properties of groundwater to some extent, marine sedimentary rocks 
generally have a higher concerntration of salts in solution than 
continental sedimentary rocks.

The resistivity of a water bearing rock is a function of the amount 
of water in the rocks, its salinity, and the manner in which the water 
is distributed through the rock. The amount of water contained is 
usually determined by the porosity of the rock (the amount of void 
space in the rock which may be filled with water). The manner of 
distribution of water in a rock is usually determined by the 
texture, (a description of the size and shapes of the void spaces). 
In limestone (as in Chalk), the porosity could be fissured and/or 
karstic (consisting of irregular cavities formed initially by local or 
regional tectonic activities and widened by solution action). Pore 
volumes may consist of two parts as with Chalk; intergranular and 
large voids which serve as storage pores and fissures acting as 
interconnecting pores. Most of the interconnecting pores would act as 
conducting channels(conduits) to an applied electric field. A rock 
with high ratio of storage pore volume to interconnecting pore 
volume (such as in unfissured massive Chalk) would have a higher 
resistivity than one with a lower ratio (such as fissured Chalk). 
Data indicate that the effect of texture is not independent of 
porosity, and so porosity can be considered as the principal 
independent variable in discussing the effect of rock texture on bulk 
resistivity (Keller,1967).



An aquifer could simply be defined as a saturated subsurface layer 
that contains water in producible quantity with its upper surface as 
the water table. This gives the picture of a depth above which water 
is absent below which water is present. But the saturated zone is 
seperated from the unsaturated zone by a capillary zone which 
represents a layer that is tension-saturated. Thus, the water table 
is more-or-less a pressure surface above the saturated zone along 
which the pressure is atmospheric. Wachs et al(1979), working in 
Israel, located water table with surface electrical resistivity at 
4.6m below when it was actually 8.86m below the surface. In this case 
he almost certainly located the top of the capillary fringe zone which 
is the great problem of using surface electrical resistivity to locate 
water supplies.

The movement of water above the static water level involves three 
steps;
a. infiltration of rain water from the surface to soil directly 

beneath the surface,
b. dowmward and/or lateral movement of this water through a 

partially saturated zone above the water table( capillary 
fringe zone), and

c. evaporation of water back into the atmosphere and
transpiration through plants.

The second step of movement is important in determinig the near 
surface resistivities. The rate of loss of water from this zone of 
partial saturation, depends on the pore structures. In very fine 
pores, capillary forces often become higher than gravity forces and so 
can hold the water much longer.
Archie*s empirical relation between bulk resistivity of a hundred 

percent water saturated granular formation is,

Sw = saturation of the formation 
n = a saturation exponent(empirically=2).
Swc = a critical saturation value

This indicates that resistivity increases as the square of the 
reduction in water content, suggesting a possibility of resistivity 
measurements being able to determine whether or not a rock is 
saturated. But this relation breaks down when evaporation occurs with

4.1

where \t= bulk resistivity of the actual formation
^100 = resistivity of 100% saturated formation
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concerntration of salts as the resistivity would instead decrease.

4.1.2 Effect of Porosity on Bulk Resistivity of a Saturated Rock 
at Varying Salinities

^ version of the Archie's law which is an empirical function 
relating the bulk resistivity of the rock and its porosity is given 
by;

e

.  -  °  *
_m

= F 4.2

where ft: = bulk resistivity of the rock
fttf = resistivity of the saturating water 
Cp = porosity of the rock 
a = an empirical constant 
m = cementation factor.

The ratio ftt/̂ Pw is called the formation factor (F). From the 
relations for rocks of the same age and range of porosities as the 
Chalk (Keller,1965), 1.37 and 0.88 were taken respectively.
The porosity values of 0.15-0.45 as estimated by Foster and 

Robertson(1977), for fissured Chalk was used. This was chosen as it 
included the Chalk matrix range of 0.14-0.20. The resistivity of the 
saturating water was taken from Table 4.1 which shows the effect of 
salinity on the resistivity of water at different temperatures. The 
resistivities at 10°C was considered as most of the recorded water 
temperatures in the study area are between 10-11°C. These quantities 
were substituted in equation 4.2 and as porosity varied, corresponding 
bulk resistivities were computed. The graphs resulting from a 
bilogarithmic plot of the results from six concerntrations are shown 
in Figure 4.1. They show the effect of increasing porosity on bulk 
resistivity of a rock at different salinities.
Figure 4.1 illustrates two attributes of the rock, viz, how the bulk 

resistivity of a rock is effected by porosity and salinity. Each of 
the graphs represents a variation in bulk resistivity with porosity at 
constant salinity. And each porosity value shows six bulk 
resistivities resulting from six different salinities.
At constant salinity, it is obvious from the graphs (Fig 4.1) that 

bulk resistivity decreases with increasing porosity, and fissuring 
would result in increased porosity. At constant porosity, the bulk 
resistivity decreases with increasing salinity.
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Fig 4.1 Variation of bulk resistivity of limestone with
its porosity at varying salinities at 10°C
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Resistivity in ohm-meters of sodium chloride electrolytes (from Daklmov, 1962)

Temperature
(°C)

NaC l g/1

58-45* 29-23 5-845 2-933 0-5845 0-2923

0 0-211 0-38G 1-73 3-36 15-82 31-2
2 0-200 0-368 1-65 3-19 15-1 2U-0
4 0-190 0-352 1-57 3-02 14-3 28-1

n 0-182 0-336 1-49 2-86 13-7 26-7
s 0-174 0-320 1-42 2-73 12-9 25-0

10 0-165 0-304 1-35 2-57 12-3 23-9

12 0-157 0-288 1-28 2-43 11-7 22-6
14 0-149 0-274 1*21 2-31 11-1 21-4
10 0-142 0-260 1-15 2-19 10-5 20-3

18 0-135 0-248 1-09 2-09 9-8 19-3
20 0-129 0-238 1-04 2-00 9-5 18-4
22 0-123 0-228 1-00 1-92 9-0 17-6

24 0-117 0-219 0-96 1-84 8-6 16-8
26 0-210 0-93 1-76 8-2 16-2
28 0-200 0-87 1-68 7-9 15-6

30 0-191 0-84 1-61 7*5 14-9
32 0-183 0-80 1-55 7-2 14-3
34 0-176 0-77 1-49 6-9 13-7 r

0 Normal .solution.

Table 4.1 Effect of Salinity on Resistivity at different 
Temperatures (after Keller et al, 1966)

Generally, the bulk resistivity decreases with increasing porosity 
irrespective of thesalinity, and for a formation with constant 
porosity, the resistivity is dependent on the salinity. Heigold et 
al(1979), noted that for a glacial granular aquifer(sand and gravel) 
of constant water resistivity(salinity), its bulk resistivity varies 
directly with its hydraulic conductivity(coeff of permeability). Also 
Kelly(1977), found a direct linear relationship between hydraulic 
conductivity and resistivity of a similar aquifer(granular, Fig 4.2).
The estimated matrix porosity of the Chalk(0.14-0.20) and the 

estimated fissure porosity (0.15-0.45), indicate more than a 
double-fold increase resulting from fissuring. From Figure 4.1; this 
would theoretically represent an average of over three-fold decrease 
in the resistivity of the Chalk due to fissuring. This order of 
decrease would theoretically cause exceptionally low resistivities for 
the fissured zone of the Chalk and make it possible to be identified 
by surface electrical resistivity measurements.

Two problems would always arise; *j
a. The presence of clay particles result in an activity that

resembles ion exchange. This behaviour would always tend to-i
*>
iiM
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reduce the bulk resistivity further,
b. The fissured zone is often thin compared with its depth of 

burial. So while appreciable contrasts in resistivity between 
the fissured and unfissured zone may be present, the thickness 
of such a zone(fissured) is relatively so small that it could 
always be suppressed.

Fig.4-2 Aquifer resistivity versus field hydraulic 

conductivity. K d fy  , 19 77 )

#

4.2 PRINCIPLES OF ELECTRICAL RESISTIVITY SURVEYING

4.2.1 Instrumentation

In resistivity measurements, instrumentation is usually simple. It 
comprises of a current input device and an output measuring device in 
seperate boxes but most recent developments have integrated both 
devices into a very portable box (SAS 300). This development has 
reduced the time and manpower needed to move the two boxes. Current 
is introduced into the ground via two electrodes and the resulting 
potential difference between two other electrodes is measured.



A. Input Device (Current Source)

Current is generally provided by from dry batteries. This current 
may take the form of a single long direct current source(DC), or may 
be a very low frequency square wave with a commutator(commutated DC), 
or a system of relays being used to alternate the direction of current 
flow at time intervals(AC).

In direct current prospecting, a continuous DC source is used and 
often in practice, a commutated direct current is used. The 
commutated DC is actually a very low frequency AC whose frequency is 
sufficiently low that induction and attenuation effects are 
negligible.
The use of alternating current(AC), is limited by the skin depth 

problem. In the skin depth phenomenon, the alternating current is 
concerntrated near the surface of the conductor within a certain depth 
referred to as the skin depth. This results in a rapid decrease of 
current density with depth and consequently a decreased depth of 
investigation. The effect of frequency and resistivity, on the 
magnitude of the skin depth is given by;

So for a very conducting bed with low resistivity, the underlying 
beds are screened off if the AC frequency is such that the beds are 
below the skin depth. If the frequency is reduced, the depth 
increases. In practice, very low frequency AC is used to create a 
great skin depth and save its screening off important horizons.

Generally, for shallow work especially where resistive beds are 
involved, AC source could be used. But for deep resistivity work in 
areas where very low resistivity values are to be expected, commutated 
DC or DC source would be preferrable. Table 4.2 compares the two

d $ 4.3

where ds = skin depth in metres
^ = resistivity of the medium 
IX) -  frequency of the alternating current 
c = a constant

sources.
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TABLE 4.2 Comparison of Current Sources

ALTERNATING CURRENT DIRECT CURRENT
1. Gives good rejection of Poor rejection. Voltage due to

extraneous electric currents these extaneous sources have 
like telluric, natural local to be noted before power 
currents (S.P.), and currents source is turned on and
from man made power sources.

2. No electrode polarization 
effects so any metal 
electrodes can be used as 
potential electrodes.

3. Filtering is used to 
eliminate rapid variations 
in the intensity of 
extraneous currents. 
Potentials can also be 
amplified.

4. Inductive coupling between 
current and potential leads, 
as well as leakage currents 
may give rise to erratic 
readings. All these 
increase the frequency
of the current. Transmitter 
and Reciever should be kept 
apart as much as possible, 
and current and potential 
wires should also be kept 
apart.

subtracted from the measured 
voltage.

Electrode polarization 
present. So non-polarizable 
electrodes such as copper in 
copper sulphate solution must 
be used as potential 
electrodes.

Filtering and amplification 
are not possible

No coupling occurs.

5. The phenomenon of skin effect No skin effect phenomenon, 
limits the depth of so great depths can be
investigation when a very investigated 
conducting layer is present.
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B. Output Device (Reciever Source)

The voltage between the measuring electrodes is usually measured 
with a potentiometer but could be measured with a voltmeter. The 
pick-up voltage is first of all converted to DC voltage by a system 
using a commutator or relay to reverse the polarity of the voltage 
from the measuring electrodes each time the direction of current flow 
in the ground is reversed.
Recent equipment, use transistorised amplifer tuned at the commutation 
frequency to amplify the pick-up voltage before it is measured. These 
have the advantage of being able to discriminate against low frequency 
electrical noise (industrial or natural in origin) which effects the 
sensitivity of the measuring equipment. Voltages as little as 10*^V 
could be measured with a two percent accuracy with tuned recievers.

C. Electrodes

There is a preference for electrode depending on whether it is for 
current input or reciever. This preference has given1 rise to two 
types of electrodes associated with input and output locations. 
Current electrodes are generally copper or steel metal stakes driven a 
few centimeters into the ground. In dry areas, the soil around the 
electrodes may have to be moistened to improve contact. Single stakes 
may have contact resistances between 10*-108ohms.
Contact resistance is not as important in pick-up electrodes as in the 
current electrodes. But pick-up electrodes must be stable 
electrically, particularly if slow commutation rates are used. When a 
metal stake is driven into the ground, electrochemical activity takesi
place between the metal electrode and the soil electrolyte. This 
activity takes some time to come to equilibrum and may vary 
erratically during this time. A stable electrode is madelby using a 
non-polarising electrode (porous pot). This is a decalcinated ceramic 
cup which carries a metal electrode submerged in an electrolyte of one 
of its salts. Copper and super saturated copper sulphate solution are 
very commonly used. The base of the 'pot' is made permeable 
enough (usually of wood) so that water flows slowly through to mentain 
constant contact between electrode and the soil moisture. Frequently, 
the water is topped up in the pot.

\
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4.2.2 Electrode Configurations

There are three basic electrode configurations considered in 
resistivity work, viz; Wenner, Schlumberger and Dipole-dipole. The 
Wenner and Schlumberger are most frequently used in groundwater 
surface electrical resistivity work. Dipole-dipole was however used 
by Zohdy and Jackson(1969), and Zohdy(1969), in groundwater studies 
for very large electrode seperations (AB/2=1000m) in Schlumberger 
soundings.

A. Wenner array

Four equi-spaced, colinear electrodes are used with the outermost 
two normally the current electrodes and the inner pair the potential 
or measuring electrodes (Fig 4.3a). In electrical sounding, the four 
electrodes are expanded about a centre point with the spacings being 
the same at each measurements. By modifying the Wenner array, the Lee 
Partition(Fig 4.3b) and the Offset Wenner arrays were obtained. The 
basic differences resulting from the modifications, are in the number 
and position of the electrodes used and the number of measurements 
made for one spread of the array. !
The Lee partition is obtained by introducing a fifth electrode at the 
centre of a conventional Wenner spread(Fig 4.3b). Measurements of the 
potential difference are made between both conventional Wenner 
potential electrodes and the introduced centre electrode. This array 
has been extensively used in U.S.A. by Cook and Gray(1961), and Van 
Nostrand and Cook(1966). They found the effect of near surface 
lateral inhomogeneities reduced by this partitioning.
Barker(1981), devised the five electrode Offset Wenner array. This is 
a five equi-spaced, colinear electrode array which is staggered within 
a conventional Wenner spread (Fig 4.3c). The first fourjelectrodes of 
the array are used as in the conventional Wenner and the second four 
is used similarly as in Figure 4.3c. An average of the two 
more-or-less forward and backward measurements gives the reading for 
the same location as for. normal Wenner array. The Offset Wenner
averages a 'forward' and 'backward' reading. This is analoguous to 
measurements in the positive and negative areas of influence of a 
lateral inhomogeneity (Fig 4.5). A multicore has been introduced to 
reduce the amount of movement of the electrodes.
When one of the current electrodes is placed at an infinite distance 
from the other electrodes, asymmetrical Wenner array is
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obtained (Fig 4.3g).

B. Schlunberger array

Four colinear electrodes with the outer ones as current and inner 
ones as potential are used (Fig 4.3d). The potential electrodes 
straddle the centre of the array. The distance between the potential 
electrodes is very small compared with the distance between the 
current electrodes. When one of the current electrodes is at an 
infinite distance from the others, an asymmetrical Schlumberger is 
obtained (Fig 4.3e).
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Figure4 - 4 — Dipole-dipole arrays. The equatorial is a bipole-dipole array because AB is large.
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The Tripotential array is a modification of the Schlumberger array. 
This was proposed by Carpenter and Habberjam in 1956. Three 
resistance measurements are made from the four electrodes by changing 
the positions of the current and potential electrodes (Fig 4.3f). 
Though this may be effective in reducing lateral effects, the problem 
posed by the crew size, time used in actual measurements, special data 
reduction techniques and lack of universal interpretation procedures, 
limits its usage.

C. Dipole-Dipole array

Four electrodes are used and they, need not be coAnear. The
distance between the centres of the diploes are large compared with 
the distance between the individual dipoles. A particular type of the 
dipole-dipole array in which the electrodes are colinear is the Polar- 
dipole array (Fig 4.4f). An equatorial dipole is got when the line 
joining the dipole centres is same as the dipole distances (Fig 4.4e). 
Figure 4.4e shows some dipole-dipole arrays. The square array by 
Habberjam and Watkins (1967), is a special type of the equatorial 
array in which the distance seperating the dipole centres is the same 
as the dipole distances(Fig 4.3h). It has unique data reduction and 
interpretation techniques and demands a large field crew. The
dipole-dipole array is the most sensitive to lateral variations in 
resistivity. Its other advantage over the other basic arrays is that 
no long cables are required for its usage and so could be expanded 
indefinitely at the expense of increasing noise level.

D. Choice of Electrode array

The ultimate aim in the choice of an electrode configuration is to 
acquire data with least extaneous effects(noise and lateral effects). 
Various modifications of the basic electrode arrays have been used to 
reduce these effects and no one array claims to to  ̂be able to 
eliminate these effects. But Barker(1981), achieved 0.01% accuracy in 
reducing lateral effects with the Offset Wenner(Fig 4.5a). Often in 
these modified arrays, the field procedure is either laborious and/or 
the measured apparent resistivities require unconventional processing 
and interpretation. 1

In the choice of an array to use, some of the factors considered are 
mainly; universality of array, depth of investigation, experience of
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Table 4.3 Comparison of Electrode Arrays for Resistivity Surveying

1. Voltages
WENNER ARRAY

Measured potential differences 
are large, therefore more precise. 
But p.d. due to telluric currents 
also become greater.

SCHLUMBERGER ARRAY 
Potential differences are 
small, so accuracy is sacrificed. 
P.d. varies inversely as the 
square of the current electrode 
distance AB and is less than 
for the Wenner array.

2. Sounding

3. Noise

Both current and potential 
electrodes are moved. The 
electrode distance 'a1 is 
increased progressively.

The effect of lateral inhomo
geneities is greatest as the four 
electrodes are moved each time 
during sounding. The sounding 
curve retains the distortions 
caused by inhomogeneities.
These can be assessed and 
and corrected for by using the 
Carpenter method whereby for the 
same electrode spacing, 3 values 
of resistivity are measured by 
interchange of potential and 
current electrodes. Smoothing of 
the resultant curves can be done.

Distance between current 
electrodes only is increased 
with the potential electrodes 
being moved a minimum number of 
times during a given sounding 
when the potential difference 
becomes too small to be 
measured accurately.

Minor distortions due too lateral 
inhomogeneities (close to the 
potential electrodes) can be 
located when the position of 
potential elecrtodes changes.
The distortions do not appreci
ably alter the shape of those 
arcs of the resistivity curves 
which have been obtained with a 
given potential electrode 
distance, as they only displace 
the arcs as whole units.

4. Signal/Noise Ratio Good Fair

5. General Symmetrical array. Larger field 
crew requires most wire.
Least depth of investigation 
for same current electrode 
spacing.

Symmetrical array. Fewer field 
crew. Depth of investigation 
slightly more than for 
Wenner array of same current 
electrode spacing but less than 
for dipole-dipole arrays.

DIPOLE-DIPOLE
Very small potential differences are 
measured. P.d. varies inversely as 
the cube of the distance between 
current and potential dipoles. It 
is least of all three arrays, so a 
large generator is required to 
provide current.

The distance 'r1 between the current 
and potential dipoles is increased 
while the distances 'L1 and '1* are 
kept constant.

Lateral effects occur especially 
those due to dip of beds. Problems 
of current leakage and inductive 
coupling are minimised.

rV

/

Poor

Symmetrical array. Deepest depth of 
investigation of all 3 arrays and 
relatively short AB and MN lines to 
explore large depths which reduces 
labour. Least cable requirements.



the worker, interpretation methods and manpower needed for the job. 
Table 4.3 compares the three basic electrode configurations.
The five electrode Offset Wenner array with a multicore seems the 

best in terms of reducing the effects of lateral inhomogeneity, 
reduces manpower and increases speed of survey. But in terms of depth 
of investigation, it is of the same order as the conventional Wenner. 
The offset wenner is relatively new compared with the conventional 
arrays. So even with its assumed superiority, the conventional Wenner 
and Schlumberger are preferred for their universality, because very 
many master curve albums exist and because many analytical programmes 
exist to deal with their data. Even though the dipole array is more 
sensitive than Wenner to lateral contrasts in resistivity, but the 
Wenner is still preferred. So for most horizontal profiling in 
groundwater studies, the Wenner is used. In depth sounding, the 
Schlumberger which has a greater depth of penetration than the Wenner 
for the same current electrode spacing(Keller et al(1966), and Roy et 
al(1971)) is preferred.

4.2.3 Geoelectric data acquisition

For a source electrode at the surface of a homogenous, isotropic 
half-space of resistivity ^ , the current flows radially outwards 
through a hemispherical surface of radius r, and surface area of 2iTrx . 
The potential at the surface due to this source is given by;

where I is the input current.
The equation above(4.4), constitutes the fundamental relationship in 

all electrical prospecting from the surface of the earth. In 
practice, two current electrodes are used(source and sink) and the 
potential difference between two electrodes within the field of the 
source and sink is given by,

4.4

4.5

where G = a goemetric factor dependent on the electrode geometry.
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Table 4.4 Gecnetric Factors of Some Electrode

ELECTRODE ARRAY

1. Wenner

2. Schlumberger

3. Dipole

a. Radial

b. Azimuthal

c. Parallel

d. Perpendicular

e. Equatorial

f. Axial

GEOMETRIC FACTOR 

Kw= 6.28a

Ks= 0.785 (L2 - l 1) 
1

Kr=
LlCos-0-

K = 2trr3 
LlSin-e-

Kx= 27vr3.l
Ll(3Coste-l)

Kp= 2irr3.1
3LlSin#Cos£-

Keq= 2nr3 
LI

Kax= irr3 
LI

Configurations

REMARKS

a= eletrode 
separation

1= MN/2 distance

L= AB/2 distance

r= distance 
between dipole 
centres

■&= angle between 
r and MN or 
AB



Thus from equation 4.5,

9 = J>V£_ 
I

4.6

Table 4.4 gives the geometric factors of some of the electrode 
configurations. For the Schlumberger array,

where L and 1 are the AB/2 and MN/2 distances respectively. If 
L?51, (I?‘-la‘) tends to La with about four percent error (Battachyra and 
Patra,1966). Substituting this in equation 4.6, it becomes,

where DV/1 is the electric field intensity at the centre 0 of the 
spread(Fig 4.3d).
The quantity ft is the true resistivity of a homogenous semi-infinite 

earth. For an inhomogenous medium, a quantity ^a known as the 
apparent resistivity is defined. This is equal to the true
resistivity of a fictitous, homogenous and isotropic medium in which 
for a given electrode arrangement, the current strength I, the 
measured potential difference DV, is equal to that for the given 
inhomogenous medium.

A. Techniques

Resistivity could either vary laterally (horizontally) within a 
layer or vertically across a layer and/or several layers. To 
investigate these variations, two general techniques are readily 
employed; horizontal profiling and vertical electrical sounding(depth 
sounding). However, the results of horizontal profiling and
electrical sounding often are effected by both vertical and horizontal 
variations in electrical properties of the ground. Any of the arrays 
of Figures 4.3 and 4.4, could be used for any of the techniques. But 
the Wenner and the Schlumberger arrays are very commonly used in 
groundwater surface resistivity work.

4.7

_ ttL?, J> V -  Tf l/ E
4 4 x •

4.8



B. Horizontal profiling

Horizontal profiling is a technique used to study lateral or 
horizontal changes in the resistivity of a particular horizon below 
the ground surface. A given distance between the current electrodes 
corresponds to a set of data related to a closeby constant depth of 
investigation and thus a layer of earth of a given thickness.
Some of the approaches used in profiling are;
a. the spacing between the electrodes is held constant and the 

array as a whole is moved along a traverse line. This 
approach is the most popular one followed, or

b. the current electrodes are kept stationary or fixed at a very 
large distance apart(lkm-6km). The potential electrodes are 
then moved along the middle third(AB/3) of the current 
electrode separation at a constant spacing. This approach 
reduces the number of electrodes moving and is called the 
Schlumberger AB profile (Kunetz 1966, Lasfargues, 1957) or 
simply the Brant array(Fig. 4.5b), and

c. In the third, the asymmetrical arrays of Wenner and 
Schlumberger arrays are used which also reduces the number of 
moving electrodes.

Fig 4.5a Signal contribution for Wenner(ii) and Offset Wenner(i) 
arrays around a conducting sphere (after Barker, 1981)



Fig 4.5b Schlunberger AB profile, also called Brant array

It is common practice to use two or more electrode spacing in 
profiling a traverse line. This helps to show the extent or how 
persistent lateral variations are with depth. The small electrode 
separations generally show the characteristics of near surface(local) 
inhomogeneities while the larger electrode spacings show changes or 
variations in geological structures.

The input parameter is the current I, flowing through the current 
electrodes(Cj,Ca). The measured parameter is the potential difference 
DV, between the potential electrodes(P^ ), resulting from the 
interraction of the current with the subsurface. A third parameter 
the AB and MN distances completes the recorded parameters with which 
the apparent resistivity is obtained.
From Ohm's law, the ratio of the potential difference between two 

points to the applied current is equal to the resistance of the body 
between the two points. This means that the apparent resistivity 
represents a product of the resistance and the geometric factor. In 
recent designs of resistivity equipment, this has been used and output 
could be selected to give resistance directly (SAS 300, Fig 7.5).
The value of the apparent resistivity is normally plotted at the 

geometric centre of the electrode spread. But for the Lee array, the 
two values are plotted at the mid points of CM and ON (Fig. 4.3b) 
which straddles the geometric centre of the spread. If many profiles 
with the same electrode configuration and spacing are run in an area, 
the results can be represented in the form of an apparent resistivity 
map.
Interpretation of horizontal profiling data is generally qualitative.



The primary value of the data is to locate geologic structures such as 
buried stream channels, veins and dykes. These indicate a change in 
apparent resistivity over them.
Generally in any array, the fewer the moving electrodes, the better 

the qaulity of the data obtained (Keller,1966). In the Schlumberger 
AB profiling, the asymmetric Wenner and Schlumberger, the number of 
moving electrodes is reduced. Hiis reduces the complexity of the 
resistivity data (fewer discontinuities in the profile across 
boundaries) (Keller et al, 1966). Also, the manpower required to move 
the electrodes along the traverse line is reduced.

C. Vertical electrical sounding (Depth sounding)

Depth sounding as it is also called is a device used to investigate 
or study the variation or changes in resistivity with depth at a 
particular location. For homogenous, isotropic and horizontally 
layered earth, sounding data represent variation in resistivity with 
depth. In practice, sounding is affected by vertical and lateral 
heterogeneities. The value of the apparent resistivity measured 
depends on the electrode separation, geometry of the electrode array, 
true resistivities of the subsurface and other characteristics of the 
subsurface materials such as; layer thickness, amount of dip of the 
layers and anisotropic properties. Anisotropy results from lateral 
and vertical inhomogeneities.
The technique consists of a succession of apparent resistivity 

measurements made with increasing electrode separations. The centre 
of the configuration and its orientation remaining constant. At areas 
where the resistivity of the near surface materials do not vary very 
much from place to place, the variation in measured resistivity will 
essentially be as a result of increasing depth of penetration of 
current as the current electrodes are expanded. Experience shows that 
when the current electrodes are expanded logarithmically, that the 
data is better represented. Secondly, logarithmic increases in 
electrode separations have been used in most of the available 
analytical programmes developed for the interpretation of sounding 
data (Zohdy 1974, 1975, Lees 1976, Koefoed 1979).

In the Wenner array, all the electrodes are moved to increase the 
current electrode separation. But for the Schlumberger (which is more 
popular for depth sounding), only the current electrodes are moved 
while the potential electrodes remain fixed as long as there is a 
measurable potential difference between them. They are only changed
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when the potential difference between them becomes so small as to be 
difficult to measure. This increase in the MN distance in the 
Schlumberger, very often results in the sounding curve being 
segmented. The segmentation of the curve occurs as a result of two 
possible factors, (Koefoed 1979),viz;
a. As the measurements are made with a symmetrical electrode 

configuration, the ratio of the measuring electrode spacing to 
that of the current electrode spacing (MN/AB) is of a finite 
value. Changing the MN distance entails a change in the 
eccentricity (MN/AB ratio) of the configuration.

b. The occurence of near surface inhomogeneities in the ground 
effects the current distribution pattern, and the relative 
change in the current density which they cause depend on the 
position of the measuring points.

The apparent resistivity measured on a homogenous anisotropic 
formation is affected by the relative direction of expansion with 
regards to the strike and dip of the formation thus;

6  "  [ l t ( / 'i ) S i n * $ S i „ v | ,t
where ^a = apparent resistivity measured

£m = mean resistivity of the formation 
X  = coefficient of anisotropy
<|) = angle the expansion direction makes with the
direction of the strike
o£= the dip of the formation.

If expansion is in the direction of the strike, the measurement is 
independent of the dip and is numerically equal to the mean
resistivity of the formation. But if the expansion is normal to the 
strike; that is$=90°, equation 4.9 becomes,)

&  =  [1  + ( > / - 1 ) S in 1̂  ] 1/1 4‘ 10

So the resistivity at<j>=0° and$=90° constitute maximum and minimum 
limiting values. This becomes very crucial in very highly dipping 
formations.

In Norfolk, where the regional dip of the Chalk is less than 1° , the 
apparent resistivity will depend more on anisotropy of the alternating 
drift sequences. Assuming a regional dip of 1° for the Chalk and a 
coefficient of anisotropy of 2, the resistivity is reduced by only
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0.046%. So with the Chalk which is fairly horizontal, the direction 
of expansion has very little effect on the measured resistivity. In 
practice, where possible, soundings (cross-soundings) are made at 
right angles to each other to evaluate the effect of dip on the 
sounding data.

#

#
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CHAPTER FIVE

This chapter discusses briefly the the geoelectric section, the 
fundamental equation on which the techniques of data analysis is based 
particularly for Schlumberger array, the presentation and
interpretation of analysed data, and the limitations of the surface 
electrical resistivity method. It further assesses the 
hydrogeological characteristics of the Chalk capable of detection by 
the surface resistivity method. Finally it reviews briefly the
aspects of borehole geophysics that are useful in locating groundwater 
levels and fissure zones in the Chalk.

5.1 THE GEOELECTRIC SECTION

Some rocks may have remarkably uniform properties through thousands 
of metres of section. Other rocks may comprise of alternating layers 
with differing resistivities with each layer being only a few 
centimeters thick. Thus, a geoelectric section comprises of layers 
demarkated on the basis of contrasts in electrical properties.
A geoelectric section differs from a geologic section in that the 

boundaries between layers are determined by resistivity contrasts 
rather than geologic factors. Geoelectric layers coincide with 
geologic boundaries only where there is a pronounced change in texture 
at such a boundary. Also a single geologic unit may consist of 
several units in the geoelectric section. For example, when the
salinity of groundwater in a given rock type or the rock's 
permeability varies with depth, several geoelectric layers may be 
distinguished within a lithologically homogenous rock. Conversely, 
layers of different lithologies or ages, or both, may have the same 
resistivity and thus form a single geoelectric layer(Zohdy,1971).
A geoelectric layer is described by two fundamental parameters; its 

resistivity pi and its thickness hi, where i indicates the position of 
the layer with regards to the section. The average electrical 
properties of each unit of a layered geoelectric section may be 
described with five parameters derived from the two fundamental 
parameters of layer thickness and resistivity;

a. average resistivity along the bedding, ^1
b. total conductance in the direction of bedding through 

a column of the section S (longitudinal conductance)
c. average resistivity across the bedding ^t



- 79 -

*

*

#

d. total resistance through a unit area perpendicular to 
the bedding T (transverse resistance)

e. coefficient of anisotropy A
For an isotropic layer, ft=fl and A -1, these second group of 

geoelectric parameters are particularly important in describing a 
geoelectric section of several layers. For a section with n-layers,

VI

n
------5.2

5.3

5.4

5.5

Maillet(1947) referred to S and T as Dar Zarrouk parameters. These 
five parameters have been derived from a consideration of a column of 
unit square cross-sectional areaflxlm*) cut out of a group of layers 
of infinite lateral extent(Fig 5.1). This description of the 
geoelectric section is very important as these constitute very strong 
tools in the most recent analytical programs for the interpretation of 
geoelectric sounding curves( Zohdy,1974,1975, Koefoed,1979).

+
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Figure 5-1 —Columnar prism used in defining geoelectric
parameters of a section. Patterns ore arbitrary, p = 
resistivity, h = thickness, 5 = total longitudinal con
ductance, T — total transverse resistance.

5.2 DATA ANALYSIS

5.2.1 Theoretical basis of analysis

The potential distribution about a point source on the surface of 
semi-infinite half space with n-layers, is given by Stefanesco and 
Schlumberger as;

Y  +  2 .J  kt, ki) J o ( \y )^ X  5.6

where r = distance from the point source
fj. = resistivity of the outcropping layer 
Jo = Bessel function of the zero order
[;|^=the Kernel function which includes the characteristics 
of the subsurface(thickness ,hi, resistivities of the 
individual layers obtained in ki as

Equation 5.6 constitute the fundamental relationship for the 
investigation of resistivity variation with depth. From it,



expressions for the different apparent resistivities for the different 
electrode configurations are obtained. For the Schlumberger array,

?a(s) ~  i y 2J 0 J i(A r)d r  5.8

where ̂ a(s) = apparent resistivity for the Schlumberger array
(r=AB/2),

Jl = Bessel function of the first order and first kind. 
Catalogues of theoretical curves(master curves) have been computed 

by evaluating the integral in equation 5.8 for Schlumberger 
configuration (Compagne Generale de Geophysique(1963), Mooney and 
Wetzel,(1956), Orellana and Mooney,(1966).)

5.2.2 Advantages of bilogarithmic plot of field data

The computed apparent resistivities are plotted on a bilogarithmic 
grid for some obvious advantages;
a. It admits a very wide range of values on a single graph. Very 
large electrode spacings are used to achieve moderately large depths. 
These measurements result in a very wide range of apparent resistivity 
values under different field conditions. And logarithmic coordinates 
accommodate these wide ranges and differences.

b. The logarithmic coordinates suppresses the effect of variations 
in thickness at large depth and the variations in high resistivity 
values. Also it enhances the effects of variation in thickness at 
shallow depths and variations of low resistivity values. Suppression 
of the variation in thickness is very essential as an accuracy of 10m 
at greater depths and lm at shallow depths is desirable. Similarly, 
the determination of the resistivity of a conductive layer(less than 
or about 20ohm-m) to the nearest ohm-m is necessary for determining 
its thickness accurately, whereas for a resistive layer(more than 
200ohm-m), the determination of its resistivity to within one ohm-m is 
unimportant(Zohdy,1966).

c. It makes it possible for the plotted data to be compared with 
theoretically computed curves(master curves) for earth models in the 
curve matching procedure.

d. The form of the sounding curve does not depend on the
resistivity and thickness of the first layer as long as the ratios of
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the parameters of the individual layers to those of the first layer 
are constant. Thus, when there is difference in absolute values of 
resistivity and thickness of a particular layer with the same ratio, 
the position of the curve is merely displaced vertically for changes 
in resistivity and horizontally for changes in thickness.(Fig 5.2). 
So an observed curve with different values of and h, and a 
theoretical curve with the same ratios(fyp1 and ) can be matched 
with the ordinate and the abscissa axes parallel. This is essentially
the principle of curve matching.

F i g u r e  5 * 2 — L o g o r i t h m i c  p l o t  o f  s o u n d i n g  c u r v e s .  T h ?  l o v e r s  i n  m o d e l  2  a r c  t h r e e  t i m e s  os  t h i c k  a s  m o d e l  V  t h e  

l o y e r  r e s i s t i v i t i e s  i n  m o d e l  3  a r c  f i v e  t i m e s  a s  l a r g e  os  m o d e l  I ;  h o w e v e r ,  t h e  s h a p e s  c f  a l l  t h r e e  c u r v e s  a r c  i d e m  

t i c a l .

5.2.3 Curve types over horizontally layered media

There are four basic curve shapes used in describing sounding curves 
over a horizontally layered medium of three or more layers.

Three layer situation

a. Minimum type(£>&zy
This refers to a situation in which the second layer is more
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conducting than both the top and bottom layers. It is sometimes 
referred to as the H-type or the Hummel type.

b. Double ascending type
In this, the resistivity of the layers increase with depth, so the 

layers become more resistive with depth. It is also referred to as 
the A-type or the Anisotropy type.

(KCTROOE SPACING. AB/2. IN f i l l

10 20 50 100 200 500 1000 2000 5000 10.000

igure 5*3— Examples of the four types of three-layer Schlumberger sounding curves for •hrcc-loycr Eorth models.

c. Maximum type(f;<^>|)
This refers to a sequence in which the top and bottom layers are 

more conducting than the second layer. It is known as the K-type and 
sometimes as the Displaced Anisotropy type(DA).

d. Double descending type(^>p?^)



In this, the resistivity of the layers decrease with depth. This 
means that the subsurface becomes more conducting with depth. It is 
known as the O-type and is sometimes referred to as the Displaced 
Hummel type(DH).

For a multilayer situation, the section is composed of more than 
three layers and the section is also described in terms of the layer 
resistivities as in the three layer situation. Thus, a geoelectric 
section of n-layers, results in n-2 combinations of curve types where 
n is greater than or equal to 3.

This analysis of curves into types is important because it is not 
always that soundings are interpretable quantitatively. So the 
sounding could be interpreted qualitatively on the basis of similarity 
of shapes with useful deductions made jointly with interpretable 
soundings of similar curve types or shapes.

5.2.4 Interpretation

Vertical electrical soundings(VES) could be interpreted 
qualitatively and/or quantitatively.
a. Qualitative Interpretation

This involves a division of the sounding curves obtained into groups 
based on the type of curves and relating them to1 different 
geological/geoelectrical sections- in the study area (Zohdy et
al,1974, Rijo et al,1977). The preparation of apparent resistivity 
maps at two or more different electrode spacings is also possible, to 
indicate lateral variation in resistivity within a horizon at constant 
depth of investigation.
b. Quantitative Interpretation

Quantitative interpretation of VES curves is done by curve matching 
using master curves in conjuction with auxiliary point 
charts(Zohdy,1965, Keller et al,1966, Battachyra et al,1968). The 
resulting model may be checked by computing a theoretical sounding 
curve for the interpreted model (Zohdy 1974b, Lee 1976 , Koefoed 
1979). The curve matching method decreases in accuracy with 
increasing number of layers. Practically, its manipulation becomes 
difficult for four or more layer situations as more equivalent 
solutions are possible.

Sounding data may be interpreted directly without prior use of 
master curves. This is a method whereby the measured potential and 
apparent resistivities are used to evaluate the individual layer



resistivities of the earth as a function of depth.(Koefoed 
1968,1970,1979, Zohdy 1975, Inman 1975).
A solution of the apparent resistivity from the raised kernel 

function and the Bessel function in equation 5.8 forms the basis of 
this modified direct interpretation method.
Koefoed(1979), and Zohdy(1975), initiated an automatic direct 

interpretation method which utilises the Ghosh filter coefficients 
(Ghosh,1971) to truncate the infinite series of the Bessel function. 
What this does is to treat the apparent resistivity transform as a 
spectrum. The spectrum is then sampled at predetermined intervals, 
and convolved with the filter coefficients. Ten Ghosh filter 
coefficients are very commonly used on the assumption that the greater 
percentage of the characteristics of the resistivity curve lies within 
this band of ten filter coefficients. The amount of errors involved 
with this limited number of filter coefficients, depends on the rate 
and extent of the variation in contrasts in the electrical 
characteristics of the subsurface layers contributing to the field 
curve. A greater number of filter coefficients definitely gives a 
better estimate but at the expense of computing time as the limit of 
convergence would increase with increasing number of filter 
coefficients. In practice, the ten filter coefficients have given 
very good estimates with relative mean square errors of +1% and 
relative maximum errors of +1% to 3%(Koefoed,1979).
The most popular technique now involves the iterative use of the Dar 

Zarrouk parameters, convolution of the the resistivity transform with 
Ghosh filter coefficients and inversion to arrive at a layering model 
representative of the field curve. This was the approach 
Zohdy(1974c), and Koefoed(1979), used to develop automatic iterative 
interpretation proceedures for geoelectric sounding interpretation. 
This approach has been discussed briefly in Chapter 7 and the 
technique has proved very effective in the analysis of sounding data. 
Zohdy (1974c), used the process of convolution to calculate 
theoretical electrical sounding curves for any horizontally layered 
interpreted model.
For the purposes of this study, the primary analysis was done by 

curve matching with auxiliary point method for most of the curves. 
Zohdy(1974c), was used for general analysis and Zohdy(1974b), was used 
to cross check results from the preceeding two approaches.
Another form of interpretation of VES data is the comparison of 

sounding curves along a profile to show the variation in geoelectric 
properties along it. Quantitative interpretation of sounding curves
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enables the drawing of a geoelectric section along the profile.(Zohdy 
et al,1974, Flathe 1967,1976).

5.3 LIMITATIONS OF THE SURFACE RESISTIVITY METHOD
*

The interpretation of a multilayer sounding curve is generally not 
unique. This means that a given VES curve can correspond to a variety 
of subsurface distributions of layer thicknesses and resistivities. 
Several limitations are inherent in the conventional methods of

• electrical sounding interpretation.
These limitations are discussed with particular reference to the 

Schlumberger configuration and under three main headings; problem of 
equivalence, problem of suppression, and the relative thickness of a 
layer.

5.3.1 Problem of Equivalence

Two geoelectric sections are said to be equivalent when ̂ the combined 
effect of the layers in each section results in the curves being

* coincident within +5%. So this phenomenon of equivalence depends on
the resolving power of the measuring technique and theoretically on 
the equation used for calculating the combined effect. Two 
three-layer geoelectric sections of H-type(fJ>£<:{y or the A-typ&(?,<(<.&) 
are equivalent by S (h/p), if the thickness of the second layer is

* relatively so small that the value of their individual longitudinal
conductances S2 is equal in both sections. Also two sections of 
K-type or 0-type(P,>f5>^ are equivalent by T (hp), if the
thickness of the second layer is relatively so small that the 
transverse unit resistance T2 is equal in both sections. In two 
three-layer H-type, the second layer may have the same combined effect 
and yet not coincide.

For both equivalence by S and T, there is a certain range depending 
on the ratios of anĉ  ho/ĥ ., where the two sounding curves

# coincide very closely.
i

5.3.2. Problem of Suppression

Suppression occurs when the effect of a layer on the sounding curve 
is so minimal that the sounding curve is interpreted as having fewer 
layers than actually is present. Thus, a sounding curve obtained over 
a four or five layer section may not be distinguished from one



obtained over a three layer section, unless the thickness of the 
layers increase significantly with depth.
The principle of suppression is most prominent in soundings done in 

areas where the resistivity increases (A-type,f[<£<{̂ , or 
AA-type,P,<(£^<p^ or decreases (Q-type,f,>f^f3, or QQ- type,fj>£>£>/^ 
monotonically with depth.

5.3.3. Relative thickness of a layer

The detectability of a layer of given resistivity depends on its 
relative thickness, which is defined as the ratio of the bed thickness 
to its depth of burial. The smaller the relative thickness of a 
layer, the smaller the chances of its being detected on the sounding 
curve. In multilayer sections(greater than three), Flathe(1963), used 
'effective relative thickness' of a layer (which represents the ratio 
of the layer thickness to the product of the pseudoanisotropy, and the 
total thickness of the layers above it) to assess its detectability.
For example, a layer 25m thick, at a depth of 5m, has an effective 

thickness of 5 which is favourable for its detection on the sounding 
curve. But if the top 5m consist of two layers of thicknesses lm and 
4m, and resistivities of 5 ohm-m and 500 ohm-m respectively, the 
pseudoanisotropy(X) of the two top layers is approximately equal to
4.1. Therefore, the effective relative thickness is approximately 
equal to 1.22, vdiich is considerably smaller than that previously 
caculated for a single top layer.

Sometimes in multilayer sections, more than one of these limitations 
operates and makes the chances of a unique solution very slim. But if 
boreholes are logged to a sufficent depth, the data from these logs 
can be used to improve the accuracy of the determined resistivities 
and thicknesses of the subsurface layers.

Zohdy(1966), suggested that these limitations should not discourage 
or persuade anybody into thinking that the interpretation of sounding 
data is an entirely hopeless endeavour, even though all geophysical 
methods based on the potential theory (electrical, gravity and 
magnetic), lack unique solutions. In practice, it is by correlating 
several sounding curves, and by integrating all available 
data(geophysical, geological and geochemical ) in the study area, that 
correct interpretations are achieved.
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5.4 ASSESSMENT OF THE HYDROGEOLOGICAL CHARACTERISTICS OF THE
CHALK CAPABLE OF DETECTION BY SURFACE ELECTRICAL 
RESISTIVITY

* 5.4.1 General

In resistivity prospecting with direct current, the two most 
important parameters are;
a. the true resistivity of the formation which is a physical

• characteristic depending upon the nature of the rock, the
moisture content and the conductivity of the saturating water,

b. the apparent resistivity, which is not a physical constant but 
reflects the distribution of true resistivities in the subsoil 
and depends on the spatial configuration of the measuring

• system.
Barker(1981), in a surface resistivity survey to investigate the 

possible extension of the buried valley to East Dereham in Norfolk, 
obtained the ranges of 10 to 30ohm-m for Chalky boulder clay, 210ohm-m 
to 800ohm-m for Sand and gravel, and 60ohm-m to 85ohm-m for the top of

# the Chalk.
Harker(1981, personal communication), remarked that the resistivity 
ranges of 10ohm-m to 30ohnv-m for boulder clay, 100ohm-m to 200ohm-m 
for Sand and gravel, and 50ohm-m to 100ohm-m for the Upper Chalk were 
common. Though his estimates were based on his experience within the

# Southern Water Authority area, the ranges for the Chalk are not bound
to vary much since the Chalk is regionally homogenous in Britain. 
Robins et al(1975), in a surface resistivity work carried out in the 
Winterbourne valley south of Birmingham, found the resistivity of the 
massive(fissureless) Upper Chalk to be in the range of 250+10ohm-m. 
Four insitu resistivity measurements made on the massive Chalk by the 
author at Caistor St Edmunds using the archeological Wenner 
arrangement, ranged from 179ohm-m to 303ohm-m.
Barker's depth of investigation seemed to have been restricted to 

just locating the top of the Chalk as the layers were generally 
resolved only to the top of the Chalk. So, Barker's range of values 
for the Chalk resistivities would generally represent that of the top 
of the Chalk which supposedly is the zone of high permeability 
development. There is very good agreement between Barker's and 
Harker's values. While these later ranges form the theoretical range 
for the fissure section, Robins et al and the author's insitu ranges 
constitute the range for the fissureless Chalk. Thus, the



internediate zone of reduced permeability development should have a 
range inbetween those two extreme ranges. Considering the two limits, 
the difference in resistivity would represent an approximately three 
fold change in resistivity which is similar to the range obtained 
theoretically in the previous chapter.
The author did. not come across any estimates on the resistivities of 

the Crag. As it is lithologically similar to Sand and gravel, one
would expect that their values should be within the same range of
resistivity. Also, one would expect that changes in the facies, would* 
indicate a change in resistivity depending on the tendency of the 
change(low for clayey and high for sandy).

5.4.2 Physical characteristics of the Chalk aquifer

Over 90% of the groundwater resources of this Norfolk area comes 
from the Chalk. So, the Chalk as the principal aquifer will claim 
most of the attention. Figure 2.2 shows the general nature of the 
relationship between the overlying deposits and the Chalk. The
physical characteristics of the Chalk which influence its bulk
resistivity are considered under the following headings;
a. bedding or layering,
b. fissuring and jointing,
c. degree of saturation

A. layering or Bedding

The bedded nature of the Chalk makes it likely for different beds or 
layers to have slightly differing characteristics. Considering a 
section with three or four beds, the bedding planes make the sequence 
discontinuous and allows for free exchange between adjoining beds of 
gases and possibly liquids. It is expected that a four-layer 4m 
section would be more porous than a 4m section of the same material 
that is not layered. Permeability tends to increase in the direction 
of the beding planes. The effect of this on bulk resistivity is as 
follows: if the thickness of the beds are very small and numerous, the 
tendency is for a reduction in the bulk resistivity as conduction 
results along the bedding planes. If the bed thicknesses are large, 
the tendency is for the bulk resistivity not to be affected much. 
From exposures of the layered Chalk, these layers are relatively small 
and resistivity along the bedding planes has always been lower than 
across it.
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B. Fissuring and jointing

Fissures are vertical and or inclined fractures in the Chalk. These 
together with the bedding planes give a picture of preferred flow in

*  two principal directions and a possibility of flow in a third
direction. Always fissures tend to increase porosity and 
permeability. The effect of fissuring on bulk resistivity depends on 
the density of the fissures. Bulk resistivity decreases with 
increased fissuring which results in increased conduction along the

# fissures.

C. Degree of Saturation

The assumption all along is that the Chalk is saturated and if this
• is true, the above conditions resulting from fissuring, jointing and

bedding hold. If the Chalk were dry or unsaturated and had some 
amount of bedding and fissuring, the fissures and the bedding planes 
would act as insulating bands(air spaces). The resultant effect is a 
very high bulk resistivity. Equation 4.1 summarises the effect of

• saturation on the bulk resistivity of a rock.

In applying surface electrical technique, three assumptions have 
been made;
1. That as Ineson(1963) noted, the Chalk is basically homogenous and

• isotropic. Robins value of 250+10ohm-m for the Chalk(massive) is
regarded as a 'safe value*. Any values for the Chalk resistivity 
below this value is considered as an indication of secondary 
consequence possibly permeability development. The extent of the 
secondary consequence would be indicated by how far away below this

* 'safe value' the identified resistivity is. For values close to or
above this, the sites are regarded as constituting massive fissureless 
Chalk.

2. That due to the relative remoteness of the areas of study from 
the coast, the chances of an invasion of the aquifer by the sea is 
considered very small. But if this happened, it would increase the 
salinity of the aquifer water. This would as a consequence lead to a 
reduction in the bulk resistivity.

3. That the areas of study are so small compared with the entire 
country or region, that each area is considered to be within a unique
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*

depositional environment.
If these assumptions hold, then any variation in: the bulk

resistivity of the Chalk would be as a result of the variation in the 
physical characteristics of the Chalk, especially fissures. Thus, 
geoelectrical soundings at the good and poor well sites would help in 
interpreting results from other sites. It is envisaged that the 
variation of the bulk resistivity of the Chalk might help in 
distinguishing good and poor well sites.

5.4.3 Limitations in the study areas

a. Depth of burial of the Chalk and the thickness of the fissure
zone
The depth, nature and state of saturation of the overlying deposits 

determine to a very great extent the depth within the Chalk that the 
system could resolve. A thick dry sandy overlying deposit would 
significantly reduce the chanc&£ of detecting fissure zones. An 
alternating sequence of resistive-conductive horizons would increase 
the pseudoanisotropy of the overlying deposits.
The fissure zone is often small in thickness and its depth of burial 

makes its effective relative thickness often small. This creates the 
risk of its being suppressed and not resolved on the soundings. In 
the previous section 5.3, the effective relative thickness which 
reflects detectability was defined as;

where = effective thickness of the fissure zone 
*tt = real thickness of the fissure zone 
jo = total thickness of the overlying deposits 
/ i = pseudoanisotropy of the overlying deposits

5.9

The average mean depth to the top of the Upper Chalk in the five 
study areas, range from 5.68m for Houghton St Giles to 27.98m for 
Beetley. Thus, thickness of the fissure zone would be expected to be 
higher for Beetley than for Houghton St Giles for the same 
detectability assuming that the top Chalk resistivities for the two 
areas are the same. But practically, this is not probable as fissures 
decrease with depth under overbuden pressure. So one would expect 
that it would be more difficult to detect fissure zones at Beetley 
than at Houghton St Giles.
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b. The Chalk is very often in hydraulic continuity with its 
overlyiny deposits. Generally, the tendency would be for both of them 
to behave as a unit geoelectrically. Boulder clay could very easily 
attain the same range of resistivity as the Chalk if sandy and also

• Sand and gravel could attain same range as Chalk if clayey. So
sometimes, the resulting interpretation from the soundings may give 
geoelectric models which would not correspond exactly to true 
situations.

m c. Putty Chalk is a weathering product of the Chalk. By its
characteristics(chapter 3), it is of lower resistivity than the Chalk 
being of almost exactly the same range as the boulder clay. This 
layer is problematic in the sense that its thickness relative to its 
depth of burial is always very small. As a consequence, one would

• always expect it to be suppressed on the sounding curve. But if it
occurs with boulder clay as it often does, they could both add up to a 
detectable layer.

5.5 BOREHOLE GEOPHYSICS
•

This section reviews briefly the most important logging techniques 
in groundwater exploration.
Borehole geophysical logs assist in the solution of some of the most 

important problems in groundwater investigation. They could be used
• for qualitative correlation in stratigraphic studies or quantitative

evaluation of formation fluids and lithology. Their importance to 
surface geophysical surveys is for the correlation of surface results 
with the lithologic section. Borehole geophysics helps resolve most 
of the limitations of the surface resistivity method (like equivalence

* and suppression). In most of the Chalk boreholes, the drilling fluid
is fresh water derived from the formation, so most of the 
interpretations of logs run in them can only be qualitative.
Borehole logs for groundwater purposes should be able to correlate 

the lithologic section of the geologist, locate zones of inflow and 
outflow from the aquifer if any, indicate the quality of the 
groundwater and be able in some way to review the design of the well. 
A series of techniques have been devised and used extensively in 
trying to meet the requirements of borehole geophysical logs. These 
techniques are summarised in Table 5.1, but the most important and 
commonly used ones are; that for resistivity(absolute and apparent), 
for fluid temperature( absolute and differential), for conductivity,



for flownetering, and for neutron and caliper logging. The 
close-circuit underwater television is becoming very popular and 
frequently used to observe or locate fissure zones.

A. Resistivity

Resistivity logs are used to deduce the apparent or true resistivity 
of rocks penetrated by a well. It serves four purposes;
1. it determines the geological section penetrated by the well 

and the lithology,
2. it makes correlation between electric marker beds possible 

from other wells,
3. it indicates the thickness of strata penetrated by the well,
4. it gives an indication of the water quality of the aquifer.
The two most popular devices are the Short and Long normal, the 

'Short' and 'Long' refering to their electrode separations. The Short 
normal has a 16in electrode spacing while the Long normal has a 64in 
electrode spacing. By virtue of their electrode separations, the Long 
normal has a greater depth of penetration than the Short normal.

If the resistivity of the borehole fluid(?m) is higher than the 
resistivity of the the formation(?t), then the apparent resistivity on 
the Short normal will be greater than for Long normal. But for fresh 
water aquifers where the formation resistivity(^t) and the formation 
water resistivity(^w) are high, the two normal logs give almost the 
same value for the apparent resistivity.

B. Temperature logs

These are continuous records of the temperature of the environment 
sorrounding a sensor in a borehole. They are recorded as
direct(geothermal) and or differential(a first derivative of
temperature with respect to depth). They are both run simultaneously. 
In general, the geothermal gradient is steeper in rocks with low 
permeability than in rocks with high permeability, possibly because of 
groundwater flow. The difference in temperature is so small that the 
absolute temperature device is not sensitive enough to clearly detect 
the small changes. The differntial is more sensitive to these very 
minor but very important variations in temperature. It is capable of 
locating levels of groundwater inflow into the wells as the formation 
waters are often of slightly different temperature with the borehole 
fluid. The movement of the two sensor probes could be a likely source



of error in this device.
Zones of water movement into and out of a borehole column are 

characterised by anomalies in the normal fluid resistivity and fluid 
temperature profiles. Using differential fluid temperature and fluid 
resistivity logs, very small zones of water movement into and out of 
the borehole can be detected.

C. Fluid conductivity

This is a measurement of the conductivity of the borehole fluid 
between electrodes in the probe. The log provides data on the 
chemical quality of fluid in a borehole and can provide information on 
the hydraulics of the well. The conductivity of water in a well at a 
given depth depends on the concentrations, mobilities and valencies of 
the ions in the water as well as the temperature of the water.
The fluid temperature and differential temperature logs have very 

frequently been used in conjuction with fluid conductivity logs in the 
study of fissure flow in the Chalk of England ( Ineson and Gray,1963, 
Tate et al,1970, Robinson,1974, Monkhouse and Fleet,1975, and Price et 
al,198i).

D. Flow logs

This stands out as a confirmatory device and its operation is 
relatively more expensive than the already mentioned devises. It is 
used to ascertain and confirm levels and directions of flow into and 
out of the borehole.

Vertical fluid movement in a borehole column can be caused naturally 
by artesian flow, interchange of water between aquifers in the same 
borehole due to differing peizometric head, and by pumping. The 
presence of such flow indicated by fluid logging is verified by 
flowmetering. The relatively inexpensive mechanical impeller flow 
meters are most useful where flow velocities are high or moderate. 
For velocities below 3cms (Robinson et al,1982), the more expensive 
thermal flow meters are preferable.
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Table 5.1 S u m m a r y  o f  g e o p h y s ic a l lo g g in g  te c h n iq u e s  a n d  th e ir  u se  in w a ter b o r e h o le s

Log
category

Type of log Units of 
Measurement

Specific use General use Remarks

Electric
logs

Spontaneous potential 
log

Single point resistance 
log

Millivolts

ohms

Strata correlation, bed thickness 
determination, separation of porous from 
non-porous strata. Separation of fresh and 
salt water strata in mud-filled holes

Strata correlation and bed boundary 
location with very good vertical definition in 
small diameter boreholes

Generally used 
qualitatively in water wells 
for inter-borehole 
correlation and separation 
of strata types. Also for 
detection of saline 
formation water

Docs not normally work 
well in water-filled holes. 
Many extraneous effects. 
Interfered with by earth 
currents

Very limited penetration 
therefore poor response in 
large diameter holes. 
Logarithmic response

16 ins (short) and 64 ins 
(long) normal resistivity 
log

ohm m Strata correlation and identification. 
Estimate of R t from deep investigation 
device (64 ins normal). Used for calculation 
of formation factor

Amplitude of deflection 
reduced by saline water. 
Wider spacings have 
deeper penetration

Microresistivity logs; 
focused resistivity logs

ohm m Unfocused devices— measure mud cake 
resistivity; focused devices— measure high 
formation resistivity through conductive 
mud— R 10 determination or good values 
of R , depending on designed depth of 
penetration

Used mainly in oil industry

Induction
logs

Deep, medium, and 
shallow induction log

Millimhos m ' 1 (but 
usually plotted in 
ohm metres)

In many situations measures R t of the 
selected depth of investigation

Used mainly by oil 
industry particularly in dry 
or non conductive fluid- 
filled holes

Not normally available in 
water borehole equipment

Nuclear
logs

Natural gamma ray log API units Responds mainly to clay content regardless 
of water quality, therefore used for strata 
logging in cased and uncased boreholes

Detection of any strata 
with radioactive mineral 
content— may locate useful 
marker bands

Moderately low cost 
equipment, extensively 
used with SP and electric 
logs in water boreholes

Gamma gamma log API units, bulk 
density g cm" 1

Strata bulk density and porosity 
determination when properly calibrated and 
compensated for borehole effects

Primarily used as porosity 
logs but also useful for 
lithological identification 
and correlation

Moderate cost systems 
available but usually 
uncalibrated

Neutron,logs (various 
types depending on 
detector)

API units, % 
porosity

Main use is for measurement of moisture 
content above the water table and total 
porosity below the water table. (Different 
sonde arrangement)

High cost equipment with 
radiation hazards

Sonic logs Single or dual system 
sonic logs

Interval transit time 
/is. wave amplitude 
mV

Rapid calculation of porosity using a 
calibration graph for rocks of porosities 
greater than 5%. Casing cement bond 
determination

Fracture location and 
lithological correlation

Usually very high cost—  
not often used in water 
boreholes

Fluid
column
logs

Fluid temperature and 
differential fluid 
temperature logs

Fluid resistivity and 
differential fluid 
resistivity

degrees Celsius 

ohm m

Locations of zones of water movement and 
locations of contributing horizons. 
Correction of R w\  logs

Very efficient at locating zones of water 
movements, levels of inflow, saline aquifers 
and interfaces; also used for ‘quick look’ 
water quality assessment

Primarily used for 
investigating the source 
and movement of water in 
the fluid column

Not normally used in mud- 
filled boreholes, but in 
water-filled holes fluid logs 
are of great importance in 
hydrogeological 
investigations. (Differential 
logs using two detectors at 
a fixed spacing give greater 
sensitivity)

Impeller flowmeter log 
Thermal flowmeter log

cm s ' 1 
mm s" 1

Point measurement or velocity profiling of 
fluid movement in pumped or artesian 
boreholes with velocities greater than 3 cm/
3 cm s ' 11. Point measurement of flows below 
3 cm s'

Television
logs

Axial log 
Radial log

Investigation of borehole construction and 
condition, casing and screen problems. 
Inspection of strata fissures, cavities, 
collapses, etc.

Important back-up for 
fluid logs and provide 
tangible evidence for 
engineering decisions

Equipment price varies 
considerably but usually 
good cost effectiveness

Caliper logs Three-arm caliper and 
microcaliper logs

mm Strata correlation in hard and soft beds, 
borehole rugosity location of fractures and 
fissures. Used for correction of most nuclear 
and resistivity logs for borehole geometry 
effects

Important additional log 
for correcting almost all 
other logs

Casing logs Casing collar locator Electromagnetic device for locating joints of 
casing sections

Increasingly used in water 
boreholes

( after Robinson et al, ip Lhyd, l?8t)



E. Neutron logs

These are principally used to delineate porous formations and for 
the determination of their porosity. They respond primarily to the 
amount of hydrogen present in the formation, and thereby measure the 
total porosity . The porosity measured by the neutron log will be the 
sum of effective porosity(intergranular and fissure porosity) and that 
due to unlinked pores.

The higher the number of counts per second, the lower the porosity. 
Conversely, the lower the number of counts, the greater the number of 
hydrogen atoms present and so the greater the porosity. Changes in 
borehole diameter due to washouts are the greatest source of 
extraneous effects in the Neutron logs.

F. Caliper logs

This records the average diameter of a borehole. Its major use is 
to evaluate the environment in which the other logs are made so as to 
be able to correct them for borehole effects. It also provides 
information on the borehole lithology for identification purposes. 
Caliper logs are also useful for stratigraphical correlation, for 
locating fractured and fissured zones and identifying casing and 
sections of perforated lining in a well.

As a general rule, the more types of logs that are available for a 
single well and the more wells that are logged within a given 
hydrogeologic environment, the greater the benefits that can be 
expected from logging. Unfortunately, there were no geophysical logs 
of the boreholes studied.



PART IV

This contains six chapters. Chapter 6 discusses the nature and 
conversion (processing) of available hydrological data into useable 
form. It also states the criteria for the choice of the site areas 
and some non hydrogeological causes of poor yields.

The next five chapters are devoted to the individual site 
areas (Beetley, Fakenham, Houghton St. Giles, Lyng and Sail). In each 
of - these chapters,-the local geology and hydrogeology as derived from 
its borehole data is presented. Then the surface electrical 
resistivity survey and the results are discussed with a concluding 
section that integrates all available useful data.

The boreholes are simply reffered to by their I.G.S. Well Catalogue 
nunber. For example, the Beetley pumping station borehole is /419.

)♦
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CHAPTER SIX

6.0 NATURE AND PROCESSING OF AVAILABLE DATA

This chapter describes and discusses; the nature of the available 
hydrological data including the number of boreholes, water
levels (rest and pumped), design of the well, recording of water level 
data and the geological description of the drill logs. The
corrections and/or reductions applied to the inconsistent rest water 
level data and the criteria for the choice of a classification 
parameter (specific capacity). Finally it touches on some of the 
non-hydrogeological causes of poor yield in boreholes.

6.1 NATURE OF THE AVAILABLE DATA

Five hundred and sixty one horeholes were documented from the I.G.S. 
hydrogeological data bank. Of these, only one hundred and thirty two 
boreholes were used in the detailed studies. Borehole records carry 
information on the elevation of the bore, bore diameter, casing type 
and depth, rest water level (R.W.L.), pumped water level (P.W.L.) and 
yield data with date. Ideally such records should also provide data 
on the levels at which water was met or encountered, chemical results 
of analysis of the water and a geological classification and 
description of different lithologies penetrated with their 
thicknesses. The water level and yield data, which are variable 
seasonally, should also be recorded in a fairly consistent and 
continuous manner. These would represent the attributes of a well 
documented borehole. The nature of the recorded data in the
I.G.S. data bank range from complete absence of the above desired 
information to a fairly acceptable documentation of data. The data 
spans from 1880-1979 (161/22 -147/595).

In the I.G.S. data bank the R.W.L., P.W.L. and yield data are very 
far from being consistent but rather inconsistent and very limited in 
number. They are so scanty for most of the boreholes, that it was 
very difficult to envisage how the water levels behaved through the 
months of the year or over the years. Most recordings of these 
parameters in a year were taken at a particular season and the next 
after a few years at the same or different seasons. The nature of the 
usable water level . data is discussed in greater detail in the 
subsequent sections.



Out of the one hundred and thirty two boreholes used in the detailed 
study, there is no information on the bore diameter for twenty eight 
boreholes. Also only fifty six boreholes have any kind of information 
on the casing; this represents only forty two percent of their total 
number of boreholes used. The borehole diameters range from 7cm to 
over 15cm. Figure 6.1 shows the distribution of the borehole 
diameters with respect to the entire study area.
Most of the boreholes in this area were drilled for farmers whose 

major concern is striking water in large enough quantity to satisfy 
their need. A lot of them have neither any knowledge of geology nor 
interest in the lithologies encountered and were not sufficiently 
concerned to obtain from the well drillers an accurate log of their 
well. So, the accuracy of most of the classifications and 
descriptions of lithologies encountered, are in doubt. The I.G.S. 
has shown a positive concern in the situation as most of the drillers' 
logs are currently being described or sometimes reclassified.

6.1.1 Choice of control wells and study areas

The data mentioned above is, in general, typical of the nature of 
the available data the author had to cope with. A closer study of the 
recorded information showed that the logs for the wells drilled at 
pumping stations contained data that had been recorded in a relatively 
more consistent manner. In general, their records contain more 
recorded data than those for the wells elsewhere. Their water levels 
have been taken many times even though without any definite 
predictable interval between readings and their encountered 
lithologies were described, or have been redescribed, by geologists. 
So they constitute a group of relatively fairly well documented 
boreholes.

It was not possible at this stage to get any recent water level 
recordings in the area. The scanty nature of water level data, the 
year of recording and most importantly the variable nature of water 
levels, makes the regional analyses of water levels a most difficult 
task and demands a correction or standardisation of all water levels 
to a particular year. The year 1981 was chosen because it was the 
year the field season for this research was being planned for. The 
next problem was how to estimate the annual variations. To do this, 
carefully selected records were chosen from trutsworthy boreholes 
termed 'control wells or boreholes'. These were chosen on the basis 
of the fact that they contained recorded information in reasonable
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amount and were the records from the pumping stations.
Five 25km2, areas were chosen each around a pumping station for 

detailed study and named after the pumping stations which they 
surrounded (Beetley, Fakenham, Houghton St Giles, Lyng and Sail).

*
Fig 6.1 Distribution of Borehole Diameters in the Study 

Area (117 Boreholes)

6.1.2 Water Level Readings

The rest water levels (R.W.L.) represent the potential head of the 
water in the boreholes. A mapping of the rest water levels, would 
make it possible for the direction which water would normally tend to



flow to be envisaged. This exercise eventually ends up with a form of 
flow net. At any particular location, the direction to which water 
would tend to flow would be very easily noted.
From a flow net, it is possible to have an idea of the hydraulic 
gradient changes by the slope of the R.W.L. contours. The spacing 
between the R.W.L. contours may also indicate changes in permeability 
of the ground. The matrix porosity of Chalk is very readily increased 
by fissuring which normally would increase permeability. Any 
indication of changes in either or both porosity and permeability is 
of interest. So it seems necessary to draw R.W.L. contours for a 
flow net. To do this, the readings have to be normalised and thus the 
need for the study of the water level characteristics.

Finally, in a homogenous, isotropic medium, the bulk electrical 
resistivity of the medium is, among other things, dependent upon the 
degree of saturation provided a critical saturation value beyond which 
no effect is felt is not exceeded.

In this section, the need to study the R.W.L, the general nature and 
problem of the water level readings, nature of the correction factor 
involved, a solution approach and the accuracy of the estimates is 
discussed.

Of the five pumping stations chosen, only that from Houghton St 
Giles contains consistent readings or recordings of rest water levels 
at two seasons. So this site has offered an oppurtunity of studying 
the annual variation in rest water levels at two different seasons. 
Table 6.1 shows the readings in the five areas with the year and 
season at which it was taken. Figure 6.2a-e, show a graphical 
representation of these rest water level readings.

Infiltration is the most conventional means of recharge. This 
factor depends primarily on the amount of precipitation and the rate 
of evaporation. In Norfolk, precipitation and evaporation are 
essentially season dependent. So infiltration is also essentially 
season dependent (Chapter 3). As the rest water levels are dependent 
on infiltration which is season dependent, water levels are bound to 
vary seasonally. The rate of variation is different for different 
seasons and water level readings were taken during varyiny 
seasons (Table 6.1). This means that at most boreholes, the reading 
is restricted to only one season (Table 6.1). This is the nature of 
the readings with which to estimate recent rest water levels.
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Table 6.1 Rest Water Level Data for the Control Boreholes.

A. BEETLEY AREA B. FAKENHAM AREA

146/265 146/58
YEAR R.W.L. (M) YEAR R.W.L. (M)
1947 36.56 1936 SU 37.34
1950 35.66 1954 A 38.40
1952 36.50 1959 A 38.56
1961 36.58 1964 A 36.88
1962 36.58
1964 35.59 D. LYNG AREA

146/282 YEAR R.W.L.(M)
YEAR R.W.L. (M) 1950 SP 13.41
1949 35.37 1956 SU 13.26
1953 35.20 1959 A 13.11
1959 34.98 1960 W 13.11
1960 34.90 1960 SP 13.76
1961 37.64 1962 A 13.26
1964 34.67 1964 A 13.11

C. HOUGHTON AREA E. SALL AREA

130/144 147/254
YEAR R.W.L. (M) YEAR R.W.L. (M)
1946 W 16.92 1950 A 30.56
1946 SU 16.31 1953 W 30.71
1953 A 15.70 1959 A 29.72
1957 SP 16.23 1961 SP 29.72
1957 A 15.47 1964 A 29.75
1964 SP 15.70
1964 A 15.16 KEY TO SYMBOLS
1965 A 15.09 A— Autumn

W— Winter 
SP— Spring 
SU— Summer 
M— Metres 
130/144— I.G.S. BH
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Most of the readings are inconsistent and the annual intervals of 
the readings makes the use of the water level data more difficult. 
The year of recording seem to be very randomly chosen, the randomness 
embracing both seasons and year of recording. This makes a comparison 
of readings taken in one season (say autumn when precipitation is 
expected to be highest with considerably low evaporation) with those 
of another season (say summer when precipitation is expected to be low 
with reasonably high evaporation) unreliable.

The recordings for the wells are very scanty. Some wells in say 
their thirty year life span may have only one or two readings which 
were taken at different seasons. For such wells, the two rest water 
level readings are not very helpful in determining the amount of local 
and/or regional variation in water levels. Some public wells (pumping 
stations) offered some consistent readings from which the variations 
could be computed. These create doubts as to the validity of the rest 
water levels measured within such a system.

A knowledge of the present R.W.L. is essential as the
R.W.L. indicates the level of the watertable and the capillary fringe 
zone that overlies it. There will be generally no drastic change in 
geoelectric properties across the watertable. There has to be a means 
of standardising or normalising the readings through the life span of 
the well as the R.W.L.s are variable. A few wells had a few readings 
taken in each of two particular seasons. With such readings, the 
different variation rates for the seasons could be found. 
Unfortunately, in the study areas considered, only one well (130/144) 
had these type of readings. From the individual variations, useful 
deductions were made about the variation of levels at different 
seasons (Fig 6.2c).

For most wells, the reading indicated instability in the rest water 
levels. Only one well (161/521a), showed no variation even at 
different seasons and in different years. A general statistic is 
needed to normalise these readings and predict recent water levels.

To be able to find this statistic, wells with considerable records 
were located about the center of the area. This was on the assumption 
that as the area is small, all the wells within the area are within 
the same aquifer and suffer the same amount of variations, all other 
factors remaining same. These wells coincidentally are the termed 
control wells.
The water levels of the control wells were plotted against their 

years of measurement and a mean annual variation calculated. They 
showed a straight line relationship of a time dependent decrease in
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water level. This relationship was true for any particular season 
taken separately and so is true on a mean yearly basis.
Generally, the variations ranged from 0-30cm/yr, lying mostly 

between 2.0-8.0cm/yr. Table 6.2 shows the annual variations derived 
from the graphs for the pumping stations.

Table 6.2 Annual variations and real errors involved in the 
estimates of the water levels using the correction 
factor

AREA BH NUMBER ERROR % VARIATION(cm/yr)

BEETLEY 146/282 7.10 4.775
HOUGHTON 130/245 0.60 6.491
FAKENHAM 146/58 8.00 6.595

146/122 8.60
LYNG 147/216 2.10 2.000

The mean annual variation (Fig 6.2) was then simply multiplied by the 
difference in years between the date of last reading and the standard 

^ year (the standard year being 1981). This product the correction
factor, was then subtracted from the last reading to have a predicted 
value for the present (1981). With this, it was possible to predict 
water levels for the lacking years in the records (Table 6.3)
At the time of these considerations, rest water levels for some of

• the observation stations were inaccessible. Later when they became
accessible, it was used to check the amount of errors incurred on the 
rest water levels by this approach. It was found that the errors 
ranged from 0.6% for Houghton St Giles, to 8.6% for Fakenham 
area (Table 6.2). Table 6.3a-e, represent the standardised rest water

♦  level data.

Maps of water level contours were drawn from these normalised water 
level values and flow lines drawn at 90* to them in accordance with 
the principles of Flow Net construction to reveal likely directions of 
groundwater flow in the vicinity of the control wells and the areas to 
be investigated by surface electrical resistivity surveys.



Table 6.3 Standardised R.W.L.s for the Study areas

A. BEETLEY AREA

(146 SHEET)

- 105 -

WELL WELL CORRECTION CORRECTED CHALK S.
NUMBER ELEVATION R.W.L. YEAR FACTOR R.W.L. ELEVATION
I.G.S. (mAOD) (mAOD) (M) (mAOD) (mAOD)
1 46.32 42.21 1960 1.00 41.21 18.89
16 42.51 39.09 1921 2.87 36.22 18.86
17 36.57 34.96 1960 1.00 33.96
18 32.26 31.09 1960 1.00 30.09
39 44.19 35.05 1934 2.24 32.81
91 40.53 30.78 1938 2.05 28.73 17.38
96A 57.60 51.20 1939 2.01 49.19
101 41.75 32.61 1947 1.62 30.99 18.90
105 47.24 40.39 1939 2.01 38.38 26.37
118 56.69 49,07 1939 2.01 47.06 27.74
158 64.00 39.62 1947 1.62 38.00 22.86
198* 34.74 34.74 1960 1.00 33.74 10.37
204 35.66 32.46 1960 1.00 31.46
205 35.97
206A 45.72 27.13 1960 1.00 26.13
207 46.63 39.09 1960 1.00 38.09 34.44
265 40.78 35.59 1964 0.81 34.78 21.58
282 41.30 34.67 1964 0.81 33.86 2.21
302*+ 28.04 31.08 1960 1.00 30.08 -6.09
303* 38.10 38.10 1952 1.38 36.72
318 40.53 35.66 1952 1.38 34.28 16.46
336* 35.96 38.09 1953 1.34 36.75 3.66
356 42.67 38.40 1950 1.48 36.92 26.87
357 42.36 39.62 1950 1.48 38.14 10.37
374 44.50 34.14 1958 1.10 33.04 18.31
406 57.30 40.23 1960 1.00 39.23 29.28
419+ 28.58 27.66 1979 0.10 27.56 -6.76
421 48.76 42.36 1963 0.86 41.50 27.44
423 37.18 33.87 1961 0.96 32.91 10.98
425+ 39.31 36.42 1966 0.72 35.70 -4.87
428 50.29 41.76 1960 1.00 40.76

(SHEET 147)
224 49.07 45.95 1960 1.00 44.95
262 47.85 44.81 1950 1.48 43.33 29.56
525 47.24 38.10 1961 0.96 37.14 24.39

* Artesian + Burried channel



B. FAKENHAM AREA 

(146 SHEET)

WELL WELL CORRECTION CORRECTED CHALK S.
NUMBER ELEVATION R.W.L. YEAR FACTOR R.W.L. ELEVATION
I.G.S. (mAOD) (mAOD) (M) (mAOD) (mAOD)

6 51.82 33.22 1966 0.99 32.23
12 43.89
46 50.29 39.90 1934 3.10 36.80 32.61
58 54.56 36.88 1964 1.12 35.76 35.83
65 51.82 35.97 1935 3.03 32.92 30.48
66 54.86 39.32 1937 2.90 36.42 33.53
67 49.77 34.14 1931 3.30 30.84 33.89?
68 49.77 34.14 1931 3.30 30.84 33.89?
74 48.46 34.14 1930 3.36 30.78
122* 39.32 36.04 1960 1.38 34.66
190 44.20 35.97 1960 1.38 34.59 35.97
255 42.06 36.88 1950 2.04 34.84 24.99
270 27.43 25.91 1949 2.11 23.80 18.29
271 53.04 40.84 1949 2.11 38.73 31.09
272 49.94 38.10 1949 2.11 35.99
337A 51.82 35.66 1964 1.12 34.54 31.20
337B 51.82 36.12 1963 1.19 34.93
378 53.64 33.53 1948 2.18 31.35 34.74

(130 SHEET)
250 28.96 25.91 1966 0.99 24.92 28.96

* Artesian 
+ Burried channel



C. HOUGHTON ST. GILES AREA

WELL WELL
(130 SHEET)

CORRECTION CORRECTED CHALK S.
NUMBER ELEVATION R.W.L. YEAR FACTOR R.W.L. ELEVATION
I.G.S. (mAOD) (mAOD) (M) (mAOD) (mAOD)
14 22.86 14.63 1960 1.36 13.27 22.86
15 29.41 15.09 1947 2.21 12.88
35 33.53 13.72 1936 2.92 10.80 14.63
36 19.20 10.67 1960 1.36 9.31 13.11
37 25.91 14.17 1960 1.36 12.81 19.51
81 24.08 14.94 1939 2.73 12.21 23.47?
82 18.29 17.07 1939 2.73 14.34 10.67
83 23.77 14.02 1939 2.73 11.29 23.77
84 19.51 16.76 1939 2.73 14.03 11.89
144A 28.50 15.09 1965 1.04 14.05
144B 21.41 16.31 1966 0.97 15.34 18.06
190 18.90 13.26 1944 2.40 10.86 18.90
205 30.18 13.72 1947 2.21 11.51 29.57
210 40.23 29.87 1947 2.21 27.66 25.60
211 50.29 39.01 1961 1.30 37.71 30.79
225* 48.77 50.14 1952 1.88 48.26 25.91
241 18.29 16.76 1960 1.36 15.4
245 25.91 16.00 1967 0.91 15.01 25.91
248 47.24 40.31 1966 0.97 39.34
249 52.73 51.13 1966 0.97 50.16
250 28.96 25.91 1966 0.97 24.94 28.96
251 30.48 23.01 1966 0.97 22.04
252 25.91 23.16 1966 0.97 22.19 25.91
253 24.38 23.39 1966 0.97 22.42 24.38
254 30.48 15.09 1966 0.97 14.12 30.48
256 54.86 14.86 1966 0.97 13.89
257 16.15 15.70 1966 0.97 14.73
258 24.38 14.48 1966 0.97 13.51 24.38
259 28.96 15.16 1966 0.97 14.19 28.96
260 25.91 14.63 1966 0.97 13.66 25.91
261 38.10 18.36 1966 

(146 SHEET)

0.97 17.39

270 27.43 25.91 1949 2.08 23.83 18.29
378 53.64 33.53 1948 2.14 31.39 34.74 

* Artesian



D LYNG AREA

WELL WELL
NUMBER ELEVATION R.W.L.
I.G.S. (mAOD) (mAOD)
9 17.68
13 52.73 34.44
152 52.12 37.19
217 31.09 21.34
218 42.67 25.91
279+ 15.54 12.80
323 48.16 36.58
338 41.15 15.54
357 43.89 13.72
379 16.76 6.10
396 41.76 15.01
410 44.20 14.02
475 53.34 35.89
479A 24.38 15.54
479B 24.38 20.73
480 54.56 37.80
488 43.89 21.18
529 39.92 30.86
541 42.67 16.76
568+ 15.24 13.72
216* 17.53 16.92

SHEET)
CORRECTION CORRECTED CHALK S.
FACTOR R.W.L. ELEVATION
(M) (mAOD) (mAOD)

0.40 34.04 17.68
0.70 36.49 17.37
0.59 20.75 14.94
.58 25.33 25.30
0.31 12.16 -2.75
0.38 36.20 14.33
0.50 15.04 15.24
0.52 13.20 18.29
0.31 5.79 9.44
0.38 14.63 18.90
0.43 13.59 10.67
0.38 35.51
0.38 15.16
0.38 20.35 21.33
0.38 37.42
0.38 20.80
0.32 30.54?
0.32 16.44 15.24
0.32? 13.40 -9.15
0.54 16.38 13.87

* Artesian 
+ Buried channel

(147

YEAR

1959
1942
1948
1949
1964
1960
1953
1952
1964
1960
1957
1960
1960
1960
1960
1960
?
1963
7

1951



E SALL AREA

WELL WELL
NUMBER ELEVATION R.W.L.
I.G.S. (mAOD) (mAOD)
45 42.67 36.58
66 44.20 40.16
69* 29.26 31.32
71 31.39 26.82
72 42.67 37.80
83 41.15 32.77
102 39.62 37.19
105 42.67 34.44
109 44.20 31.70
159B 42.67 41.45
173A 44.20 37.49
193 42.67 39.01
223 42.37 39.78
254* 30.25 29.95
261 39.93 34.14
293 36.58 27.43
305 42.67 37.49
312 33.53 32.00
333 38.10 28.96
362 38.10 36.58
407 42.37 35.05
422 28.96 25.76
466 41.15 37.19
467 40.54 35.54

SHEET)
CORRECTION CORRECTED CHALK S.
FACTOR R.W.L. ELEVATION
(M) (mAOD) (mAOD)
1.31 35.27
1.31 39.15 25.91
1.31 30.01 10.98
2.75 24.07 11.31
2.50 35.30 16.92
1.31 31.46
2.56 34.63 22.85
2.63 31.81 21.35
3.69 28.01 12.20
2.38 39.07 23.77
2.19 35.30 19.20
3.00 36.01 21.03
1.31 38.47
1.06 28.89 18.06
1.88 32.26 18.29
1.81 25.62 12.19
1.88 35.61 17.37
1.75 30.25 19.51
1.75 27.21 11.89
1.31 35.27 19.81
1.50 33.55 17.37
1.44 24.32
1.31 35.88
1.31 34.23

* Artesian
+ Buried channel

(147

YEAR

1960
1960
1960
1937
1941
1960
1940
1939
1938
1943
1946
1933
1960
1964
1950
1952
1950
1953
1953
1960
1957
1958
1960
1960
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6.2 SPECIFIC CAPACITY OF BOREHOLES AS A CLASSIFICATION PARAMETER

Specific capacity in this study is regarded as the ratio of the 
yield to total drawdown. It is worthwhile to mention that the effects 
of the size of the borehole diameter, capacity of the pump and level 
or depth of suction are not included in its consideration.

6.2.1 Specific capacity as a statistic to determine good and 
bad wells

A. Nature of the problem

The capacity of the pumps for the individual wells are not the same 
and the borehole diameters vary from place to place without any trend. 
Most of the boreholes are of 10cm diameter and have not been 
developed. This diameter is determined by the desired amount of water 
from the well which is dependent on need.
These variables make it difficult to identify a statistic to measure 
good and bad wells. The greater the number of unresolved variables, 
the less reliable any attempt would be.

B. Approach to a solution

The yield of a well varies as the logarithm of the well diameter but 
since most of the wells in these areas are small diameter 
boreholes (10-15cm), the effect of the well diameter was neglected. 
This assumption would not lead to serious errors except for very few 
large diameter boreholes.
EUring abstraction of water, the amount of water abstracted, is 

among other factors dependent on the capacity of the pump. 
Abstraction initially results in decrease in storage and this decrease 
depends on the rate of withdrawal. Thus, the lower the withdrawal 
rate, the lower the decrease in level of water storage. The ratio of 
the amount of water extracted at unit time to the decrease in water 
level of storage would compensate considerably the difference in the 
pumping capacity. This variable the 'yield per unit time per unit 
drawdown' is called specific capacity and has been used to categorise 
wells into good and bad ones.

There is no clear cut boundary between good and poor ones rather it 
is gradational. Its location has been purely controlled by how much a 
particular well satisfies the desired need. This experience is what
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has been attempted to quantify with this variable, 'the specific 
capacity'.

6.2.2 Mature of the yield and specific capacity data

Recorded yield values for boreholes range from 0.0681m3d_1 to 
7090mid'i(130/15-130/144B) for a range in diameter of 10-83cm and a 
drawdown range of 0-39m (146/337). Figure 6.1 shows the distribution 
of borehole diameters in the study area, it follows from Figure 6.1, 
that about seventy percent of the boreholes used are within 7-15cm in 
diameter (So low yields and low specific capacities should be 
expected. But a few of the small diameter boreholes have very high 
specific capacities even as high as 363m d (130/210,147/305).

The specific capacities for those boreholes with yield and drawdown 
data range from 0.26mad"i(147/152) to 552m* cH (130/144B) for 10cm and 
83cm respectively. Figure 6.3 shows the distribution of specific 
capacity of small diameter boreholes. All the large diameter
boreholes (greater than 15cm) in the area, fall within the group with 
specific capacities greater than 50mad'A. Though this group has the 
greatest number of boreholes, over fifty-eight percent of the small 
diameter boreholes have specific capacities less than 50m1d“1 while 
thirty-eight percent have less than 30mxd~1-(Fig 6.3).
No great accuracy should be attatched to the specific capacities, as 

they are based on total drawdown and the detailed components not known 
or taken care of. But these values should give a general picture of
the hydrogeological conditions of the study area and thus indicate
relative productivity rather than actual productivity which will vary 
from well to well depending on the construction details.

6.2.3 Choice of Specific Capacity Level for Classification

There is no clear cut boundary between good and poor wells. The 
question of good and bad have been very subjective depending on 
whether a well satisfies a desired need or not. No matter what the 
yield or specific capacity is, as long as it does not satisfy an 
expected yield it is regarded as bad. It could have a very high
specific capacity and the owner may be expecting an output far beyond 
the design of the borehole. Such was the case with the Lyng old
bore(147/279A).

The choice of a dividing value separating 'good' from 'bad' wells 
has been controlled by two factors, local expectation and the
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population of boreholes with specific capacities below and above a

Fig 6.3 Distribution of specific capacities of small diameter 
boreholes in the study area (56 boreholes)

certain value. A specific capacity value of 45mid"iwas chosen as a 
level below which the borehole is regarded as poor and above which it 
is good. Qjalifications like fair and very are used for further 
modifications.

SPECIFIC CAPACITY CLASSIFICATION
(mad“4)
< 40.00 POOR

40.00 - 45.00 FAIR
> 45.00 GOOD

Table 6.4 Specific capacity ranges for classifying boreholes

Appendix B, gives a complete classification of all the boreholes for
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which it was possible to compute their specific capacities.

6.3 SCME NGN HYDROGEOLOGICAL CAUSES OF POOR YIELD IN BOREHOLES

Poor yield or lack of attainment of expected yield may be as a 
result of any or a combination of these; Mr P.K. Cruise,personal 
communication)

a. depth of the borehole,
b. screen placement,
c. drilling fluid,
d. clay invasion of fissures,
e. over populating an aquifer with boreholes and
f. acidification of boreholes.

A. Depth of penetration of the aquifer

The basic assumption or expectation is that the depth of the 
borehole should penetrate the entire aquifer completely. If the whole 
thickness of the aquifer is not penetrated, the yield from the aquifer 
is fractional and so below expectation.

B. Screen placement

This is very important and in a way proves the accuracy of the 
driller's lithologic information. The screen should be set in such a 
way as not to block the producing horizons both in the Chalk and the 
overlying deposits. If the productive horizon is screened off, then 
the lithogic information given by the driller is either doubtful or 
wrong. This seems to be the cause of poor yield in some of the
boreholes. In the study area, the Chalk seems to be the only
lithology that interests most drillers, the owners, and the designers. 
Most of the Sand and gravel horizons lying directly on the Chalk
within which water was struck by the drillers were screened
off (146/58)

C. Drilling fluid

If mud is used as the drilling fluid, the mud could suppress flow 
into the well by caking the fissures. Also if the drill fluid is such 
that contain particles, the particles could restrict flow. This would 
result in yield that is below the anticipted yield of the borehole.



D. Clay invasion of fissures

Clay particles from clay beds could go into circulation during 
pumping and invade fissures. These particles would tend to block the 
fissures and restrict flow into the well resulting in low yield. Over 
pumping is often a common inducement of clay invasion (for example 
147/279A at Lyng).

E. Over populating the aquifer

Over populating an aquifer with wells might create a situation in 
which the cones of depression of the individual wells encroach or 
merge with each other.

Foster and Milton (1976), seemed to confirm this when they said that 
some of the causes of yield failures in boreholes have been due to 
constructional reasons, though there remain a few instances (like at 
Hatton Cranswick, 5km south of Gt Driffield) which apparently reflect 
important local variations in the aquifer.

F. Acidification of boreholes

Boreholes are acidified as a matter of routine with a view to 
increasing or widening the fissures. But there is no gaurantee of 
success of such a venture as the exercise has 50% of success or 
failure. Where success is met, the yields could increase by as much 
as ten folds but for areas where the chance failed, yields could 
decrease by as much as twenty fold.



CHAPTER SEVEN

BEETLEY AREA

This chapter discusses generally the location, size, topography and 
drainage of the Beetley area. It also includes a discussion of the 
local geology as derived from surface and borehole data, the 
hydrogeology of the area and the detailed surface electrical 
resistivity survey of the area. Finally, it integrates all available 
useful data in the Beetley area.

7.1 General

Beetley site area lies N.W. of Norwich in the south western edge of 
the entire study area (Fig 1.1). It covers an area of about 18km2' 
within Sheet 132 of the 1:50000 first series and between British 
National Grid references TF 955150 and TF 955190 to the west and 
TF 000150 and TF 000190 to the east(Fig 7.1).

The highest level of land in this area is to the S.E. corner where 
it reaches over 60mAOD. The lowest ground is less than 30mAOD with a
S.W.-N.E. trending axis which tends more northerly to the north. The 
land slopes towards this axis on either side. This axis coincides 
with the Blackwater river valley which constitutes the major tributary 
of the Wensum river in this area. The drainage of the Beetley area 
forms part of the major S.E. system of the Wensum and Bure rivers. 
The numerous minor distributaries drain towards the S.W.-N.E. axis of 
the Blackwater valley with a resultant N.E. direction. The Chalk 
along the major valley was met at -7mA00D and -6mA0D at 146/419 and 
146/302 respectively. At the higher grounds, the Chalk was met at 
23mAOD and 27mAOD at boreholes 146/158 and 146/356 respectively. This 
shows that the Chalk is deepest in the valleys and shallowest in the 
highland areas, suggesting that the present surface topography is to a 
great extent a consequence of an earlier Chalk surface topography. 
Generally, the area is undulatory with very minor relief differences 
probably resulting from dissection and erosion by the numerous 
distributaries present. But locally, the landscape is more-or-less 
level with barely no marked relief differences. This could be why 
most of Beetley area constitutes farmland.

The climate of Norfolk allows precipitation all the year round. The 
average annual recorded rainfall at Gressenhall (TF 978163) station 
which represents Beetley area, from 1978-1982 is approximately 746mm.
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FIG 7-1 TOPOGRAPHY AND VES LOCATION MAP OF BEETLEY AREA

• Borehole location and l-G-S. number
VES location and number
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m

m

%

#

YEAR ANNUAL
1979 1980 1981 1982 AVERAGE

TOTAL RAINFALL 741.30 691.10 739.60 813.00 746.25
POT. EVAPORATION 683.50 718.00 623.50 570.50 648.88
ACT. EVAPORATION 588.50 555.50 552.50 514.00 552.63
RESIDUAL RAINFALL 152.80 135.60 187.10 299.00 193.63

Table 7.1a Annual Rainfall and Evaporation data (in mm) at 
Gressenhall (TF 978163) in Beetley for 1979-1982

Average annual evaporation over the same period is 649irm for potential 
evaporation and 553mm for actual evaporation. The average annual 
residual rainfall of Beetley area as recorded at Gressenhall station 
is 194mm (Table 7.1a).
In this area, though more precipitation occurs during the Winter 
season, the recorded rainfall for 1979-1982 shows an average annual 
seasonal difference of about 40ntn for winter over summer (Table 7.1b).

WATER YEAR SEASONAL MEAN
1978/79 1979/80 1980/81 1981/82 1982/83 AVERAGE DIFFERENCE

WINTER 354.20 398.30 423.10 262.35 424.35 372.46
19.15

SUMMER 307.25 293.70 375.90 436.40 353.31

Table 7.1b Seasonal Rainfall data (in ran) at
Gressenhall for 1978-1982.

The rainfall and evaporation data of the area during the entire field 
work period (May-July 1982) is shown in Table 7.1c. This shows a 
negative residual for May and July ie. a deficit.

TOTAL POTENTIAL ACTUAL RESIDUAL
MONTH RAINFALL EVAPORATION EVAPORATION RAINFALL
MAY 48.40 98.50 90.00 -41.60
JUNE 168.90 79.50 78.50 90.40
JULY 24.20 84.00 73.50 -49.30

i 7.1c Monthly Rainfall and Evaporation
data (in ran) at Gressenhall during the field 
survey months (1982) •



During this period, the factors that promote evaporation and 
transpiration are optimum with the actual evaporation having a high 
range from the potential evaporation. But the Beetley area was
surveyed in early June,1982 during which the year's first maximum 
residual rainfall was attained.

7.2 GEOLOGY

The geology of the Beetley area has been derived partly from surface 
geological map of Northern East Anglia (I.G.S.,1976) and largely from 
borehole information in this area. The deposits are broadly divided 
into solid and superficial deposits on the basis of their relationship 
to the Pleistocene glaciation. The Solid are pre-glacial and are not 
younger than Cretaceous in age, whereas the Superficial comprises the 
glacial and post glacial deposits of Pleistocene and Recent times. 
Table 7.2 shows the geological succession of the Beetley area as 
encountered by boreholes.

7.2.1 Solid deposits

This refers to all pre-glacial deposits. Within the Beetley area, 
this is represented by the Chalk. None of the thirty-six boreholes 
used in this area encountered Crag and no exposed Crag outcrop was 
found. From the I.G.S.(1976) map, this area falls beyond the western 
limit of the Crag.

9

Upper Chalk

The thickness of the Chalk as penetrated by boreholes in Beetley area 
range from 0-47m (146/419), thus, the Chalk of this area would simply 
refer to the Upper Chalk. Outcrops are occasionally found exposed 
along the river valleys where the rivers have eroded the overlying 
deposits to expose the underlying Chalk. Unfortunately, no exposed 
outcrop of the Chalk was encountered.

It is a soft, pure white and bedded limestone consisting of over 95% 
of calcium carbonate and composed of microscopic organic remains 
deposited during the Cretaceous in a warm moderately deep water. It 
is also fine grained, very porous and homogenous. The fissures are 
mostly along the bedding planes and numerous high angle inclined 
fissures are occasionally present.
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Upper Chalk

DOMINANT LITHOLOGY 
DESCRIPTION

Silt or clay with small 
amount of peat with 
occasional thin sands and 
gravels, medium flint, 
gravel and sand, 
slightly clayey.

Ferruginous sand and 
gravel, loam or clayey 
sorted matrix

Blue to grey clay with 
Chalk pebbles and flints

Yellow to white sand and 
gravel with some Chalk

White soft, fine grained 
fissured limestone with 
black nodular flints.

MAXIMUM 
THICKNESS(M)*

0- 10?

0-9.14

0-24.38

0-19.20

0-47

* As encountered by boreholes 
Table 7.2 Geological Succession of the Beetley area.

Lines of flint nodules occur throughout the Chalk, with particularly 
large flints occuring towards the top of the succession.
The Chalk is nearly horizontal. The surface of the Chalk dips less 

than 2° from the Chalk surface contour map of Beetley (see Fig 7.3). 
Figure 7.2 shows the nature of the relationship between the Chalk and 
its overlying deposits in section across the Beetley area. Erosion by
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the Pleistocene ice sheet removed part of the Chalk sequence and in 
places, sub-glacial streams scoured narrow steep-sided channels in the 
soft surface of the Chalk. These were later filled by drift deposits 
and are known as buried channels. Along these channels the Chalk hasibeen encountered at elevations below Ordnance Datum -7mA0D and -6mA0D 
(146/419, 146/302). The axis of the buried channel or valley in
Beetley area, coincides with the Blackwater river valley. Thus, it 
could be said that in Beetley area, that the present drainage system 
is related to the buried valleys as they occur beneath the major river 
valley.

7.2.2 Superficial deposits

These are further divided into two groups in terms of both age and 
relationship to the Pleistocene glaciation, viz? glacial and valley 
deposits. The exact relationship between the glacial and the valley 
deposits is both variable and complex as they very easily grade into 
each other (Fig 7.2).

A. Glacial deposits

These comprise of Sand and gravel, Chalky boulder clay and High 
level or Plateau gravels and are a consequence of the Pleistocene 
glaciation so are Pleistocene in age. It is believed' that the Sand 
and gravel represent interglacial deposits while the Chalky boulder 
clay is a glacial deposit. During an interglacial period, the 
melt-waters transport the finer lighter clay particles while the 
heavier sand and gravelly particles are deposited. The glacial 
deposits have a very complex relationship with each other and have 
very variable thickness and lithology. Where the variation between 
these deposits is in very rapid succession, the resulting sequence is 
simply referred to as Pleistocene drift. It commonly occurs as 
infilling of buried channels where they attain great thicknesses. 
Thickness of up to 39m have been recorded in Beetley area (146/419).

Glacial Sand and gravel

Stratigraphically, this overlies the Chalk in Beetley area but very 
often the Chalk has been encountered overlain by boulder clay, as in 
boreholes 146/302, 146/158, 146/419, 146/282. From the borehole data, 
it is known that the Sand and gravel formation varies unpredictably
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from 0-19m in thickness (146/265).
It is made up of yellowish brown fine to coarse gravelly sands 

occasionally with dark brown horizons. The formation is generally 
bedded but could in places look massive. A gravel bed occasionally 
occurs at the top of this deposit (Plate 7.1). The sand and gravel in 
places contain white Chalk flint nodules scattered in a well cemented 
reddish brown matrix (Plate 7.2). The flints occasionally reach as 
much as 30cm in diameter (Plate 7.2). The sand and gravel are 
characteristically complexly variable in thickness and lithology both 
horizontally and vertically.

Glacial Chalky boulder clay

This is the most abundant of the glacial deposits. It consists of 
mainly bluish to grey stiff clay with occasional Chalk pebbles and 
flints. Occasional sand lenses or layers are present. Its thickness 
in Beetley varies from zero to a maximum of 24m as encountered by 
borehole 146/282. Lithologically, it varies unpredictably vertically 
and horizontally and could grade into sand and gravel in either 
direction (Fig 7.2).

Glacial High level (Plateau) gravels

These are of limited extent being restricted to the river valley 
shoulders or eroded ditches on high slopes, very often underlain by 
boulder clay. They consist of basically unsorted sand and gravel with 
occasional flints, loam or clay. Their lithology varies both
vertically and horizontally. Its thickness varies from 0-9m as 
recorded by borehole 146/101.

Recent (Valley) Deposits

These refer to post-glacial deposits which are confined to the river 
channels where they constitute the river floors and are also on either 
side of the rivers. Tfrey comprise of river or terrace gravels and 
alluvium. The terrace gravels as their name suggest are formed as 
terrace deposits along river courses and consist of coarse angular to 
sub-angular gravels with rounded flints. Alluvium is found along 
river channel floors bordering the rivers. It consists of silt or 
clay, with small amount of peat and occasional thin lenses of sands.
A total undifferentiated sequence of High level gravels, River/Terrace
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Plate 7.1 Typical sand and gravel sequence with a

Plate 7.2 Scattered flint boulders well cemented in

top bed of gravel in Beetley area

reddish brown sand in the Beetley area
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gravels and Alluvium of 27m was encountered by a borehole 146/158. 
Generally, the Recent deposits are never greater than 10m in 
thickness.

• 7.3 HYDROGEOLOGY ^

7.3.1 General

Beetley area lies to the south of the central sub-catchment of the
t Wensum Catchment (Licensing Authority N£ 11). From the I.G.S.

map (1976), over sixty percent of the area is covered by sand and 
gravel deposits (sand and gravel in this regard refers to both the 
glacial and post glacial deposits). From the scale of the map, it is 
difficult to distinguish these. The N.W.-S.E section of Figure 7.2

• seem to support the relatively high abundance of sand and gravel
deposits.

The hydrogeology of the Beetley area have been derived mostly from 
information from thirty-six boreholes encountered in the area. The 
sequence of strata as encountered by the boreholes is given in

• Table 7.2. Chalk constitutes the major aquifer of this area and
twenty-nine of the thirty-six recorded boreholes drilled, in this area
terminated in the Chalk. The others terminate either in sand and 
gravel (146/406) or in Pleistocene drift (146/204). There is no 
record of any Dorehole terminating in the boulder clay layer; rather

• they penetrate it terminating either in the sand and gravel (146/224)
or in the Chalk where it underlies the clay directly (146/282).

The chemical analysis of the water at the Beetley pumping 
station (146/419) represents the only recorded chemically tested 
borehole in the Beetley area. This shows a mean electrical

• conductivity of 451^S/cm at 25°C which is equivalent to a water
resistivity of about 22ohm-m. This high resistivity is compatible 
with a mean total hardness of 247ppm. Also, its mean pH value of 7.3 
confirms its neutral nature (Table 7.3) and is indicative of its 
quality.•

7.3.2 Hydrogeological significance of the lithologies encountered

This section is considered under two sub-headings, viz; the 
hydrogeological significance of the deposits overlying the principal 
aquifer (Chalk), and the Chalk.



-  121 -

RESULT OF PHYSICAL/CHEMICAL EXAMINATION OF WATER

*

PERIOD:-APRIL 1980 - MARCH 1981

Colour (Hazen)Turbidity (Formazin)Taste/OdaurpH□HsElectrical Conductivity (uS/cm^S’G) Total Dissolved Solids Suspended Solids (at 180’C) Temperature (7C)Dissolved Oxygen (7. Satn.)P.V.Ammonia F. Sc S. (as N)Ammonia Alb. (as N)Kjeldahl N (as N)Nitrite (as N)Nitrate (as N)Alkalinity (as CaCo3)Total hardnessFree Carbon DioxideHydrogen sulphideCalciumMagnesiumSodiumPotassiumAnionic Detergents (as Manoxal 0T) Phosphate soluble (as P)FluorideChlorideBromideIodideSulphateSilicaIran (Total)Iron (in sain.)Manganese (Total)Manganese (in soln.)AluminiumZincCopperChromiumCadmiumMercuryLeadArsenicSeleniumCyanidePhenols (as C6H50H)Qrqano chlorine compounds T.O.C.OthersCobaltNickel
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in 0 . 6

L 1 0 : ; o? . 01 . 0 i . 0 1 .01
. 0 14 . i , 0 1 . i . 1

Table 7.3 Physical/Chemical properties of the water at the Beetley pumping 
station (146/419)



A. Hydrogeological significance of deposits overlying the Chalk

The deposits overlying Chalk in the Beetley area are as considered 
in Section 7.2, viz. plateau and valley gravels and alluvium, Chalky 
boulder clay and, sand and gravel.

Plateau&Valley gravels and Alluviun

These deposits are of considerable areal extent but their limited 
thickness consequently restricts their value as an aquifer. In most 
places, they form a surface cap being underlain by boulder clay. The 
occasional clay intercalations they contain as a result of their 
lithologic variation have made it possible for small household and 
domestic supplies to be obtained from them from time to time. These 
supplies soon dry up during the summer months. But there is no 
recorded borehole in Beetley that terminates in these deposits 
probably because they are unreliable and contaminate easily. Their 
importance is on the fact that they constitute a primary source of 
recharge because of their porous nature.

Glacial deposits

Pleistocene drift is a rapid complex sequence of boulder clayr sand 
and gravel of very variable thickness. It has been used quite 
frequently as a source of groundwater supply according to the borehole 
information for Beetley. Bores terminating in them have mostly been 
used for local supplies on handpumps and bucket and winch devices. 
Yields ranging from less than lmVd to 2ma/d without any record of 
drawdown have been recorded (146/204, 146/17A&B).

Chalky Boulder clay

This deposit, though stratigraphically underlain by the sand and 
gravel, has been encountered in many boreholes overlying the Chalk 
directly. It is possible that erosion had removed the sand and gravel 
layer before the boulder clay was deposited. There is no recorded 
borehole in Beetley that terminated in the boulder clay. But small 
domestic and household yields have been known from the boulder clay in 
other areas, probably from thin gravelly beds within it.

It mainly consists of bluish to grey stiff clay, which is variable 
in thickness and very easily grade into sand. From most of the



boreholes in which it overlies the Chalk directly, the recorded yields 
are moderate to very good ranging from SSm^d'4- to 5126m3 d"1 for a total 
drawdown of 3-7m (146/158-146/419) respectively.

The boulder clay is hydrogeologically significant in limiting the 
amount of infiltration it allows to percolate through it to deep 
storage in the underlying aquifer. The amount of infiltration 
inhibited from percolation depends on the lithologic composition and 
the thickness of the boulder clay layer. A thin sandy facies would 
allow more percolation than a thick clayey facies.
Above the Chalk bedrock there is often encountered a sticky 
more-or-less plastic product of Chalk weathering called 'putty Chalk'. 
This product hydrogeologically has the same characteristics as a 
plastic clay deposit and would increase the thickness of the 
impermeable layer thereby inhibiting percolation further.
In places, especially along major groundwater divides, rest water 

levels in Chalk bores are found within the boulder clay. As these 
levels are above the level of the Chalk, it results either in 
semi-confined situations and the discharge of water upwards through 
the boulder clay. Ineson and Downing (1965), estimated an annual 
average infiltration rate of 127nm for 1957-1961 and Downing in 
Boulton et al (1963), estimated 102irm for the same period for the Tas 
Catchment. One would expect the infiltration rate to vary with facies 
being more for sandy facies than for clayey facies.

Glacial Sand and gravel

These are mainly sands, occasionally gravelly with white flints and 
in places contain clay intercalations. They are very porous but as a 
result of their variable lithology, their permeability is variable. 
Some supplies have been obtained from them for local and domestic 
purposes. Yields from sand and gravel bores range from lm^d"1 to 
55m3d"A with recorded total drawdown of about 2m (146/224, 146/406). 
Probably, the problems of instability of the formation during well 
development and the ease of contamination have always discouraged its 
consideration as an aquifer. Consequently, where it is encountered in 
Chalk bores, it is usually cased off.

Pure glacial sand and gravel where they overlie the Chalk directly 
are in hydraulic continuity offering vertical recharge to the Chalk 
during periods of abstraction. They are highly permeable and where 
they are exposed, are considered as being capable of allowing 90% of 
effective rainfall to percolate to deep storage through them.
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B. Hydrogeological significance of the Chalk

This constitutes the principal aquifer in Beetley. Pure Chalk has
_ A , _3 .very low intergranular permeability (10 -10 md"-5) despite its

• moderate porosity range (0.14-0.20). These attributes cannot account
for the huge yields realised from the Chalk (5126mscK). Secondary 
processes (weathering and secondary structures) have modified the 
physical nature of the Chalk. Fissures increase its 
porosity (0.15-0.45, Foster and Robertson,1977). So groundwater

• movement through Chalk and into the wells takes place mainly via
bedding planes and fissures rather than by intergranular flow.

Flints in Chalk are associated with increased fissuring and in 
Beetley area, flints have been recorded in only one
borehole (146/419), the Beetley pumping station where the bore yields

• 5126m d with a total drawdown of seven metres. At this borehole, a
total of 47m of the Upper Chalk was penetrated with a drift thickness 
of 39m. The Chalk was met at -7mA0D and with the expectation of the 
fissures decreasing with depth, one would have thought that the 
overburden of 39m was enough to close the fissures tight. But the top

• of the Chalk (-7mA0D) is still above the theoretically expected depth
of -20mAOD (chapter 3) below which no producible fissures are
anticipated. Generally, penetration of the Chalk is 
0-47m (146/16, 146/419 respectively).

• 7.3.3 Groundwater levels and variations

Only seven of the thirty-six recorded boreholes in Beetley did not 
penetrate the Chalk.
The groundwater levels are generally high under the highlands reaching

• a maximum height of 49mAOD at 146/96B to the N.W. corner. They then
fall towards the Blackwater valley to the centre of the area reaching 
a minimum of 26mAOD at 146/206A. The groundwater gradient is more on 
the western flank of the Blackwater valley than to the east (Fig 7.3). 
It is 1:70 on the average on the western flank and almost half this on 
the eastern side with 1:150. These figures would suggest greater 
permeability on the eastern side of the valley than the west. 
Coincidentally, the boreholes east of the valley have generally better 
yields than those to the west. Figure 7.4 shows the groundwater 
contour map and flow lines drawn with the standardised (1981) R.W.L. 
readings. This shows a S.E. and N.W. flow towards the Blackwater 
valley and a resultant N.E. regional flow
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of groundwater towards the Beetley pumping staion.
Generally, the rest water levels stand above the Chalk surface

throughout Beetley (Fig 7.3). The boreholes sunk in the major valley
..... \: -

show occasional artesian conditions.- 146/302, overflows- at 163m^d“i with an 
artesian head of 2m but 146/419, 146/198 and 146/336 are occasionally 
artesian.

Groundwater levels are characterised by two phases (recharge phase 
and discharge phase) which are season dependent. The highest levels 
are recorded towards the end of the winter months to the middle of 
spring (Feb-May). The lowest levels are recorded towards the end of 
the summer to middle of autumn (Aug-Nov) each year. Table 7.4 shows 
the annual variations of water levels for three observation stations.

STATION
GRESSENHALL NORTH ELMHAM BRISLEY

YEAR (TF975171) (TF987218) (TF943222)
1972 1.25
1973 0.34 0.77
1974 1.35 2.58 2.18
1975 1.46 1.55 2.18
1976 0.93 1.01 2.00
1977 1.81 2.68 3.82
1978 0.98 0.70 1.76
1979 1.56 1.67 2.63
1980 1.37 1.22 2.31
1981 1.18 1.36 2.34
1982 1.26 1.45 1.84
MEAN 1.23 1.58 2.18

Table 7.4 Annual Variation of Water Levels (in M) for Three 
Observation Stations in and Around Beetley Area

From Table 7.4, 1973 seems to be a year of relatively stable water
levels while 1977 is a year of relatively unstable water levels.
These variation peaks correspond to turning points in evaporation 

and transpiration trends that occur before and after these recharge 
and recession periods. Before peak recharge is attained, the autumn 
and winter months are periods of reduced evaporation and 
transpiration, and with its high rainfall, low soil moisture deficits 
and infiltration result. Thus, the residual rainfall is high and so 
able to initiate recharge. From June to September, evaporation and
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transpiration are optimum with relatively reduced rainfall.

*

WATER YEAR
1978/79 1979/80 1980/81 1981/82 1982/83 MEAN

TOTAL RAINFALL 354.20 398.30 423.10 262.35 424.35 372.46
Q> a2 ACT. EVAPORATION 138.50 153.00 159.00 136.50 103.00 138.00-PC•H

14-C. POT. EVAPORATION 155.00 150.00 151.50 136.50 103.50 139.30
S c RESIDUAL RAINFALL 215.70 245.30 264.10 125.85 321.35 234.46

TOTAL RAINFALL 307.25 293.70 375.90 436.40 353.31
u
'ca•ACT. EVAPORATION 420.00 397.50 411.50 405.50 408.63Cl) XI.

V
POT. EVAPORATION 520.00 566.00 486.50 462.00 -55.32

W 0<'RESIDUAL RAINFALL -112.75 -103.80 -35.60 30.90 -55.32

Table 7.5 Seasonal Rainfall and Evaporation data (in inn) at 
Gressenhall for 1978-1983.

This causes a build up of soil moisture deficit which inhibits 
recharge to the water table (Table 7.5).
The evaporation data is computed on a forty-kilometre square grid 

basis. By this, the entire study area that includes the five study 
site areas come under the same grid and so the same amount of 
evaporation. As local evaporation figures are unavailable, the same 
evaporation data applies to the five areas.

With the account given so far, it is possible to appraise the likely 
character of the superficial deposits overlying the Chalk, their 
saturation and the fluctuation of the level of saturation throughout a 
typical year. This assists the interpretation of geophysical surveys 
that must penetrate these deposits.

7.4 SURFACE ELECTRICAL RESISTIVITY SURVEY

7.4.1 Introduction

An investigation using surface electrical resistivity method to 
define the extent of the buried channel in East Dereham was carried 
out by Barker in 1981. His area of survey extends into the southern 
part of the Beetley area and his values correlated well with those 
obtained by the surveys for this research (see Chapter 5).
Most of Beetley area constitute farmlands and boreholes that were to 

be used for geologic control are mostly sited near houses or farms.



This situation imposed three distinct problems, viz; accessibility, 
direction and extent of expansion of the probe. These problems 
existed in the other areas studied.
The problem of accessibility meant that the farmer or the owner of the 
borehole and/or adjoining farmland had to be located and permission to 
go into his farmland and borehole sort. In some cases, the owner of 
the borehole may not be the owner of the adjoining farms. In other 
cases, the owner of the borehole lived very far away from the borehole 
site. When the accessibility problem was taken care of, the next 
problem was the direction of the expansion of the probe.
The theoretically best direction to expand the probe is along the 

strike of strata. This theoretical proposition is very difficult to 
achieve as the usable land is restricted to footpaths between plots of 
farmland. At some places, these available directions correspond to 
th$ direction of the strike but in others, they do not. Fortunately, 
in the areas studied the lack of attainment of the best theoretical 
direction does not lead to serious errors as analysed in Chapter four 
because the average regional dip is less than 2° in section (Fig 7.2) 
and thus does not affect the results much even if the direction of 
expansion is normal to the strike (direction of maximum error).
The restriction imposed by lack of availability of space, made the 

available distances too small for any horizontal profiling to be 
undertaken. Choice of sounding sites were based on availability of 
borehole data with which toj ascertain the yield-ability of the 
borehole (whether good or p6or). Since this category of boreholes 
were not many (Table 7.6), some soundings were made at boreholes 
without this vital information for comparison purposes. The areas 
were surveyed in the following order; Beetley, Lyng, Fakenham, 
Houghton St. Giles and Sail.

7.4.2 Depth Sounding

This survey was carried out in early June 1982 (4-14), using only 
one staff. Two days were however lost due to instrument fault. The 
available expansion spaces of about 200m were considered inappropriate 
for horizontal traverses(Cowan, personal communication), so no 
horizontal profiles were made. Fourteen soundings were made using the 
Schlumberger array with spreads ranging from AB distances of 136-200m.
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SERIAL I.G.S. WELL SOUNDING SPECIFIC KEY TO
NUMBER CAT. NUMBER NUMBER COMMENTS CAPACITY COMMENTS

(mM*)
(SHEET 146)

1 17A15B B8/B9 L
2 96A&B B1 TGD 160.90 L— Local
3 158 B3 TP 17.87 T— Tested
4 198 B12 LA A— Artesian
5 204 B12 L P— Poor
6 282 B6 TG 118.58 G--Good
7 303 B4 TG 83.02 F— Fair
8 318 B5 TG 181.73 D— Disused
9 336 B12 LA
10 357 B10
11 419 B13 TG 771.42
12 423 B7 TG >43.63
13 356 Bll L

(SHEET 147)
14 224 B15 L
15 262 B15 TF 41.74

Table 7.6 Tested and Untested Boreholes with their Sounding 
Sites in Beetley area

The numbering of the soundings comprises of a letter and a number, the 
letter represents the first letter of the site area while the number 
represents the number of the sounding within this area. For example, 
the geoelectric sounding at the Beetley control well was the 13^ 
undertaken in Beetley area and its location is thus referred to as 
B13. Lyng soundings are L-, Fakenham, F- etc etc. Although the AB 
distance varied between 136m and 200m as noted above, one sounding had 
an AB distance of 52m (B14) and another 290m (B5) both of these were 
in the Beetley area. The soundings were as parametric as possible, so 
that the borehole drill logs could be used as a control on the 
interpretation. Offsets from boreholes ranged from 20m at B7 to about 
115m at B15. Only one cross-sounding was made due to availability of 
space (B8 & B9).

Electrode separation of six per decade was used to fall in line with 
the electrode spacings of the analytical programs available. This 
meant that the AB distances of 136-200m, would result in twelve or



thirteen measurements per site. The instrument used for the survey 
comprised of the ABEM terrameter SAS system 300 with an input current 
of 20mA (Fig 7.5), four steel electrodes and four porous pots, four 
150m reels of insulated cable and four connecting leads. Figure 7.1 
shows the location and the direction of expansion of the vertical 
electrical soundings as well as the location of the boreholes. .

The outcome of the surveys in this area was disappointing. The depth 
of superficial deposits and their character reduced the current 
penetration to the Chalk which was therefore only poorly investigated. 
The results recorded here describe the relationships that have been

deduced for the successions studied and illustrate the quality of the 
interpretation that are possible and some of the problems of using 
this method of geophysical investigation in such an area.

7.4.3 Data Analysis and Interpretation

Two approaches were applied, viz; a strictly qualitative one which 
involved preparation of apparent resistivity maps and a combined 
qaulitative and qauntitative approach which involved grouping of the 
soundings on the basis of certain criteria.

A. Apparent resistivity maps

The average overburden thickness of the Chalk in Beetley area is 
about 28m. On the basis of this value, two electrode 
separations (AB/2) of 10m and 46m were chosen. At AB/2 of 10m, one
expects any variation in apparent resistivity to’be as a result of\
near surface variations in the overlying deposits. And at 46m, 
variations would be as a result of the combined effect of the 
overlying deposits and the character of the top of the Chalk.
Figure 7.6a, shows the apparent resistivity map of Beetley area at 

AB/2 of 10m. The area is divided into an almost N-S to NW-SE inclined 
inner high apparent resistivity zone of resistivity (>80ohm-m) and an 
outer zone of low apparent resistivity (<80ohm-m). In the inner high 
zone, the maximum value occurs at the centre of the area at 
B6 (320ohm-m) while the minimum occurs at the B13 location (33ohm-m). 
This map shows that the inner high apparent resistivity zone contains 
more resistive materials (sandy) in its top section while the outer 
zone contains less resistive (clayey) near surface horizons. The 
inner zone follows the major valley in the south but lies partly in it
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with a westward shift to the north. Figure 7.2 shows that the top 
sand and gravel layer thickens towards B6 (146/282) from the N.W. 
corner and thickens again towards B13 (146/419) to the N.E. corner. 
The lowest resistivity value recorded at B13 could be indicative of

• the clayey nature of the sand and gravel layer at that site.
Figure 7.6b is the map of the apparent resistivity at AB/2 of 46m. 
The same shape and pattern as at AB/2 of 10m is obtained but the 
maximum and minimum values of apparent resistivity have decreased and 
increased respectively (190 and 44ohm-m). The maximum has shifted to

• B7 less than 250m N.W. of B6. The minimum values are similar on both
sides of the inner zone of high apparent resistivity. Individual 
highs within this zone indicate either a very large thickness of 
resistive materials overlying the Chalk or a combination of high 
resistive and flint inclusions in the Chalk. The lows indicate either

• a large thickness of more clayey materials overlying the Chalk or a
more permeable Chalk underlying them. From Figure 7.2, the boulder 
clay layer thickens south eastwards towards B6 and north eastwards 
towards B13. The shift of the maximum resistivity from B6 to B7, is 
connected with the boulder clay thickness at both sites (8m and 27m at

• B7 and B6 respectively).
The *mean thickness of the overlying materials in this area can be 

expected to affect the overburden pressure on the underlying Chalk and 
thus the aperture of water bearing fissures within the Chalk. Also 
the buried channel lies within the inner zone of high apparent

• resistivity and so the resistivities would reflect more the nature and
thickness of the overlying materials. Figure 7.6a&b, indicate the 
effect the thickness of a boulder clay layer could have on the 
apparent resistivity of a site. At B6 (146/282), a 26m boulder clay 
layer between the depths of 14m and 40m resulted in a decrease from

• 320ohm-m at AB/2 of 10m to 95ohm-m at AB/2 of 46m.
In conclusion, the apparent resistivity map has not given any 

appreciable indication on the characteristics of the top section of 
the Chalk, probably because the Chalk is masked by thick deposits of 
variable glacial deposits of average thickness of28m. Secondly, the 
sites having good or poor well yields are not restricted to any zone 
but rather occur in either zone, though most of the good sites occur 
in the inner zone of high apparent resistivity.

B. Qauntitative analysis

As described in Chapters 1 and 5, one of the objects of this research



was to examine the geophysical character of the vertical ground 
profile adjacent to good and bad yielding wells to assess whether such 
geophysical surveys reveal a consistent characteristic of use in 
hydrogeological predictions of good and bad well sites.

The Vertical electrical sounding or VES curves obtained at all the 
sites studied were interpreted by curve matching of two and three 
layer master curves in conjunction with the auxiliary point 
charts (Orellana and Mooney 1966, Zohdy 1965). The resulting 
qauntitative solutions are cross-checked by using an analytical 
program to re-interprete the curves from the observed 
data (Zohdy 1974c). The VES curves were interpreted initially with an 
automatic interpretation programme after Zohdy (1974c). This computer 
programme uses an iterative method to invert Schlumberger VES curves 
into layer thicknesses and resistivities. The inversion makes use of 
the modified Dar Zarrouk (MDZ) curves which are DZ curves whose 
negative and positive slopes are not limited to 1 and -1 respectively. 
A DZ curve is a plot of the DZ resistivity against DZ depth as defined 
by;

where ^  and Lmj are the DZ resistivity and DZ depth 
respectively, £i and hi are the resistivity and thickness of the iih 
layer, and Ti and Si are the transverse resistance and longitudinal 
conductance of the i-Hj layer respectively. For any VES curve, there 
exists a corresponding MDZ curve that lies close to it. The automatic 
interpretation is made by an iterative procedure in which for the 
first approximation, the observed VES curve is assumed to be the 
sought MDZ curve. This MDZ curve is solved for layer thicknesses and 
resistivity, then by means of a convolution technique(Zohdy 1974b), a 
VES curve is calculated for the obtained layering and the calculated 
VES curve is compared with the observed VES curve. A second 
approximation to the sought MDZ curve is obtained utilizing the 
difference between the observed and calculated VES curves. The number 
of layers in the resulting model (detailed solution), is always equal 
to the number of points used to define the observed curve. Equivalent 
solutions composed of fewer number of layers (maximum 10) are 
determined by automatically smoothing the DZ curve of the detailed 
solution and inverting it. The number of layers can further be

7.1

7.2



reduced manually by smoothing the DZ curve of the. VES.
Smoothing is done with the aid of the DZ chart (Zohdy 1974a), so that 
a two layer model would contain one segment and ah n-layer model n-1
segments. The layer thicknesses and resistivities for the DZ points

*»
are then calculated and the resulting model checked by calculating the 
corresponding VES curve using the Zohdy convolution programme 
(Zohdy 1974b).
Considerable difficulties were encountered in the interpretation of 

most soundings in which their terminal branches did not seem to 
approach an assymptotic value. Such curves are termed incomplete and 
their basement layer resistivities are either overestimated or 
underestimated by the progam. They only served to indicate whether 
the layer was more resistive or more conducting than the overlying 
layer. These curves were therefore reinterpreted by curve-matching in 
conjunction with auxiliary charts. But were mostly checked by 
computing a theoretical sounding curve (Zohdy 1974b), the model being 
subsequently modified to improve the fit with the observed curve.

Ambiguities in Surface Electrical Resistivity Interpretations

Ambiguities arise with the interpretation of VES curves from all the 
sites studied and the character of these ambiguities and thej approach 
used to resolve them may be illustrated by the problems encountered 
and the approach used at the Beetley site.
The VES at the Beetley control well will be used to illustrate the 

difficulties encountered in an attempt to obtain a unique solution to 
a sounding (Fig 7.7).
Geoelectric soundings of more than three layers, lack unique 

solutions. B13 is the sounding taken close to the Beetley Pumping 
Station. For, B13 three equivalent solutions have been presented and 
the sounding curves compared with the observed data (Fig 7.7). The 
considered solution has six layers but two further equivalent 
solutions have been computed using Dar Zarrouk parameters (T and S).

Zohdy's(1974b) program for computing theoretical sounding curves by 
convolution from a horizontally layered earth model was used to 
compute the theoretical sounding curves. Where the computed soundings 
did hot match the observed data, the layer parameters ( { and h) were 
readjusted and another sounding computed until an equivalent * sounding 
was got. Figure 7.7 shows the three solutions plotted with the 
observed data. These three solutions are not unique as solutions are 
bound to vary with as many interpreters as possible.

ii



It is at this stage of making a choice of the most acceptable 
solution that the need for an accurate drill data and borehole 
geophysical logs are very important, because the choice of the best 
solution is constrained by the geology and the information from the 
geophysical logs. In the absence of geophysical logs as was the case 
in all the areas studied, the only available aid in the decision 
making is the driller's log. If the drill logs were also absent, any 
of the solutions generated is as good as the other. This is why it is 
necessary that a good description of the lithologies penetrated by the 
drillers be given together with accurate thicknesses penetrated. The 
sounding at the control site (B13, 146/419) is discussed to illustrate 
this.

VES at Beetley Pumping Station (B13)

Lithologic log (146/419)

Two boreholes about 65m apart constitute the Beetley pumping 
station. Table 7.7 shows the variations in the geologic details of 
the two boreholes.
Generally, four different layers were intersected. The top soil 

which is less than lm overlies 16m of Pleistocene drift comprising of 
alternations of sand and gravels with clay seams. The third layer is 
of hard clay with flints and Chalk 18m in thickness . This overlies
the Chalk which has less than 3m of flinty putty Chalk in its top 
section. The elevation of the borehole is at 29mAOD with rest water 
level lm below the surface. Topographically, it lies in the lowest
N.E. end of the major valley in Beetley area.

VES B13

The lithological log indicates inclusions of clay seams from a depth 
of less than one metre to 39m below ground surface. In the choice of 
a solution that best fits B13, the lithologic log has been the only 
consideration. At B13, the first 16m is of Pleistocene drift which 
could contain any number of geoelectric layers depending on the 
thicknesses of the alternations. The next 18m contains flinty clay 
which is separated into two horizons by a flint band. Below this is 
the Chalk. Any solution that is able to differentiate the top Chalk 
and the flint band that separates the flinty clay or Chalk layer, is 
the one that is likely to have the better correlation with the deeper
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BEETLEY No.1 BOREHOLE

NAT. GRID SURFACE FLANGE OVERALL DEPTH YEAR DNG TF 9879 1883 +28.58 A.Q.D. 83.8 M. 1963

DIAMETER/LINING _  ,609 m.m. lined to 44.6 being per-forated 37.0 to 44.6 open
hole down to 83.8. 1

R.W.L. P.W.L.1.22 3.04 (+ 25.54 A.O.D.) 0 22.7 L/S -Well Cat.0.92 1-35 (+ 24.23 A.O.D.> ® 8.8 L/S Orig. Test

OTHER INFORMATIONWell Cat. No. 146/419

STRATA

(Fake.) 

THICKNESS TO DEPTH
Topsoi1 0.9 0.9 -
Sand Gravel Flint and Ballast 16.1 17.0
Hard Clay 18.0 35.0
Soft Grey Putty Chalk and Flints 7.5 42.5
White Chalk ana Flints 21.5 64.0
White Chalk 21.0 85. o

Note: Buried channel near.

BEETLEY No.2 BOREHOLE

NAT. GRID SURFACE FLANGE OVERALL DEPTH YEAR DNG TF 9877 1877 A.O.D. 86.0 M. 1979 1616/361616/40

DIAMETER/LINING914 m.m. plain tube from 0.9 to 49.0 below G.L., 762 m.m.slatted from 46.0 to 86.0, concrete plug in bottom, grouted from 1.3 to 49.0 below G.L. Slots: rings of 6 No. 300x25 + 150 between.

R.W.L.4.00 P.W.L.
9.65 (+ A.O.D. ;■ 0 39. 1 L/S

11.21 ( + A.O.D.) S) 48.0 L/S

OTHER INFORMATION

12.09 •D 59.4 L/S

STRATA THICKNESS TO DEPTH
Topsoi1 0 25 0.25Sand Gravel and Clay Seams 6.25 6.50Sand Gravel and Clay Seams 7.00 13.50Clay Flints and Gravel 0.50 14.00Clay with Chalk and Flints 10.00 24.00Shale with Shells and Fosslis 0.50 24.50Clay and Chalk with flints 14.50 39.00Putty Chalk 2 m w ' ; 41.50Chalk 44.50 86.00

Table 7.7 Variation in geologic details of two Beetley pumping station 
boreholes which are 65m apart
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geology.
The Pleistocene layer due to its unpredictable lithological 

variation does not constitute a very strong consideration point but 
the solution should be able to pick its base. The seven and six layer 
solutions seem to meet these conditions and as such any of them is as 
good as the other. But for the purpose of this work and the layering 
situation, the six layer solution has been chosen as the best of the 
three and is described below.
The top layer which is less than a metre thick is very resistive and 

correlates with the relatively dry top soil layer. The Pleistocene 
drift shows three layers which indicate a sandy top with
resistivity(92ohm-m) typical of saturated sand and gravel layer. This 
is underlain by a conducting layer which is probably a clayey horizon 
of the drift which is underlain by a relatively more resistive layer 
typical of a very clayey sand layer with a resistivity of 58 ohm-m. 
This layer overlies a slightly more conducting layer which correlates 
with the flinty clay layer or the hard clay layer. The basement layer 
is Chalk with a resistivity more typical of massive than fissured 
Chalk. From Table 7.7, the first 45m is cased off with perforations 
from 37m. This implies that the productive horizon is below 37m depth 
and this site is of very good yield. But the basement resistivity of 
132 ohm-m does not indicate this quality of yield. The inability of 
the sounding to resolve this productive zone is probably due to the 
fact that the current penetration must have been reduced by the near 
surface resistive layers and the number of layers it had to pass 
through. So the curve looks incomplete and thus the basement 
resistivity is thought to have been overestimated from the fact that 
the sounding could not penetrate the Chalk deep enough.
From these, surface electrical resistivity has been unable to do 

much quantitatively in analysing the yield quality of this site 
probably because of the great thickness of drift deposits that overlie 
the Chalk. The resolved top Chalk layer has a combined effective 
thickness of 0.95 which is not encouraging for a combined
layer(Eq. 5.9). Secondly, the maximum current input of the SAS 300 of 
20mA does not seem enough to penetrate the thick drift deposits.

7.5 DISCUSSION OF RESULTS

Four criteria have been used to group the soundings for comparison 
or interpretation purposes. The criteria are topographic location of 
the sounding according to there position on major or minor valley



sides or hill tops, proximity of the VES locations, the yield of the 
wells in the area investigated (good or poor) and the shape of the VES 
curves. This approach combines a qualitative discussion of the 
similarities and dissimilarities of the curves in each of their groups 
and a quantitative consideration of their interpreted models along 
sections or profiles. Some of the groups defined by some of the 
criteria (eg. topography) occur in other criteria (eg. curve shape). 
The soundings are presented individually in summary form in Appendix 
Bl. Table 7.6 shows boreholes with their corresponding sounding sites 
and information on whether the boreholes are tested or not and their 
individual specific capacities.

7.5.1 Topographic Criteria

The location of the soundings varied: some were in the valley 
bottoms, others up the valley sides to the top of hills and a few were 
located on hill top areas. Parvisi in 1977, found transmissivity to 
be related to the topography of the Chalk in the Tas catchment. Since 
the surface topography reflects the Chalk topography, soundings were 
grouped on the basis of their similarity in topographic location.

Three groups were obtained, viz; major valley sides, hill top and 
high slopes, and minor valleys (Fig 7.8-10). Only one site B13 was 
located in the major valley and this site is the Beetley Pumping 
Station (control well).

A. VES Sites in the Major valley sides (B4,B5,B6&B7)

Four soundings are involved in this group (Fig 7.8a). They have 
similar curve shapes(Fig 7.11aiii), are the VES locations that are 
within 0.5km radius of the location B7(Fig 7.11bi) and are good sites 
in terms of yield(Fig 7.11ci).
Though near surface geoelectrical variations occur, their 

similarities become more pronounced with depth. These near surface 
variations are probably as a result of the variable nature of the near 
surface drift deposits.
The sounding sites have similar geologic succession. A top sand and 

gravel layer underlain by drift and boulder clay(B7) or boulder 
clay(B6) overlies Chalk. At B5, the sand and gravel overlies Chalk 
directly while at B4, undifferentiated Pleistocene drift overlies the 
Chalk (Fig 7.8b). Due to the absence of boulder clay at B5, the 
resistivities of the layers are expected to be higher than at any
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other site. The surface elevation of the sites varies from 43mAOD at 
B6 on the western flank of the major valley to 38mAOD at B4 on the 
eastern side. At B6, the boulder clay layer is thickest (27m) and

• thins within 1km distance to 8m at B7. It is totally absent at B4 and
B5 to the east of the valley. Generally, the boulder clay is thickest 
along the major valley (35m) and thins westwards and eastwards to 
complete absence about 1.5km away from the major valley (Fig 7.2). As 
the boulder clay occurs about 15m from the surface and is thickest

^ towards the valleys, it is expected that the chances of its effect
appearing on the soundings would tend to increase towards the 
direction of increase of its thickness. This means that it would be 
easier to locate at B6 where it is 27m thick at a depth of 13m than at 
B7 where it is 8m thick and at a depth of 19m. Also at B7, it is

• overlain by drift and sand and gravel whereas at B6 it is overlain by
only sand and gravel.
All the curves are similar even though they do not contain the same 

number of layers. The soundings contain four or five layers. B4 of 
HK-type (^>(*<̂ (4) and B6 of KQ-type^<^>^>j^) are of four layers

• while B5 of KHK-type ((^<^>^<^5) and B7 of HKQ-type ^ ^ 5) are
five-layered (Fig 7.8b). Their similarity comes from the fact that a 
relatively resistive layer overlies a more conducting basement in all 
the curves. The remaining two or three layers are within 7-20m 
depth (B4 & B7 respectively). The sand and gravel has been resolved

• by all the curves with the greatest number of varying horizons. Up to
four horizons of alternating conducting-resistive horizons have been 
picked with typical sand and gravel resistivities at B6 and 
B7 (153ohm-m). The sand and gravel layer at B5, contains a conducting 
horizon with resistivity of 35ohm-m which is too low for sand and

• gravel. This indicates that the sand and gravel layer at B5 contains
a clayey horizon thick enough to be resolved. Also this places a 
doubt on the reliability of the geological description of the 
driller's log at B5. These show how abruptly the layers could vary. 
One of the basic assumptions in the use of surface electrical

• resistivity is that the layers should be of infinite lateral extent.
Zohdy (1975), noted that the limited lateral extent of a layer causes 
a sharp peak. Since drift deposits vary laterally within short 
distances, it could be the cause of the very narrow width of some of 
the peaks on the soundings especially B5, B6, and B7.
The soundings picked the sand and gravel layer at B7 and B6 but at 

B5, the great thickness of the sand and gravel layer indicated by the 
geophysics places its base into the Chalk layer. This indicates the

•I
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geoelectrical continuity that exists between the sand and gravel and 
the Chalk. At B6, the boulder clay layer responded in geoelectric 
continuity with the Chalk. The situation at B6 is more that the 
boulder clay layer is so thick that the sounding could not resolve its

• base than that the boulder clay is in continuity with the Chalk as no
other layer was resolved beyond this layer. B7 shows a layer
corresponding to the boulder clay layer with a resistivity (123ohm-m) 
too high for a boulder clay layer. Three possibilities could be 
responsible for this, either the boulder clay is ivery sandy, or the

• geologic description of the layer is not correct or its thickness of
8m at a depth of 20m is so small that the overlying relatively more 
resistive beds have suppressed it. It is however thought that the 8m 
of boulder clay at that depth is too small to be resolved below three 
relatively thick resistive layers. B4 poses a situation in which the

• geology is indeterminate as any description of any alternating
sequence could representleistocene drift. But the resistivity of the 
layers, indicate that the Pleistocene drift is more resistive to the 
top and more conducting towards its base. The top of the Chalk could 
not be resolved because it either seems electrically similar to the

• bottom section of the drift or that the input current is not high
enough to penetrate the thick drift deposits.

B. VES Sites on the hill top and top of minor valley sides 
(B1,B3&B15)

Three soundings are involved in this group (Fig 7.9a). B1 is 
located at the NW corner of the area on the western side of the major 
valley. B3 is over 5km SE of B1 and B15 is about 2km NE of 
B3 (Fig 7.1) on the eastern side of the major valley.

•  The elevation of the sites vary from 63mAOD (B3) to 48mA0D (B15)
while the Chalk elevations through this group vary from 22mA0D at B3 
to 29mA0D at B15. The level of the Chalk at B1 is indeterminate as 
the drill log could not distinguish between the Pleistocene drift and 
the Chalk.
All the three soundings have a top Pleistocene drift layer whose 

thickness varies from location to location. From B3 to B15, within a 
distance of about two kilometres, the sand and gravel layer thickened 
from 16m at B15 to about 27m at B3 SW of B15. At B15, the sand and 
gravel overlies Chalk. The rest water level is less than 5m from the 
surface at B15 but more than 26m below ground surface at B3 and almost 
9m below the ground surface at Bl.
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B3 is similar to B15 but the near surface layers are more resistive 
in B15 than in B3 and the deeper layers are less resistive in B15 than 
B3. B3 may have a clayey layer which obscures infiltration as 
evidence from the low resistive top layers. The low resistive layer

• is thicker at B15 than at B3. It is this low resistive middle layer
that constitutes the top section of the aquifer.
All the soundings picked the Pleistocene drift layer with its 

characteristic variations in electrical properties. B3 and B15,
picked the sand and gravel layer distinctly (Fig 7.9b). B15 located

• it precisely with typical sand and gravel resistivity (98ohm-m). At
B3, the thick sand and gravel layer was picked as two different 
sections of resistive and less resistive layers. The deeper less 
resistive horizon is of typical sand and gravel resistivity (122ohm-m) 
with the water table lying 14m below the top of this layer. It is

• probable that the sounding has not been able to locate the watertable
but has located the top of the capillary fringe zone. At B3, the 5m 
of boulder clay is so small at a depth of 37m that it has been 
suppressed by the sand and gravel layer and the underlying Chalk. 
Only B15 in this group has casing information of 39m depth which means

• that its productive level is below 39m depth. So, the Chalk below
this depth must be fissured since this is a fair site with regards to 
yield. The B3 site has no casing details but from available records, 
it is a site that is poor in yield (Table 7.5).
The rest water level is very deep at B3 leaving a relatively dry

• very resistive sand and gravel top section. The low yield at B3 may
be related to the clayey top section of the Pleistocene drift which 
prevents or reduces infiltration in the area. Also, the boulder clay 
layer that overlies the Chalk further reduces percolation into deep 
storage. From the curve shapes of B3 and B15, one would have expected 
their yields to be similar but they are very different. Two of the 
three curves in this hill top and valley side group, viz. the curves 
on the highland east of the major valley are similar in shape but one 
comes from a location that has a good well yield and the other from a

^ location where the well yield is poor.

C. VES Sites in minor valleys (B8,B9,B10,B11&B12)

Five soundings are involved in this group (Fig 7.10a) two of‘which 
are cross-soundings(B8 & B9). These sites are located in the SW 
sector of the Beetley are lying in an arc facing west (Fig.7.1). The 
site elevations vary from about 45mAQD at B10 to 35mA0D at B8&B9,
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while the Chalk elevation varies from 27mA0D at Bll to 4mA0D at 
B12 (Fig 7.10b). With the exception of B8&B9, the top layer is sand 
and gravel for all the other sites. The top sand and gravel layer is 
greatest at B12 where it is 23m and thinnest at B10 and Bll where it

• is seven and 5m respectively. The sand and gravel layer is underlain
by boulder clay which overlies Chalk in all the sites except at B8&B9 
where the recorded borehole log shows only 4m of Pleistocene drift. 
So, the geology of these sites are very similar to each other but with 
varying thicknesses of the individual members. The boulder clay is

• thickest at B10 with 24m and thinnest at B12 where it is only
8m (Fig 7.10b).
Four or five layers are represented with the first top two to three 

layers showing up as variations in within the sand and gravel layer. 
The different lithologic units have been very well resolved. There is

• a disagreement in the deeper layers of the cross-sounding. In an
ideal situation where there is no dip and the layers are electrically 
homogenous, the two soundings are supposed to be similar. They almost 
coincide at shallow depths but disagree largely at the largest 
electrode separation reading. Ihe opposite should have been the case

• where they disagree at shallow depths and agree at greater depths.
Thus, the last reading at B9 may have had errors resulting from the 
instrument as it was occasionally faulty in Beetley area or from wrong 
reading.
B8, B9, B10 and Bll are similar but B10 and Bll seem to be

• incomplete due to the relatively small maximum electrode spacing
achieved (AB/2=68m). B12 is different from the others and may be due
to the great thickness of sand and gravel that overlies boulder clay. 
The low within the sand and gravel layer is probably due to a clayey 
horizon. The artesian nature of the site indicates the impermeable

• nature of the boulder clay thus, confining the water in the Chalk.
But the geoelectrical layer corresponding to the boulder clay 
indicates that the clay is very sandy since its resistivity is rather 
on the high side (80ohm-m). The depth of the borehole at B8 and B9 is 
very shallow and does not penetrate the Chalk (Fig 7.10b). At B10, 
the resistivity of 28ohm-m for the boulder clay shows that the boulder 
clay changes facies from sandy to clayey from B10 towards B12. With a 
23m layer of boulder clay at B10, not much water in terms of 
percolation is expected to reach the Chalk. And with B8, B9 and B10 
sharing the same characteristics, it would not be surprising if all 
are poor in yield when tested. But at Bll, the borehole:is cased to 
24m below the ground surface. This means that the top 8m of the Chalk
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is cased off leaving just lm of the low resistive zone in the uncased 
Chalk, The resistivity ranges of the boulder clay layer indicates a 
sandy characteristics and the low resistivity of the top of the Chalk 
would indicate either a zone of fissuring or soft Chalk. With the£ rest water level standing 18m above the. casing, the low is due 
probably to fissuring. Though this site was not tested, it would look 
as if most of the fissured zone had been cased off as only lm is left 
below the casing.
B8, B9, B10 and Bll are all identical in curve, shape and

* geoelectrical layering characteristics. Secondly, they are all within
lkm radius of B12, and thirdly are topographically located in the 
minor valleys. With these similarities, it would therefore be 
expected that they should have similar yield. B12, though in this
group, does not share the same curve shape with the rest but the
layering characteristics are similar. Of the five sites, it is only 
B12 that has the unique location of being at the confluence of the 
major valley and a minor valley. This may be why it has a unique 
curve shape. H10 which shares similar topographic location in the 
Houghton St. Giles area, has also a unique curve shape.
The surface resistivity technique has succeeded in showing the

nature of. variation in facies of the glacial deposits overlying the
Chalk.

7.5.2 VES Curve Shapes Criteria

The VES curves grouped according to topographic criterion did not 
have a good relationship with well yield. So the soundings were 
regrouped in terms of similarity in shapes to see if the good and/poor

9 sites had any unique or consistent curve shapes.
Three curve shapes were obtained by the survey at Beetley (the 
convention for describing the curves is given on Page 82) viz. 
HK/HKQ-type, QH/KHK-type and KHK-type (Fig 7.11a). The KHK-type have 
already been discussed because they are also the curves for the sites

• in the major sides have been discussed under the topographic
criterion (Section 7.5.1A).

A. HK/HKQ-type curves in Beetley area

Four sites are involved in this group comprising of t:wo good 
sites(B4&B15), one poor site(B3) and B9 whose quality :| is not 
recorded (Fig. 7.11ai). These sites have different topographic

i
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locations with the exception of B9 and B15 which are both in the minor 
valleys west and east of the major valley respectively (Fig. 7.1).

Geologically, B3 (146/158) has a 40m overburden thickness above the 
Chalk at 22mAQD. At B15, 19m of drift and sand and I gravel overlies

• the Chalk at 29mAQD.
The two good sites (B4&B15) have identical characteristics which is 

slightly different from the other two (B3&B9). The AB/2 at which the 
two sub_groups attain both their maximum apparent resistivity values 
are slightly different. They both basically share the same curve

+ shape. At B4 and B15, their minimum values occur around AB/2 of 20m
while their maximum occur at relatively shallow depths of (AB/2) 25m.
In terms of the resistivity values at the soundings, the good sites 
show a relatively high resistive layers close to the ground level with 
relatively less resistive deeper layers than the other subjgroup of B3

• and B9.
At B3, the 5m boulder clay layer which overlies the Chalk has been 

suppressed probably due to its small effective relative thickness. 
Though boulder clay is absent at B15, its resistivities are relatively 
lower than at B3. The saturated column is greater in B15 than at B3.

• With a casing depth of 31m representing a depth of 20m into the Chalk
and with fair yield, the chances are that the Chalk is still very 
productive below this depth (llmAQD). But if the casing depth is 
reduced to say 29m, this site could give a better yield.

• B. QH/HKH-type curve shape in Beetley area

Four sites are involved in this group, Bl(QH-type), B8, B10 and
Bll(HKH-type)(Fig. 7.11aii).
The geological sequence at B8, B10 and Bll are similar, sand and

9 gravel overlain by boulder clay overlying the Chalk. B8, shows only
5m of drill data of Pleistocene drift and so its drill data is not 
useful. The intermediate boulder clay layer is thick at B10(24m) as 
against Bll(11m). This great thickness of boulder clay at B10 is 
responsible for the low resistivity values of the layer while values 
Bll, the boulder clay layer seems more sandy than at B10. Also, the 
high AB/2(30m) at which the minimum apparent resistivity occured at 
B10, emphasises this great thickness of the boulder clay layer.
The Chalk is at a higher elevation at Bll than B10 with a difference 

of about seventeen metres. Bll shows a nine metre top section of the 
Chalk in geoelectric continuity with the overlying boulder clay layer 
which is probably sandy from its resistivity (44ohm-m). This top



section of the Chalk is expected to be the fissured section of the 
Chalk, as this where present overlies the the less fissured to 
unfissured massive Chalk.
Though B1 is in the same group as these, its real characteristics is 

different from the rest (QH-type) but all of them have a common 
property of a resistive basement layer. The level of the Chalk is not 
known at Bl, but the only thing known is that Chalk exists at about 
23m depth below the ground surface. So, the Chalk is above 35mAOD. 
This with regards to the area constitutes an upland zone and would 
favour secondary features (fissures) associated with upwarping and 
doming. Unfortunately, there is no casing details to ascertain the 
level of production even though its records show it is a good site.

In this group, only Bl's quality of yield is recorded. There is no 
indication on the other sites. So, it is unnecessary to draw any 
conclusion about this shape with only one curve. Also, Bl, B10 and 
Bll seem to show incompleteness and this may be due to the relatively 
small AB/2 distances attained. Thus, the absolute values of their 
basement resistivities are likely to have been overestimated.
Generally, these sites in terms of curve shapes have not been able 

to show any unique similarites or dissimilarities between those of 
good and poor sites. But the curves from the major valley sides have 
shown remarkable uniqueness.

7.5.3 VES Sites that were close to each other: Proximity Criteria

The topographic and the curve similarity criteria did not show any 
consistent trend even though some indications were revealed. So, it 
was thought that maybe similarities or dissimilarities consistent 
enough could be shown by sites that are geographically close to each 
other. A distance of 1km was chosen even though the Chalk and its 
overlying deposits have been known to vary within distances shorter 
than 1km.
Two sets of sites were considered (Fig 7.11b). One of these groups 

also occured within the topographic group. The Two groups occur in 
the central part of the area with one in the centre and the other to 
the west.

A. VES sites in the centre of the area (B4,B5,B6&B7)

Four sites are involved in this group (Fig 7.11bi). These sites are 
the same as those on the major valley sides and have been discussed.
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The soundings seem characteristic of their location along| the major 
valley sides.

B. VES sites in the west of the area (B8,B9,B10&B12)

Four sites are involved in this group (Fig. 7.11bii) and are 
topographically in the minor valleys to the west of the central part 
of Beetley area.
These sites have similar geographic location and are within 0.5km 

from each other. B8 and B9, both with a depth of 5m into drift on 
bucket and winch device, indicate the level of sophistication of their 
design. The borehole at B8 and B9 (Table 7.5) is not cased and the 
mechanism of extraction of water indicates a very localised usuage. 
So, the yield from these would reflect the amount of water required by 
the cottage in which it is located. B12 with adjoining 
bores (146/198 & 146/336) have unfortunately no yield data but are 
occasionally overflowing. At B10(146/357), the overlying sediments 
were cased off to a depth of 40m with the base of the casing 8m into 
the Chalk.
B8 and B10 are QH-type (Pt>?j>̂ <(̂  / B9 is of the HK-type while
B12 is of the KHKQ-type • These curves are similar to
each other at depth. The resistivity of the base layer at! B10 is too

i
high and with an electrode spacing of 68m, the right hand side of the 
soundings does not seem complete. This could be why the base layer is 
of high resistive value.

There are not enough hydrogeological data to establish whether these 
sites are good or poor. By comparing the curve shapes and types with 
those of Beetley centre (Fig. 7.11bi) which are good, it would seem as 
if these sites would be good. But the problems involved in this type 
of assesssment are that,
a. some of the boreholes at these sites are too shallow and do 

not even penetrate the Chalk.
b. there are no yield data available and most yields were based 

on requirements and not the characteristics of the Chalk. ie 
that some of the yields are local production yields without 
any indication of tested yields.

To provide this data most of the borehole sites would have to be 
logged and be tested to ascertain their hydraulic characteristics.
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The Beetley area, is locally regarded as good in terms of yield. 
Yield generally ranged from 0.lm3d"A to 5126mid'twith a total drawdown 
range of 0-6.65m for borehole diameters of 76-914irm. Its specific 
capacities range from lSm̂ d'*- to 771ir?-d*1; For classification into 
various categories, the specific capacities have been used as in 
Table 6.4.
Unfortunately, some of the wells do not have drawdown data and so, 
have been left without classification while some though with very low 
yield have no drawdown. This later group has been referred to as 
fair. The above local classification ranges have been used for all 
the site areas.
Finally, the sites were grouped into terms of yield using the specific 
capacities (Table 7.6). This was aimed at finding out whether any of 
the fore-going criteria correlated with the yield of the boreholes. 
Two groups of good and poor sites were got. There are only eight 
sites with enough data to establish whether they are good or poor and 
only one of them is poor (B3).

A. VES curves at Good sites in the Beetley area (B1,B4,B5,
B6,B7,B13&B15)

Seven sites have been established to range from fair to
good (Fig 7.11ci). Their specific capacities range from 42m2d'1 at B15 
to 771ma‘d'* at B13 (Table 7.5). There are no casing details at B1 and 
B4 while at B15, the only information is that it is lined without any 
indication as to the depth of the lining. Sites B4, B5, B6, B7 and
B13 all lie either along the major valley sides or in the major valley 
itself. This means a topographically low area. From the water level 
contours (Fig 7.3) and the groundwater flow map (Fig 7.4), these five 
sites lie along the axis of convergent flow from the upland area. B1 
and B15 lie on the upland area on either side of the major valley. 
The casing information at B5, B6, B7, B13 and B15, indicate that the 
productive horizons at those sites are within the Chalk below the 
casings. In virtually all the sites, the sounding was unable to 
resolve the productive zone. Because either the electrode spacing was 
not large enough or that the current input was not enough to penetrate 
to such depths. Also, the variable nature of the drift deposits 
together with its general great thickness in Beetley, has not made it 
easy for greater depths of penetration to be achieved. Thus, it has

7.5.4 Sites with similar quality of yield: Yield Criteria
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not been very successful to use surface electrical resistivity to 
trace the variation in the Chalk fissure zone.
The good sites could be seen as having two minor groups; one with an 

initial high resistivity comprising of the Bl, B13 and B15. The 
second group is characterised by an initial low resistivity embracing 
all sites on the major valley sides (B4,B5,B6&B7). The initial high 
sub group, have a wide range of AB/2 at which their minimum values 
occur. But those of the major valley sides have their minimum values 
occuring at about the same AB/2 (Fig. 7.11ci). Bl and B13 seem to 
have incomplete right hand branch and so their base layer 
resistivities would normally be overestimated.
The greatest problem posed by the unpredictabl^ varying nature of 

the drift deposits to quantitative interpretation, is in ones 
inability to trace or follow up a geoelectric horizon across the area. 
This difficulty was mostly pronounced in the topographic group sites 
on the major valley sides. But the curves showed marked consistence 
and could be considered as characteristic of good sites on the major 
valley sides.

B. VES curve at the Poor site in Beetley area (B3)

Only B3 has enough data to be established as a poor 
site (Table 7.5). In the geologic section (Fig.j7.2), from 146/158 
(B3) it seems that the sand and gravel layer slopes towards the major 
valley areas. So, this could be possibly a recharge source for the 
good sites in and along the major valley. From B3 sounding, the low 
resistive top section of the drift indicates a clayey top section. 
This would mean that most of the precipitation at this site would be 
lost as surface runnoff towards the valley areas with sand and gravel 
top section.
With the similarity in geographic location and curve characteristics 

between B3 and B15, it would be thought that their yield should be 
similar. But in the absence of any casing information for B3, its
poor yield is probably because it is located at the 
groundwater divide.

local surface and



7.6 INTEGRATION OF ALL AVAILABLE USEFUL DATA

In all the tested boreholes, the productive horizon lies between the 
base of the casing or top of the perforations and the base of the 
borehole. Table 7.8 summmaries the existing data at the sites with 
the geoelectric results from the Beetley area. The following 
deductions have been made from Table 7.8,

The top of the productive zone (determined by the base of the 
casing) ranges from 8.84mAOD at B15 to -16.38mAOD at B13. The base of 
the productive zone (ie the base of the bore), ranges from 27.07mAOD 
at B1 to -57.42mAOD at B13. Thus, the productive zone is shallowest 
in the upland zone and deepest in the valley zone.

The groundwater levels in all the good sites range from one to 8m 
below the ground surface while the groundwater level at the only poor 
site is 26m below the ground surface.
The resolvable depths of the soundings are all above the top of the 

production zone with the exception of B5. So, it is either that the 
production zone is so uniformly thick as to be resolved as one layer 
or that the soundings have not been able to depict its characteristics 
better.

Finally, with the resolvable depths at the boreholes consistently 
above the base of the bore, the surface resistivity method has not 
been very successful in quantitatively revealing the electrical 
characteristics of the aquifer in the Beetley area. This is probably 
either as a result of the thick drift deposits overlying the Chalk 
preventing deeper penetration by the current, or that the 20mA input 
current of the SAS 300 is inadequate to penetrate the huge drift 
deposits to reveal thhe geoelectrical characteristics of the Chalk 
horizons in the Beetley area.



SOUNDING RESULTS WITH CORRESPONDING-BOREHOLE-DESAILS-—

B1 B3 B4 B5 B6 B7 B13 B15

(146/96A) (146/158) (146/303) (146/318) (146/282) (146/423) (146/419) (147/262)

Borehole Elevation (mAOD) 57.60 64.00 38.10 40.53 41.30 7 37.18 28.58 47.85

Groundwater level (mAOD) 49.19 38.00 36.72 34.28 33.86 32.91 27.56 43.33

Base of the Borehole (mAOD) 27.07 12.19 1.56 2.43 -16.60 - 8.52 -57.42 4.26

Top of Chalk Elevation (mAOD) * 22.86 * 16.46 2.21 10.98 - 6.76 29.56

VES Resolvable Depth (mAOD) 40.27 30.30 24.35 0.39 22.41 8.76 - 7.76 26.40

Base of Casing/Perforations * * * 2.43? - 4.42 3.96 -16.38 8.84

Aquifer Elevation range(mAOD) 7 7 ? 7 7 7 7 7

Main Aqiufer Resistivity ( m) 145+ 87+ 43+ 23+ 37+ 36+ 136+ 61+

Assessed Quality of Yield Good Poor Good Good Good Good Good F. Good

* Information not available + Unresolved ? Indeterminate

Table 7.8 Comparison of the Productive Horizons of the Tested Boreholes with their Corresponding 
Resolvable Depths by the Soundings in the Beetley area

♦



CHAPTER EIGHT

FAKENHAM AREA

This chapter discusses the location, size, topography and drainage 
of the Fakenham area. It also discusses the local geology and 
hydrogeology as derived from surface and borehole data, and the 
detailed surface electrical resistivity work carried out in this area. 
Finally, all available useful data in the Fakenham area are 
integrated.

8.1 GENERAL

The Fakenham site area lies in the north west corner of the entire 
study area (Fig 1.1). It covers an area of about 20km2, around the 
Fakenham town within Sheet 132 of the 1:50,000 first series and 
between British National Grid references TF 910300 and TF 910350 to 
the west and TF 950300 and TF 950350 to the east (Fig 8.1).
The area constitutes a gently sloping highland area relative to 

other site areas. The range of elevation of this area is from below 
30mAOD to over 60mAOD. The highest level of land is in the south, 
north and west and the lower level or lowland runs from the centre of 
the area north eastwards. The land slopes away northwards, eastwards 
and westwards from the highland region to the north and west, and 
southwards from the southern highlands (Fig 8.1). The central stretch 
of lowland follows the Stiffkey river valley while the southern 
stretch follows the Wensum valley. The lowest level of the Chalk was 
met at 18mA0D at 146/270 to the north in the Stiffkey valley while the 
highest level of the Chalk was encountered at 36mAOli at 146/58 and 
146/190 on the southern highland. As in the Beetley area, the Chalk 
was encountered at higher elevation in the highland region than in the 
lowland area. Thus, the surface topography reflects the Chalk surface 
topography.
The area contains two major drainage systems, the N.-N.E. system of 

the Stiffkey river and the S.E. system of the Wensum river. Over 85% 
of the area belongs to the Stiffkey river system which has a resultant
N.W. direction within the Fakenham area. The second system which 
constitutes about 15% of the entire drainage system, drains southwards 
into the Wensum river. The two systems are seperated by the southern 
and western highlands. This range constitutes a surface water divide 
seperating the two drainage systems. Along the highland ranges, the
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°6  BH Number (Sheet 146 /-)

FIG 8-1 TOPOGRAPHY AND VES SITES LOCATION MAP 
OF THE FAKENHAM AREA
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land is fairly flat but the numerous minor distributaries impose an 
undulatory characteristic to the entire area. The vegetation is more 
of green grassland type with occasional scrub parkland (Plate 8.1). 
This may be because most of the Fakenham area constitutes farmlands.

Plate 8 .1  General Topography and V egeta tion  o f  Fakenham 
area around F8

The area as most parts of Norfolk enjoys rainfall all the year round 
with more rams recorded during the winter months (Oct-Mar). The 
annual recorded total rainfall at Fakenham station represents the only 
available data for the Fakenham area for 1978-1982. This shows an 
average annual total rainfall of approximately 734mm. Annual total 
evaporation data for the same area over the period is about 649mm for 
potential and about 553mm for actual evaporation.
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-1978___ 1979
YEAR
1980 1981 1982

ANNUAL
AVERAGE

TOTAL RAINFALL 739.20 758.85 725.15 754.70 690.05 733.59
POT. EVAPORATION 683.50 718.00 623.50 570.50 648.88
ACTUAL EVAPORATION 588.50 555.50 552.50 514.00 552.63
RESIDUAL RAINFALL 170.05 191.10 202.40 176.05 184.90

Table 8.1a Annual Rainfall and Evaporation data (in ran) at 
Fakenham (TF 923297) for 1978-1982.

The average annual residual rainfall of Fakenham area is about 
185mm (Table 8.1a). Rainfall record at Fakenham station (TF 923297) 
for 1978-1982 show an annual average seasonal difference of 73mm for 
winter over summer (Table 8.1b).

WATER YEAR
1978 1978/79 1979/80 1980/81 1981/82 1982/83

SEASONAL
MEAN

MEAN
DIFF.

WINTER 394.75 430.45 453.70 280.90 430.25 398.01
73.42

SUMMER 367.40 280.30 294.65 365.10 315.50 324.59

Table 8.lb Seasonal Rainfall data (in mm) at Fakenham for
1978-1983.

The rainfall and evaporation data during the entire field
period: (May-July,1982) is shown in Table 8.1c.

TOTAL POTENTIAL ACTUAL RESIDUAL
MONTH RAINFALL EVAPOTATION EVAPORATION RAINFALL
MAY 56.40 98.50 90.00 -33.60
JUNE 82.30 79.50 78.50 3.80
JULY 25.80 84.00 73.50 -47.70

Table 8.1c Monthly Rainfall and Evaporation data (in mm) at Fakenham
during the survey months (1982).

This table shows a rainfall deficit for the months before (May) and 
after(July) the actual field survey period in Fakenham.
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8.2 GEOLOGY

The geology of the Fakenham area has been derived partly from 
surface geological map of the Northern East Anglia (I.G.S.,1976) and 
largely from borehole information within the area. Fakenham area has 
a very similar geology to that of the Beetley area with very minor 
differences. The deposits are divided into solid and superficial on 
the basis of their age relationship with the Pleistocene glaciation.

PERIOD
(AGE)

TYPE 
OF FM

FORMATION DOMINANT LITHOLOGIC 
DESCRIPTION
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Alluvium

Terrace sand 
and gravel

High level 
gravels

Chalky boulder 
clay

Sand and 
gravel

Upper Chalk 

Middle Chalk ?

Silt or clay with small amount
of peat with occasional thin
Sands and gravels, medium flint, 0-9.14
gravel and sand slightly clayey.

Ferruginous sand and gravel, 0-13.72
loam or clayey sorted matrix.

Blue to grey clay with Chalk 0-20.12
pebbles and flints.

Yellow to white sand and 0-17.68
gravel with some Chalk

White soft, fine grained
fissured limestone with black 0-86.56
nodular flints.
Hard white limestone 0-4.57?

Table 8.2
* As encountered by boreholes 

Geological Succession of the Fakenham area.

The solid deposits are Pre-glacial while the superficial range from 
Pleistocene to Recent (comprising of glacial and post-glacial 
deposits). Table 8.2 shows the geologic sucession in the Fakenham 
area as encountered by the boreholes.
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8.2.1 Solid Deposits

Within the Fakenham area, this is represented by the Chalk (Upper 
and Middle). None of the twenty-two boreholes recorded in this area 
encountered Crag and no exposed Crag outcrop was encountered. One 
borehole (146/337A) encountered about 4m of hard Chalk at -51mA0D 
which was referred to as Middle Chalk, but its classification as 
Middle Chalk is in doubt (Table 8.3).

Upper Chalk

The thickness of the Upper Chalk as penetrated by boreholes within 
the Fakenham area ranges from 0-87m (146/337A). Though 4m of doubtful 
Middle Chalk was encountered at 146/337A, but generally the Chalk in 
Fakenham would simply refer to the Upper Chalk. Several boreholes 
along the Stiffkey river valley to the north of the
area (130/250, 130/252, 130/253), encountered Chalk on the surface.

It is a soft, pure white layered limestone with numerous horizontal 
and high angle inclined fissures. Lines of flint nodules occur 
throughout the Chalk (146/58, 146/337A). A more-or-less Chalk plateau 
runs in a S.W.-N.E. direction through the area with an average dip of 
less than 1° on the eastern side towards the Stiffkey valley and 
almost 1 on the west. This ridge has a peak elevation of more than 
35mAOD (see Fig 8.3). In section (Fig 8.2), the Chalk dips less than 
1° (11*) towards the valleys. Figure 8.2, shows the relationship 
between the Chalk and its overlying deposits in section as encountered 
by boreholes. The lowest level of Chalk was encountered along the 
Stiffkey valley at elevations from 18-25mAOD (146/270, 130/252,
130/253). The highest levels of Chalk were encountered beneath the 
highlands at about 36mAOD (146/58, 146/190). No recorded borehole in 
this area encountered Chalk at any level below Ordnance datum.

8.2.2 Superficial deposits
These are divided into glacial and recent deposits.

Glacial deposits

These comprise of sand and gravel, boulder clay and high level or 
plateau gravels and are Pleistocene in age being the result of the 
Pleistocene glaciation. The glacial deposits have a complex 
relationship with each other and are known to vary in lithology and
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thickness vertically and horizontally within very short distances. 
Where the variation is in very rapid sucession, the resulting sequence 
is referred to as Pleistocene.drift. In Fakenham area, this kind of 
deposit ranges from 0-5m (Fig 8.2). The stratigraphic position of the 
sand and gravel is better established as only two boreholes 
encountered the Chalk overlain by boulder clay directly (146/271, 
146/337A).

Glacial Sand and Gravel

This overlies the Chalk in Fakenham area almost at all the boreholes 
except for two boreholes where boulder clay overlies Chalk. It is 
made up of yellowish brown fine to coarse gravelly sands. From 
borehole data, the sand and gravel formation in Fakenham area varies 
in thickness from complete absence to the west (146/271) to 18m to the 
south (146/46). From Figure 8.2, the sand and gravel layer seems to 
have a fairly uniform thickness in a N.-S. direction on the western 
edge of the area, but varies considerably east-westwards in the 
southern part of the area.

Glacial Chalky Boulder Clay
i

This consists of bluish to grey clay with occasional Chalk pebbles 
and flints. Often sand lenses or layers are found (Table 8.3).

This deposit varies in thickness and lithology. In a N-S direction, 
it is almost absent on the western border reaching only a maximum 
thickness of 5m at 146/271. In an E.-W. direction to the south, it 
reaches a maximum thickness of 20m at 146/337A. Table 8.3 shows the 
nature of the variation in facies of the boulder clay. Its thickness, 
generally ranges from 0-20m.

Glacial High Level Gravels

These are of limited extent being restricted to the river valleys 
and eroded ditches on the high slopes. They are very often underlain 
by boulder clay and are basically unsorted with ocasional flints, loam 
or clay. Their thickness varies from 0-14m as recorded by 
boreholes (146/271).
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146/337 Norfolk Canneries Ltd*, !T~lt Road, Fakenh?m
170

(a) (Standby)- Surface +c.1^$0. Lining tuber,: 120 x 12 in from surface.
ao

7/ater struck at +Cyfcf. R.Y/.L. +C.121. P.YT.L. -c. 8. Recovered to +c.12l in

14 min, Suction -c.45- ‘field 6,30TJ g.p.h, (6 h. test). Dando, June 1-:i54«
2 I Mi.P.Vr.L. fc.>3. Yield 7,740 g.n.h. c. An^. R..V.L. + c.£9i> Pet. 1, v>.

jlcT S 1;
R.Vr.L. +c.2>^ P.Y/.L. +c.1^. Yiell o,uCG g.p.h. Electric pump. S«^t. 19??.

I l i f z  H5$ |I7
Silted to 324* R-Y4L. +c.9Sf- June; +C.9S7 Get. 1961 ; +c.^7. Nov. 1964.

• no
(b) Surface +C.1-50. Bore 300- Lining tubes: 126-4 x 12 in from surface;

20 IIO
T/ater struck at +C./5. R.7/.L. +c*9&, Dando. Sent. 1954.

A  H8.i;
P.T7.L. «frc.<t*7. Yield 8,000 g.p.h. Aug. R.Y/.L. +C.9&**! Oct. 1957. Pw.YT.L.

nq
Yield 6,COO g.p.h. Sent. 1959- Electric pump. Aug,n96o. R.W.L.

IIŜ . * i • -
+ c.p8f-. Yield 3,000 g.p.h. Oct. 1965- .

(a) Boulder Clay
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Recent (ie Valley) deposits

These refer to post-glacial deposits which are restricted to the 
river channels where they are found either on the river floors as 
alluvium or sides as River/Terrace gravels. The Terrace gravels are 
angular to sub-angular indicating relatively little or no transport. 
Alluvium consists of silt or clay, with small amount of peat and 
occasional thin lenses of sand.
A total undifferentiated sequence of Recent deposits of 9m was 
encountered at 146/270 to the northern half of the area.

8.3 HYDROGEOLOGY

8.3.1 General

The Fakenham area lies Within two surface catchments, the Wensum 
catchment (Licensing Authority No 11) to the south and the Stiffkey 
and Glaven catchment (Licensing Authority Nc> 3) to the north. From 
the I.G.S. (1976) map, over eighty percent of the entire surface areaj
is covered by boulder clay which stretches across the area in aiN.W.-S.E. direction covering |the highland ranges within Fakenham. The 
catchments and sub-catchment boundaries coincide with the groundwater 
unit boundaries. Though the I.G.S. (1976) map represents the exposed 
outcrops as boulder clay, the borehole data refers to it as 
Pleistocene drift (Fig 8.2).
The hydrogeology of the Fakenham area has mostly been derived from 

borehole data. Oily twenty-two boreholes were documented and the 
stratal sequence as encountered by them is in Table 8.2. Three of the 
twenty-two documented boreholes do not penetrate the Chalk but 
terminate in the overlying sand and gravel (146/12, 146/74, 146/272). 
There is no record of any borehole terminating in the boulder clay 
layer but rather they all penetrate to the underlying sand and gravel 
or the Chalk.

There is no record of any chemical analysis of the water from the 
control well at . the Fakenham pumping station (146/58). But the 
control well at Houghton St. Giles area (130/144B) further north shows 
an electrical conductivity of 61l£S/cm at 2^C which is equivalent to 
a water resistivity of 16.37ohm-m and a mean pH value of 7.1. Though 
the water sample from 130/144B contains dissolved solids (446ppm), its 
pH value indicates that it is chemically neutral (Table 9.3).
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8.3.2 Hydrogeological characteristics of the lithologies encountered

The lithologies encountered are discussed under two groups basically 
on their capabilities as aquifers viz; deposits overlying the Chalk 
and the Chalk aquifer.

I. Hydrogeological significance of the deposits overlying the Chalk 

A. Recent deposits (Plateau & Valley gravels and alluvium)

This includes the High level gravels, Terrace gravels and Alluvium. 
They are porous and are permeable as clean sand and gravel. Their 
variable lithologic nature results in variable permeability, the 
degree of impermeability depending on the amount of clay particles or 
intercalations contained. Their thickness also varies and these 
variable characteristics further reduce the chances of them being a 
useful aquifer. Though very few intermittent local supplies have been 
realised from the deposits, no recorded borehole in Fakenham area has 
been drilled to exploit these local intermittent reserves.

In places where they outcrop, they are capable of allowing over 
ninety percent of precipitation to infiltrate (East Suffolk and 
Norfolk River Authority,1971). They are very often underlain by
boulder clay which impounds water in them. These deposits are in 
hydraulic continuity with the rivers which they mostly border. So 
hydrogeologically, they are important as a source of recharge to the 
rivers.

B. Glacial deposits

These comprise the boulder clay and sand and gravel. The rapid 
sucession of these two deposits is referred to as Pleistocene drift. 
This is very thin (5m) and has been encountered by most of the 
boreholes ' along a N.-S. line in the west of the area. This drift as 
encountered by boreholes, has been represented on the I.G.S. (1976) 
map as boulder clay. It is possible that the exposed top section of 
the drift is clayey.

Chalky boulder clay

This deposit occupies over eighty percent of the entire surface area 
from the I.G.S. (1976) map. It stretches as a large band across the



area in a N.W.-S.E. direction. The formation is basically a clay 
formation but with variation in lithology, it occasionally becomes 
sandy in places.

The boulder clay limits the amount of infiltration that percolates 
into deep storage in the underlying aquifer. This constitutes its 
major importance hydrogeologically. The extent of inhibition of 
infiltration would depend on the nature of the facies encountered. It 
would-be unreasonable to quantify infiltration within the boulder 
clay, but the boulder clay matrix is more sandy to the north than the 
south and thus it would be expected that infiltration would be more to 
the north than to the south (East Suffolk and Norfolk River 
Authority, 1971).

There is no record of any borehole in the boulder clay even with its 
occasional perched water tables from included sand lenses. In all the 
boreholes where it was encountered, it has always been penetrated to 
the underlying sand and gravel or Chalk.

Glacial Sand and Gravel

These are mainly sands occasionally gravelly with flints. Due to 
their variable lithologic nature, clay intercalations are often 
contained. They are porous but their permeability is variable due to 
occasional clay intercalations. The three sand and gravel bores 
recorded in the Fakenham area, do not have any details of yield 
(146/12, 146/74, 146/272) and range in depth from 12-17metres. This 
shows that they have only given rise to local and domestic supplies 
whose design are very unsophisticated; hence no yield data. Such 
shallow supplies are intermittent and are very easily contaminated and 
so are very often abandoned. In Chalk bores where these Sands and 
gravels are encountered, they are always cased off, probably because 
of the ease with which their water gets contaminated and/or because of 
the problem they create of borehole instability during well 
development.

Pure sand and gravel, where they overlie saturated Chalk 
directly (146/58, 146/67, 146/271, 146/255), are in hydraulic 
continuity with the Chalk offering it vertical recharge during 
abstraction. Where they outcrop and overlie the Chalk directly, they 
are capable of allowing over ninety percent of the effective rainfall 
to percolate to deep storage as direct recharge to the Chalk aquifer 
below (East Suffolk and Norfolk River Authority,1971).



II. Hydrogeological Significance of the Chalk

This constitutes the major aquifer of Fakenham area being 
responsible for virtually all its groundwater requirements. Pure 
Chalk is porous, but of very low permeability irrespective of its 
moderate porosity. Yields of up to 179m3 d-i (146/255) and 363m3d"4- in 
the overlap area have been recorded, but the permeabilty and porosity 
of the Chalk indicate that secondary activities have remodified the 
physical nature of the Chalk to achieve such yields. Thus groundwater 
flow through the Chalk into the wells is mainly via fissures which are 
both horizontal along the beding planes or mcined at high angles to 
the bedding. Fissures have been known to increase the Chalk porosity 
more than two-fold. Flints in Chalk are associated with increased 
fissuring and flints have been recorded in many boreholes in this 
area. At the control well (Fakenham pumping station, 146/58), water 
was struck in a sand and gravel layer and lower in a hard Chalk and 
flint layer at 23mAOD. At . 146/337A, less than two hundred metres 
south of the Fakenham pumping station, water was struck in a hard 
Chalk and flint layer at 6mA0D. With the exception of 146/337A, the 
Chalk was generally penetrated from 0-42m (146/250-146/58).

8.3.3 Groundwater levels and variations

Only three of the boreholes recorded did not penetrate into the 
Chalk and so did not record Chalk water levels.

The groundwater levels in the Fakenham area is similar to the Chalk 
surface contour (Fig 8.3). Maximum groundwater levels are recorded in 
the boreholes along the highland region with the minimum levels in the 
valley areas especially in the Stiffkey valley. The close similarity 
of the water level surface to the Chalk surface topography is evident 
over a majority of the Fakenham area (Fig 8.3) with consequent general 
similarity between the surface catchment and the groundwater unit 
boundaries.

The groundwater contour of Figure 8.3 shows a N.E.-S.W. trending 
zone of high groundwater level that decreases south westwards and 
outwards on either sides of this region. This region constitutes a 
local groundwater divide in the Fakenham area. The pre-existing 
groundwater divide runs S.E.-N.W., so it looks as if it bifercates 
about the second half of the area with a north eastern arm. The 
highest recorded levels occur towards the N.E. corner of the area. 
Thus, the regional groundwater flow of Fakenham would shows an initial
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S.W. flow from the the N.E. corner with simultaneous divergent flow on 
both sides but more especially westwards. The limited number of 
boreholes in this area do not give much coverage for a confident flow 
net construction.
The variation of groundwater in this area has been derived from two 

observation stations at Fakenham (TF 927303) and Sculthorpe 
(TF 910310) over eleven years (1972-1982). Table 8.4 shows the annual 
range of variation of water levels at the two observation stations. 
The Fakenham area with a mean annual range of 0.53m and 1.62m at 
Fakenham and Sculthorpe respectively show that groundwater levels 
within the Fakenham area do not vary much. The groundwater level 
readings at the Fakenham pumping station, may have been suppressed to 
an extent by pumping, but the average range of 1.62m over eleven years 
at Sculthorpe shows some degree of stability in groundwater levels in 
this area. From Table 8.4, 1973 with the lowest range is the most 
stable year while 1977 with the highest range indicate the greatest 
instability in water levels.
The maximum water levels occur during the winter period (Oct-Mar) 

during which evaporation is minimum with actual evaporation almost 
same as the potential evaporation with no soil moisture deficit. Thus 
residual rainfall which offers itself as infiltration is high with 
consequent groundwater recharge.

Table 8.4

YEAR
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982 
MEAN

STATION
FAKENHAM SCULTHORPE
(TF927303) (TF901310)

1.83
0.46

0.40 2.25
0.46 1.73
0.36 1.65
1.31 2.39
0.32 1.22
0.63 2.06
0.35 1.35
0.47 1.53
0.49 1.31
0.53 1.62

Annual Ranges in Water Levels (in M) for Two 
Observation Stations Within Fakenham area.
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I *During the summer months (Apr-Sep) when the actual evaporation seems 
to be in considerable range from the potential evaporation, high 
moisture deficit is built up. This results in negative residual 
rainfall with consequent groundwater reccession. Table 8.5 summarises 
these variations in the seasonal evaporation and rainfall data as 
recorded at B’akenham station (TF 923297). From Table 8.5, the need to 
irrigate during the summer months is obvious.

WATER YEAR
1978 1978/79 1979/80 1980/81 1981/82 1982/83 MEAN

u TOT. RAINFALL 394.75 430.45 453.70 280.90 430.25 398.01
u<u <dSt ACTUAL EVA. 138.50 153.00 159.00 136.50 103.00 138.00
c-H ■Po POTENTIAL EVA 155.00 150.00 151.50 136.50 103.50 139.30

RES. RAINFALL 256.25 277.45 294.70 144.40 327.25 260.01
TOT. RAINFALL 367.40 280.30 294.65 365.10 315.50 324.59

a ACTUAL EVA. 426.50 139.70 397.50 411.50 405.50 412.20
a)wi POTENTIAL EVA 452.00 520.00 566.00 486.50 462.00 497.30
w

pa5 RES. RAINFALL -59.01 -139.70 -102.85 -46.60 -90.00 -87.59

Table 8.5 Seasonal Rainfall and Evaporation data (in mm) at Fakenham 
Station for 1978-1983.

8.4 SURFACE ELECTRICAL RESISTIVITY SURVEY

8.4.1 Introduction

The Fakenham area constitutes mostly a farmland area with 
urbanisation around Fakenham town. These restricted the extent and 

t direction of expansion of the probe to availability of space. The
same problem of accessibilty as encountered at Beetley were also 
encountered, so the first two days were used to gain access to the 
farmlands that would contain the sites. Also, the location of the 
boreholes where either within the farms or in houses, this restricted 

m  the extent and direction of expansion of probe to availability of
space rather than the best theoretical direction. This lack of 
attainment of the best theoretical direction of expansion was not 
expected to lead to serious errors as the dip of the Chalk in this 
area is generally less than 1 (Fig 8.2 & Fig 8.3). Thus, the near 
horizontal nature of the Chalk compensates for the variation in the 
direction of expansion of probe.

The choice of sounding sites was controlled by the availability of
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borehole data especially with those which ascertain whether good or 
poor yields were obtained from the Chalk. However, some soundings 
were made at borehole sites without any yield data for comparison 
purposes. The Fakenham area overlaps with the Houghton St. Giles area 
and about six soundings numbered as Fakenham occur within this overlap 
area (Fig 9.1).

8.4.2 Depth Sounding

The practice adopted before surveying this area was to gain access 
to each area before carrying out the survey in the particular area. 
This took from the 18-27th of June 1982 to accomplish. Thus, Fakenham 
area was surveyed during the last days of June and early July 
1982 (28-2nd).
The largest possible expansion distance of about 250m was considered 

inappropriate for any horizontal traverses. Fourteen soundings were 
made using the Schlumberger electrode array with spreads ranging from 
AB distances of 180-200m. The numbering of the soundings comprises of 
a letter and a number with an occasional decimal point. The letter 
represents the first letter of the site area while the number 
represents the number of the sounding and the decimal only for 
cross-soundings to indicate how many were taken from that particular 
site. Only one cross-sounding was possible (F3.1&3.2) and the 
soundings were generally as parametric as built structures and 
availability of space would allow. Offsets of the soundings from the 
boreholes varied from 7m (F7) to 150m (Fll).

Electrode distances corresponding to six per decade were used to 
make the data easier to process as the analytical programs available 
use the same. Thus, the AB distances of 180-200m, would give rise to 
thirteen readings or measurements per site. The recording equipment 
was the SAS 300 (Fig 7.5) as for the Beetley area. Figure 8.1 shows 
the location and the direction of expansion of the vertical electrical 
soundings as well as the location of the boreholes.

8.4.3 Data Analysis and Interpretation

The same approach as described in Chapter 7.4.3 was followed in this
area.
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A. Apparent Resistivity Map (Qualitative approach)

The average thickness of the overlying deposits in the Fakenham area 
is approximately sixteen metres (15.86m). Two electrode separations

• were chosen to investigate the variation in electrical properties of
the earth through Fakenham area. AB/2 of 10m and 46m were chosen. At 
the smaller AB/2, it is expected that the characteristics of the near 
surface deposits would be revealed, while at 46m, the combined effect 
of the overlying deposits and the top section of the Chalk to about

# that depth would be represented.
Figure 8.4a shows the apparent resistivity map of the Fakenham area 

at AB/2 of 10m. The area is divided into an inner central N-S low 
zone (<50ohm-m) bordered on either side by a high zone (>50ohm-m). In 
the inner low zone, the minimum apparent resistivity (24ohm-m) occurs

• at F9 (Fig 8.1) and in the high zone, the maximum (95ohm-m) occurs at
F4. This indicates that the overlying deposits are more clayey along 
the low zone which is confirmed by 19m of boulder clay at 
F9 (130/211). Also, the high zone shows an area of relatively sandier 
overlying deposits as 17m of top sand and gravel at F4 (146/271)

* indicates. From the topographic map (Fig 8.1), the low zone seems to
follow the river valley along which Chalk was met on the surface. So, 
at certain locations, the characteristics of the top section of the 
Chalk is represented (F12 & F13).
Figure 8.4b, is the apparent resistivity map of the Fakenham area at

• AB/2 of 46m. The same shape and pattern as for AB/2 of 10m is
maintained. The only difference is in the absolute values of the 
minimum and maximum apparent resistivities. The absolute values of 
the low zone has relatively increased while that of the maximum has 
decreased. At this electrode separation (depth), the characteristics 
of the top of the Chalk is reflected in the values. A high would 
indicate either greater thickness of sandy materials, or nearness of 
the Chalk basement(massive unfissured Chalk) or that the Chalk 
contains a lot of high resistive materials which are mostly flints or

# flint bands. Flint band inclusions are usually associated with
increased fissuring. The maximum value occcurs at Fll (100ohm-m) 
where about 15m of sand and gravel overlies the Chalk. The range of 
values of the two maps are similar.
Apparent resistivity maps have not been able to distinguish between 

the characteristics of the good and poor sites. Good and/or poor 
sites are not restricted to any particular zone but rather occur in 
either of the zones. Most of the good and poor sites occur in the
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high zone. The apparent resistivity map has only given an indication 
on the variation of the lithology of the overlying deposits. It could 
be seen as having demarkated the clayey area from the more sandy 
areas (low for clayey and high for sandy).

B. Quantitative Interpretation

The VES curves were interpreted by curve matching using two and 
three layer master curves in conjuction with auxiliary point charts. 
The resulting solutions were cross checked with an analytical program 
(Zohdy,1974c) by re-interpreting the curves. The interpreted models, 

were used to calculate theoretical sounding curves to match the 
observed data. Sometimes the interpreted models were readjusted 
slightly to get a theoretical sounding identical to the observed 
sounding
Some of the soundings, showed right hand branches that were not 

complete. These caused considerable problems in the interpreted 
solutions and the resulting interpreted basement resistivity was 
either overestimated or underestimated depending on the inclination of 
the terminal branch. For such curves, the basement resistivity 
indicated the tendency of the layer directly below the resolvable 
layer (ie, whether more resistive or less resistive than its overlying 
layer).

Ambiguities in Surface Electrical Resistivity Interpretations

The Fakenham control well sounding has been used to illustrate the 
difficulties or the considerations made in an attempt to obtain a 
unique solution to soundings (Fig 8.5).
Multilayered geosoundings lack unique solutions. Where geophysical 
logs are available together with good lithologic logs and chemical 
analysis of the water from the borehole, very logical interpretations 
could be made. At Fakenham, there are no geophysical logs and no 
results of chemical analysis of the pumping station waters. So, for a 
site like the Fakenham control well (146/58), the only aid in 
achieving the best interpreted model is the lithologic log.
F2, represents the parametric sounding at the pumping station. The 

curve was first interpreted with an analytical program and was then 
re-interpreted by curve matching before computing a theoretical curve 
from the interpreted models to fit the observed data. Two models were 
obtained (Fig 8.5). The models were adjusted using Dar Zarrouk



parameters until close fits were obtained with the observed data. 
Figure 8.5, shows the two resulting models compared with the observed 
data. These do not constitute the only likely solutions as these are 
bound to vary but not much with the number of interpreters. 1
The borehole log now as the only remaining guide, was used to choose 

the better fitting model to the geology of the site. This is why the 
geological information should be both precise and of good quality. 
The better fit would be got from the model that picks the lithologic 
boundaries better. The two models picked the horizons well enough but 
considering the values of the resistivities that correlated with the 
individual geologic layers, the five layer model was considered as 
more appropriate. Also, the five layer model of Figure 8.5 fits the 
observed data better than the four layer model even though they are 
both geoelectrically similar. F2, has been described below to show 
how the other soundings in this area had been both interpreted and 
considered.

VES at Fakenham Pimping station (F2)

Lithologic log (146/58)

Three basic lithologic units were penetrated with a top soil of less 
than a metre thickness. The top soil is underlain by 15m of boulder 
clay which is underlain by 4m of sand and gravel. The sand and gravel 
layer overlies Chalk which contains flints. Table 8.6 shows the 
variations within each of the units penetrated. Water was struck at 
two levels. One within the sand and gravel layer(17m below), and 
within Chalk(31m below). 146/58, stands at an elevation of about 
55mAOD with its rest water level about 17m below the ground surface.

VES F2

Five geoelectric layers were resolved. A top relatively resistive 
layer of less than a metre overlies a conducting layer of about one 
metre thickness. These two layers are within the boulder clay layer, 
but even though their resistivities (71&61ohm-m) would seem high for 
boulder clay, they represent the top section which is unsaturated 
being about 15m above the rest water level. The base of the third 
layer which is 14m thick and conducting correlates with the boulder 
clay layer with typical boulder clay resistivity (28ohm-m).
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The fourth layer of 21m thickness with a resistivity of 83ohm-m 
consists of the 4m sand and gravel layer in its top section and the 
top flinty part of the Chalk in its lower section, thus establishing 
that geoelectric continuity exists between the sand and gravel layer 
and the flinty Chalk. The two levels at which water was struck at 
this site are within this layer.

. ^a^ŝ -n^ 0Jn . Pumping Station. Holt Road. Fakenham
Surface +179« Shaft 175 x 6; rest bore 10 in. Brick lined to 118 down.

.*
Water struck at +121*. and +76. R.W.lf. +122^. P.W.L. +8. Recovered to +121^ 
in 6 h. Yield 8,840 g.p.h. (test). LeGrand. Aug. 1936.

Shaft deepened to 176^. Date unknown. Yield 10,000 g.p.h,, 7^ h.p.d. 

l'?r, 1941. P.W,L. +20 (not at equilibrium). Yield c. 5,000 g.p.h. June 1947;

7,000 g.p.h. Hardness: total 286. Anal. Oct. 1948. R.W.L. +126. Sept.

P.W.L. +25. Yield 7,500 g.p.h. Oct. 1954. R.W.L. +126^. P.W.L. +15. Yield
050 g.p.h. (14 d. test). Oct. 1959. R.W.L. +121. P.W.L. +22. Yield A-,050
p.h. Oct. 196,+ . Hardness: P. 140. T. 265. Jan. 1965.

Lfldo • • • • • • 2 2
Boulder Clay ... ... 48 50
Sand and Gravel... ...

CD
 -

f 6l-2f
UCk ... ... 200 — (3 Q
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classification.

- - nature of strata\ . »«.. . (and any additional remarks).
THICKNESS DEPTH
Feet. Inches. Feet. Inches.
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Table 8.6 Detailed description of the lithologic units 

encountered at the Fakenham control well

The inability of the sounding to resolve the sand and gravel layer is 
likely due to its relatively small thickness compared with its depth
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of burial and also because of the probable geoelectric continuity that 
exists between it and the flinty top section of the Chalk.
Hie base layer is too conducting to be as a result of fissuring and 

saturation. There is no record of chemical analysis of water from 
this site to estimate its water resistivity, but at Beetley south of 
the area, 22ohm-m was estimated and at Houghton St. Giles, 16ohm-m was 
estimated. So Fakenham area would be expected to have a water 
resistivity somewhere between these two values. Since most boreholes 
are acid tested, and there is no check on the relative groundwater 
movement at the bases of the bore, it could be that the conducting 
nature of the base layer is as a result of undispersed acid that may 
have invaded the formation. With the water resistivity north and 
south of this area ranging from 16-22ohm-m, any cause of such low base 
layer resistivity as 13ohm-m, must have been by a very conducting 
secondary source like residual acid.
This site is considered poor because of low yield. It does not seem 
surprising, as the two levels at which water was struck were cased off 
within the 40m casing.

From the sounding, the resolved productive horizon is between 16-36m
of depth. It is of combined sand and gravel and flinty Chalk with a!
resistivity of 83ohm-m and an effective relative thickness of 1.27. 
This resolved productive zone is cased off. Thus, it is more likely 
that the poor yield from this site is as a result of an error in the 
design of the well.

8.5 DISCUSSION OF RESULTS

Four criteria have been used to group the soundings for comparison 
and/or interpretation purposes. This approach combines a qualitative 
discussion of the similarities and dissimilarities of the curves in 
each group and a consideration of their interpreted models along 
sections. Some curves occur as a group in more than one criteria. 
The criteria used are the same as at Beetley; topographic, curve 
shape, nearness to each other (one kilometre radius) and quality (good 
or poor). The individual soundings are presented in summary form in 
Appendix B2. Table 8.7 shows the boreholes with their corresponding 
sounding sites and information on whether the boreholes were 
hydraulically tested or not and their individaul specific capacities.
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8.5.1 Topographic Criteria

The sounding sites varied from major valleys to minor valleys to 
hill top and high slopes, and the surface water divide in Fakenham 
area. Yields or rather transmissivity were found to be related to the 
Chalk topography (Parvisi 1977). Since the surface topography 
reflected the Chalk topography, the soundings were grouped on the 
basis of Similarity in topographic location. Four groups were
obtained, viz the major valley, hill top and high slopes, minor 
valleys and surface water divide.

SERIAL I.G.S. WELL SOUNDING SPECIFIC KEY TO
NUMBER CAT. NUMBER NUMBER COMMENTS CAPACITY COMMENTS

(m ^ )
(SHEET 146)

1 58 F2 TP 20.12 L— Local
2 66 F2? . TPD 19.90 T— Tested
3 74 F5 L P— Poor
4 190 F3.1/F3.2 TP 11.08 G— Good
5 255 FI TGD 178.75 F— Fair
6 270 F6 TG 83.02 C— Contaminated
7 271 F4 TPD 1.49 D— Disused
8 337B F2? TP 26.75
9 378 F7 TP 29.79

(SHEET 130)
10 210 Fll TGD 363.46
11 211 F8/F9 TFCD 51.19
12 248 F10 LD
13 249 F8/F9 LD
14 250? F6 L
15 251 F12 L
16 252 F13 L

Table 8.7 Tested and Untested Boreholes with their
Corresponding Sounding Sites in Eakenham area

A. VES Sites in the Major Valley in Fakenham (F6,F11,F12&F13)

Three soundings are involved in this group (Fig 8.6a) but in the 
section (Fig 8.6b), a fourth sounding(Fll) was included. This
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sounding though not in the major valley, falls along the section line 
and so has been included. The major valley sites are located in the 
southern part of the Stiffkey river valley.

The three sites are almost at the same elevation (27-32mA0D). In
• the section, Fll which is not in the major valley has an elevation of

42mAOD. The geology of the sites is relatively simple consisting of 
either Chalk at the surface or a thin layer of sand and gravel 
overlying Chalk. The sand and gravel seems to be thicker under the 
highlands(Fll) and to the south(F6) than to the north(F12&F13) where

• the boreholes encountered Chalk at the surface. Thus, the sand and
gravel thickens southwards along the major valley from complete 
absence at F12 and F13 to about 10m at F6 and on the relatively high 
ground of Fll to 15m.

The soundings are dissimilar at shallow depths with the near surface
• resistivity being least at F6 despite its 10m top layer of sand and

gravel. This indicates that the sand and gravel layer is probably 
very clayey to have a resistivity of 37ohm-m which is too low for sand 
and gravel but typical of a slightly sandy boulder clay layer. F12 
has very high near surface resistive layers. With no flints recorded

* in its lithologic log, the top section is either massive (fissureless)
or relatively dry.

The curves are similar at depth and their turning points seem to 
occur around the same AB/2 distance. Five layers have been resolved 
for all the soundings. The first two or three of the resolved layers

• are within 10m depth showing the very variable nature of the near
surface layers. At F12 and F13, the first three layers are within 15m 
depth. At F6, a very thick layer constitutes the third layer with a 
small high resistive layer overlying a conducting basement. The 
fourth layer at F12 and F13, can be traced across to the third layer 
at F6 with the same range of resistivity. At F6, this third layer 
comprises of 7m of sand and gravel and about 18m of the top of the 
Chalk again establishing geoelectric continuity between the sand and 
gravel and the Chalk. This layer is underlain by a relatively

^ conducting base layer. The third layer at F6, has the same range of
resistivity as the combined sand and gravel and flinty Chalk at 
F2 (Fig 8.6b). Though no flints are reported at this site, it is 
thought that flints occured at this site and at F12 and F13 or that 
the Chalk is more massive or less fissured along this level. But the 
F6 borehole (146/270) is of good yield, so it is more probable that 
this horizon is a flinty Chalk horizon. At F2, the flinty Chalk 
stretches from -6mA0D to 37mAOD, but in these soundings, this level
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stretches from -2mA0D at F12 to 25mAOD at F6. This means that the 
productive horizon varies in thickness from 25m at F6 to 11m at F13. 
At all the sites, this productive horizon is underlain by either a 
resistive layer or a resistive basement. The resistive basement at 
F12 and F13 would represent less fissured flinty Chalk while at F6, it 
would represent a fissured flinty Chalk which is underlain by a 
probably fissured less flinty Chalk.

Chalk occurs at the surface at F13 and very near the surface at F12, 
but the boreholes at these sites are very shallow and have no yield 
data so, the quality was indete rminate. The rest water level at these 
sites are within their top 7m end none of the bores has any casing 
details. F6 is a good yield site and with the similarities in the 
geoelectric nature of the soundings at each of the sites, F12 and F13 
would be expected to be good if the identified productive zone is 
exploited.
Within this group, the surface resistivity technique has been able 

to locate and trace the continuity of the productive horizon through 
the sites. Also, the curves from this group look very similar and 
could be regarded as characteristic of the major valley area in 
Fakenham. .
The characteristic of the fissure zone being underlain by a resistive 
and conducting base has been shown by all the good sites in Houghton 
St. Giles area which is to the north of F6. The values of the 
individual layers and the depth from the surface at which the 
productive horizon occurs at this site, compares very well with those 
of the Houghton St. Giles area.

B. VES Sites on Hill top and top of Minor valley sides (F7, F8, 
F9, F10 & Fll)

Five soundings are involved in this group (Fig 8.7a) which stretches 
from the west to the east inclined to the N.E. in the northern part of 
the overlapping area between the Fakenham and Houghton St. Giles 
area (Fig 8.1&Fig 9.1). The site elevations range from 40mAOD at Fll 
to 54mAOD at F7 and F8 respectively. These sites actually lie in the 
high slopes of the NE-SW trending highland to the east. The sites 
have varying formations overlying the Chalk. To the west at Fll, 
about 15m of sand and gravel oyerlies the Chalk. At F7, the Chalk is 
overlain by 19m of undifferentiated drift while to the east at F8, the 
Chalk is overlain by about 20m of boulder clay. At F9 and F10, the 
boreholes record only a few metres of boulder clay. Thus, from the
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west to the east, the sand and gravel grades into undifferentiated 
drift about the centre and further east, the Pleistocene drift changes 
to boulder clay. The Chalk elevation ranges from 27mAOD at Fll to 
35mAOD at F7 which again confirms the fact that the surface topography 
reflects the Chalk topography.
F8, F9 and F10 have similar curve shapes and are very close to each 

other (Fig 8.7a). Fll is almost parallel with F8 but of relatively 
higher resistivity. F9 and Fll are similar in characteristics only 
that the absolute resistivity of the layers is higher in Fll than at 
F9 at near surface depth but the reverse becomes the case at depth. 
F7, F8 and F9 have a relatively low initial apparent resistivity as 
against an initial high at Fll. The Chalk at F9 is overlain by 
boulder clay as against sand and gravel at Fll (Fig 8.7b). This is 
the reason for the initial high apparent resistivity. At Fll, the 
high resistivity of the base of the Chalk of 128ohm-m without recorded 
flint, would suggest that most of the good yield from this site comes 
from the sand and gravel and a very thin (4m) top section of the Chalk 
that is in continuity with it. F7 resolved three zones in the Chalk, 
a top resistive, an intermediate of lower resistivity than the top and 
a low resistivity layer at the bottom. The middle zone likely to be 
the of high permeability development with a thickness of 14m 
penetrated only for 2m by the borehole. This means that only about 
fourteen percent of the aquifer thickness was penetrated by the 
borehole at this site. The low below this layer is not likely to be 
very productive as about 45m of overburden overlies this layer. It is 
thought that the basement resistivity is underestimated as the F7 
curve looks incomplete. F10 has better potentials than any of the 
other sites but the bore is too shallow for any categorical 
assessment. But from the comparison of the curves and the geoelectric 
characteristics, F10 would be expected to be a good site.

From the soundings, the aquifer or the resolved expected productive 
zones varies in thickness from 13m at F9 to 22m at F10.
The expected productive zone has been picked within this group at an 

elevation between llmAOD and 38mAOD. The absence of casing details at 
Fll, F8 and F9 makes it difficult to establish the level of 
production. At F7, the borehole is thought to have just failed to 
penetrate the productive zone. Thus, this could be why the yield from 
this site is poor. Also, the good sites within this group (F8,F9&F11) 
do not have similar curves and the poor site(F7) has a different curve 
shape.
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c. VES Sites in Minor valleys (F1,F3.1,F3.2,F4&F5)

Five curves are involved at four sites with one cross-sounding at 
F3 (Fig 8.8a). The sites do not lie along a straight line but are 
staggered in a zig-zag form with FI further south and F5 further 
north (Fig 8.1). Elevations through these sites vary from 42mAOD at 
F3.1&3.2 to 53mA0D at F4. The Chalk varies from 26mA0D at FI to above 
35mA0D at F3. The elevation of these sites do not indicate a 
reflection of the surface topography as the other groups did. The 
basic lithologic units are represented across these sites but the 
location and thicknesses of these units are varied across the 
group (Fig 8.8b).

Four geoelectric layers are resolved at F3.2 and FI, while five 
layers were resolved at F3.1 and F4 with six layers at F5. On the 
average, the top three layers are only variations within the overlying 
drift deposits. The cross-soundings at F3 show near surface 
variations but agree very well at depth. FI and F3.1 do not share any 
curve similarity with any other in this group. FI's initial high is 
probably because of the sand and gravel that overlies the Chalk. A 
geoelectric continuity exists between them as both contribute to that 
high resistive layer which is very resistive at F3's and F4. FI, has 
a more conducting basement that starts at 18mA0D to infinity. Thus it 
is thought that the sounding could not resolve the extent’ of this zone 
of increased permeability development depicted by its relatively low 
resistivity. The sites of F4 and F3, show a more massive basement. 
F5 shows a more pronounced layer of low but the shallow depth of the 
borehole, makes any comparison difficult as the thickness of the 
overburden cannot be established.

FI is a good site with unique curve shape. But F3.1&F3.2 and F4 
have similar curve shapes and are poor sites.
Within this group, the minor valley sites do not seem to have any 

specific curve shape; likely productive horizons were picked across 
the group but there are no casing details to establish the level of 
production of their boreholes. If casing details were available, then 
it would have been possible to establish whether poor yeilds were as a 
result of design error or not. The productive horizon has the same 
range of resistivity as the productive flint layer (48-86ohm-m).
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Three sites are involved in this group (Fig 8.9a). The sites lie in 
the southern half of the area and are almost in a NW-SE direction with 
a north westerly incline (Fig 8.1). The site elevations vary from 
42mA0D at FI to 54mAOD at F2 while the Chalk elevations vary from 
25mA0D at FI to 36mAOD at F2. Thus, confirming the reflection of the 
Chalk topography by the surace topography. At FI and F2 to the south, 
the sequence is of boulder clay above sand and gravel over Chalk but 
at F4, the sequence is Pleistocene drift overlying sand and gravel 
underlain by boulder clay. The boulder clay layer is thickest at 
F2(15m) and F2 also contains the thinnest layer of sand and 
gravel(3m) (Fig 8.9b).

FI is unique in shape in this group. F2 and F4 are similar even 
though the absolute values are higher for F4 than F2. F2 and F4 are 
actually on the surface water divide while FI is in a minor valley of 
the Wensum river valley system. F2 and F4 are similar in curve shape 
with the deeper geoelectric layers at F4 more resistive than at F2. 
The relatively high resistive top and bottom of the Chalk at F4 are 
probably due to its massive nature. F2, shows a resistive fourth 
layer of 83ohm-m. This value must have been affected by the sand and 
gravel layer and the flint in the top section of the Chalk which were 
resolved as a geoelectric layer thus indicating continuity in 
geoelectric properties between the top section of the Chalk and the 
sand and gravel layer. At this site, water was struck at 38mAOD in 
the sand and gravel layer and at 23mAOD in the top section of the 
flinty Chalk but this site is cased to 15mA0D. This means that the 
productive zone between 18mA0D and 40mAOD has been cased off and this 
is probably responsible for the poor yield at this site. The basement 
low at F2, may be likely due to acid treatment to a depth of 
relatively no groundwater movement with residual acid still within the 
well. This assessment is difficult to substantiate as it could not be 
verified due to operational difficulties.

The Chalk at F4, shows fissureless characteristics derived from its 
high resistivities which are not commensurate with fissuring, though 
F2 and F4 are similar in shape and are both poor. It is thought that 
the poor yield at F2 is as a result of design error while F4, is poor 
because of its location on the surface and groundwater divides. 
Generally, there is no uniquenesss about the soundings in this group 
as the yields are mixed.

D. VES Sites on the Surface water divide (F1,F2&F4)
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8.5.2 VES Curve shapes Criteria

The topographic grouping did not show any consistent trend, so 
similarity in curve types or shapes was considered as a basis for 
grouping the sites. The main aim of this was to see if any curve 
shapes correlated with yield, ie whether good and poor sites had 
distinguishing or unique curve shapes. Two curve groups were 
obtained, viz, H/HK/HKH-type and KH/KHK-type.

A. H/HK/HKH-type curves in Fakenham area (F6,F8,F9&F10)

Four soundings are involved in this group (Fig 8.10ai), while the 
sites have similar curve shapes, F6 has a conducting basement against 
a resistive basement for the other sites (F8,F9&F10). At F6, the 
Chalk is overlain by sand and gravel only while at F8, F9 and F10, the 
Chalk is overlain by boulder clay. The top layers at these four sites 
have the same range of resistivity very much like that of boulder 
clay. Thus, it is probable that the sand and gravel layer at F6 is 
very clayey in its top section. The difference in the overlying 
deposits at the individual sites is very likely the cause of this 
pattern. But the absolute value of the basement resistivity at F6 is 
very close to that at F10.

Three of the four soundings in this group are good sites. So, even 
though there is no casing details for any of these sites, these shapes 
could be said to be characteristic of good sites to an extent. The 
minimum and maximum turning points on these curves seem to occur 
within the same range of AB/2 for all the soundings (8+2metres and 
50+10metres). This attribute seems characteristic of almost all the 
soundings in this group.

B. KH/KHK-type curves in Fakenham area (F2,F3.2,F4,F12&F13)

Five soundings form this group (Fig 8.10aii).
The curves are very similar and their initial maximum and minimum 
values occur about the same AB/2 distance. F2, has a minimum point 
that is a bit shallower than the others and a terminal maximum that is 
also shallower than the rest.
The curves are very similar in their top section and is only the 

depth relationship that causes the difference. While F3.2, F4, F12 
and F13 have a resistive basement, F2 has a conducting basement. The 
Chalk comes to the surface at F13 and very close to the surface at F12



but is some 19m below the surface at F2 and 20m at F4. F2 has a 
column of 15m of boulder clay and four metres of sand and gravel 
overlying the Chalk. The very conducting nature of the basement as 
against the other soundings, is probably due to extensive acid 
treatment with relatively no groundwater movement at depth. The thin 
sand and gravel layer is in geoelectric continuity with the top of the 
Chalk and in hydraulic continuity with the Chalk. Considering the 
design of F2, it does not seem as if this should have been a poor 
site. The boreholes at F12 and F13, are too shallow(8m and 5m 
respectively) to be productive boreholes. Thus, it is thought that 
they may have been drilled for purposes other than for production (eg 
for sand and gravel assessment).
Three out of the five soundings in this group are recorded poor 

sites but the characteristics of the F2, seems to be as a result of 
secondary consequences(acid treatment). It is possible that F2 could 
have had the same characteristics with the curves in Figure 8.10ai if 
untreated with acid or if there was evidence of dispersal of the acid. 
Thus, these curve shapes seem to indicate yield quality of the sites.

Even though all the tested sites could come into any of these 
groups, the curve shape criterion seems to have shown some indications 
towards distinguishing poor sites from good sites.

8.5.3 VES Sites that were close to each other: Proximity Criteria

The curve shapes showed some correlations with yield quality but not 
very uniquely, so sites within maximum of one kilometre radius were 
considered to see if particular geographical locations had unique 
curves and/or yield quality. Three groups are involved under this 
criterion, viz, sites to the south(Fl&F2), sites to the 
N.E. corner(F8,F9&F10) and sites to the N.W. (F6,F11,F12&F13). The 
first and second groups in this section have occured under the 
topographic criterion and thus, would not be repeated. These are 
represented in Figures 8.10bi&ii. !
VES Sites in the N.W. of Eakenham area (F6,F11,F12&F13)

Four soundings are involved in this group (Fig 8.10biii) consisting 
of two tested(F6&F11) and two untested(F12&F13) sites. The boreholes 
at F12 and F13, are straight into the Chalk with only rest water level 
data and no yield data. From the depth of these boreholes, it would 
seem that they were probably drilled to ascertain the rest water level
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in the area. The sand and gravel in this section is absent in the 
major valley and thins from the upland area towards the major valley.

The curve shapes are very similar with only F6 having a different 
type. Though the number of layers are not the same for all the 
soundings, the near basement layers are similar with high resistive 
basement layers. Only F6 has a low resistive basement. All the
soundings picked up at least two layers within the Chalk with F6 and 
F13 picking three and five respectively. The resistivities of the 
soundings at depth are similar with near surface values at F6 and F12 
being low and high respectively with regards to Fll and F13.

8.5.4 VES Sites with Similar Quality of Yield: Yield Criteria

Locally, this area is regarded as one of poor yields. Most of the 
boreholes in this area are too shallow to have penetrated the aquifer 
enough to bring out fully its yield potentials. All these shallow 
boreholes do not have any yield data and so look as if they were 
primarily for establishment of the groundwater level than for 
production. The yields range from 4.58m3d"£ to 964.22m3d"1 with a total 
drawdown range of 0.61-39.32m for borehole diameters of 
101.61-152.4mn. The specific capacities range from 1.49mad"1 to
363.46m2-d*1. The same classification criterion for the Beetley area 
was also followed here.

The soundings at the tested sites have been grouped in terms of 
their yield quality. It was thought that the soundings may show some 
similarity on the basis of yield quality.

A. VES Curves at Good sites in Fakenham (F1,F8&F11)

Three sites have been established to range from fair to
good (Fig 8.10ci and Table 8.7). Their specific capacities range from 
83m d at F6 to 363m5d-4 at Fll. There are no casing information for 
any of these good sites even though have been tested for yield 
quality. The lack of casing information makes it impossible to
establish the production zone in the absence of geophysical logs. 
Their topographic location varies from the major valley to the minor 
valleys and high elevation slopes.

From the rest water level and the Chalk elevation map of Figure 8.3, 
the SV trending groundwater divide. peak constitutes a local 
groundwater divide. 130/211 which is about 250m south east of F8 and 
300m south of F9, is tested and is fair. Though this distance is



small, the lithology of the glacial deposits is capable of Varying 
within such small distances. So, even though it may not be completely 
wrong to suppose these sites to be similar to 130/211 in yield, there 
is no evidence to confirm this. At F8, the bore is a local one and 
the nearest boreholes to F9 are the 146/249 of F8 to the south west 
and 130/211 to the south.

For the three tested good sites, FI lies at the periphery of the 
high groundwater level range while F6 and Fll lie within 25mA0D and 
30mAOD groundwater contours. F6 and Fll from the groundwater contour 
map of Figure 8.3 are located in areas of convergent flow. This could 
be why they are good in yield.
The curves in this group are very similar having minimum and maximum 

values at AB/2 distances of 8+2m and 50+10m respectively.

B. VES Curves at Poor sites in Fakenham area (F2,F3.1,F3.2,F4&F7)

Five soundings are involved in this group (Fig 8.10cii) out of which 
two are cross soundings (F3.1&F3.2). All these sites have one common 
characteristic, viz, the Chalk at these sites is either overlain by 
boulder clay or a thin sand and gravel layer seperates the boulder 
clay from the Chalk. The boulder clay layer hydrogeologically reduces 
or prevents infiltration by percolation to deep storage. Two groups 
of poor sites could be distinguished from the shapes of the curves. 
The two sub-groups comprise of either a very shallow initial 
maximum(F3.2&F4) or minimum(F3.1&F7) within AB/2 distance of about 4m 
and a relatively deeper minimum and maximum of about 10-30m. F2,
seems slightly different from these with its minimum and maximum 
apparent resistivity values occuring at about the same AB/2 distances 
as for the good sites. The F2 site as dicussed earlier, is thought to 
be poor as a result of design error.
The rest water levels of the poor sites are more than 10m below the 

ground surface and the boulder clay layer sometimes lies above the 
rest water level or contains it. The boulder clay layer could be 
expected to restrict recharge by percolation.

8.6 INTEGRATION OF ALL AVAILABLE USEFUL DATA

Finally, in all the tested boreholes, only two have casing 
information so it was difficult to establish the level of production 
of the boreholes. From the interpretations of the soundings, the 
elevation of the aquifer was estimated to be between -2mA0D to



39mAOD (F6&F2 respectively). This assessment was purely based on the 
absolute resistivity values of the resolved most productive zones. 
The thickness of the resolved productive zone varies from zero at F4 
to 25m at F6 with resistivities from 59-95ohm-m at F10 and Fll 
respectively. This range of resistivity includes that for pure 
fissured Chalk and flinty Chalk. The lower end of the range normally 
represents the fissured Chalk without flints whereas the upper end 
represents the fissured Chalk with flint inclusions. The elevation 
range of the productive horizon is in the same range as that proposed 
by Foster and Robertson (1977, -20mAOD-20mAOD) while the absolute 
resistivity values agree with those of Barker (1981) for the top of 
the Chalk and Harker's estimates (60-85ohm-m, Chapter 5).
The rest water levels are shallower for the good sites than for the 

poor sites. They are generally less than 10m below ground surface at 
the good sites and greater than 10m at the poor sites sometimes 
reaching as much as 22m below ground surface (F7). With the exception 
of FI, and the extrapolated good sites of F8 and F9, the other two 
good sites lie within the major valley areas which are of relative low 
groundwater level. The boulder clay layer becomes sandier north 
westwards along the major valley. This would mean increased 
infiltration through the boulder clay and thus more direct recharge 
and this may affect the well yield.
The good sites seem to have a consistent curve shape (Fig 8.10ci) 

which is different from those of the poor sites. F2 which falls into 
the poor group does not share the same curve shape with the poor 
sites. It is thought to be poor by design and not by characteristics.
All the poor sites in the Fakenham area come from the upland Chalk 

area which constitute the groundwater divide zone. The good sites are 
located in the lowland Chalk of the area with only the extrapolated 
sites of F8 and F9 occuring in the upland Chalk to the north east 
corner. Generally, the good sites have a Chalk level of less than 
25mAOD whereas the poor sites have a Chalk elevation of greater than 
30mAOD. Table 8.8 summarises the available useful data at the 
sounding sites with the geoelectrical results from the individual 
soundings.
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SOUNDING RESULTS WITH CORRESPONDING BOREHOLE DETAILS

FI
(146/255)

F2
(146/58)

F3.1
(146/190)

F3.2
(146/190)

F4
(146/271)

F6
(146/270)

F7
(146/378)

F8
(130/249)

F9
(130/211)

Fll
(146/210)

Bore Elevation 42.06 54.56 44.20 44.20 53.04 27.43 53.64 52.23 50.29 40.23

Groundwater Level 34.84 35.76 34.59 34.59 38.73 23.83 31.35 50.16 37.71 27.66

Base of Bore -18.90 - 6.40 5.49 5.49 18.29 12.19 22.55 4.23 - 6.57 -14.63

Chalk Elevation 24.99 35.83 35.97 35.97 31.09 18.29 34.74 * 30.79 25.60

VES Resolved depth 19.65 18.33 16.83 17.95 20.26 - 7.08 7.80 17.73 25.29 15.23

Base of Casing * 18.89 27.13 27.13 * * * * * *

VES resolved level <18.00 18 _  39 14 _  33 16 _  30 <27.50 0 _  25 11 _  31 8 _  28 25 _38 14 - 28

Main Aquifer 
Resistivity ( m) 43 83 81 80 97 76 80 61 69 95

Assessed Quality Good Poor Poor Poor Poor Good Poor Good Good Good

NB; all heights are in mAOD * Information unavailable

Table 8.8 Comparison of Productive Horizons of the Tested Boreholes with their Corresponding Depths by 
the Soundings in Fakenham area

# # #
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CHAPTER NINE 

HOUGHTON ST. GILES AREA

This chapter describes the location, size, topography and drainage 
of the Houghton St. Giles area, and the differences between its local 
geology and hydrogeology and that of the Beetley and Fakenham areas, 
as indicated from surface and borehole data. The problems encountered 
and the procedures followed in Houghton St. Giles area in the surface 
electrical resistivity survey are similar to those of the Beetley and 
Fakenham areas and so need not be repeated. The chapter concludes by 
discussing the results of the resistivity survey and integrates all 
available useful data in the Houghton St. Giles area.

9.1 GENERAL

The Houghton St. Giles site area lies north of the Fakenham area 
overlapping with it to the N.W. of the entire study area (Fig 1.1). 
It covers an area of about 20km2' within Sheet 132 of the 1:50,000 
first series and between British National Grid references TF 910330 
and TF 910380 to the west and TF 950330 and TF 950380 to the 
east (Fig 9.1).
The lowest ground runs from the S.W. corner to the N.E. corner of 

the Houghton St. Giles area bevelling N.E. wards to below 23mAOD to 
the N.E. corner. This S.W.-N.E. axis of the lowland corresponds to 
the Stiffkey river valley which constitutes the major river in this 
area. The land then rises from this S.W.-N.E. axis on either side 
reaching more than 53mAOD to the E. and to over 76mA0D to the N.W. 
From the topographic map (Fig 9.1), the land slopes more gently in the 
highland area than on the valley sides. The area occurs within the 
N.E. system of the Stiffkey and Glaven rivers, but the numerous 
distributaries locally • drain south eastwards and north westwards 
towards the Stiffkey valley which finally drains north eastwards. 
These distributaries that originate from the highland areas have 
broken the topographic ridges into undulations.
There is no rainfall recording station within the area; the nearest 

observation station is the Fakenham station which is about 3km from 
the southern border of this area. So, due to the nearness of the two 
areas, the rainfall and evaporation data of Fakenham area is 
considered representative of the Houghton St. Giles area also. 
Therefore, the rainfall and evaporation data of Houghton St. Giles
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VES Sounding site 
035 BH Site and I.G.S. Number 

CC,C // Geological Section line( Fig 9-2 )

FIG 9.1 TOPOGRAPHY AND VES SITES LOCATION MAP OF THE 

HOUGHTON ST GILES AREA
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may be taken as that presented in chapter 8 (Table 8.1).

9.2 GEOLOGY

The geological characteristics of the Houghton St. Giles area are 
similar to those of the Beetley area, thus the classification of the 
geology is same as recorded in chapter 7.2. Therefore, this section 
on geology would only refer to the general variations in thickness and 
elevations of the formations as derived from borehole data. For the 
detailed characteristics of the individual units, reference is made to 
chapters two and seven. Table 9.1 shows the geological sucession of 
the Houghton St. Giles area and the thicknesses of the formations as 
derived from thirty-three boreholes.

9.2.1 Solid deposits

This refers to all pre-glacial deposits. Since none of the 
thirty-three boreholes recorded for this area encountered the Crag, 
the solid deposits are represented by Chalk (Table 9.1).

Upper Chalk

The thickness of the Chalk penetrated by boreholes ranges from
0-40m (130/210), so the Chalk in this area would simply refer to the 
Upper Chalk.
The Upper Chalk was encountered generally at lower elevations than 

elsewhere along the Stiffkey valley, with the minimum level of about 
llmAOD at 130/82 in the N.E. corner. It then rises away on either 
sides of the valley in about 31mA0D at 130/211 to the east and 26mAOD 
to the west at 130/225. From the Chalk elevation map (see Fig 9.3), 
the surface topography seems a consequence of the Chalk surface 
topography. Generally, the Chalk is lowest and shallowest along the 
valley with the Chalk only concealed by a thin top soil less than lm. 
In the highland region, the Chalk is both at higher level and deeper 
from the surface. On the average, the Upper Chalk is concealed by 
about 6m of glacial deposits. Four boreholes encountered 6m of a 
marly layer in the top section of the Chalk (130/35, 130/36, 130/37,
130/205).
Figure 9.2 shows that the difference in elevation between the valley 

Chalk zone and the upland Chalk is about 12m.
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FORMATION DOMINANT LITHOLOGIC 
DESCRIPTION

*MAXIMUM 
THICKNESS(M)

Alluvium

Terrace sand 
and gravel

High level 
gravels

Chalky boulder 
clay

Sand and 
gravels

Upper Chalk

Silt or clay with small
amount of peat with
thin sands and gravels,
medium flint, gravel and 0-15?
sand slightly clayey.

Ferruginous sand and 
gravels, loam or clayey 
sorted matrix.

Blue to grey clay with
Chalk pebbles and flint 0-22.86

Yellow to white sand and
gravel with some Chalk. 0-14.80

white soft, fine grained 
fissured limestone with 0-40.23
black nodular flints and 
occasional marly top.

Table 9.1
*As encountered by boreholes 

Geological Succession of the Houghton St. Giles area.

The Chalk surface slopes away from the valley area almost evenly 1:150 
to the W. and 1:175 to the E. (Fig 9.2). Thus for practical purposes, 
the Chalk surface is almost horizontal. There is no indication of any 
buried channel encountered by any of the boreholes.

9.2.2 Superficial deposits

From the borehole data, their relationship is simple. The Chalk is 
overlain at few places by boulder clay (130/225, 130/211) but mostly 
by sand and gravel. The sequences of the superficial deposits are not 
repeated. At the only borehole (130/261), where the boulder clay and 
sand and gravel were encountered, the sand and gravel underlies it. 
Without any repeated sand and gravel sequences at any of the 
boreholes, it is difficult to estimate the thicknesses of the
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FIG 9*2 GEOLOGICAL SECTION ACROSS HOUGHTON ST GILES AREA(CC'C*Fig 9*1)
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Late Pleistocene-Recent deposits if they are' present. Pleistocene 
drift of maximum thickness of about 8m was recorded at 130/84. Thus 
only the sand and gravel and the Chalky boulder clay formations are 
considered under superficial deposits.

Glacial Sand and Gravel

This underlies the boulder clay stratigraphically with a thickness 
ranging from 0-15m (130/210). It is thickest along the Stiffkey 
valley sides decreasing to a minimum of 3m towards the major 
valley (130/144B) and to complete absence under the highland 
region (130/225, 130/211) on either sides of the major 
valley (Fig 9.2).

Glacial Chalky boulder clay

This formation was not encountered by any borehole along the 
Stiffkey valley. Thus it thickens from complete absence on either 
sides of the major valley to about 23m in the W. and 20m to the E. in 
the highland regions. Though it stratigraphically overlies the sand 
and gravel, two boreholes encoutered it overlying the 
Chalk(130/225, 130/211). Thus, the sand and gravel may have been 
eroded away before the deposition of boulder clay at those 
sites (Fig 9.2).

9.3 HYDROGEOLOGY

9.3.1 General

The Houghton St. Giles area lies within the Stiffkey 
catchment (Licensing Authority No 3). From the I.G.S. (1976) map, 
over seventy percent of the entire surface area is covered by boulder 
clay with a central N.E.-S.W. band of sand and gravel restricting its 
occurence to the highland regions.
The hydrogeology of the Houghton St. Giles area has been derived from 
information from thirty-three boreholes recorded in this area. The 
sequence of strata is as in Table 9.1. Chalk constitutes the major 
aquifer of this area and thirty of the thirty-three recorded boreholes 
in this area terminates m  the Chalk. The others terminate either in 
the Pleistocene drift (130/241) or boulder clay (130/248,130/249). 
Yields from boreholes range from 0.068m3d"i (130/15) to 7089m3d"i
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(130/144B) for total drawdowns of 0-14m (130/144B).
The chemical analysis of the water at the Houghton St. Giles pumping 

station (130/144B) represents the only recorded tested borehole within 
the area. This shows a mean electrical conductivity of 611>(S/cm at 
25°C which is equivalent to a water resistivity of about 16ohm-m. 
With a mean total dissolved solids of 446ppm, it is not surprising why 
it has a relatively high electrical conductivity. Its mean pH value 
of 7.1 indicating its neutrality (Table 9.2).

9.3.2 Hydrogeological characteristics of the lithologies encountered

This section, as in chapter 7, has been divided into two
sub-headings, viz; the overlying deposits and the Chalk.

I. Hydrogeological significance of the deposits overlying Chalk

The sequence is as in Table 9.1, so the overlying deposits would be 
considered as comprising sand and gravel and Chalky boulder clay.

A. Chalky boulder clay

Two recorded boreholes terminated in this formation (130/248 and 
130/249). From their depths of about 8m and 6m respectively, they are 
taken as being for very local purposes which is confirmed by no 
recorded yields for them. The boulder clay formation is not
considered as a source of groundwater.

Its relative surface abundance of over seventy percent may
constitute its hydrogeological importance. Lithologically, the 
boulder clay layer is impermeable and reduces or inhibits percolation 
to deep storage from precipitation. Its occurence on the highland 
areas will reduce the effective precipitation for infiltration. Thus, 
most of the precipitation is lost as surface runnoff to the valley 
areas where more permeable sand and gravel deposits occur. Even 
though infiltration takes place at a very slow rate through the
boulder clay, because the boulder clay layer is thickest in the 
highland areas, it is doubtful if significant amount of jwater 
infiltrates there. The runoff from boulder clay in the highland iareas 
would act as a source of recharge to the valley areas.
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Table 9.2 Physical/Chemical properties of 
Houghton St. Giles punping station

water at

io 1

B. Glacial Sand and Gravel

There is no record of any borehole terminating in the sand and 
gravel layer. Boreholes that encountered it have always penetrated it 
into the Chalk below. This is likely because its water is easily 
contaminated and it is unstable causing problems during well



development.
As a unit, it is not considered as a source of groundwater. Its 

hydrogeological importance is based on its permeability. Where it 
overlies the Chalk as it mostly does, it is in hydraulic continuity 
with the Chalk and serves as a source of recharge during abstraction. 
Secondly, it has been known to allow over ninety percent of 
precipitation to percolate to deep storage where it is exposed (East 
Suffolk and Norfolk River Division Report, 1971).

II. Hydrogeological Significance of the Chalk

Groundwater movement in Chalk is via bedding planes and inclined 
fissures. The Chalk along the Stiffkey valley occasionally contains 
flints and flint nodules are associated with greater fissuring. This 
implies greater permeability with the presence of flints. 
Occasionally, a marly layer overlies the Chalk and lithologically, it 
is an impure 'cake' which seal up fissures in the underlying Chalk. 
Yields from Chalk boreholes range from 54m3d-i( 130/35) to 
7089mid-f(130/144B) with a drawdown of 0.3-7.2m (130/210 to 130/144B). 
Specific capacities range from 9.4macK( 130/35) to 552m3-d‘:i(130/144B) . 
Most of the good borehole sites in this area, have flint in the top 
section of their Chalk. The Chalk generally was met between llmAOD 
and 31mA0D in Houghton St. Giles area and was penetrated between
0-40m (130/241, 130/210).

9.3.3 Groundwater levels and variations

Only three out of the thirty-three recorded boreholes did not record 
Chalk water levels. The groundwater level contours are similar to the 
Chalk surface elevation contours (Fig 9.3). So, the groundwater 
levels are highest in the highland areas and lowest in the lowland or 
valley areas. It reaches a maximum of 50mAOD in the east (130/249) 
and 48mAOD in the west (130/225). The groundwater levels then 
decrease towards the major valley to 23mAOD in the south
west (130/251) and 9mA0D to the north east corner (130/36). The 
groundwater slope is steeper on either sides of the major valley but 
along the major valley, it is very gentle and inclines towards the 
N.E. corner. This would tend to indicate or suggest an increase in
permeability along the Stiffkey valley in the north east 
direction (Fig 9.3).



FIG 93 CHALK SURFACE AND GROUNDWATER LEVEL CONTOUR MAP OF 
THE HOUGHTION ST GILES AREA
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Figure 9.4 represents a groundwater flow map drawn from the 
standardised (1981) groundwater levels recorded in Houghton St. Giles. 
From figure 9.4, two regions of flow are indicated, a downslope flow 
towards the Stiffkey valley and a resultant N.E. flow along the river

• valley. Thus, the valley constitutes a zone of convergent flow that
turns to flow north eastwards. From the map (Fig 9.4) it would be 
expected that sites within the major valley would be good in terms of 
yield. This is true for the sites where the Chalk is not covered by 
the marly layer.

• The groundwater levels stand in the boulder clay layer above the
Chalk surface mostly in the highland areas and on the valley sides. 
The boulder clay layer confines the water in the Chalk, as 130/225 on 
a very high slope is occasionally artesian.

Only one observation borehole (130/245) is located in this area at
• Little Walsingham. The variational characteristics of this borehole

is similar to those of Beetley and Fakenham areas. Its annual 
difference in groundwater levels from 1973-1982 range from 0.28m in 
1973 to 1.19m in 1977 with a mean difference of 0.73m (Table 9.3). 
This confirms the same deductions from Beetley (Table 7.3) and

* Fakenham (Table 8.4) areas that 1973 is the year with the most stable
groundwater level while 1977 is the most unstable between 1972-1982.

RANGE OF R.W.L.(M)
0.86

0.28 
>0.93
0.78 
>0.74 
1.19
0.56 
*
*

0.72 
0.62 
>0.74

YEAR
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982 
MEAN

* Not accessible
Table 9.3 Annual Variation of Groundwater Levels at Lt 

Walsingham (TF 934369) in Houghton St. Giles area
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Flow lines

FIG 9*4 GROUNDWATER FLOW MAP OF HOUGHTON ST GILES AREA



9.4 SURFACE ELECTRICAL RESISTIVITY SURVEY

9.4.1 Introduction

The choice of sounding sites was controlled by the availabilty of 
borehole data and space for expansion. Boreholes with sufficient 
yield data to ascertain their quality are very few, so soundings were 
made at few borehole sites without adequate yield data for comparison 
purposes.
The survey was carried out during the first week in July (3—7th). 

The southern part of the Houghton St. Giles area overlaps with the 
Fakenham area and for convenience purposes, the soundings that occur 
within the overlap area have been numbered under Fakenham area. The 
largest available space of 300m was considered inappropriate for any 
horizontal profiles. Ten soundings were made using the Schlumberger 
electrode configuration with the SAS 300 terrameter (Fig 7.5). The 
numbering of the soundings comprise of a letter and a number. The 
letter represents the first letter of the site area and the number 
represents the number of the sounding site in the area. Maximum AB 
distances of 180-200m were achieved and no cross soundings were made 
in the Houghton St. Giles area. The soundings were as parametric as 
available space allowed. This necessitated offsets from corresponding 
boreholes ranging from 5m(H5) to 200m (H6). Figure 9.1 shows the 
sounding sites with their offsets from the boreholes and the direction 
of expansion of the probe of the soundings.

Electrode separation distances of six per decade was used and this 
would result in thirteen readings or measurements per site for AB 
distances of 180-200m.

9.4.2 Data Interpretation

This comprises of a strictly qualitative approach and a combined 
qualitative and quantitative approach.

A. Apparent Resistivity map (Qualitative Approach)

The average overburden thickness in the Houghton St. Giles area is 
about 6m. AB/2 of 10m and 46m were chosen at which to investigate the 
electrical properties of the earth through Houghton St. Giles area. 
Though the overburden thickness is only 6m, AB/2 of 10m was chosen for 
uniformity with the other areas. At AB/2 of 10m, it is expected that



the characteristics of the near surface horizons would be revealed 
while at AB/2 of 46m, more of the characteristics of the deeper 
horizons are expected to be revealed.

Figure 9.5a, shows the apparent resistivity map of the Houghton 
St. Giles area at AB/2 of 10m. The area is divided into two, a NE-SW 
trending band of high extending north westwards and a low zone 
extending south eastwards. So, the area is divided into two along a 
NE-SW line which coincides with the Stiffkey valley axis. The high 
zone has its maximum value at H2 (Fig 9.5a) with an apparent 
resistivity value of 145ohm-m. With an average depth to the top of 
the Chalk of 6m in this area, the apparent resistivities at AB/2 of 
10m would also include the characteristics of the top section of the 
Chalk. Thus, a high in this case could be as a result of either very 
sandy top soil or nearness of the Chalk basement to the surface or 
result from inclusions in the Chalk (flint or marl). For the low 
zone, the minimum occurs at F9 with a value of 24ohm-m. F9 is located 
within a dairy farm and has a pond very close to it (Plate 8.1). This 
exceptionally low value at F9, could be as a result of the activities 
of the farm even though it was not possible to confirm local 
pollution. Generally, the low could be as a result of clayey top 
soil, saturated shallow fissured top Chalk or weathered top 
Chalk (putty Chalk) and near surface contamination.

Figure 9.5b, is the map of the apparent resistivity of Houghton 
St. Giles area at AB/2 of 46m. The same pattern and trend as at AB/2 
of 10m is obtained with only the minimum value shifting slightly to F8 
about 200m S.W. of F9. At AB/2 of 46m, the maximum depth of 
investigation is within the Chalk. With a thin overburden cover on 
the Chalk, the characteristics exhibited would be more of the Chalk. 
The highs are either as a result of inclusions(marl and flints) in the 
Chalk, as some of the site boreholes showed (H3,H4&H10), with 
consequent fissuring or underlain by more massive and less saturated 
Chalk. The former seems more likely as most of the boreholes within 
this zone are good in yield. This high zone coincidentally lies along 
the Stiffkey river valley. The lows are more likely as a result of 
greater thickness of clayey materials than increased fissuring as 
almost all the boreholes in this zone are poor in yield.
Most of the good sites lie within the high apparent resistivity zone 

of the major valley. The Chalk is almost at the surface at the sites 
within the major valley area. This is generally an area of high 
apparent resistivity but the absolute values for the two electrode 
separations did not change much. This shows some degree of geological
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and geoelectrical homogeneity for the Chalk extending to depth.
The apparent resistivity map failed to show much about the 
characteristics of the individual well sites, but it has indicated the 
lithology of the near surface deposits. It also shows that there is 
not much geological and geoelectrical variation with depth in Houghton 
St. Giles area.

B. Quantitative Approach

The method of analysis is exactly the same as discussed in
Chapter 7.4.3B.

Ambiguities in Surface Electrical Resistivity Interpretation 
in Houghton St. Giles area

The Houghton St. Giles control well has been used to illustrate some 
of the difficulties encountered in an attempt to obtain a unique 
solution to a sounding.
Geoelectric soundings of more than three layers lack unique 

solutions and three equivalent solutions have been presented for the 
control well site at Houghton St Giles. The three solutions fit the 
observed data very closely (see Fig 9.7) and in the choice of the best 
solution, the same consideration as used in Chapter 7 has been
adopted. The five layer model was considered the best of the three 
solutions.

VES at Houghton St. Giles Pumping Station (H10)

Lithologic log (130/144A&B)

Two boreholes about 120m apart constitute the Houghton St. Giles 
pumping station. Table 9.4 shows the variation in geologic details of 
the two boreholes. The first borehole(130/144A) shows an 18m
unclassified deposit underlain by Chalk with flints and flint bands 
all through the borehole depth. The second(130/144B) is more detailed 
than the other and has a 3m column of top soil, sand and gravel
overlying flinty Chalk. The rest water level is 13m and 5m below the
ground surface at A and B respectively. Water was struck within the
flinty Chalk layer in both boreholes but at an elevation difference of 
about 2m. Figure 9.6, shows in section the local variation in the 
characteristics of the two boreholes.
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HOUGHTON ST. GILES No.1 BOREHOLE

NAT. GRID SURFACE FLANGE OVERALL DEPTH YEAR DNGIF 9300 3578 +27.50 53.34 M. 1966 1621/2or+28.65

DIAMETER/LINING1800 m.m. diameter, dawn ic 19.5 and gravel gack between 11.6 and Iv.b. from 11.6 to 53. u4 and slotted overall. Bare
.1.6 with -.ining tabes down to  
dOO m.m. diameter* lining tuber, ecarded as drilled 32b m.rn.

R.W.L. P.W.L.3.00 11.0 (+ A.O.D.) '.£• 83 L/S

OTHER INFORMATIONT!-:ere is obvious confusion as to what the
s/was ! Thi. s will be investigated at a later date.

STRATA THICKNESS TO DEPTH
Nat ::1 asi-i: i ed IS. 03 18.05Yel 1 awi. sn Chalk £md Flints *T CZ- 2. C) 1
Flint Bed ' ■' . 52
Chal k and FI in.ts 29.36 51. 88

♦

HOUGHTON ST. GILES No.2 BOREHOLE

NAT. GRID SURFACE FLANGE OVERALL DEPTH YEAR DNGrF 9314 3573 +21 45.90 M. 1947? 1621/3

DIAMETER/LINING
750 m.m. '.or 762 m.m.) diameter plain tube to 6.7, ~50 m.m.tor 762 m. m. ) slotted tube to 16 (or- 13.7), 600 m.m. (or 610 m.m.) to 45.7.Gravel packed with unknown grade to 13.7.' Two sets of in-formation available !

R.W.L. P.W.L.4.3 18.34 * + A.O.D. ; 3 33.5 L/3

OTHER INFORMATION

STRATA THICKNESS TO DEPTH
Topsoi1 1.52 1.52Sandy Loam with Gravel 1.84 3 3+Soft Chalk with Small Flints 11.54 14. 90Firm Chalk, Soft Patches with Large Flints 19.30 34. ?C>Fairly Hard Chalk with Lor̂ ge Flints 11.70 45. 90

Table 9.4 Variation in geologic details of the two Houghton St. Giles 
pumping station boreholes
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FIG 9*6 VARIATION IN HYDROGEOLOGIC DETAILS OF
STAr,0N BOREHOLES AT HOUGHTON5T- Gl FS

sand and gravel 
flinty chalk

challr
unclassified deposit

♦
Fig 9.6 Variation in hydrogeological details ot tne two 

Punping station boreholes at Houghton St. Giles

VES H10

The chosen solution shows a section of five geoelectric layers. A 
top relatively conducting layer of lm thickness underlain by a 
resistive 6m layer. This resistive layer correlates with the sand and 
gravel and the unsaturated top section of the flinty Chalk. It is 
underlain by a relatively conducting layer with a resistivity of 
80ohm-m. This layer is about 23m thick and represents a very highly 
fissured saturated flinty Chalk zone. The rest water level and the 
layer within which water was struck both lie within this geoelectric 
layer. This is underlain by a more resistive layer which represents a 
zone of fissuring within which the fissures have been compressed 
considerably enough to cause the increase in resistivity. The 
basement low of 30ohm-m could be a pure soft Chalk layer with little 
or no flints as flints decrease with depth (Chapter 2). Its depth of 
45m does not make it likely that its low resistivity is as a result of 
increased fissuring. The water resistivity from this borehole of 
16.37ohm-m does not give credit to any proposal of contamination.
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The right hand branch of the, sounding curve does not seem complete, 
so the basement resistivity may have been underestimated. Thus, this 
may reflect the resistivity of the layer underlying directly the 
resolvable depth of the sounding.
The borehole is cased for 19.35m below the ground surface but is 

perforated for about 7m to its base making it possible for the 
resources of the highly fissured section to be exploited. This 
geoelectric layer incorporates the section Cole (1968) described as 
'broken Chalk' (Table 1.2). From the design of this site, and its 
quality of yield (5126mid"1) or specific capacity (552mad"4), there is 
no doubt that the resources of the productive horizon is being fully 
and adequately exploited unlike at Fakenham where the productive zone 
was cased off.

From the correlations of the geoelectric layers with the geology and 
the productive horizon, the surface electrical resistivity has been 
able to identify three levels within the Chalk. It has also been able 
to locate the flinty horizon which normally indicates greater 
permeability development. This is thought to have been possible for 
two reasons namely,
a. The Chalk is very close to the surface being on the average 

concealed by about 6m of drift.
b. The flinty layer or section of the Chalk are relatively thick 

enough with an effective relative thickness of 3.11 (80ohm-m) 
and a combined effective relative thickness of 5.05 
(80&i03ohm-m layers).

(These effective relative thicknesses have been computed with Eq 5.9).

9.5 DISCUSSION OF RESULTS

Four criteria have been used to group the soundings for comparison 
and/or interpretation purposes. This approach combines a qualitative 
discussion of the similarities and dissimilarities of the curves in 
each group and a consideration of their interpreted models along 
sections. The criteria are the same as at the other areas, viz, 
topographic, curve shape, geographical(within 1km radius from each 
other) and quality of yield(good and poor). The individual soundings 
are presented in summary form in the Appendix B3. Table 9.S , shows the 
soundings with their corresponding boreholes and information on 
whether the boreholes were tested or not.
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SERIAL I.G.S. WELL SOUNDING COMMENTS SPECIFIC KEY TO
NUMBER CAT. No NUMBER CAPACITY COMMENTS

(m̂ d"1)
(SHEET 130)

1 35 H3 TP 9.40 T— Tested
2 37 H4? LD P— Poor
3 254 H9 LD L— Local
4 81 H7? TDG 17.88 D— Disused
5 82 H8 TEG 53.61 G—“Good
6 83 H4 TDG 107.22 A— Artesian
7 84 H5? TDG 218.02
8 144A&B H10 TG 552.44
9 191 H7 TDG 86.06
10 205 H6 TP 32.45
11 225 HI LA
12 256 H2 L

)le 9.5 Tested and untested boreholes with their
corresponding sounding sites in Houghton St. Giles 
area

For the tested boreholes, their specific capacities are also 
presented.

9.5.1 Topographic Criteria

The sounding sites varied from minor valleys to major valley sides 
and the major valley. Yields or transmissivity were reported to be 
related to the Chalk topography (Parvisi, 1977). Since the surface 
topography reflects the Chalk topography, the soundings were 
considered on the basis of similarity in topographic location.
Three groups were obtained from the major valley, major valley sides 
and the minor valleys in the Houghton St. Giles area.

A. VES Sites in the Major valley (H4,H5,H8&H10)

Four soundings are involved in this group (H4,H5,H8&H10) and their 
elevations vary within 8m. The deposits overlying the Chalk are very 
thin varying in thickness from zero (H4) to 8m(H5&H8). Their 
lithology varies from Pleistocene drift at H5 to sand and gravel at 
H8 (Fig 9.8b).



The soundings H4, H5 and H8 are similar with H10 being
different (Fig 9.8a). The flints contained in the Chalk at H10 must 
have been responsible for its having a maximum value within the range
of AB/2 distances; others had their minimum value. This is also
indicated by the relatively high absolute resistivity of its top Chalk 
which is relatively low in others. The Chalk is shallowest at H4 
which contains a weathered top responsible for its very low
resistivity (43&59ohm-m).
There are three zones in the Chalk which are fully developed and 

resolved at H10, H8 and H4. The top zone corresponds to that of major 
fissuring underlain by a minor fissuring zone(Chapter 3). The 
relatively high resistivity at H8 and H5 without any recorded flints 
would indicate a more massive nature of the Chalk within those levels. 
The aquifer in this group is of 93ohm-mt6, the zone of major 
permeability development is within 6m and 20m at H10 and H5
respectively (61-80ohm-m). This zone is directly underlain by a minor 
permeability zone of resistivity 93-124ohm-m. There is not much 
difference in their resistivity because there is a critical value of 
porosity beyond which much difference does not occur in the bulk 
resistivity (Fig 4.1). Also, the overburden weight to that depth may 
have compressed the fissures closer to result in the increase in
resistivity. The resistivities are rather too high for fissured pure 
Chalk. Occurence of flints and flint bands within these zones 
explains why their resistivities are as high as 124ohm-m.

In those places where the Chalk is overlain by saturated sand and
gravel(H8), the hydrualic continuity that exists is also extended to
geoelectric continuity as both are resolved as a geoelectric layer. 
Three of the four sites have been tested and proved good sites with 
the exception of H5. From figure 9.8b, it was possible to trace these 
geoelectric horizons across the soundings. Thus, it would be expected 
that H5 would be as good as the others. The borehole at H5 does not 
penetrate the resolved productive horizon but if it did, it would be 
expected to be good. Though the bores at H4 and H8 are also very 
shallow, they were able to just penetrate a few metres of the most 
productive zone.
Generally, in the major valley area of Houghton St. Giles, the very 

productive horizon has been resolved by the soundings at elevetions 
ranging from -19mA0D (H5) to 15mA0D (H8) (Fig 9.8b).
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B. VES Sites on the Major valley sides (H2,H3&H7)

Three soundings are involved in this group (Fig 9.9a) with their 
elevations varying from 54mAOD at H2 to 21mA0D at H7. The surface 
lithology varies from undifferentiated Pleistocene drift and Chalk at 
H2 to sand and gravel with marly top Chalk(H3) to Chalk at the surface 
at H7 (Fig 9.9b).

H2 and H3, are geoelectrically similar with their maximum and 
minimum values occuring at about the same AB/2 distance. But the 
absolute values of their layer resistivities are relatively more in H2 
than H3. H7 seems to be different from them as its maximum and 
minimum values occur at about the same for the minimum and maximum 
values at H2 and H3.
Two to three horizons have been identified or resolved within the 

Chalk. An initial low underlain by a more resistive layer with a 
conducting basement. The top low of the Chalk is thickest at H3 but 
with a resistivity (100ohm-m) that is high without any record of 
flints. The Chalk at H3, is 'capped' by a marly layer which probably 
is responsible for the high resistive nature of the top Chalk at this 
sounding. Also, the marl would tend to seal up existing fissures and 
prevent fissure flow within the layer probably resulting in the poor 
yield at this site. H7 has top Chalk of low resistivity (59ohm-m) 
which is typical of the fissured saturated Chalk. This could be 
responsible for the very good yield of this site. H2 is very similar 
to H3 the only difference being that the near surface layers are very 
resistive compared with the other soundings but from the depth of the 
top Chalk, it geoelectrically almost coincides with H3. Though there 
is no test record at H2, but with its top Chalk having resistivity of 
110ohm-m without any record of flints, it is doubtful if its yield 
behaviour would be different from that at H3. Thus, it would be 
expected to be a poor site as this top Chalk layer is underlain by a 
very resistive layer (180ohm-m) which tends to that of massive 
Chalk(Chapter 5.4).
Theoretically, for clean Chalk, its bulk resistivity is expected to 

decrease with increasing permeability assuming complete saturation. 
But some of the sounding data do not seem to agree with this 
proposition. They have a higher resistivity for the productive zone 
than the supposed massive basements. The depths at which these low 
resistivity basements occur are such that they preclude their being 
zones of increased permeability(H7). The empirical finding of 
Archie(Eq 4.2), is proven right and so the possible explanation of
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this disparity is that most productive horizons are not of pure Chalk. 
They could be sandy, flinty or marly in their top section being more 
of pure Chalk at depth resulting in a more conducting basement.

From the soundings, three zones of the Chalk has been identified,
a. a top most productive zone of resistivity of 59-110ohm-m 

occuring between 20mAOD and -5mA0D,
b. a second less productive zone of resistivity 118-180ohm-m 

lying between 0mAOD and -20mAOD, and
c. a pure Chalk basement of doubtful productivity with 

resistivity of about 58ohm-m(H7) lying below -20mAOD.

C. VES Sites in the Minor valleys (H1,H6,H9&H10)

Four sites are involved in this group (Fig 9.10a) with surface 
elevations ranging from 24mAOD (H10) to 49mAOD (HI). H10 is strictly
not in a minor valley but at the confluence of a minor valley and the 
major valley. The 23m of boulder clay at HI which constitute the 
overlying deposits, reduces to less than 5m of sand and gravel at H10 
and Chalk at H9 and H6.
HI, H9 and H10 are geoelectrically similar. Though HI contains more 

near surface layers but on the average three Chalk horizons were 
resolved by the soundings. The sequence of the layering at H6 is 
similar to those of the other soundings but the absolute resistivity 
values of the layers is relatively highest at H6. Also, its(H6) 
second horizon of the Chalk is very thick (Fig 9.10b). The upper 
horizon of the Chalk is very thin and least resistive at HI. It is 
thickest at H10 with moderate saturated flinty Chalk resistivity of 
80ohm-m. This makes this layer at H10 a layer of relatively high 
permeabiltiy. The very low resistivity of the top Chalk at HI is 
probably as a result of the very thick boulder clay layer of the site. 
The resistivity of the top of the boulder clay of 84ohm-m indicates it 
is sandy and the very conducting nature of the top Chalk may have been 
as a result of either the boulder clay becoming more clayey with depth 
or the boulder clay being underlain by a thin layer of putty Chalk 
which being not recorded in the drill log. H6 has marl in its upper 
section of the Chalk and flints in the deeper horizons. These explain 
why its absolute resistivity values are the highest in this group.
The resolved Chalk horizons seem to be slightly pushed up at H6 and 

H9. Thus, the second horizons at H6 and H9, correspond to the first 
horizon at which H10 and HI (Fig 9.10b). But no matter the levels at
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which the horizons occur, the productive horizon is almost at the same 
level across the group. The boreholes at H6 and H9 have not 
penetrated much of the production zone (31.6% at H6 and 42.9% at H9). 

The resistivity method identified three horizons in the Chalk,
a. a top most productive layer ranging in resistivity 
from 30-110ohm-m,
b. a second horizon of resistivity of 103-180ohm-m, and
c. a low resistive basement of 30-72ohm-m.

The good sites have their top Chalk horizon resistivity in the range 
of 59-80ohm-m and a conducting basement, while the poor sites have a 
top horizon of less than 40ohm-m or greater than 90ohm-m and a 
resistive basement. Also, the second horizon's characteristics at the 
good sites are similar to those of the productive zones at the poor 
sites.
The only two poor sites in this group have a top marly Chalk which 
resulted in a high resistive top Chalk horizon.

9.5.2 VES Curve Shape Criteria

The topographic criterion was consistent to an extent on the yield 
of the sites and the characteristics of the different levels of the 
Chalk. The soundings have been regrouped on the basis of the 
similarity in curve shapes. This approach is strictly for qualitative 
interpretative purposes and is aimed at discovering whether the yields 
correlated with any particular curve shapes.

A. HK-type curves in Houghton St. Giles area (H4,H5,H7&H8)

Four soundings are in this group (Fig 9.11ai). These all have a 
resistive top layer which decreases with increases in AB/2 to a 
minimum between two and 30m, and increases to a maximum value at AB/2 
of about 60m before decreasing again. These characteristics would 
represent a resistive top section underlain by a conducting layer 
which is shallow in H7 and H4, then a resistive third layer that 
overlies a conducting basement.

The rate of variation of apparent resistivity is least at H5 and 
greatest at H7 even though H8 shows evidence of having more resistive 
near surface layers. Sites H4 and H7 are all in Chalk while H8 has an 
eight meter overburden of sand and gravel. This is responsible for 
its(H8) very high initial top layer resistivity. The initial high at 
H7 is due to a thin layer of marl on the surface with its base 8m



above the rest water level. The second conducting layer in this group 
represents the fissured zone of the top of the Chalk while the 
underlying high correspond to the level of intrusion of flints and 
flint bands (H10,H7,H1&H6). These flints cause increase in layer 
resistivity, and their presence is synonymous with increased 
fissuring. The underlying basement of low resistivity respresent less 
fissured or unfissured pure Chalk.
This curve shape seems characteristic of good sites as all the 

soundings within this group are good. Though there is no very close 
borehole control at H5, it has been possible to correlate its layers 
with those of H4, H7, H8 and H10. Thus, it is thought that since H5 
correlates with all the above good sites in geoelectric properties, 
that it would constitute a good site as well.

B. H/KH-type curves (H3,H6&H9)

Three soundings are involved in this group (Fig 9.11aii). The three 
soundings . are very similar. While H6 and H9 have a thin conducting 
top layer, H3 has a resistive top layer instead. It is possible that 
the thin conducting layer at H6 and H9 has been eroded away at H3 as 
it lies at the valley end of a spur (Fig 9.1).
The rate of transition of the layers is gradual at H3 and H9 but 

more rapid at H6. The resistivities of the low resistive layer is 
high enough to be massive or flinty. The top sections of the Chalk at 
H3 and H6 are marly and their relatively high resistivity would favour 
the definition of marl as Compact impure limestone'. The same order 
of maximum values occur between AB/2 distances of 5m and 20m while the 
minimum value occurs within AB/2 of 15m and 60m. These AB/2 values 
are the exact opposite of the HK-type group (Fig 9.11ai). Thus, the 
HK-type have their maximum and minimum values within the same range of 
AB/2 as the minimum and maximum values for the H/KH-type.

Two (H3&H6) out of the three sites within this group are poor and 
both have marl in their top section. Qualitatively, the range of AB/2 
for their maximum and minimum seem characteristic of the poor sites.

C. KQH/KHKH-type curves (H1&H2)

Only two soundings are involved in this group (H1&H2). These two 
soundings occur as a group within those sites that are geographically 
close to each other (Fig 9.lidiii& 9.11bii).
These curves are similar having an initial conducting top layer and a
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resistive basement. The intermediate layers may be as a result of 
variations in the geoelectrical properties of the near surface layers. 
The variation in layer resistivities is more rapid in H2 than HI. 
They both have their maximum values at about the same AB/2 (2-3m). 
Their minimum values occur at different AB/2 distances of over 30m 
been deeper in HI than H2. Thus, the low resistive layer is thicker 
at HI than at H2.

The KQH/KHKH-type curves have their maximum and minimum values 
occuring at the same AB/2 distances as for those of the H/KH-type

* which are different from those of the HK-type (Fig 9.11). As the
curves of the HK-type are from good sites and the poor sites come from 
H/KH-type, it could be said that the soundings grouped under 
similarity of curve shapes, correlates with yield to a great extent.

9.5.3 VES Sites that were close to each others Proximity Criteria

Two groups have been considered under this criterion. The 
first (Fig 9.11bi) occured as a under the curve shape similarity 
criterion. This group is not discussed under this section, rather 
reference is made to section, 9.5.2C for its discussion. Thus, this 
leaves only the sites to the N.E. corner of the Houghton St. Giles 
area.

VES Sites in the N.E. comer of Houghton St. Giles 
area (H3,H4,H5,H7&H8)

Five soundings are involved in this group (Fig 9.11bii) which are 
actually within 0.5km radius from each other (Fig 9.1). Out of these

9 soundings, three are good (H4,H7& H8), one is poor (H3) and there are
not enough data to establish whether H5 is good or poor.
The good sites show the same curve shape of HK-type representing a 

four layer situation with The poor one(H3) shows an
H-type of three layer situation with This means that either

• the low resistive layer present in the good sites at depth is absent
at this site or that the depth at which it occurs is very deep 
compared with the others. H5 is very similar to most of the good 
sites having its minimum and maximum values at about the same AB/2 
distances as them. The rate of variation of the apparent resistivity 
is initially greatest in H5.
Most of the soundings succeded in zoning the Chalk into three or 

four sections. An initial low followed by a high and a basement low.
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The near surface low zone of the Chalk would appear to be the zone of 
greater permeability development, as the weight of the overburden at a 
depth of 40m or below -20mAOD, is unlikely to be due to open producing 
fissures.

• The soundings of this group are very similar, with only H3 having a
different characteristic. The reversal of the characteristics of the 
good sites at H3 site, is probably due to the marly top section of the 
Chalk which has pushed up the resistivity values of the layers that 
correspond to lows in the good sites. H3's dissimilarity not

• withstanding, it could be said that the sites to the N.E. corner of
Houghton St Giles have some uniqueness in their curve shapes and to 
an extent their yield ability.

9.5.4 VES Sites with Similar Quality of Yield: Yield Criteria

The Houghton St. Giles area is locally regarded as good in yield. 
Yield values range from 0.07-7089.SSm^d"4- with a total drawdown range 
of 0.30-13.57m for borehole diameters from 102-826irm. Its specific 
capacities range from 9.40-933.21n?-d”:f. The same criterion(45nrL<3“-i) has

• been used for classification of good and poor sites as for other
areas. Most boreholes in this area do not have any yield data, only 
rest water level data or are too shallow to have penetrated the 
aquifer enough to give maximum yield characteristics.
The 130/144A&B drill data brings out some characteristics of the

• local geology. 130/144B is about 250m away from 130/144A with a
surface elevation difference of 7m, a rest water level difference of 
2m and water was struck in the same layer at 2m difference between 
them (Fig 9.6). Such is the nature of the variation in the geological 
and hydrogeological details of the site.
Ibis fourth group is purely based on the specific capacities of the 

boreholes (Table 9.5). The other criteria have indications of 
uniqueness but it is hoped that if the good and poor sites correlated 
with other groups, the confidence of the deductions from of the

• results would be increased. Seven out of the ten soundings had
borehole data enough to establish their quality of yield (Table 9.5).

A. VES Curves at Good sites in Houghton St. Giles area (H4,H5, 
H7,H8&H10)

Five sites are involved in this group (Fig 9.11ci). Their specific 
capacities range from SS.ein^d"1 at H8 to 552.44mxd“i at
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H10 (Table 9 . $ ) . Only one of these sites(H10) has casing information. 
Even though the others are tested and found good, the establishment of 
the productive horizon lacks confirmation at the sites without casing 
details. By correlation of the productive zone at H10 with those 
without casing details(H4,H5,H7&H8), the productive zone was 
established with a lot of confidence. These sites topographically are 
located in a similar area(major valley) with H7 being on the major 
valley side. This means that they are located in the topographic 
lows (valley Chalk area).

From the rest water level map (Fig 9.3) and the groundwater flow 
map (Fig 9.4), the major valley area constitute an area of convergent 
flow from the two divergent centres from either sides of the valley. 
Within the major valley itself, the regional flow is north eastwards. 
With the exception of H10, the other sites lie to the N.E. corner 
where the groundwater level is least in elevation within Houghton 
St. Giles area; From Figure 9.4, the sites within the major valley 
particularly those to the N.E. corner, would be expected to be good as 
they are located in a zone of final convergent flow in this area. 
Thus, from this map (Fig 9.4), the upland Chalk area only constitute 
areas of recharge for the lowland Chalk area.

H5 is about 400m from S.E. of 130/84, even though the geology has 
been known to vary within distances less than this, the H5 site is 
very similar geoelectrically in all respects with H4, H7 and H8, so is 
considered good since 130/84 is a good borehole.
Generally, the good sites have three horizons (Table 9.6) resolved 

within the Chalk with the top horizon being the zone of major 
permeability development and thus supposedly the most productive zone. 
The second is a zone of reduced permeability development which shows a 
slight difference in absolute resistivity value from the top zone. 
The third zone is a layer of pure Chalk with little or no fissures. 
The top zone and the middle zone are characterised by flint inclusions 
in many places. These attributes were established at H10 and 
correlated with the rest of the soundings.

Finally, these soundings are similar in curve shape except H10, they 
share the same topographic location and are within 0.5km radius from 
each other while at the same time being all good sites. It could be 
said that the good sites have unique topographic location and are of 
unique curve shape typical of the HK-type. But even though these 
sites are good, the boreholes at H4 and H8 are very shallow 
penetrating only about 32% and 43% of the resolved aquifer thickness 
at H4 and H8 respectively. Also, most of the borehole diameters at
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these sites are small(101.6nm), thus, a greater borehole diameter and 
greater depth of penetration would increase the yield of most of these 
sites, as is the case at H10.

GOOD SITES
H4 H5 H7 H8 H10

ZONE I ' 50 61* 59* 78* 80*
ZONE II 93* 113 129 124 103*
ZONE III 72 + 58 66 30

POOR SITES
H3 H6

ZONE I 126 131
ZONE II 100* 105*
ZONE III 118 145

OTHER SITES
HI H2 H9

ZONE I 30 153 93
ZONE II 104 110* 76*
ZONE III + 180 120

* Most productive zone + Unresolved 
Table 9.6 Resistivities(ohm-m) of Identified Horizons of the 

Chalk with Correlated Production Zones in the 
Houghton St. Giles area.

B. VES Curves at Poor sites in the Houghton St. Giles area (H3&H6)

Two sites are involved in this group (Fig 9.11cii). Their specific 
capacities range from 17.80mad"i to 32.45m2d-4- (Table 9.5). There is no 
casing information for any of these sites to establish the actual 
level of production. By correlating these soundings with those of the 
good sites and H10 in particular, the second horizon of the Chalk 
corresponds to the productive horizon in these two sites. 
Topographically, H3 is along the major valley side to the N.E., while 
H6 is in a minor valley to the N.E. as well. They are of about the 
same elevation being 30.18mAOD at H6 and 35.53mAOD at H3.

From the groundwater flow map (Fig 9.4), they both occur within the 
zone of convergent flow. Thus, they would both have been expected to
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be good. They both contain marl in the top of their Chalk and marl is 
more of cemented impure limestone whose tendency would be to seal up 
any existing fissures.
Also, three horizons have been identified at these sites. But these 

differ from those of the good sites by having a relatively resistive 
top section. This resistive top must have resulted from the top marly 
layer which is underlain by a more conducting second horizon which 
correlates with the top very productive horizons at the good sites. 
Though the second productive zones at the poor sites are relatively of 
higher resistivity, they compare very well in value with the second 
horizon at the good sites (Table 9.6).

The borehole at H6, shows a 13m penetration into a 38m resolved 
aquifer section. Because most of the time the geoelectrical 
resistivity method picks the top of the capillary fringe zone instead 
of the water table, the water table is 7m below the top of the 
resolved aquifer. So from the rest water level location, the aquifer 
proper is 31m thick, thus H6 borehole penetrated only 6m of the 
aquifer (19.35%) thickness. It is of poor yield and is thought of as 
a poor site. But if the borehole diameter and the depth of 
penetration were increased, perhaps its yield could improve. For H3, 
over eighty percent of the aquifer was penetrated still with poor 
yields. It is possible that the marly layer is preventing a downward 
vertical component of groundwater flow that is important for well 
yield.

9.6 INTEGRATION OF ALL AVAILABLE USEFUL DATA

Only the H10 site has any casing information of all the tested 
boreholes. Because the geoelectric layers are very distict in this 
area, it has been possible to correlate the horizons at the other 
sites with those identified at H10.
By the locations of the sounding sites on the groundwater flow 

map (Fig 9.4), those in areas of groundwater convergence favour good 
yields. These characteristics are also supported by the range of 
resistivity values for their productive horizons (Table 9.6) with 
sites that contain flints being on the high side.

Three zones were resolved within the Chalk. At the good sites, the 
top horizon is the most productive while the second horizon at the 
poor sites is the most productive and correlates with the top in the 
good sites. The poor sites have a resistive basement as against a 
conducting basement at the good sites.
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Mast of the sites have borehole diameters of 101.6-152.4mm, these 
are small diameters and would encourage low specific 
capacities (H3,H4,H5,H6,H7&H8). Some of the boreholes at these sites 
did not penetrate the aquifer enough and so must have been tapping

• only a minor percentage of the aquifer at those sites (H4&H6). There
is a possiblity that if the borehole diameter and the depth of 
penetration are increased, better yields could be achieved.
Table 9.7, summarises the existing useful data and the geoelectric 

results obtained from the Houghton St. Giles area. From Table 9.7,
• a. The rest water levels are about 19m below ground surface at

the poor sites and range from 4m to 10m below ground surface 
at the good sites.

b. On-the average, the resolvable depth of the soundings were 
below their borehole bases. This shows that the surface

• electrical resistivity penetrated the sites deep enough to be
able to record the geoelectrical characteristics of the Chalk.
This is definitely because there is very little drift deposit 
cover as it averages only 5.68m in Houghton St. Giles area.

c. The production horizon in Houghton St. Giles area generally
* ranges from -21mA0D to 23mAOD but with the most productive

zones being between -5mA0D and 15mA0D. The most productive 
horizon resistivity varies from 59ohm-m to 105ohm-m with the 
poor sites having their resistivities towards the high side.
The sites with flints have their horizon resistivities about

* the middle of the range of resistivities while those for pure
fissured Chalk are on the low side. The resolved elevations 
of the productive zones, agree very well with the proposed 
permeability development levels in the Chalk of East Anglia by 
Foster et al(1977) of above -20mAOD.

* Finally, it could be said that in the Houghton St. Giles area, that
the good sites occur in the major valley areas with HK-type curves and
the good sites are very close to each other. Also, that while the
poor sites are not confined to any topographic location, they are
characterised by H or HK-type curves. There is no indication of
preference in the yield for the upland Chalk area as all the good 
sites are in the lowland Chalk areas.



23
5

SOUNDING RESULTS WITH CORRESPONDING BOREHOLE DETAILS

H3
(130/35)

H4
(130/83)

H5
(130/84?)

H6
(130/205)

H7 H8 
(130/191) (130/82)

H10
(130/144A&B)

Borehole elevation (mAOD) 35.53 23.77 19.51 30.18 18.90 18.29 21.41

Groundwater level (mAOD) 10.80 13.89 14.03 11.56 10.86 14.34 15.34

Base of bore (mAOD) - 1.05 11.58 7.32 4.27 - 3.96 6.10 -24.31

Top of Chalk (mAOD) 14.63 23.77 11.89 29.57 18.90 10.67 18.06

Resolvable depth (mAOD) - 7.00 - 8.00 -18.80 -21.00 -19.00 -20.30 -19.00

Base of casing (mAOD) * * * * * * 9.37

Aquifer elevation (mAOD) - 7_23.0 - 8_17.0 -18.8J2.0 -21_17.5 1 20 - 4_15 - 4.1_19

Aquifer resistivity ( m) 100 93 61 105 59 78 80/103

Assessed quality Poor Good Good Poor Good Good Good

* Not recorded
Table 9.7 Comparison of the productive horizons of tested boreholes with their corresponding resolvable

depths from the soundings in Houghton St. Giles area
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CHAPTER TEN 

LYNG AREA

• This chapter discusses the general location, size, topography and
drainage of the Lyng area. It also includes a brief mention of the 
differing aspects of the geology and hydrogeology with reference to 
the Beetley area as derived from surface and borehole data. The 
problems and the procedures followed in the Lyng area for the surface

• electrical resistivity survey are similar to those of the Beetley area
and need not be repeated. The chapter finally discusses the results 
of the resistivity survey and integrates all available useful data in 
the Lyng area.

• 10.1 GENERAL

The Lyng area lies almost E. of the Beetley area in the
S.E. quadrant of the entire study area (Fig 1.1). It covers an area 

<2.of about 25km within Sheet 133 of the 1:50,000 first series and
• within British National Grid references TG 045150 and TG 045200 to the

west and TG 095150 and TG 095200 to the E. (Fig 10.1).
An E-W stretch of lowland swings northwards towards the eastern 

edge. This lowland wedge divides the area into a smaller 
N.W. highland region and a southern highland region that occupies

• about 50% of the entire surface area. The ground level is generally
less than 23mAOD along the lowland zone but drops to below 15mA0D to 
the E. and the N.E. This lowland stretch corresponds to> the Wensum 
river valley in the Lyng area. The ground then rises from this 
lowland area reaching over 46mAOD to the N.W. and N.E. The southern 
highland reaches over 53mAOD in the S.E. of the area. Generally, the 
land slopes more gently further away from the major valley (Fig 10.1).
The area occurs within the S.E. drainage system of the Wensum river 

drainage system. The numerous tributaries and distributaries locally 
drain southwards and northwards to the Wensum valley which within Lyng 
area drains eastwards. These distributaries which originate from the 
highland regions have dissected the highlands and eroded their sides 
into undulations.
The average annual recorded rainfall total at Lyng station (TG 

066181) for 1979-1982 is 697nm.
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1979 1980
YEAR
1981 1982

ANNUAL
AVERAGE

TOTAL RAINFALL 688.40 641.90 721.40 737.60 697.33
POT. EVAPORATION 683.50 718.00 623.50 570.50 648.88
ACT. EVAPORATION 588.80 555.50 552.50 514.00 552.63
RESIDUAL RAINFALL 99.60 86.90 168.90 223.60 144.63

Table 10.1a Annual Rainfall and Evaporation data (in nm) at Lyng 
(TG 066181) for 1979-1982.

Over the same period, the recorded mean annual residual rainfall at 
Lyng is 145mm (Table 10.1a). About 54% of the recorded rainfall total 
of this area occured during the winter season with an annual mean 
difference of 49mm over summer period (Table 10.1b).

WATER YEAR SEASONAL MEAN
1979 1979/80 1980/81 1981/82 1982/83 AVERAGE DIFFERENCE

WINTER 381.00 393.40 279.80 402.20 364.10
49.25

SUMMER 257.70 262.80 367.10 371.80 314.85

Table 10.1b Seasonal Rainfall data (in ran) at Lyng for 1979-1983.

The rainfall and evaporation data for the Lyng station during the 
field work period (May-Jul), showed a negative residual rainfall for 
May and July and a positive residual for June.

TOTAL POTENTIAL ACTUAL RESIDUAL
MONTH RAINFALL EVAPORATION EVAPORATION RAINFALL
MAY 65.10 98.50 90.00 -24.90
JUNE 111.20 79.50 78.50 32.70
JULY 22.30 84.00 73.50 -51.20

Table 10.1c Monthly Rainfall and Evaporation data (in ran) at 
Lyng during the field survey months (1982).

Lyng was surveyed during the third week in June 1982 during which the 
first maximum residual rainfall was attained.



The geological characteristics of the Lyng area is similar to that 
of Beetley area and the other site areas so, the classification of the 
geologic formations is the same as in chapter 7.2 where the general 
variation in thicknesses and elevations of the formations as derived 
from the borehole data are presented. For the deailed characteristics 
of the individual formations, reference is made to chapters 2 and 7. 
Table 10.2, shows the geological succession of the Lyng area with the 
thicknesses of the formations as derived from the twenty-two boreholes 
recorded. Figure 10.2 represents a geological section across the Lyng 
area along DD' of Fig 10.1.

10.2.1 Solid deposits

This refers to all the Pre-glacial deposits which are represented 
within this area by the Crag and the Chalk (Table 10.2).

A. Upper Chalk

The thickness of Chalk as penetrated by boreholes range from
0-40m (147/217), so the Chalk in Lyng would refer to the Upper Chalk. 
Ch the average the Upper Chalk is concealed by about 22m of 
deposits (glacial & pre-glacial).

The Upper Chalk was generally encountered at lower elevations in the 
lowland areas along the Wensum valley with lowest level of about 
-9mA0D to the E. along the central line (147/568) and -3mA0D to the 
centre (147/279A). It then rises on either side to about 25mA0D to 
the N. (147/218) and 21mAQD to the W. towards the centre (147/479A). 
147/279A is about 1km E. of 147/479A, within this distance, the Chalk 
dropped in elevation by 25m. Also 147/279B is about 500m S. of 
147/279A with an elevation difference of 13m. This shows how the 
Chalk surface topography could vary within very short distances across 
buried channels or valleys. From Fig 10.1 & 10.3, the Chalk 
topography, is very similar to the surface topography indicating that 
the later is possibly a consequence of the former. The Chalk from 
figure 10.3 would seem to slope evenly northwards and southwards from 
the buried valley but becoming steeper along the higher end of the 
valley region. A S.W.-N.E. section across the area (Fig (10.2) tends 
to confirm this evenly sloping nature of the Chalk away from the 
buried valley.

10.2 GEOLOGY



- 240 -

PERIOD
(AGE)

TYPE OF FORMATION DOMINANT LITHOLOGIC MAXIMUM
FM DESCRIPTION i THICKNESS (M)*

Alluvium Silt or clay with small
in■ P amount of peat with 0-5.49?

<u in rH o thin sands and gravels,
rH 0id a) > TJ Terrace sands medium flint, gravel and

in

and gravel sand slightly clayey. 0-10.97
-P•H
in0 High level Ferruginous sand and
f td)'Q gravels gravel, loam or clayey
r—\ sorted matrix.
o•H<PP in Upper Chalky Blue to grey clay with
0
B4

■ P•rH boulder clay Chalky pebbles and flint 0-9.15
w 0

a)*0 Sand and Yellow to white sand andrH(TJ•HU
gravel gravel with some Chalk. 0-17.37

(drHo Lower boulder Blue to grey silty to
clay loamy clay. 0-10.36

Shelly sand and gravel with
Crag occasional clay seams and 0-6?

U)■p•H sometimes marly.
0aa)frt White soft, fine grained

Upper Chalk fissured limestone with 0-40
H0 black nodular flints andCO occasional marly top

■pa<Do<DPS

(1)C<Uuo•H 
I—I

0)c<Duo-pW•H(1) r—Icu
T 7 ’ 7 ■

*As encountered by boreholes 
Table 10.2 Geological Succession of the Lyng area

With regional dips of about less than 1° , the Chalk surface is 
practically horizontal even though locally the Chalk dips up to 
2° (147/279A&B) across buried valleys.
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B. Crag

The Crag consists of shelly sand and gravel with occasional clay 
seams (Tables 2.4 & 2.5), and could be marly (147/541). Four
boreholes encountered this formation within the Lyng area either as 
being undifferentiated from Pleistocene drift (147/323, 147/379) or as 
undifferentiated from Pleistocene drift and Chalk (147/480). Because 
it was undifferentiated where encountered in this area, it was not 
possible to establish its stratigraphic thickness in Lyng area. Also 
from the I.G.S. (1976) map, the western limit of the Crag starts from 
the S.E. corner, stretches towards the centre and swings north 
eastwards. This may be why none of the boreholes in the western half 
of the area encountered Crag.

10.2.2 Superficial deposits

Pleistocene drift

This includes all glacial deposits within Lyng area. Its two main 
lithologic units are boulder clay and sand and gravel. Two seperate 
combinations are recorded (147/13, 147/568, 147/396) as typical but 
the type section is not fully represented every where as any horizon 
could have been eroded away or overlapped. When the sequences are 
repeated so rapidly as to be indistinguishable, the deposit is 
referred to as Pleistocene drift. This attained a maximum recorded 
thickness of 35m (147/152). The sequence of the overlying deposits to 
the E. may be separated into boulder clay, and sand and gravel, but 
not those to the west.

A. Glacial Lower boulder clay

Two sequences of boulder clay were encountered by two 
boreholes (147/357 & 147/396). The lower sequence was encountered at 
places overlying the Chalk directly, probably where the underlying 
Crag, if ever present, has been eroded away. Its thickness varies 
from 0-10m (147/396) and increases westwards and northwards from 
complete absence in the S.W. to 10m in the N.E. No Chalk boulders 
were reported in this lower boulder clay and it is said locally to 
resemble the brickearth or stony loam (I.G.S. 147 Aysham Sheet).
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*

B. Glacial Sand and Gravel

This overlies the Lower boulder clay with a thickness range of 
0-17m (147/357). It is thickest to the north west and decreases 
eastwards being replaced by Crag in the east.

C. Upper Glacial Boulder clay

This unit chalky and in the west forms undifferentiated Pleistocene 
drift sequences with sand and gravel. Generally, it increases in 
thickness eastwards to over 9m in the east. (147/568).

D. Pateau&Valley gravels

This unit ranges in thickness from 0-llm (147/568). Only one 
borehole encountered this unit in the low end of the major valley to 
the E. So, it is possible that this unit includes part of the valley 
gravels. It is often difficult to distinguish between these (Plateau 
and Valley gravels) two formations.

E. Alluvium

No recorded borehole encountered this formation in the Lyng area. 
Generally, alluvium does not exceed 5m in thickness.

10.3 HYDROGEOLOGY

10.3.1 General

The Lyng site area lies within the S.E. sub-catchment of the Wensum 
catchment (Licensing Authority No 11). From the I.G.S. (1976) map, 
over fifty percent of the entire surface area is covered by sand and 
gravel stretching E.-W. about the centre and swinging northwards at 
the eastern border. The rest of the area is covered by boulder clay. 
The sand and gravel outcrops follow the Wensum valley being wider than 
it. This pattern restricts the boulder clay to the highland regions.
The hydrogeology of the Lyng area has been derived from information 

from twenty-two recorded boreholes in this area. Table 10.2 shows the 
geological sequence of the area, while figure 10.2, shows a 
S.W.-N.E. section of the area across the Wensum river valley. Chalk 
constitutes the major aquifer of this area and twenty-one of the
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twenty-two recorded boreholes penetrated the Chalk. The only one left 
terminated in undifferentiated Pleistocene drift (147/529).
The chemical analysis of the water at the two pumping station 

boreholes in Lyng (147/279A&B) represent the only recorded tested 
boreholes in the Lyng area. They show a mean electrical conductivity 
of 519/iS/cm and 553/iS/cm at 25°C respectively. These conductivities 
are equivalent to water resistivities of 19.26ohm-m and 18.08ohm-m 
respectively. By comparing these water resistivities with Table 4.1, 
they are less than 5x10% solution of sodium chloride. Their mean 
total dissolved solids of 357ppm and 398ppm with mean pH of 7.3 and
7.1, confirm their non saline nature. Table 10.3 shows the result of 
chemical and physical analysis of the water at 147/279B for the water 
year of 1980/81.

10.3.2 Hydrogeological characteristics of the lithologies encountered

This section as in the other areas has been discussed under two 
sub-headings, viz, the overlying deposits and the Chalk.

I. Hydrogeological significance of the deposits overlying Chalk

The overlying deposits in this section includes the Crag and the 
Superficial deposits as in Table 10.2.

A. Glacial Boulder clay

There is no recorded borehole that terminates in either of the boulder 
clay layers. Local and domestic supplies have been known from the 
boulder clay but such supplies dry up during the summer months and are 
very susceptible to contamination.

Lithologically, boulder clay is impermeable though very porous. 
Thus its importance hydrogeologically, would be as a result of the 
fact that it prevents or reduces percolation to deep storage depending 
on its particular facies. In the Lyng area, it occurs in the highland 
areas and thus it would be expected that excess precipitation on the 
highland area would be lost as runoff. This would consequently act as
recharge areas for the valley areas where more permeable sand and*gravel occur.
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RESULT OF PHYSICAL/CHEMICAL EXAMINATION OF WATER

PERIOD:- APRIL 1980 - MARCH 1981 Samples Max Min Mean Median
Colour (Hazen) 19 20 0 O' 0Turbidity (Formazin) Taste/Odour 19 5.2 0.2 1.3 0.6
pHpHs 19 7.3 6.9 7.1 7.1
Electrical Conductivity (uS/cm-25’C) 16 630 480 553 570Total Dissolved Solids Suspended Solids (at 180’C) 5 405 390 398 395
Temperature (’C)Dissolved Oxygen (X Satn.) 12 9 11 i. JL.

P.V. IS 1.4 0.1 0.5 0.4Ammonia F. & S. (as N) Ammonia Alb. (as N) Kjeldahl N (as N) Nitrite (as N)

.03 .01 .02 . 03

Nitrate (as N) l? 8.9 1.4 7.2 7.6Alkalinity (as CaCo3) IS 235 190 212 210Total hardness Free Carbon Dioxide Hydrogen sulphide
cr 310, 274 295 292

Calcium 5 121 103 112 112Magnesium 5 4.4 3.6 3.9 3.8Sodium 5 19 14 16 15PotassiumAnionic Detergents (as Manoxal 0T) 3 •2>
Phosphate soluble (as P) 4 .03 .01 .02 • 02Fluoride 4 . 20 . 12 . 15 . 14ChlorideBromideIodideSulphateSilica

4 40 13 24 23
Iron (Total) Iron (in soln.) 19 1.55 . 03 .24 . 12
Manganese (Total) Manganese (in soln.) Aluminium

5 .03 .01 .02 . 02

Zinc 5 . 15 .01 . 05 .’•O
Copper .06 .01 .03 „ 03Chromium b .01 .01 .01 • 0 *CadmiumMercury 3 .01 .01 .01 .01
LeadArsenicSeleniumCyanidePnenals (as C6H5QH)Organa chlorine compounds

.04 .01 .02 .01

T.O.C.Others
! *7 1.4 0.5 0.6 0.9

Cobalt cr .01 .01 .01 .01Ni ckel "Z .01 .01 .01 . 01

Table 10.3 Physical/Chemical properties of the water at 
Lyngforge punping station (147/279)

\
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B. Glacial Sand and gravel
i

There is no record of any of the boreholes terminating in the sand 
and gravel. Where encountered, it was penetrated into the Chalk,

• probably because it is unstable and easily contaminated. As a unit,
it is not considered as a source of groundwater even though local 
intermittent supplies had been obtained from it elsewhere. Its 
hydrogeological importance is its permeability as at outcrops it is 
known to be capable of allowing over 90% of precipitation to percolate

• to deep storage. Where it overlies Chalk directly, it is often in
hydraulic continuity with the Chalk offering it, recharge during 
abstraction.

C. Crag

No recorded borehole terminates in the Crag maybe because of its 
problem of instability during well development. It is not important 
as a source of groundwater and generally water from the Crag is often 
ferruginous. Its hydrogeological importance is similar to that of the 

• sand and gravel layer. Where the Crag overlies Chalk (as it always
does when present), it is often in hydraulic continuity with the Chalk 
serving as a recharge source during abstraction.

II. Hydrogeological Significance of the Chalk

Yields from Chalk boreholes in the Lyng area r&nge from
lm^cT*-!48m*d~l (147/152, 147/279B) for bore diameters of 100-150rnm with 
total drawdowns of 0-23m (147/541, 147/279B). Specific capacities 
across the area range from 0.25mild"i'to 347.13mad~i (147/152, 147/279A).

Some boreholes are characterised by either a top marly Chalk 
layer (147/216) or a flinty top section (147/279B) or a combination of 
top marly Chalk becoming flinty with depth (147/396). Oie of the 
boreholes within the Wensum valley is reported occasionally

^  artesian (147/216). The Chalk was met between -9mA0D along the Wensum
valley (147/568) and 25mAOD in the northern highland region (147/218). 
Generally, the Chalk was penetrated from 0-40m (147/217) in the Lyng
area.
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10.3.3 Groundwater levels and variations

Only one of the twenty-two boreholes recorded in the Lyng area did 
not penetrate into the Chalk. The groundwater contours (Fig 10.3) 
reflect the surface and topography over most of the area. So the 
groundwater is high in the highland region reaching a maximum of 
37mAOD to the S.E. corner (147/480). It is low in the lowland area 
reaching a minimum of about 6mA0D along the Wensum valley to the 
eastern edge (147/379). The groundwater levels seem to have a gentler 
slope north of the valley than south of it. This normally would 
reflect higher permeability north of the valley than south but there are 
very limited number of boreholes to confirm this tendency.

Figure 10.4 shows a groundwater flow map drawn from the 
standardised (1981) rest water levels recorded in Lyng area. The 
figure shows an initial southward and northward convergent flow 
towards the Wensum valley and a resultant eastward regional flow along 
the Wensum valley. The sites to the east of the Wensum valley, which 
is an area of convergent flow, would be expected to be good in yield 
but they are not all good. This may be probably as a result of the 
top marly layer.
The groundwater levels stand in the overlying deposits mostly along 

the highland region (Fig 10.3). This suggests either a semi-confined 
nature for the water in the Chalk (where the Chalk underlies boulder 
clay or a marly layer) or hydraulic continuity between the Chalk and 
its overlying deposits (where the Chalk is overlain by Crag, sand and 
gravel).

Only one observation borehole is located in Lyng area at 
Great Witchingham (147/216). The variational characteristics of the 
borehole is slighty different from those of the other areas. Its 
annual variation range from 0.49m in 1981 to 1.01m in 1974, as against 
1973 and 1977 respectively for the other areas. The mean annual 
difference over eleven years (1972-1982) is 0.76m (Table 10.4). 
Seasonal fluctuations are expected to be small in all the wells in 
this area being on the average less than lm/yr.
The seasonal rainfall and evaporation data at Lyng station (TG 

0066181) shows a consistently negative total resisdual rainfall over 
the summer period (Table 10.5). From this Table 10.5, the need to 
irrigate during the summer months is obvious.



FIG 10-3 C H A L K  SU R FA C E  AND G R OUNDW ATER L E V E L  M AP O F  LYNG A R E A
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FIG 10-4 GROUNDWATER FLOW  M AP OF LYNG A R E A

*
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YEAR RANGE (
1972 0.98
1973 0.58
1974 1.01
1975 0.73
,1976 0.85
1977 0.90
1978 0.71
1979 0.76
1980 0.61
1981 0.49
1982 0.84
MEAN 0.76

Table 10.4 Annual Variations in Groundwater Levels (in M) at 
Great Witchingham (TG 091199) in Lyng Area.

♦

r  —
.WATER YEAR

1979 1979/80 1980/81 1981/82 1982/83 MEAN
TOTAL RAINFALL 381.00 393.40 279.80 402.20 364.10

u
<D s ACT. EVAPORATION 153.00 159.00 136.50 103.00 137.88
4->G•H

1-po POT. EVAPORATION 150.00 151.50 135.50 103.50 135.38
s o RESIDUAL RAINFALL 228.00 234.40 143.30 299.20 226.23

TOTAL RAINFALL 257.70 262.80 367.10 371.80 314.85
u

'a,<1) ACT. EVAPORATION 420.00 397.50 411.50 405.50 408.63
p

Ui1p POT. EVAPORATION 520.00 566.00 486.50 462.00 508.63
W &

< RESIDUAL RAINFALL -162.30 -134.70 -44.40 -33.70 -93.78

Table 10.5 Seasonal Rainfall and Evaporation data (in ran) at 
Lyng (TG 066181) for 1979-1983

10.4 SURFACE ELECTRICAL RESSISTIVITY SURVEY

10.4.1 Introduction

The choice of sounding sites was restricted by availability of 
borehole data and space for expansion of the probe. Some soundings 
were made at sites without sufficient data to establish their yield



quality for comparison purposes.
The area was surveyed within the third week of June 1982 (15-18th) 

during which residual rainfall was positive (Table 10.1c). Thus, 
there was no problem with contact resistances. The largest available 
space was about 250m and so was considered too small for any 
horizontal profiles. Fifteen vertical electrical soundings were made 
using the Schlumberger electrode array with the SAS 300 
terrameter (Fig 7.5). The numbering of the soundings comprise of a 
letter and a number. The letter represents the first letter of the 
area and the number represent the number of the sounding. For cross 
soundings, a decimal point indicates the number of soundings at that 
particular site. Three cross soundings were made out of the fifteen 
soundings (L1.1&1.2, L8.1&8.2 and L12&13). Maximum AB/2 distances of 
100m with minimum of 68m were achieved. The soundings were as 
parametric as availability of space could allow and so offsets of 
soundings from their corresponding boreholes ranged from 30m at L9 to 
150m at L5.
The direction of expansion of probe varied from E-W to N-S’ and to 

SW-NE. Electrode separation distances of six per decade was used and 
this for AB/2 of 68-100m would result in twelve or thirteen readings 
or measurements per site. Figure 10.1 shows the sounding sites with 
offsets from their corresponding boreholes and the direction of 
expansion of probe for the soundings.

10.4.2 Data Interpretation (Analysis)

This comprises of a strictly qualitative approach and a combined 
qualitative and quantitative approach.

A. Apparent resistivity maps (Qualitative approach)

The average overburden thickness in the Lyng area is about 22m. 
AB/2 of 10m and 46m were chosen at which to investigate the electrical 
properties of the earth through the Lyng area. At AB/2 of 10m, the 
characteristics of the near surface layers is expected to be revealed 
while at 46m, the combined effects of the near surface deposits and 
the Chalk would be expected to be revealed.
Figure 10.5a, shows the apparent resistivity map of the Lyng area at 

AB/2 of 10m. The map shows basically two zones a high zone >100ohm-m 
interlocked betweeen two zones of lower resistivity <100ohm-m. Hie 
high is about 1.25km wide and starts from the NE corner thinning south
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westwards. About the centre, it swings north westwards towards the 
N.W. corner. Within this level, the high zone would indicate more 
resistive near surface horizons while the low zone would indicate a 
more clayey near surface deposits. The high zone coincides with the 
Wensum river valley along which sand and gravel deposits occur, and 
the low zone occurs within the top boulder clay outcrops in
Lyng (I.G.S. map,1976). The generally high values of the high zone 
could be as a result of near surface flint inclusions where Chalk is 
very close to the surface as at L8.1&8.2 or thick sand and shingle as 
at L5.

Figure 10.5b is the apparent resistivity map of Lyng area at AB/2 of 
46m. This differs from the picture at AB/2 of 10m in that the 
highs (>l&0ohnv-m) are now localised to the southern end of the
S.W.-N.E. half of the Lyng area. A big band of low stretches
stretches from the south to the north with a N.E.-S.W. trend and its
minimum value occuring about the N.E. corner. Theoretically, at AB/2 
of 46m for an isotropic, homogenous medium, the depth of penetration 
is equivalent to the AB/2 distance. For a section made up of 
homogenous and individually isotropic layers, a degree of anisotropy 
reduces this depth of penetration (Battachyra & Patra,1966). For an 
isotropic medium, at AB/2 distance, the apparent resistivity value is 
a result of all the geoelectric influences of the overlying and 
underlying layers to that depth with more of the resultant effects 
coming from the overlying layers to that depth. This would mean that 
for the high resistivitythere could be;
a. a great thickness of resistive materials overlying the Chalk 

or,
b. a considerable amount of moderately resistive material 

overlying massive Chalk or,
c. a highly resistive material overlying massive Chalk.
For the low resistivity zone, it could be that a great thickness of 
clayey materials overlies the Chalk or that the Chalk is fissured and 
saturated, which would tend to lead to a reduction in its resistivity. 
This low zone covers the entire major valley basin.
At AB/2 of 10m, the major valley basin was mostly in the high 

resistivity zone which was as result of near surface sand and shingle 
and flints in near surface Chalk. But at AB/2 of 46m, the high
resistivity zone changes to a low resistivity zone. From the sudden 
switch of characteristics at depth, there is a temptation to suppose 
that the area where high values occur at small AB/2 and low values at 
higher AB/2, is as a result of the Chalk being fissured and so of



reduced resistivity. This proposal is supported by the fact that four 
of the six fairly to good sites(L5,L6,L12&13) occured in the high zone 
at AB/2 of 10m while at AB/2 of 46m occured with all the other good 
sites in the low zone (L2,L3,L5,L6,L7,L12&13).
The apparent resistivity map even though without specific 

quantitative indications on the characteristics of the well sites, 
showed a general consistent occurrence on the location of the good 
well sites. The poor sites occured in the high zone at AB/2 of 46m 
and in the low zone at AB/2 of 10m. The map at AB/2 of 10m in d ic a te s  
the near surface lithology across the Lyng area.

B. Quantitative approach

The method is exactly the same as discussed in Chapter 7.4.3B.

Ambiguities in Surface Electrical Resistivity interpretations 
in Lyng area

The Lyng area is unique in one respect, it is only in this area that 
it was possible to get parametric soundings at the two pumping station 
boreholes and at one of the borehole sites to obtain cross soundings. 
The cross soundings have been necessary from time to time to ascertain 
that the Chalk surface is practically horizontal.
Multilayer geoelectric soundings (> 31ayers) lack unique solutions 

and the number of equivalent solutions are as varied as there are 
interpreters. Four solutions have been presented for L12 and 
L6 (Fig 10.6a&10.6c) and two for L13 (Fig 10.6b). These solutions 
range from four to six layer situations. The choice of the best fit 
to the observed data was guided by the same considerations described 
in Chapter 7. For L6, L12 and L13, one of the 6-layer, the 6-layer 
and the 5-layer models respectively were considered the best 
solutions.

VES at Lyng Pumping Station (L6,L12&L13)

Lithologic log (147/279A & B)

The Lyng pumping station borehles are located in the broad section 
of the Wensum valley in Lyng. Table 10.6, shows the lithologic 
description of the two boreholes with the old borehole being 147/279A 
and the new Lyngforge as 147/279B. 147/279A is about 500m N. of



A LYNG (old) BOREHOLE

NAT. GRID SURFACE FLANGE OVERALL DEPTH YEAR DNG TG 0684 1799 +15.60 A.O.D. 33.5 M. 1.950

DIAMETER/LINING150 m.m. diameter x 3o>.5 M. aeec unec to
our?ace.

R.W.L.2.14 0-13.4)
P U L3.7 ’(+11.9 A.O.D.) 3 1also 2

L/3 (8 hour test)

OTHER INFORMATIONThis borehole is de—commissionce. Well Cat. AYL 147/279.

STRATA THICKNESS TO DEPTH

LYNGFORGE BOREHOLE

NAT. GRID SURFACE FLANGE OVERALL DEPTH YEAR DNGTG 0689 1758 35 M. 1975 1602/637.5 M. 1931 1602/4

DIAMETER/LINING1.016 m.m. diameter :< 35 M. depth although overdrilled to 36 M. at one time; Plain lined to 11.00 slatted for 18 to 29.00. Three raker bares 1500 m.m. N.B. at 45 r connecting with main bore near bottom. Modified in 1981 by putting down plain liner 900 m.m. diameter, to 16 M. and sealing slots with grout. Also drilling out the bore to 37.5 M.

R W L  p  w i

6.500 23*.5* (+ A.G.D.) 3 45 L/S

OTHER INFORMATION
Series of tests following completion of original borehole and each raker. GSST screen also tested on this borehole.

STRATA THICKNESS TO DEPTH
Topsoi1Soft Clay, Sand and Gravel Soft Grey Clayey Slit and Gravel Soft Grey SiltSoft White Chalk with Brawn Stains Soft white Chalk and Flints Very Soft White Chalk White Chalk and Flints

0. 6 0.6i.s 2. 41 - 3 3. 7i - 5 5. 20.8 6.013.0 ncp
6.0 35! 6'“i cr 37.5

Table 10.6 Variation in geologic details of the two Lyng pumping 
station boreholes



147/279B and within this distance, the 18.5m of drift at A, reduces to 
5.2m at B. Also the top of the Chalk was met at 147/279A at about 13m 
deeper than at 147/279B. Theoretically, if the situations were 
similar in the Chalk, a displacement of the layers by about this 
amount is to be expected. Their rest water levels are within 2m below 
the ground surface.

VES L12 & L13

The lithologic log (147/279B) showed a seven layer section with 
thicknesses varying from 0.6m to 23m (Table 10.6b). The cross 
soundings did not agree on a unique number of layers. L12 showed a 
six layer situation whereas L13 showed a five layer situation. Though 
L12 and L13 did not show the same number of layer situations, there 
was almost perfect agreement at depth better; than at shallower 
horizons.
L12 picked the 0.6m top soil as its 0.8m top layer whereas this top 
section is absent at L13 location. The absence of this layer at L13 
is indicative of the extent of local lateral variation in the 
geoelectric properties of the near surface layers.

Two thin beds of gravel, sand and clay were picked up at L12 as well 
as at L13. Its thickness in the log is 3.1m, L12 picked its thickness 
as 3.24m and its resistivity as 195ohm-m and L13 picked it with 2.1m 
thickness and 180ohm-m resistivity. These results show that this bed 
also thins towards L13, eastwards. The next two thin grey silt/Chalk 
layers of 2.3m thickness on the log were picked as one layer by both 
L12&L13. L12 and L13 picked it as 2.7m and 2.4m layers of 72&75ohm-m 
resistivity respectively.
From the log, the next 23m comprises of soft Chalk with flints to a 

depth of 29m. Within this layer, the two soundings picked two 
distinct geoelectric layers. A top layer of 8.5m and 9.9m thickness 
with 56ohm-in resistivity at L12 and L13 respectively. The lower 
horizon is 14.8m and 14.7m thick with resistivities of 83ohm-m and 
88ohm-m bringing the resolvable depths of the soundings to 29.97m and 
29.47m respectively. This layer in both sounding is underlain by a 
slightly conducting basement of the same order of 
resistivity (70&73ohm-m).
These two soundings have identified four horizons within the Chalk 

with different resistivities. The only possible causes of the 
difference in geoelectric properties within the Chalk must be 
variation in lithology(flint inclusions, soft Chalk or putty Chalk),



changes in the physical characteristics of the Chalk, degree of 
saturation and changes in salinity of water with depth. Variation in 
lithology would be noticed in the top section as soft Chalk was 
recorded in the upper section. This may be responsible for the 
relatively low resistivity of the top or the first two horizons.
Ineson (1959b), noted that most of the permeable zones of the Chalk 
lie within the top 10m. This is not unexpected as the fissures would 
tend to be compressed by overburden weight at depth. So the first and 
second horizons represent the zone of high permeability development. 
They both have an effective relative thickness of 3.1 and 5.1 
respectively (Eq 5.9).

VES L6

Six layers are represented. The top two layers of 3m are very 
resistive. The third layer is less resistive than any of the 
overlying layers and the rest water level occurs within it. Its 
resistivity (104ohm-m) is typical of a saturated sand and gravel layer. 
These three top layers, correspond to the two top layers at L12 and 
the top layer at L13. The fourth layer is 14m thick and correlates 
with the top soft Chalk flinty layer at L12/L13 with similar 
resistivity. The difference in the reported thickness of the drift 
that overlies the Chalk at this site is suspicious. Within the 500m 
distance that seperates the boreholes, the drift thickness changes by 
13m. This could be as a result of the presence of a solution hole or 
cavity (Fig 3.8) as they are located within the broad section of the 
major valley. So, this fourth layer is considered as a lateral 
equivalent of the third and second layers at L12 and L13 respectively. 
The fifth layer is more conducting than the fourth and is also of the 
same order of resistivity with its lateral equivalent at the other 
borehole (L12&L13). The sixth layer at L6 is relatively more 
resistive than the fifth and fourth layers at L12 and L13. Though the 
resolved depth is greater at L6, the horizons are shallower at L12 and 
L13 than at L6. Thus, the sounding at L6 could not resolve- the 
conducting basement that underlies the resistive third horizon in the 
Chalk at L12&L13. The two productive horizons of L6 both have a 
combined effective relative thickness of 4.07. The results of the 
three soundings and the displacement of the geoelectric horizons 
supports the difference in the level of the Chalk at the two borehole 
sites.
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The close similarity of the curve shapes and the correlation of the 
geoelectric layering at L12 and L13, indicate that there is little or 
no lateral and horizontal variation in geoelectric properties at their 
locations. Also, it shows that the Chalk is practically horizontal as 
their maximum resolvable depths is within 0.5m difference.
The two Lyng boreholes are regarded as poor, but by the criterion 

used in assessing quality, it is considered good having specific 
capacities of 347.13mad"i- and 169.04m2,d‘i respectively (147/279A&B). 
The plane casing depth of 23m, means that most of the resolved 
productive horizon at L6(above 22m) and at L12&L13(above 29.45m) have 
been cased off. Thus, the thought of these sites as poor sites is as 
a result of design error. Also, it is suspected that the expectation 
from these boreholes is above both their design and capabilities. 
This suspicion is confirmed by the report on an investigation by the 
Anglian Water Authority into why the old borehole(147/279A) is not 
delivering expected yield (Table 10.7).
The geoelectric soundings at these three sites have been able to 

identify three distinct horizons within the Chalk with a possibilty of 
a fourth. At L12&L13 where four levels were identified, the second 
and third are the most productive horizons with combined effective 
relative thicknesses of 3.1 and 5.1 respectively. At L6, the 
productive horizons are the first and second with a combined effective 
relative thickness of 4.07. Thus, the surface electrical resistivity 
technique has been able to locate likely fissured horizons probably as 
a result of the great thickness of the fissure zone as represented by 
their effective relative thicknesses.

10.5 DISCUSSION OF RESULTS

The same criteria as used for the other areas have been used to 
group the soundings for comparison and/or interpretation purposes. 
This combines a qualitative discussion of the similarities and 
dissimilarities of the curves in each group and a consideration of 
their interpreted models along vertical sections. These groups are 
based on similarity in topographic location, curve shapes, 
geographical location (within 1km radius) and quality of well 
yield (poor or good). Table 10.8, shows the soundings with their 
corresponding boreholes and information on whether they are tested or 
not. For the tested boreholes, their specific capacities are also 
presented.
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/o d l Q  ^L**J Ĵ cAtr P*ujuu&p t(U*is*eJ "̂ > 1*tc.

ft# **’ Ms^r ft<. oft ^ tc  *ofr-e. (c . J o  ^ ) ,  COA/Lsi^,
"TV C^-t-nX iv*»j2£^ -JL c*A  txJL&J f£e l&xz. Ctc, /<UAr^2oe
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SERIAL I.G.S. WELL SOUNDING COMMENTS SPECIFIC KEY TO
NUMBER CAT. NUMBER NUMBER CAPACITY COMMENTS

(m̂ d-*)
(SHEET 147)

1 13 L10 TP 28.61 T— Tested
2 480 Lll LP 11.45 P— Poor
3 152 L9 TP 0.26 F— Fair
4 216 L3 TF 44.69 G— Good
5 217 L7 TF 44.69 L— Local
6 279A L6 TG 347.13
7 279B L12/L13 TG 169.04
8 357 L1.1/L1.2 L
9 379 L5 L
10 396 L2 TG 66.51
11 479A/B L8.1/L8.2 L

Table 10,8 Tested and untested boreholes with their
corresponding sounding sites in the Lyng area

10.5.1 Topographic Criteria

The soundings varied in location from minor valleys across minor 
valleys to the major valley. Yield or transmissivity was thought to 
be related to the Chalk topography. As the surface topography 
reflects the Chalk topography (Fig 10.1 and Fig 10.3), the soundings 
were considered on their similarity in topographic location hoping 
that there would be a reasonable correlation or consistence.
Three groups were got from the major valley, between minor valleys and 
the minor valleys. In the Lyng area, the minor valley sites are 
widely distributed so for convinience in section drawing, the minor 
valley sites have been divided into E. and W.

A. VES Sites in the Major valley in Lyng area (L3,L5,L6,L12&L13)

Five soundings are involved in this group(L3,L5,L6,L12&L13) but two 
of these soundings are cross soundings(L12&L13) at the new Lyng 
pumping station (Fig 10.7a). Their elevations vary within 8m and the 
deposits that overlie the Chalk range from 4-18m(L3-L6) with 
lithologies of either unclassified Crag and Pleistocene drift(L5) or 
undifferentiated Pleistocene drift(L6) (Fig 10.7b).

L6, L12 and L13 are very similar and to an extent share the same



curve shape with L3. L5 is dissimilar to the rest. In contrast, L5 
attains maximum and minimum values at AB/2 distances at which the rest 
attain their minimum and maximum values. So, the geoelectrical 
characteristics of L5 is bound to be different from those of L3, L6, 
L12 and L13.
Three zones were identified within the Chalk layer with only two at 

L3 but the top horizon stretches to a great depth, so it is possible 
that their is no appreciable difference between the top and middle 
zone. At the other sites, as in the Houghton St. Giles area and at 
L6, L12&L13, the flint layer makes it possible for a difference in 
resistivity to occur within the top section of the Chalk. But in the 
absence of flints as may be the case at L3, the top section would 
stretch to about the same depth as the top zone and middle zone 
combined. The production horizon is mostly within the upper and 
middle zones in this group (Fig 10.7b) and range in resistivity from 
65ohm-m at L6 to 96ohm-m at L5. These expected productive zones are 
from their geoelectric properties the zones of major permeability 
development. The sections of the Chalk with flints have relatively 
higher resistivity values while the pure fissured Chalk has relatively 
lower resistivity values. The high resistive nature of the top zone 
at L5 may be as a combined effect of resistive drift materials and the 
depth of the water level from the surface.
Three of the four sites(L3,L6,L12&13) have been tested and by the 
classification criterion(specific capacity) found good even though 
they are locally regarded as poor sites. There is not enough data to 
establish the quality at L5. But from the geoelectric results, the 
identified zone of permeability development extends to -15mA0D and the 
base of the casing is at this depth. This means that the expected or 
resolved productive horizon is cased off. So, it would not be 
surprising if this site is found poor on testing. At L3, the expected 
productive horizon extends to -7mA0D while the casing base is at 
Ordnance datum. And at L6, the casing terminates only 2m into a 22m 
productive zone while at L12&L13, the entire thickness of the 
productive horizon is cased with the casing perforated within the 
productive zone. All the boreholes at these sites penetrated the 
productive zone with only L6 penetrating just about fifty percent of 
its total thickness.
In the major valley area of the Lyng area, the very productive horizon 
has been resolved by the soundings at elevations ranging from 
-29mA0D (L6) to 17mA0D (L3) (Fig 10.7b). Generally, they range in 
resistivity and elevation from 65-88ohm-m and -15mA0D to 10mAOD.
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B. VES Sites between minor valleys in Lyng area (L9,L10&L11)

Three soundings are involved in this group (Fig 10.8a (L9,L10&L11)) 
with the same elevation (53mAOD). The overburden is very thick within 
this group ranging from 35m of either undifferentiated Pleistocene 
drift at L9 to Pleistocene drift, sand and gravel and boulder clay at 
L10 to over 90m of unclassified Pleistocene drift, Crag and Chalk at 
Lll. Their rest water levels are within 3m difference at about 
35mAOD.
All the three soundings are very similar or infact identical. The 

low resistive layer in all three is too shallow, resulting in a 
minimum value between AB/2 of 2-6m from the surface which in all three 
is within the Pleistocene drift. ,
The resistivities of the Chalk are too high to be fissured (156ohm-m 

at Lll to 200ohm-m at L9J. The relatively conducting basement at L10 
is probably as a result of unreported thick layer of soft Chalk or 
could be as a result of a saturated flinty layer, but no flints are 
reported at this site. So the Chalk based on the high resistivities 
is definitely not fissured, even if it were at L10, it was cased off. 
Hence, is not surprising that L9 and L10 are tested poor sites.

Though these sites seem to be on the highland area(53mA0D), their 
Chalk is at about the same elevation with those of the minor valley 
areas of about 35mAOD. They are actually located on the highland area 
separating the valleys and would normally act locally as a watershed. 
Thus, most of its excess precipitation will be lost as surface runoff.
Within this group area, the resolvable depths of the soundings did 

not even reach the top of the Chalk. This is partly as a result of 
the great thickness of drift overlying the Chalk and the fact that the 
maximum input current of the SAS 300 of 20mA was not adequate enough 
to penetrate the thick drift deposits. So, the geoelectrical method 
failed to reveal the characteristics of the Chalk just as at most 
sites in the Beetley area.

C. VES Sites within minor valleys

For convenience of section drawing, this group has been split into 
minor valleys E. and minor valleys in the W. of Lyng area.
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i. VES Sites in the minor valleys in West of Lyng area 
(L1.1/L1.2, L7&L8.1/L8.2)

Five soundings are involved in this group (Fig 10.9a) but these 
refer to three sites as there are two pairs of cross 
soundings (L1.1&L1.2 and L8.1&L8.1). The site elevations range from 
43mAOD at L1.1/L1.2 to the N.W. (Fig 10.1) to 26mA0D at L8.1/L8.2 to 
the centre. The overlying deposits decreases from about 27m of 
boulder clay, sand and gravel and boulder clay sequence at L1.1&L1.2 
to only about 4m of undifferentiated Pleistocene drift at L8.1&L8.2 
and then increases north westwards to about 16m of undifferentiatedl
Pleistocene drift. Though the overlying deposits are varied in 
thickness, the level at which the Chalk was encountered is within 6m 
difference being highest at L8.1/8.2.

L7 and L8.1&L8.2 are identical but near surface resistivities are 
higher at L8.1/8.2 than at L7 probably because of its flint 
inclusions. Within this, group, there are two distinct sub-groups with 
differing geoelectric characteristics. One has a relatively 
conducting top layer with a relatively resistive basement 
(L7,L8.1/8.2). The other has an initial resistive top layer and a 
conducting basement (LI.1/1.2). As a result of these dissimilarities, 
there is a shift of the -minimum and maximum values to the left 
slightly displacing the maximum and minimum values of the groups from 
occuring in opposition at the same AB/2 distance (Fig 10.9a).
The soundings identified three horizons within the Chalk layer at L7 

and L8.1&L8.2. The zones are very identical to those at L12&L13 of 
the control well sounding at the pumping station. At LI.1/1.2, two 
zones were resolved in the Chalk with the top horizon in geoelectric 
continuity with the base of the sand and gravel, boulder clay and 
about 9m of the top of the Chalk. This horizon has a resistivity 
typical of a boulder clay layer (31&34ohm-m). So, it is suspected 
that either the boulder clay layer is thicker than reported or that 
the top of the Chalk lithologically comprises of putty Chalk. The 
second horizon with 66ohm-m resistivity compares with the second 
horizon at L7 and L8.1/8.2, but the sounding could not resolve the 
base of this horizon at LI.1/1.2 as it did at the other 
sites (Fig 10.9b).

L7 is a good site with three horizons, but without any casing 
information, it would be assumed that its most productive horizon is 
to the base of the borehole. This brings the productive horizon to
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the second zone of 61ohm-m restivity. At L8.1&L8.2, there is no yield 
data but water was struck at 7mA0D within the second horizon which 
stretches to -9mA0D (Fig 10.9b). The casing goes to Ordnance datum 
which means that the level at which water was struck(7mA0D) has been 
cased off. It will not be unexpected if the yield of this site is not 
as good as expected when tested, but with a good well design this site 
could be a very good one. L1.1&L1.2 is a local borehole, but the top 
clayey section of the Chalk reduces direct recharge by percolation and 
may be generating clay particles that clog the fissures and prevent 
flow into the well. The second horizon with typical production zone 
resistivity of 66ohm-m has its top 12m above the base of the casing. 
This means that its top 12m have been cased off and this further 
reduces the slim chances this site has of supplying appreciable yield. 
L1.1&L1.2 and L8.1&L8.2 are cross soundings and as such are supposed 
to constitute individually identical pairs. Though they show 
remarkable similarity, they cannot be said to be the same ideal 
sounding they should have been. This is not possible as a result of 
the fact that the sounding sites are not exactly the same because of 
the difficulty of such a possibility. Thus, offsets were made on the 
assumption that the lithology does not vary much within the offset 
distance. But as they turned out, there is a remarkable near surface 
variations in lithology both laterally and vertically. The two sets 
of cross soundings show some amount of dip between them. LI.1/1.2 
shows a dip of about 1.7° while L8.1/8.2 indicates a dip of about 
1.2°.
Though the soundings resolved three zones within the Chalk at two of 

the three sites in this group, it is thought that it failed to resolve 
more than two horizons at LI.1/1.2 because of the very thick overlying 
drift deposits.

ii. VES Sites within minor valleys East of Lyng area (L2&L5)

Two sites are involved in this group (L2 and L5) with an elevation 
difference of 25m between L5 and L2. L5 is located at the confluence 
of a minor valley and the major valley (Fig 10.1). The overlying 
deposits range from alternations of boulder clay, sand and gravel and 
boulder clay to unclassified Pleistocene drift with Crag varying in 
thickness from 23m at L2 to 7m at L5 (Fig 10.10b).

L2 and L5 look very similar but the layer resistivities are very 
high in L5 as compared with L2 (Fig 10.10a). The high values at L5, 
is as a result of sand and gravel which are probably rich in flint.
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The width of the peaks at L2 are very narrow which indicates that the 
layers at this site are of very limited lateral extent. The low 
values at L2 could be as a result of the boulder clay that overlies 
the Chalk. But this low persists to great depth decreasing with 
depth. This could be considered as an increase in permeability 
development but the absolute resistivity values do not support this. 
The resistivity values are so low that the only possible cause of such 
low values with depth is the presence of a conducting solution that 
increases in concerntration with depth. From the Lyng pumping station 
water chemical analysis (Table 10.3), the water resistivity is about 
18ohm-m. So, for a bulk resistivity of 8ohm-m for the basement layer, 
there must be the presence of a very conducting fluid. Acid treatment 
of boreholes is a matter of routine in this area and it is not 
unlikely that this is the cause of the low values. There is no record 
to confirm this and there is no reported evidence of pollution even 
though there is a refuse disposal pit about 45m from the borehole at 
this site (Hawks Hill farm). This disposal pit could be contributing 
to the overall conductivity of the layers of this sitej Such a 
situation was investigated by Barker(1979) for the Angliatn Water 
Authority near East Dereham and Barker thought it to be a pollution 
plume. This site has a unique curve shape from the other sijtes and 
has been considered as good in terms of yield. Generally, the narrow 
width of the peaks indicate that the geologic layers are 'of very 
limited areal extent.
These two soundings are very identical to the L1.1&L1.2 soundings of 
the minor valleys in the West of Lyng area in characteristics as 
against L7 and L8.1&L8.2.
The most productive horizon within the minor valleys ranges from 

-14mA0D at L5 to 15mA0D at L8.1/8.2 with resistivity ranging from 
8-96ohm-m. Generally, it occurs between -13mA0D to 15mA0D with 
resistivity of 52-88ohm-m.

i
10.5.2 VES Curve Shapes Criteria ^

All the good and poor sites had unique topograpgic locations. For 
further confirmatory discovery, the sites have been regrouped on the 
basis of similarity in curve shapes. This approach is strictly 
qualitative and aimed at seeing if there is any correlation of a 
particular curve shape with a particular quality of yield.



A. HK-type curves in Lyng area (L1.1/L1.2,L5,L9,L10&L11)

Six soundings are involved in this group (Fig 10.11ai), two of which 
are cross soundings (LI.1/1.2). They are all very similar and 
identical representing a four layer case in which the sequence is made 
up of alternating resistive-conducting horizons.

L5 on the average has relatively high resistive layers than the 
others with the variation in resistivity of the layers being very 
gradual at near surface than at depth.

Their minimum values occur at about the same AB/2 (2-5m) being 
shallowest at L10 and deepest at L9 and Lll. Their maximum on the 
average occur at AB/2 value of about 30m to 45m (Fig 10.11ai). This 
means that the layers are in about the same thickness ratio but differ 
in absolute resistivity values.
Oily L9 and L10 have been tested and found poor. With the exception 

of L5 whose absolute resistivity values are high due to flints, the 
rest are very similar in shape and geoelectric layering. Based on the 
L9 and L10 being confirmed poor and their similarity in physical and 
geoelectric characteristics, it could be said that the HK-type curve 
in Lyng is typical of poor sites.

B. HKH/QHK-type curves (L6,L7,L12&L13)

Four sites are involved in this group (Fig 10.11aii) with two cross 
soundings (L12&L13).

The soundings all have a resistive top layer. Only at L12 is the 
top layer conducting. This top section is absent at L13 which is only 
sixty meters away from L12. So this top section must be very local or 
artificial (man made). The top layer is most resistive at L6 and 
least at L7. Their intermediate layers are within the same range of 
thicknesses and vary very little in their absolute resistivities. The 
high top of L6 is as a result of more resistive drift deposit while 
the low resitive top at L7 is from a more conducting or less resistive 
drift.

Their minimum values occur at about the same AB/2 of 20m and their 
maximum occur at AB/2 of about 70m with only L12 having a double 
maxima at about 3m and 70m (Fig 10.11aii). Since the curves all have 
their minimum and maximum values at about the same AB/2 distance, it 
means that the thicknesses of their layers are in about the same ratio 
in the curves with differences in absolute resistivity values.
This group differs from the HK-type by the AB/2 distances at which



their turning points occur. The HK-type attain their maximum at about 
the same AB/2 that the HKH/QHK-type attain their minimum and vice 
versa. This dissimimlarity shows that their geoelectric
characteristics are not the same as the HK-group have their conducting 
layers corresponding to resistive layers in the other 
group (Fig 10.11a).

These sites have been tested and topographically occur within the 
major valley or on its sides. Thus, the HK-type curve could be said 
to be characteristic of the good sites in the major valley and its 
sides.
Generally, two basic curve shapes are represented;
a. Those with shallow minimum turning points and deeper maximum 

turning points (L1.1&L1.2, L5, L9, L10 and Lll).
b. Those with shallow maximum point and deeper minimum turning 

point (L6, L7, L12&L13 and L8.1&L8.2).
All the poor sites belong to the first group and four of the good 
sites belong to the second. L3 does not share any of these 
characteristics with the others but has a gradually decreasing 
resistive characteristics with depth. L2 shares the same curve shape 
as L1.1&L1.2 but its own absolute values are much smaller than those 
of the former ones.

10.5.3 VES Sites that were close to each other: Proximity Criteria

Three groups have been defined by this criterion. The second 
group (Fig 10.11bii) has been discussed in the topographic criterion 
under sites between minor valleys and thus will not be repeated.

A. VES Sites in the N.E. of Lyng (L2,L3&L5)

Three soundings are involved in this group (Fig 10.11bi). L3 and L5 
are in the major valley while L2 is in a minor valley. Two of the 
three sites (L2 and L3) are recorded good but do not have similar 
curve shapes. L2 represents a five-layer situation of the 
HKQ-type(^>^<^>^>^-) while L3 represents a simple three layer case of 
the O-type (^>^>^) • There is some similarity in characteristics in the 
sense that the last three layers of the two soundings are Q-type or 
end with the Q-type. With the difference in elevation between the two 
sites of 25m, the first two layers at L2 may have been eroded away at 
L3 leaving out its last three layers. L5 shares some similarity in 
shape with L2 but the resistivities of the individual layers are too



high compared with those of L2 (The possible causes of the 
exceptionally low resistivities at L2 has been discussed in 
Section 10.5.1Cii). It (L5) represents a KQ-type of curve • 
Also, the difference in elevation of the two sites may have caused the 
absence of the top layer of L2 at L5.

The very resistive nature of the layers at L5 must have been as a 
result of the presence of flint in the Chalk as only about 7m of 
unclassified drift overlies the flinty Chalk.
The sites in this area of Lyng do not have a unique curve shape or 
topographic location even though they constitute good sites. Thus, 
the sites in this area correlated with yield but not any of the other 
criteria.

C. VES Sites in the centre of Lyng (L6,L8.1/L8.2&L12/L13)

There are five soundings in this group (Fig 10.11biii), four of 
which constitute two pairs of cross soundings (L8.1/8.2 and L12/13). 
Cross soundings show lateral variations in resistivity and dip of the 
strata along different directions where they exist. Though L8.1&L8.2 
show a slight dip (1.2°), they still support the assumption of a 
horizontal layering for the Chalk. L6 and L12&L13 are located in the 
major valley towards the low end.

Locally, L6 the old Lyng borehole and L12/13 the new Lyng borehole 
were inspected with the underwater television camera (by I.G.S.,1976) 
and, are regarded as poor sites. By the classification statistic, the 
bores are good (347.13m2-d“i and 169.04irrLd'*i respectively). There is 
evidence that much was being expected from these sites beyond the 
capabilities of their design (Table 10.7). There is not enough data 
to establish whether L8.1/8.2 is good or poor, but 147/479A was 
abandoned because it was not satisfactory in running the Field House 
farm in Lyng (Mr Keller, personal communication). A new site was 
chosen, about 250m and driiled 147/479B, this time to a greater 
depth (88.9m) with a larger diameter (152.4rnm) than at 147/479A. 
Mr Keller claims that ever since then, the yield has been very 
satisfactory. From the scanty data available on 147/479A of a rest 
water level at 15.54mA0D with a suction depth at an elevation of 
14.94mAOD it leaves a suction head of only 0.6m. With this design 
detail, not much could be obtained from 147/479A and so its poor yield 
appears to have been as a result of poor design.

Only L8.1&L8.2 site was not tested while all the other sites are 
good. L12, L13 and L8.1 are very similar and the topmost layer at L13



may have been removed to result In its curve type. The layers near 
the surface are very variable and so similarity is considered more 
with deeper layers (Fig 10.11biii).

Each of the five soundings picked three zones within the Chalk. An 
initial low, corresponding to either a zone of increased permeability 
or zone of saline water intrusion: there is no report of saline water 
invasion or intrusion in this area and so the low resistivity zone is 
likely to reflect an increase in permeability. An intermediate zone 
relatively more resistive than the top zone which corresponds to the 
level of most flint inclusions in the Chalk (L8.1/8.2 and L12/13). 
This is synonymous with increase in permeability. At certain sites 
where flints are not recorded, the productive top and second zones 
constitute one layer maybe with a slightly more resistive top (L6).
They have basically similar geographical location, the same or very 

similar curve shapes, are of very similar topographic location and 
mostly good sites. Thus, it could be said that the sites in the major 
valley and its sides (Lyng central) correlate with curve shape, yield 
and geograpghy. Also, it has been possible to identify the level of 
flint across this group. So, their curve shapes seem characteristics 
of the central Lyng area.

10.5.4 VES Sites with similar quality of yield: Yield Criteria

The Lyng area is locally regarded as poor in yield. The yield 
ranges from 0.95-3888m3d~1with a total drawdown range of 0-23m for 
borehole diameters of 88.9-152.4mm. Specific capacities range from
0.26-347.lSir̂ d"̂  The same criterion(45m*tN) has been used for the 
classification of good and poor sites as for the other areas.

Locally, the 147/279A(L6) which is the old Lyng pumping station is 
regarded as poor. From the available data, yields taken at two 
seperate times were 130.9m3d~iand 125.45m3d“iwith specific capacities 
of 86.12mid*i and 545.45mzd_A respectively. By classification, these 
two yields and specific capacities fall into the category of good 
wells especially for 152.4mm diameter boreholes. It could be that the 
original thought of this as a poor site is a result of higher 
expectation on the original design. That is, that the bore is being 
expected to do a job for which it was not originally designed for.
This fourth group is based mainly on the specific capacities of the 
corresponding boreholes to the soundings (Table 10.8).
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The other criteria have shown some indications of uniqueness but it is 
hoped that if the good or poor sites correlated with particular groups 
or more than one group, the confidence of any deductions would be 
more. Seven out of the twelve sounding sites had borehole data enough 
to establish their quality of yield (Table 10.8).

A. VES Curves at Good sites in Lyng area (L2,L3,L6,L7&L12/L13)

Five sites with six soundings are involved in this 
group (Fig 10.11ci). Their specicfic capacities range from 44.69m^d'*i 
at L3 and L7 to 347.113nrLdrl at L6 (Table 10.8). Two of these sites 
have no casing details (L2 and L7). But by identifying the productive 
horizons from those with casing details especially the control wells 
at L6 and L12&L13, it has been possible to correlate this horizon at 
sites without casing details. With the exception of L2(41.76mAOD) and 
L7(31.09mAOD), the other good sites are below 20mAOD. Thus, they do 
not have similar topographic location.

From the rest water level map (Fig 10.3) and the groundwater flow 
map (Fig 10.4), the major valley area constitutes an area of 
convergent flow from either sides of the major valley. Within the 
major valley, the regional flow would be eastwards. With the 
exceptions of L3 and L7, the other sites lie within the low 
groundwater level of the major valley with L6 in the buried valley. 
These other two sites are located between areas of divergent and 
convergent groundwater flows, this means on the groundwater slopes 
within the two prominent areas. The yield at these two sites are fair 
being just about the limit (44.69m2d_l̂

between poor and good (Table 6.4). The 
position of L2 coupled with a layer of marl that overlies the Chalk 
may have caused its fair yield despite its characteristic productive 
zone resistivity of 66ohm-m.
Generally, three horizons were resolved within the Chalk especially 

for the good sites and similar sites. Table 10.9 summarises the 
resistivities of the resolved zones within the Chalk. The top horizon 
represents the zone of major permeability development. The middle 
horizon is of a slightly more resistive nature and correlates with the 
level of flint inclusions in the Chalk. So, this is also a zone of 
permeability development as flints are associated with increased 
fissuring.
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GOOD SITES
L2 L3 L6 L7 L12 L13

ZONE I 20 72 88 56* 56*
ZONE II 66* 65* 61* 83* 88*
ZONE III 8 35 104 77 70 72

POOR SITES
L9 L10 Lll

ZONE I 200 81 156
ZONE II + + +
ZONE III + + +

OTHER SITES
Ll.l LI.2 L5 L8.1 L8.2

ZONE I 31 34 276 91 136
ZONE II 66 + 96 52 55
ZONE III + ■—i + 71 74

* Most productive zone + Unresolved

Table 10.9 Resistivities of identified and correlated 
productive horizons within the Chalk in the Lyng 
area

At some of the sites more especially where the underlying Chalk is not 
flinty, the top and middle horizons do not show any contrasts in 
electrical properties and so are resolved as one layer (Table 10.9). 
The third horizon is a zone of massive or less fissured Chalk. At the 
depth which this horizon occurs coupled with the thickness of the 
overburden, any existing fissures is thought to have been rendered 
almost unproductive. These zones were first established at the 
control wells and then correlated across the entire area.

Finally, with the exception of L2 and L3, the good sites have 
similar curve shape. But topographically, they would have all been 
major valley sites if not for L2 and L7. At L3, water was struck at 
-0.76mAOD while the casing base is at -ImAOD almost shutting off the 
inflow level. The borehole diameters are small (88.9-152.4mm), so 
maybe an increase in diameter would improve the yield from the 
boreholes.
Generally, there is a gradual variation in the electrical properties
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of the sites. This has been found true of all the sites where the 
Chalk is very near to the surface. .

B. VES Curves at Poor Sites in the Lyng area (L9,L10&L11)

Three sites are involved in this group (Fig 10.11cii) with specific 
capacities ranging from 0.26nrld^'(L9) to 28.61m1d'*' at L10 
(Table 10.8). L9 lacks casing details but the information at L10 and 
Lll indicate that their producing horizons are below 5.48mAOD at L10

* and 8.84mA0D at Lll. This means over 45m of overburden.
Topographically, these sites are very similar and are of about the 

same elevation (50-55mAOD). From the groundwater level map(Fig 10.3), 
they are located on the high groundwater level of the southern 
highland area. This area constitutes the southern divergent peak to 
the major valley area. Thus, these soundings are located on a local 
groundwater divide. Lithologically, the sites are underlain by very 
thick drift materials with a clayey top which reduces direct recharge 
by percolation.
The soundings failed at these sites to resolve the horizons within 

the Chalk (Table 10.9). The variation in electrical properties at 
these sites are rapid and it has been observed that such is the case 
with places where the Chalk is concealed under thick drift deposits. 
The resolvable depths of these soundings are very shallow and just 
managed to locate the top of the Chalk only at L10. Thus, the 
inability of the soundings to resolve any horizons in the Chalk is 
most probably due to the huge thickness of the overlying drift 
deposits. It is also possible that the maximum input current of the 
SAS 300 (20mA) is too small to penetrate the large thickness of the

* overburden. On the average, the overburden is about 35m across these
sites.
These three sites are of the same curve shape (HK-type):, topographic 
arid geographic location and are poor. They have correlated with all 
the criteria and so could be regarded as characteristic of the poor

* sites in the Lyng area.

10.6 INTEGRATION OF ALL AVAILABLE USEFUL DATA

Only three of the sites tested had no casing information (L2, L7 and 
L9), but from the rest, it would appear that the poor yields in this 
area are not as a result of wrong placement of casings.
Three zones were resolved within the Chalk. At the good sites, the
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top level or the middle or both constitute the most productive 
horizon. At sites where flints were encountered, the top and middle 
had constituted the productive zone (L7 and L12/13). At sites where 
flints were absent, the two top layers were often resolved as one 
layer showing no difference in electrical properties (L3). Sometimes 
where flint is absent a slightly resistive layer overlies the middle 
productive zone of the Chalk (L6 and L7) (Table 10.9). For the poor 
sites, no horizon was resolved probably because of the thick 
overburden deposits.
All the sites have borehole diameters of 101.6-152.4nm. These small 
diameters encourage low specific capacities. It is thought that if 
the diameters were larger and the boreholes deeper, better yields 
would be realised considering the result in performance between 
147/479A and 147/479B and also the general geoelectric characteristics 
of the soundings (Table 10.9). Table 10.10 summarises the existing 
useful data and the geoelectric results derived from Lyng area. From 
Table 10.10,
a. The rest water levels at the poor sites were generally more 

than 15m below the ground surface. For the good sites, they 
were usually less than 9m from the surface with only that at 
L2 being over 27m below the ground surface. From the borehole 
data at L2, the rest water level is in the Chalk below the 
marl layer. Thus, it is possible that the marl layer prevents 
groundwater flow across it.

b. In general, the resolvable depths of the soundings were below 
the base of the casing and ocassionally below the base of the 
borehole at the good sites. At poor sites, the resolvable 
depths were above the base of the casing. In which case, 
while the surface resistivity technique was able to reveal the 
characteristics of the Chalk at the good sites, it failed to 
show the characteristics of the Chalk aquifer at the poor 
sites.

c. The productive horizon in the Lyng area generally ranges from 
-28.64mAOD to 28.85mAOD, but with the most productive zone 
being between -15mA0D and 10mAOD. The most productive horizon 
resistivity varies from 56ohm-m to 88ohm-m for the good sites 
with the higher values for areas with flint inclusions. The 
poor sites have their Chalk resistivities varying from 81ohm-m 
to 200ohm-m.

Finally, in the Lyng area, the sites within the major valley areas 
are good with characteristic QHK-type curves.
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SOUNDING RESULTS WITH CORRESPONDING BOREHOLE DETAILS
L2 L3 L6 L7 L9 L10 Lll L12 L13

' (147/396) (147/216) (147/279A) (147/217) (147/152) (147/13) (147/480) (147/279B) (147/279B)
Borehole elevation (mAOD) 41.76 17.53 15.54 31.09 52.12 52.73 54.56 15.60 15.60
Groundwater level (mAOD) 14.63 16.38 13.40 20.75 36.49 34.04 37.42 15.10 15.10
Base of bore (mAOD) - 3.96 -16.91 -17.90 -24.68 - 6.40 2.14 -36.88 -21.90 -21.90
Top of Chalk (mAOD) 18.90 13.87 - 2.75 14.94 17.34 17.68 * 10.40 10.40
Resolvable depth (mAOD) 13.62 - 7.15 -28.64 -11.02 27.30 15.04 46.96 -14.37 -13.84
Base of casing (mAOD) * - 0.91 -7.96 * * 5.48 8.84 4.60 4.60
Aquifer elevation (mAOD) 13.6_28.9 -7.2_16.3 -28.6_7.9 -11_18.9 ? 7 7 -14.4JB.8 -13.8_11.1
Aquifer resistivity ( m) 20 66 65 61 200 81 156 56/83 56/88
Assessed quality Good Good Good Good Poor Poor Poor Good Good

* No available information ? Not resolved
Table 10.10 Comparison of the productive horizons of the tested boreholes with their corresponding

resolvable depths from the soundings in Lyng area

• • • • • • •
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The poor sites are more unique in having the same topographic and 
geographic location with a distinct group curve shape (HK-type). 
Within Lyng area, the upland Chalk area with low yields, seem to have 
constituted a recharge source for the lowland Chalk area.

#



CHAPTER ELEVEN

SALL AREA

This chapter discusses the general location, size, topography and 
drainage of the Sail area. It also includes a brief mention of the 
aspects of its geology and hydrogeology that differs from the Beetley 
area as derived from surface and borehole data. The surface 
electrical resistivity survey procedures and problems encountered are 
similar to those of the Beetley and so have not been repeated. It 
finally discusses the results of the resistivity survey and integrates 
all available useful data in the Sail area.

11.1 GENERAL

The Sail area lies directly about 1km N.E. of the Lyng area at about 
the centre of the entire study area (Fig 1.1). It covers about 20km* 
within Sheet 133 of the 1:50,000 first series and between British 
National Grid references TG 100213 and TG 100257 to the west and 
TG 150213 and TG 150257 to the east (Fig 11.1).
An almost S.W.-N.E. stretch of lowland divides the area into two 

highland systems. The land is generally lower than 30mAOD along this 
lowland stretch but falls below 23mA0D to the S.W. corner. This 
lowland region coincides with an unnamed major tributary of the Wensum 
river within Sail area. The land rises away from either side of the 
lowland area to maximum heights of over 46mAOD on either sides of the 
valley. From the contour spacings (Fig 11.1), the land slopes almost 
evenly, becoming gentler to the N. Locally, the landscape is 
more-or-less level with barely no marked relief differences exhibiting 
a rolling undulatory topography.
The drainage of the Sail area is a subsidiary of the S.E. system of 

the Wensum river drainage system. The minor distributaries drain in 
all directions to the S.W.-N.E. lowland or valley area. The resultant 
regional drainage direction of the Sail area is south eastwards even 
though this eventually joins the major S.E. system of the Wensum.
The nearest rainfall recording station to the Sail area is at 

Heydon (TG116266) about 800m N. of the Sail area. An annual average 
rainfall of 671mm was recorded from 1978-1982. From the recorded 
rainfall and evaporation data over the same period, an annual average 
residual rainfall of about 126mm has been derived at Heydon for Sail 
area (Table 11.1a).
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#

• U) LG.S. Borehole number (Sheet H 7)
VES Site location and number 

EE' Geological section line (F ig -11-2)

FIG 11-1 TOPOGRAPHY AND VES LOCATION MAP OF SALL AREA

I
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YEAR
1978 1979 1980 1981 1982

ANNUAL
MEAN

TOTAL RAINFALL 641.40 639.50 673.20 678.10 725.20 671.48
POTENTIAL EVA. 683.50 718.00 623.50 570.50 648.88
ACTUAL EVA. 588.80 555.50 552.50 514.00 552.63
RES. RAINFALL 59.70 117.70 125.60 211.20 126.30

Table 11.1a Annual Rainfall and Evaporation data (in ran) at 
Heydon (TG 116266) around the Sail area for 
1979-1982.

About 54% of the total recorded rainfall occurs during the winter 
months with a mean seasonal difference of about 49nm (Table 11.1b).

WATER YEAR
1978 1978/79 1979/80 1980/81 1981/82 1982/83

SEASONAL
AVERAGE

MEAN
DIFF.

WINTER 355.40 369.70 385.70 256.20 421.40 357.62
j 48.52

SUMMER 321.80 232.90 283.70 347.90 359.20 309.10

Table 11.1b Seasonal Rainfall data (in ran) at Heydon for 
1978-1983.

Table 11.1c, shows the rainfall and evaporation data at Heydon for the 
Sail area during the entire field survey months (May-July,1982).

TOTAL POTENTIAL ACTUAL 1 RESIDUAL
MONTH RAINFALL EVAPORATION EVAPORATION RAINFALL
MAY 85.40 98.50 90.00 -4.60
JUNE 100.90 79.50 78.50 22.40
JULY 17.20 84.00 73.50 -56.30

Table 11.1c Monthly Rainfall and Evaporation data (in ran)
«  Heydon during the survey months (1982)

Sail was surveyed during the first and second weeks of July.
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The geological characteristics of the Sail area are similar to those 
of Beetley and other areas. Thus, the classification of the geologic

• formations is the same as that in chapters 2 and 7. This section
would only present the general variation in thicknesses and elevation 
of the formations as derived from borehole data. For the detailed 
geological characteristics of the individual formations, reference is 
made to chapters 2 and 7. Table 11.2, shows the geological sucession

• of the Sail area with thicknesses of each formation as derived from 25
boreholes. Figure 11.2 represents a geological section across Sail 
area along EE' of Fig 11.1.

|11.2.1 Solid deposits 1
•

These refer to all pre-glacial deposits which are represented by the 
Crag and Chalk in the Sail area (Table 11.2).

A. Chalk
♦

The general thickness of the Chalk penetrated by boreholes range 
from 0-27m (147/173). Even though 147/254 penetrated about 64m of 
Chalk, the Chalk in this area would refer to Upper Chalk. On average, 
the Upper Chalk is concealed beneath about 20m of solid and

* superficial deposits.
The lowest level of Chalk was met at about llmAOD (147/69, 147/71) 

to the south west along the major distributary of the Wensum river 
which constitute the major valley in the Sail area. The highest level 
of Chalk was met at about 26mAOD (147/66) on the eastern highland

* range to the south. Just as there was no marked relief differences in
the surface topography, there are also no marked differences in the 
Chalk topography. From Fig 11.3, the Chalk surface is relatively flat 
and very similar to the surface topography. This near horizontal

^  surface of the Chalk is shown in a N.W.-S.E. section across the*  0 iarea (Fig 11.2) as the Chalk dips at less than 1 on either sides of
the valley. There are no buried valleys encountered by the recorded 
boreholes in the Sail area.

11.2 GEOLOGY
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PERIOD TYPE 
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Terrace sand 
and gravel

High level 
gravels

Upper Chalky 
boulder clay

Sand and 
gravel

Lower boulder 
clay

Crag

Upper Chalk

DOMINANT LITHOLOGIC 
DESCRIPTION

Silt of clay with small amount 
of peat with occasional thin 
sand and gravels, 
medium flint, gravel and 
sand slightly clayey.

Ferruginous sand and gravels, 
loam or clayey sorted matrix.

Blue to grey clay with Chalk 
pebbles and flint.

Yellow to white sand and 
gravel with some Chalk.

Blue to grey silty to 
loamy clay

Shelly sand and gravel with 
occasional clay seams.

White soft, fine grained 
fissured limestone with black 
nodular flints and occasional 
marly top.

♦MAXIMUM 
THICKNESS(M)

■?

0- 6.10

0-16.15

0-7.92

0-17.07

0-63.55

♦As encountered by boreholes 
Table 11.2 Geological Succession of the Sail area

B. Crag

The Crag is a prominent formation in the Sail area overlying the 
Chalk directly. Its thickness varies from 0-17m (147/173) but along 
the N.W.-S.E. section of Fig 11.2, the thickness seems practically 
constant only varying slightly from 6m in the N.W. to 11m (147/261) 
but grading into undifferentiated Pleistocene drift in the 
S.E. (147/333).
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♦

11.2.2 Superficial deposits 

Pleistocene drift

This comprises of alternating sequences of boulder clay, sand and 
gravel. These alternations are often in very rapid undifferentiable 
sucessions and are referred to as Pleistocene drift. Such sequences 
have a maximum thickness of 23m (147/109). Two sequences of boulder 
clay and one of sand and gravel were encountered.

Lower Glacial boulder clay

Many boreholes encountered two sequences of boulder clay. The lower 
boulder clay, as encountered by two boreholes, overlying the Chalk 
directly probably where the Crag had been eroded away. Its thickness 
varies from 0-10m (147/72, 147/173) in the N.E. and S.E. of the area. 
No Chalk boulders were reported in the Lower boulder clay formation. 
It is locally thought to resemble the brickearth or stony 
loam (I.G.S., 147 Aylsham Sheet report). The thickness decreases 
N.W. to S.E. across the valley to where it grades into
undifferentiated Pleistocene drift in the S.E. (Fig 11.2).

Glacial Sand and gravel

This overlies the Lower boulder clay with a thickness of
0-16m (147/72) to the eastern highland region. It is undifferentiated 
from Pleistocene drift in the western part of the area.

Upper Glacial boulder clay

The Upper Glacial boulder clay thickens westwards as the other
Pleistocene deposits ranging from 0-6m (147/293). Across the valley 
to the east, it becomes undifferentiated as Pleistocene drift.

Recent deposits (Plateau&Valley gravels and alluvium)

Recent deposits here refer to the high level gravels, terrace 
gravels and alluvium. None of the recorded boreholes encountered any 
of these. It is thought that if they are present they have been
included in the deposits referred simply to as Pleistocene drift. 
Because of the lack of information, it is not possible to establish



their stratigraphic thicknesses.

11.3 HYDROGEOLOGY

11.3.1 General

Sail site area lies within the S.E. subcatchment of the Wensum 
Catchment (Licensing Authority N£ 11) N.E. of the Lyng area. From the
I.G.S. (1976) map, a S.W.-N.E. trending stretch of sand and gravel 
extends southwards and northwards joining the Crag deposits to the 
N.E. corner. The Crag, Sand and gravel outcrops cover over 50% of the 
entire surface area being restricted to the lowland area in the 
S.W. and highland in the N.E. corner. Though the I.G.S. (1976) map 
classifies the rest as boulder clay, the N.W.-S.E. section across the 
area of Fig 11.2 shows an undifferentiated Pleistocene drift top 
section.
The hydrogeology of the Sail area has been derived from information 
from twenty-five recorded boreholes in the area. Table 11.2, shows 
the geological sequence while Fig 11.2 shows a N.W.-S.E. section of 
the area across the major tributary of the Wensum in the area. Chalk 
constitutes the major aquifer and five of the boreholes did not 
penetrate the Chalk terminating in either Pleistocene drift 
(147/446, 147/467, 147/45, 147/83) or sand and gravel (147/223).
The chemical analysis at the Sail Bridge pumping station at 

Cawston (147/254), represents the only recorded tested borehole within 
the Sail area. It shows a mean electrical conductivity of 749^S/cm at 
25°C which is equivalent to a water resistivity of 13.35ohm-m. From 
Table 4.1, this would represent approximately a 6xl0^N solution of 
sodium chloride. Its total mean dissolved solids of 496ppm and a mean 
pH of 7.2, confirms its relatively conducting nature even though is 
generally neutral. Table 11.3 shows the result of physical and 
chemical analysis of the water at the Sail Bridge pumping station 
during 1980/1981.

11.3.2 Hydrogeological characteristics of the lithologies 
encountered

This section is divided into two parts; overlying deposits and the 
Chalk.
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♦

#

RESULT OF PHYSICAL/CHEMICAL EXAMINATION OF WATER r  ̂  f

PERIOD:- APRIL 1980 - MARCH 1981

Colour (Hazen)Turbidity (Formazin)Taste/OdaurpHpHsElectrical Conductivity (uS/cm-25'C) Total Dissolved Solids Suspended Solids (at 180*C) Temperature C’C)Dissolved Oxygen (V. Satn.)P.V.Ammonia F. St S. (as N)Ammonia Alb. (as N)Kjeldahl N (as N)Nitrite (as N)Nitrate (as N)Alkalinity (as CaCo3)Total hardnessFree Carbon DioxideHydrogen sulphideCalciumMagnesiumSodiumPotassiumAnionic Detergents (as Manoxol 0T) Phosphate soluble (as P)FluorideChlorideBromideIodideSulphateSilicaIron (Total)Iran (in sain.)Manganese (Total)Manganese (in sain.)AiuminiuaZincCapperChromiumCadmiumMercuryLeadArsenicSeleniumCyanidePhenols (as C6H50H)Organo chlorine compounds T.O.C.OthersCobaltNickelTinBar i urn

Samples Max Min Mean Median
49 30 0 8 • 10
4 6 6.2 0. 4 2.8 3.1
49 7.5 6.9 7.2 ~7 O

i 7.447 850 630 749 77511 535 465 496 495
19 12 10 10 11

26 1.3 0.1 0.5 0.5"~6 .04 .01 .02 .02

47 8.8 . 06 3.5 ■*> ■49 248 220 233 23011 370 310 ' 329 326
1 -i 129 101 112 11111 12 V .  x 10.5 10.211 52 21 42 47~7 6 4 5 c:

11 .07 .01 .03 .0411 .47 .24 .39 .41b 88 82 84 84

1 i ~7 L.i 61 69 71
49 .91 .21 in . 43
11 . 06 .01 .03 .04

11 .05 .01 .03 .03
1 i .05 .01 .02 .0211 .01 .01 .01 . 01It .01 .01 .01 .01
11 .01 .01 .01 .01

4 - 1 ( ) . •» 0 .7 0.8
i 11 i. . 01 . 0 i .01 .01*7 . 01 .01 .01 .0 1
4 0. 1f. 1 . 01 0. 1 0. 1

Physical/Chemical properties of the water at Sail 
Bridge pumping station (147/254)

Table 11.3



I. Hydrogeological significance of the deposits overlying Chalk

The overlying deposits includes the Crag and the superficial deposits 
as in Table 11.2.

A. Pleistocene drift

This comprises an alternation of boulder clay, sand and gravel. 
When the succession is so rapid that it is not easily differentiable, 
it is called Pleistocene drift. Four bores were recorded in this area 
terminating in Pleistocene drift. Lack of yield data indicate that 
they are probably for local and household purposes. This 
undifferentiated Pleistocene drift should be important in the Sail 
area as its abundance from the N.W.-S.E. section shows (Fig 11.2). 
Its importance hydrogeologically would depend on the dominant facies 
as this would determine the extent of percolation or runoff.

B. Glacial Boulder clay

There is no recorded borehole terminating in any of the boulder clay 
sequences. So it is not considered as a source of groundwater in this 
area.

The lithology of boulder clay makes it relatively impermeable though 
very porous. Thus its hydrogeological importance would be as result 
of the fact that it prevents or reduces percolation to deep storage. 
From Fig 11.2, the boulder clay layer thins S.E. from the N.W. but it 
is always either present as undifferentiated boulder clay or 
undifferentiated Pleistocene drift. It is thicker in the highland 
area than the valley areas.

C. Glacial Sand and gravel

Only one borehole terminates in the Glacial Sand and gravel layer to 
the eastern edge of the area (147/223). This is probably for local 
domestic supplies as there are no yield data. It is not considered as 
a significant source of groundwater. Its hydrogeological importance 
is based on its permeability because it is known to allow over ninety 
percent of precipitation to percolate. Secondly, where it overlies 
the Chalk and is saturated, it is often in hydraulic continuity with 
the Chalk and serving as a recharge source during abstraction from the 
Chalk.
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D. Crag

No recorded borehole terminates in the Crag maybe because it poses 
problems during well development and its water is easily contaminated. 
This may be why it has always been cased off where it is encountered.

It is not considered as a good source of groundwater and generally 
water from the Crag is ferruginous (147/66). Its hygrogeological 
importance is similar to that of the Sand and gravel formation.

* II. Hydrogeological Significance of the Chalk

Yields from the Chalk boreholes in Sail range from about SSnPd"1 to 
109ii£(H for bore diameters of 88mm-100irm, with total drawdowns of 
0.30-14.93m (147/305-147/159B respectively). 147/254 within the major 
valley yields 5126mi3d“l with a bore diameter of 525mm and a total 
drawdown of 13.11m. Specific capacities across the area range from 
4.38n?d"1 (147/159B) in the S.S. corner to 645irird"1 towards the centre 
along the valley area (147/254).

Some boreholes encountered flint nodules in the top section of the 
Chalk (147/254, 147/69). The boreholes within the major Wensum 
distributary are reported occasionally artesian (147/69, 147/254,
147/102). There is not much relief difference in the Chalk topography 
as indicated by the encountered lowest level of Chalk of
llmAOD (147/69) along the valley and the highest level of 

. 26mAOD (147/66) to the S.E. in the highland region.

11.3.3 Groundwater levels and variations

# Twenty of the recorded boreholes in the Sail area penetrated the
Chalk. The groundwater contours (Fig 11.3) reflect the surface 
topography over most of the Sail area. Thus, it is lowest in the 
valley areas with 24mA0D to the west (147/71) and highest in the 
highland or upland area reaching 39mAOD in the south (147/66,

«  147/159B).
From the groundwater contours of Fig 11.3, the S.E. groundwater peak 

would constitute an area of divergent flow to the low groundwater 
areas which correspond to the valley areas. So the surface and 
groundwater divide in the southern Sail area would seem to coincide. 
Thus, the Sail area looks like having three diverging centres 
seperated from each other by a patch of lowland.
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"  '—  ;5 Chalk  surface  c o n to u r  (m AOD )

. ___ -  2 o  Groundw ater le v e l co n to u r (m AO D )

FIG 11-3 CHALK SURFACE AND GROUNDWATER LEV EL  MAP OF SALL AREA

♦
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The borehole sites to the high end (N.) of the groundwater contours 
along the highland are good. This is probably because in the major 
valley zone, the areas of high potential recharge those of low 
potential. Also, the regional groundwater divide cuts through the 
N.E. corner and runs almost parallel at about 250m offset from the 
northern boundary of the Sail area.
Throughout the entire Sail area, the groundwater level lies above 

the Chalk surface (Fig 11.3). Thus, the Chalk water/ is either 
confined by the overlying deposits (clayey overburden) or the 
overlying deposits are in hydraulic continuity with the Chalk and so 
acting as one unit (Crag, sand and gravel). I j
The nearest observation station (147/538) is about 1km N. of Sail 

area at Heydon (Fig 1.1). Its variational characteristics is similar 
to those of Beetley, Fakenham and Houghton St. Giles. ! (

YEAR RANGE (
1974 0.77
1975 0.74
1976 0.78
1977 1.28
1978 0.71
1979 0.96
1980 0.69
1981 1.18
1982 0.52
MEAN 0.85

Table 11.4 Annual Variation in Groundwater Levels (in m) at 
Heydon (TG 112627722) in Sail area.

The mean annual difference in groundwater level over nine 
years (1974^1982) is 0.85m (Table 11.4). Seasonal fluctuations in the 
Sail area are expected ‘to be small in all the boreholes being around 
lm/yr.
Table 11.5, shows the seasonal rainfall and evaporation data from 

1978-1982 at Heydon station (TG 116266). From this table, it could be 
seen why the need to irrigate during the summer months is necessary.



WATER YEAR
1978 1978/79 1979/80 1980/81 1981/82 1982/83 MEAN
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) TOT. RAINFALL 

ACTUAL EVA. 
POTENTIAL EVA 
RES. RAINFALL

355.40 369.70 385.70 256.20 421.40 
138.50 153.00 159.00 136.50 103.00 
155.00 150.00 151.50 136.50 103.50 
216.90 216.70 226.70 119.70 318.40

-357.62
138.00
139.30
219.68

Su
mm

er
(A

pr
-S

ep
)

TOT. RAINFALL 
ACTUAL EVA. 
POTENTIAL EVA 
RES. RAINFALL

321.80 232.90 283.70 347.90 359.20 
426.50 420.00 397.50 411.50 405.50 
452.00 520.00 566.00 486.50 462.00 

-104.70 -187.10 -113.80 -63.60 -46.30

309.10
412.20
497.30

-103.10

Table 11.5 Seasonal Rainfall and Evaporation data (in mn) at 
Heydon for 1978-1983.

11.4 SURFACE ELECTRICAL RESISTIVITY SURVEY

11.4.1 Introduction

The choice of* sounding sites was as usual restricted by availablity of 
borehole data and space for the expansion of the probe. Some 
soundings were*made at well sites without enough data to establish the 
quality of their yield for comparison purposes.

Sail ar*6 was surveyed during the second week in July 1982 (7-9th) 
during which the residual rainfall was negative (Table 11.1c). The 
negative residual rainfall indicates moisture deficit which would 
presuppose high contact resistances at the current electrodes. Not 
much difficulty was encountered in introducing current into the ground 
due to high contact resistance, With the exception of the last 
sounding in this area (S14), where the electrode positions had to be 
watered to reduce the contact resistance. The largest available space 
of about 250m was considered small and inadequate for any horizontal 
profiles to be run. Fifteen vertical electrical soundings were 
made (Fig 11.1) using the Schlumberger electrode configuration with 
the SAS 300 terrameter (Fig 7.5). The numbering of the soundings 
comprises a letter and a number. Ocassionally, the number is 
accompanied by a decimal. The letter represents the first letter of 
the area, the number represents the number of the sounding and the 
decimal is used only for cross soundings to indicate how many were 
taken at the particular site. Only one cross sounding was 
made (S11.1&S11.2). Maximum AB/2 distances of 90m or 100m were



achieved. The soundings were as parametric as availability of space 
allowed. So, offsets of the soundings from their corresponding 
boreholes ranged from 10m at Sll.l to 130m at S4.
The direction of expansion of the probe varied from N.-S. to E.-W., 

with occasional S.W.-N.E. and S.E.-N.W. directions. AB/2 distances of 
sixth per decade was used and this for AB/2 of 90m or 100m, would 
correspond to thirteen readings or measurements per site. Figure 11.1 
shows the sounding sites with offsets from their corresponding 
boreholes and the direction of expansion.of the probe.

11.4.2 Data Interpretation/Analysis

This comprises a strictly qualitative approach and a combined 
qualitative and quantitative approach.

A. Apparent Resistivity maps (Qualitative approach)

The average overburden thickness in the Sail area is about 20m. 
AB/2 of 10m and 46m were chosen at which to investigate the electrical 
properties of the earth throughtout Sail area. At AB/2 of 10m, the 
apparent resistivity values are expected to reflect the
characteristics of the near surface layers. While at AB/2 of 46m, the
combined effect of the near surface and the Chalk would be expected to
be revealed.

Figure 11.4a, shows the apparent resistivity map of the Sail area
at AB/2 of 10m. The map shows a distinct inner high zone (>50ohm-m)
with a maximum value of 264ohm-m at S10 and an outer low
zone (<50ohm-m) with a minimum value of 30ohm-m at Sll.l. The 
location of Sll.l is very close to the Continental Wines Experts 
borehole which is within the building that houses most of their plant. 
There is a possibility that the electrical installations in the area 
is responsible for the very low value at this site.
With the mean thickness of the materials that overlie the Chalk of 
20m, the high zone would indicate near surface sandier or more 
resistive materials while the low would indicate more clayey near 
surface materials. The high zone also follows the river valleys.

Figure 11.4b is the apparent resistivity map of the Sail area at 
AB/2 of 46m. This comprises of an inner high zone and an outer 
bordering low zone. The high zone here reduces to a simple
N.W.-S.E. band with a slight S.W. and N.E. bulge about the centre of 
the area.
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FIG* 11-A APPARENT RESISTIVITY MAP OF

S A L L  a r e a



The depth of investigation at AB/2 of 46m is very much expected to be 
within the Chalk and should be able to pick some of its 
characteristics. The maximum and minimum values occur at the same 
location as at AB/2 of 10m but with reduced values. The maximum 
decreased from 264ohm-m to 98ohm-m while the minimum changed from 
30ohm-m to 25ohm-m.
The lows indicate either a great thickness of more clayey material or 
Chalk section that is less resistive. This less resistive property of 
the Chalk could be either as a result of fissuring and saturation or 
as a result of weathering that has given rise to a claylike top 
section known as 'putty Chalk'. For the high zone, it indicates 
either that they contain greater thickness of resistive material(sand) 
or that they overlie an area of the Chalk that is fissured but with 
incusions of resistive materials (flints or flint bands). This high 
zone follows the trend of the main river valley in the Sail area. The 
minimum values at Sll.l is thought to be as a result of the industrial 
activities (electrical installations, industrial waste disposal, etc) 
of the Continental Wines Experts, the owner of the borehole.

The apparent resistivity maps failed to reveal any quantitative 
characteristics of the Chalk aquifer. But the identification of the 
low and the high zones within the Sail area, gives an indication on 
the trend of variation of the near surface lithology through the area. 
Thus, aids in understanding the likely changes in the geology of the 
area.

B. Quantitative Approach

The method is exactly the same as discussed in Chapter 7.4.3B

Ambiguities in Geoelectrical Resistivity Interpretations in 
the Sail area

Multi-layer geoelectric soundings (>31ayers) lack unique solutions 
and the number of likely equivalent solutions are as varied as there 
are interpreters. Four solutions have been presented for 
S6 (Fig 11.5). These solutions range from five to eight layer 
situations. The choice of the best fit for the observed curve was 
guided by the same considerations described in Chapter 7. The six 
layer model was considered the best solution.
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VES at Sail Bridge Pumping Station (S6)

Lithologic log (147/254)

Table 11.6a, shows an undescribed classification of the three 
lithologies penetrated while Table 11.6b, shows a geological 
description of the penetrated units at the Sail Bridge pumping 
station.
Three basic units were encountered with 3.35m of boulder clay 

underlain by 9.3m of Crag which overlies 63.5m of Chalk (Table 11.6a). 
Table 11.6b gives a geological description of these units. The 
borehole is at an elevation of 30.4mAOD with the rest water level 
about 0.5m below the ground surface. The borehole was originally 

t artesian. Casing was inserted to a depth of more than 16.3m but with
perforations from 22.3m below the surface to the entire depth of the 
borehole (Table (11.6b). So, the production zone is between the top 
of the perforated section and the base of the 
borehole (-45.8_8.1mAOD). Water was struck within the Chalk and flint 

m at 26.97m below ground surface.

VES S6

The six layer solution was considered most appropriate (Fig 11.5). 
t About lm of relatively conducting layer is underlain by a resistive

layer of about 2m. The top two layers correlate with the boulder clay 
which in the detailed geologic description of the units (Table 11.6b), 
is referred to as sandy clay. The rest water level lies within the 
top layer and the resistivities of the two layers do not in any way 

• support their classification as boulder clay. They are rather of
typical sand and gravel resistivity. So, it could be that the boulder 
clay grades from sandy clay to sand towards its base. The third layer 
is more conducting than the overlying and underlying layers and 
corresponds to the Crag.

k Lithologically, the Crag is variable and the resistivity of 77ohm-m
would indicate that the Crag at this site contains a substantial 
amount of conducting materials. The next three layers represent 
horizons in the Chalk. The fourth layer which is the first horizon of 
the Chalk is resistive relatively (109ohm-m). Though the resistivity 
of this layer is rather on the high side for pure fissured Chalk, but 
it compares very well with that for a layer of Chalk and flints.
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" " "'«• A/cyw» i/*j C • b#C • j
• A 147/254^St- Fairiî a aud-Aji-sLunj n.*P+C», Pumping Station, Sail Bridge, 

/ Cavston
. 'Surface +9934. Lining tubes: 7534 x 21 in from 1*4 down; I82v x 18 in from 68 doxn

(perforated 73 to 250). Qc +59*4. Water struck at +11,4. Overflowed. R.W.L. +100*4.
P.W.L. +57*4. Recovered to +65*4 in 1 h. Suction +29l4. Yield 47,000 g.p.h. (for 11 h.).

^  P.W.L. +63. Recovered to +9054 immediately, to +9434 in 2 h., to +9734 in 2034 h. and to'1
+100*4 in 92 h. Yield 54,000 g.p.h. (for 55 h.) (66 h. test). Smith, F., Dec. 1950.

+100-4. P.W.L. +8334. • Recovered to +8734 in 1 min. and to +97 in 45*4 h. Yield 
29,900 g.p.h. (17 d. test). Electric pump. Hardness: NC. 65, C. 197. Ferruginous.
Anal. Feb. 1953. R.W.L. +97̂ 4. P.W.L. +9534. Yield 4,900 g.p.h. Oct. 1959. ? Silted to 
23634. R.W.L. +9734. Suction +45. June 1961. R.W.L. +9834. P.W.L. +9634. Yield 4,500 
g.p.h. Dec. 1964.

147/254 (cont.)
Boulder Clay • • • 11 11
Crag . . . 29 40
UCk . . . 210 250

B. SALL BOREHOLE

NAT. GRID SURFACE FLANGE OVERALL DEPTH YEAR DNGTG 1262 2426 +30.4 A.O.D. 76 1950

DIAMETER/LINING533 m.rn. diameter to 20.7, 457 m.rn. to 76.3 and per fa: -3.tedfr om 22.3 to 76.3.

R.W.L. P.W.L.0.53 0. c?9 3 erU. .£ L/S(+25.4 A.O.D.) 0 37.9 L/S (graph 1953;11.2 3 60.6 L/S (graph 1950;(+19.25 A.O.D.> 3 6S.2 L/S (1950)

OTHER INFORMATIONOriginally was artesian. Note var iety of records asregards pumping etc.Well Catalogue Aylsham 147/254. p53.

STRATA THICKNESS TO DEPTH
Tap soi1 0.25 0.23Sandy Clay 3.12 3.35Sand 3.50 6.85Sand and Gravel 1. S3 8.63Clay and Stones 1.22 9.90Gravel 2.75 12.65Chalf-: and Flints 63.55 76.20

Table 11.6 Geological description of the driller's classification 
at the Sail Bridge pumping station
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Also the high values of the resistivity of this geoelectric layer is 
probably indicative of the abundance of flints as water was struck 
within this layer and over 7m of the casing length within it is 
perforated. Thus, this layer constitutes part of the productive zone 
at this site. The fifth layer is more conducting than the fourth and 
is very typical of pure fissured Chalk in resistivity (58ohm-m). This 
layer stretches to about -18mA0D. The sixth layer is very conducting. 
From the chemical analysis of the water from this site, the water 
resistivity was found to be equivalent to 13.35ohm-m at 25?C. But 
with a basement of 9ohm-m resistivity, the very conducting nature of 
the base layer is definitely a result of secondary consequence. There 
is no record of pollution and this conducting basement occurs at 
-17.5mAOD which is more to the base of the borehole than its top. 
Acid treatment of the boreholes during drilling is a matter of routine 
and the suction is at 13.72mAOD. This leaves a depth difference of 
31.22m between the suction and the top of this conducting base. With 
this suction position or depth, towards the base of the borehole there 
could be a zone of relatively no groundwater movement. Thus, residual 
acid would very slowly be dispersed.
The very good yield from this site, indicates that the fourth and 

fifth layers are very productive. So, the resistivity of the fourth 
layer (109ohm-m) represents the resistivity of Chalk with great 
abundance of flints. From the design details of the borehole at this 
site and the quality of yield derived from this site, there is no 
doubt that the most productive zones are being adequately exploited.

From the correlations of the geoelectric layers with geology and the 
productive horizon, the surface resistivity technique has been able to 
identify three horizons within the Chalk. It was also able to locate 
the flinty horizon of the Chalk which presumes high permeability 
development. This success may have been as a result of the relatively 
small thickness of overlying deposits at this site (12.65m). Or that 
the flint horizon or the productive levels (flinty Chalk and pure 
fissured Chalk) are relatively thick. With effective relative 
thicknesses of 1.25 for the flinty horizon and 2.61 for the combined 
productive zone, it becomes relatively more identifiable.

11.5 DISCUSSION OF RESULTS

The same criteria as used in Beetley, Fakenham and other areas has 
been used to group the soundings for comparison and/or interpretation 
purposes. This combines a qualitative discussion of the similarities
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and dissimilarities of the curves in each group and a consideration of 
their interpreted models along vertical sections. These groups are 
based on similarity in topographic location, curve shapes, 
geographical location(within 1km radius of each other) and 
quality(poor and good) of yield. Table 11.7 shows the soundings with 
their corresponding boreholes and information on whether they are 
tested or not. For the tested boreholes, their specific capacities 
are also presented.

SERIAL I.G.i3. WELL SOUNDING COMMENTS SPECIFIC KEY TO
NUMBER CAT. NUMBER NUMBER CAPACITY COMMENTS

(macT*j
(SHEET 147)

1 66 S3 T T— Tested
2 69 S4 TGA 71.09 L— Local
3 71 S5 LD P— Poor
4 102 S7 TP 17.88 G— Good
5 105 S10 TF 44.69 F— Fair
6 109 S2 TP 6.28 D— Disused
7 173 Sll.1/11.2 L C— Contaminated
8 193 S9 TDP 22.44 A— Artesian
9 254 S6 TG 645.25
10 261 S12 TG 281.50
11 305 S14 TGC 363.46
12 312 S8 TP 31.85
13 362 S13 T
14 407 SI TP 6.88

Table 11.7 Tested and ' untested boreholes with their
corresponding sounding sites in Sail area

11.5.1 Topographic Criteria

The soundings varied from major valleys through major valley sides to 
the minor valleys. Performance of the wells was thought to be related 
to the Chalk topography and as surface topography reflected the Chalk 
topography, the soundings were considered on similarity in topographic 
location. It was hoped that if yield were related to the Chalk 
topography, there would be a reasonable correlation or consistence in 
the results. This approach combines a qualitative interpretation with
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a quantitative consideration of the soundings along a vertical 
section.
Three broad groups were obtained from the major valley, major valley 
sides and the minor valleys. The minor valley sites were further 
divided into those in the N.E. and those in the S.E.

A. VES Sites in the major valley in Sail (S4,S6,S7&S8)

Four soundings are involved in this group (Fig 11.6a). Their 
elevations vary from 29mAOD at S4 to 40mAOD at S7 and the overlying 
deposits range from about 18m at S4 to 13m at S6 with sequences 
ranging from Pleistocene drift, sand and gravel, boulder clay and 
Crag(S4) to only sand and gravel and boulder clay(S7) (Fig 11.6b). 
Their rest water levels are within 4m depth from the surface with the 
borehole at S4 occasionally artesian.

S4 and S6 have similar curve shapes which are different from those 
of S7 and S8. S4 and S6 have more resistive and less resistive near 
surface and base layers than S7 and S8 respectively. Thus, the first 
maximum value at S4 and S6 occur almost within the same AB/2 at which 
S7 and S8 attain their minimum values (Fig 11.6a). Topographically, 
they are all in the major valley with S7 and S8 on the high end and S4 
and S6 on the low end. The Chalk at S4 and S6 are flinty while the 
top of the Chalk at S7 is reported soft.
The descriptions of the Crag and boulder clay at S6 (Table 11.6a&b) 
shows the confusion in the use of the terminologies (sand and gravel, 
boulder clay and Crag) in describing the overlying deposits.
The Chalk has three fully identified zones at S6 and two at the 

other sites in this group. At S4, there is uniformity of electrical 
properties to a great depth. Thus, the overlying deposits are in 
geoelectric continuity with over 17m of the top Chalk which constitute 
the productive level of the Chalk here. This stretches to about the 
same depth as the base of the borehole. At S7, the same geoelectric 
continuity exists between about 7m of sand and gravel and boulder clay 
and 19m of Chalk. The Chalk is reported to have about 11m of soft 
Chalk in its top section. This soft Chalk together with the boulder 
clay layer which overlies it is responsible for the low resistive 
nature of this layer. Though it geoelectrically has the same range of 
resistivity as pure-flinty fissured zone of the Chalk, it is thought 
that the sand and gravel layer with which it is in geoelectric
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continuity must have contributed to this relatively high resistivity. 
The boulder clay and soft Chalk are both similar hydrogeologically and 
geoelectrically and so, would tend to prevent groundwater flow by 
clogging the fissures. Hence is not surprising that this site is poor 
even with typical productive zone resistivity (69ohm-m). The basement 
resistivity of 94ohm-m at S7 is very much similar to that of the 
flinty productive level at S6 (109ohm-m) but the borehole terminated 
before this layer. The overlying deposits are also in geoelectric 
continuity with the top of the Chalk at S8 but the more productive 
horizon of the Chalk seems to be the base layer with resistivity 
within the range for the productive zone (75ohm-m).

S4 and S6 have been tested and found good while S7 and S8 have also 
been tested and found poor. There are no casing informatics at S4 and 
S7 so, it is difficult to establish their production levels, but at 
S7, the base of the borehole is just at the top of the expected or 
resolved productive horizon. Thus, the borehole at S7 is considered 
not deep enough to have penetrated the productive zone which has its 
top at 3mA0D. At S8, the identified productive zone has its top at 
10mAOD, the borehole terminates at -6mA0D but the base of the casing 
is at Ordnance datum (Fig 11.6b). So only 6m of the borehole depth is 
actually free for production. It is thought that if the borehole had 
been deeper and its diameter larger, the yield could be better. So it 
seems that the poor quality of yield at S8 is due to inadequate 
design. The design of the borehole at S6 is considered adequate which 
is confirmed by the very good yields obtained from this site.
In the major valley area of Sail, the very productive zone has been 
resolved by the soundings at elevations between -14mA0D (S6) and 
18mA0D (S6) with resistivities ranging from 58ohm-m to 
109ohm-m (Fig 11.6b).

B. VES Sites on the major valley sides (S5,S9&S10)

Three soundings are involved in this group (Fig 11.7a) with 
elevations varying from 30mAOD at S5 to 42mAOD at S10. The 
thicknesses of the overlying deposits are about 22m at the three sites 
but the sequence varies slightly being unclassified at S5 and becoming 
more sandy at S10 and more clayey at S9. Their rest water levels are 
within 6-10m below the ground surface.

S9 and S10 are very close but have no similarity at all. The only 
possible reason for difference in their characteristics must be in the 
overlying deposits. The 22m of overlying deposits at S10 indicates



the presence of near surface very resistive materials which correlates 
with the great thickness of near surface sand and gravel 
layer (Fig 11.7b). But S9 shows more of a clayey near surface layer 
which persists to depth supported by the thick boulder clay layer at 
this site. The sounding curve at S9 indicates that there is not much 
difference in the geoelectrical characteristics of the lithologies at 
this site. At S9 and S10, the Chalk was met at the same 
elevation(20mAOD). S5 shows dissimilar characteristics with S10 at 
near surface level and towards their terminal branches, they show 
similarity in shape even though that the resistivity of the base is 
high at S10 compared with that at S5 (Fig 11.7b).
Two layers were resolved within the Chalk with the top layer being 

in geoelectric continuity with the overlying deposits but at S9, the 
top of the Chalk was resolved (Fig 11.7b). The top horizon of the 
Chalk at S10 is so low in resistivity(21ohm-m) that it is thought the 
base of the Crag is clayey. While the base layer is very resistive 
for fissured Chalk. At S5, the unclassified Pleistocene drift and the 
Crag seem to be clayey towards their base. This stretches into the 
Chalk for a few metres and there is a possibility that the top of the 
Chalk here is soft. The base layer at S5 has a resistivity that is 
very much similar to that of fissured Chalk (51ohm-m).
Two of the sites in this group have been tested. S9 is a poor site 

while S10 is a fair site with S5 untested. The casing at S9 extends 
to just lm below the Crag layer, leaving about 19m of the borehole 
within the expected productive zones. Thus, the placement of the 
casing has not in any way disturbed the performance of this site. But 
from the absolute values of the layer resistivities, it seems as if 
the drift and the Crag are both clayey. The low top Chalk layer of 
35ohm-m suggests either the presence of secondary conducting source or 
a thick layer of soft/putty Chalk in the top section of the Chalk. 
The later is more probable so, the base layer is more likely to be the 
productive zone in which case, the borehole is just 5m within it. S10 
has no casing information. From the low resistivity of the top of the 
Chalk and the very resistive nature of the base layer(133ohm-m), it 
would appear a poor site but it has been tested and found fair. The

tcasing at S5 is just 2m into the expected productive zone which is 
penetrated for only 7m by the borehole. This leaves only 5m of the 
borehole free for production. Even though S5 is not tested, it is 
thought that with increased diameter and deeper penetration, good 
yields could be realised.
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Within this group, the soundings were able to identify the expected 
productive zones by their resistivity values (51-72ohm-m) but was 
unable to resolve the soundings beyond two Chalk horizons, obviously 
because these zones are so electrically uniform that the soundings 
could not pick any contrasts in resistivity. The resolvable depth 
within this group is at an elevation of 5.5mAOD(S5) and this shallow 
depth may be as a result of either low current input of the 
SAS 300 (20mA) or the considerable thickness of the overlying 
deposits. Thus, the method has not been very successful within these 
areas.

C. VES Sites within minor valleys

 ̂ For convinience in section drawing, this group has been split into
minor valleys N.E. and S.E. of Sail area.

a. VES Sites in Minor valleys N.E. of Sail area (Sll.1/11.2, 
S12,S13&S14)

*
Five soundings are involved in this group (Fig 11.8a) with one pair 

constituting cross soundings (S11.1&S11.2). The site elevations range 
from 38mAOD at S13 to 44mAOD at S11.1&S11.2. The thickness of the 
overlying deposits varies from about 18m at S13 to 25m at S14 and

3 S11.1&S11.2. Lithologically, the overlying deposits comprise of
sequences of boulder clay, sand and gravel and Crag in varying
combinations and thicknesses (E’ig 11.8b). The rest water level is 
between 2m(S13) and 9m(Sll.l/11.2) below the ground surface. The
Chalk is almost at the same elevation(19mA0D) at all the sites being

• about 2m deeper at S14.
S12, S13 and S11.2 are very similar and are very close to each other. 
The dissimilarity of Sll.l and S11.2 towards their bases raises some 
doubt, but Sll.l is very close to the brewery plant and may have been 
picking up extraneous effects from the electrical installations or the

# sewage (Section 11.4.2A). S11.2 is further away from the wine brewery
plant into their cherry orchard.
The Chalk has two zones within this group with the exception of S14 

where it has only one zone. At S12 and S13, geoelectric continuity 
exists between the overlying deposits and the top zone of the Chalk. 
At S13, the Chalk is directly overlain by boulder clay. The 
resistivity of the sand layer as in the drill report is rather too low 
for sand (54ohm-m), so it would mean that either the sand is very
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clayey or the description of the lithology is wrong.
Two of the four sites are tested and reported good (S12 and S14). 

The other two sites do not have enough data to establish whether they
# are good or poor. At S13, the top Chalk layer is of the same order of

resistivity as the productive Chalk zones (54ohm-m) with the base 
layer the same order of resistivity as the flinty productive horizons 
of the Chalk (83ohm-m)• From the casing information, the casing 
terminates about the base of the top horizon and the borehole has

# about five metres of its free end into the base with typical flinty
zone resistivity. If the top horizon is productive, it has been cased 
off, but if the lower zone is productive, then the borehole has not 
penetrated the zone adequately. At S11.1&S11.2, the base layer 
resistivity compares with the flinty productive zone at S6 and the

» casing leaves about 15m of the borehole into this zone. Even though
there is not enough yield data at this site, the owners of the 
borehole at this site(Continental Wines Expert), indicated that they 
realise good yields from the site.

• b. VES Sites in Minor valleys S.E. of Sail area (S1,S2&S3)

The soundings in this group occur in two of the criteria used to test 
the VES data, viz, those in minor valleys S.E. of Sail (Fig 11.9a) and 
those within 1km radius of each other (Fig 11.10biii) and so both are

« considered here.
Three soundings are involved in this group (Fig 11.9a) which are 

alomost at the same elevation of 43mAOD. The overlying deposits are 
thickest at SI with 32m thickness and least at S3 with 18m. 
Lithologically, they consist of Crag, boulder clay, sand and gravel

• and undifferentiated drift in different combinations and thicknesses
with the boulder clay layer repeated at SI. The rest water level is 
4m below the ground surface at S3 and 16m at S2.
The three curves are very similar and the relatively higher apparent 

resistivity values at S2 is probably as a result of near . surface 
resistive horizons within the Pleistocene drift and the flints and 
gravel within the Crag. And the marl and soft Chalk layers that 
overlie the Chalk are probably responsible for the general low 
resistive nature of the S3 curve.
All have two resolved zones in the Chalk with the top zone in 

geoelectric continuity with the overlying deposits except at 
S2 (Fig 11.9b). SI and S2 have been tested and are poor sites but 
there is not enough data at S3 to establish whether it is poor or
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good. At S3, the top zone of the Chalk is of typical productive Chalk 
zone resistivty (60ohm-m) but the Chalk at this site is overlain by 
Crag which has the same order of resistivity with sand and gravel. 
But the top of the Chalk is marly(6.1m) and the marly section is 
underlain by soft Chalk(9.14m). Since these two sections together 
with overlying Crag and boulder clay are in geoelectric continuity, it 
is possible that the boulder clay that overlies the Crag, and the marl 
and soft Chalk that underlies the Crag, have modified its resistivity 
to this low value of 60ohm-m, thus, resulting in a resistivity that is 
slightly high for boulder clay and soft Chalk but low for Crag. The 
second horizon is also of the same order of resistivity as the 
productive Chalk but the borehole just penetrates it (2m). The casing 
just leaves the borehole with 7m free, 5m in the top zone and 2m in 
the base layer. A deeper and wider borehole could improve the yield 
of this site. The base layer at SI with a resistivity of 98ohm-m is 
likely unproductive. The top zone of the Chalk with typical fissure 
zone resistivity of 53ohm-m is unlikely to be very productive. 
Because with the two sequences of intervaining boulder clay layers, it 
would be expected that this site would be deprived of direct recharge 
from percolation. This could be responsible for its poor yield. At 
S2, the top zone of the Chalk is resistive (102ohm-m) and this is 
probably as a result of overlying gravel and flints. There is no 
casing information at this site to establish its zone of production. 
Generally, the top of the Chalk is in geoelectric continuity with the 
overlying deposits. Also, the general low resistivity of the Crag, 
sand and gravel within this group of 20-65ohm-m, indicates that these 
lithologies encountered, contain a lot of clay seams or that the drill 
logs have not given correct description and/or classification of the 
lithologies encountered within the minor valleys of the N.E. of Sail. 
The relatively great thickness of the overlying deposits may be the 
cause of the small measure of success achieved be the surface 
resistivity technique within this group.

The ambiguities in the geological description of the drill data makes 
a complete correlation of the sounding interpretations with the 
geology difficult. From the section on the minor valley sites of 
S.E. of Sail (Fig 11.9b), boreholes 147/72 is about 350m from 147/66 
while S3 is about 100m from 147/66. For the two boreholes, the 
description of the lithology penetrated by the boreholes show a 
variation from boulder clay-sand and gravel upwards for 147/72 and 
Crag-boulder clay-drift upwards for 147/66. The type section of the
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Crag in Chapter 2 (Tables 2.4 & 2.5), shows a sequence containing sand 
and gravel with occasional lenses or thin layers of clay. Boulder 
clay is a glacial product which is a mixture of sand/silt and clay in 
any proportions (Table 2.7). The only real difference between the two 
formations is that Crag is Pre-glacial while boulder clay is glacial. 
The reported section at 147/72 may have been Crag with a more clayey 
base overlying the Chalk. Also the reported section at 147/66 could 
have been boulder clay with its sandy level overlying the Chalk. So, 
these two borehole locations might be a Crag or glacial valley

* depending on the accuracy of the description of the sediments that
overlie the Chalk.
Most of the drill data were not analysed by a geologist and so makes 
the geological validity of the drill records very doubtful. For 
example, most of the reclassified drill records show a difference 
geologically from the original drillers report (Table 11.6a&b).

11.5.2 VES Curve Shapes Criteria

The soundings have been grouped in terms of similarities in curve 
shapes and two groups have been obtained. This approach is strictly 
for qualitative purposes and is aimed at seeing if any uniqueness 
existed for any particular quality of yield.

A. K/HKQ-type curves in Sail area (S4&S6)

Two soundings are involved in this group (Fig 11.10ai) with the same 
surface elevation(30.4mA0D) and they are both occasionally artesian. 
These curves are unique in shape in Sail even though S4 shows a 

4 three layer type while S6 shows a five layer situation. The high
absolute resistivity values at S6 are due to encountered flints. But 
the rate of variation in the layers is very gradual showing lack of 
abrupt contrasts in the electrical properties of the individual 
layers. Still while there does not seem to be much contrast in

•  resistivity at S4, the contrast seem very small resulting in the very
minor differences in the apparent resistivities at S6. The low 
conducting basement at S6 is possibly connected with residual acid 
from acid treatment of the wells. This treatment is basically aimedI
at cleaning fissures by the action of the acid on the calcium 
carbonate of the Chalk drilling debris that may fill them. If the 
base of the borehole experiences relatively little or no groundwater 
movement, there would be a zone of residual acid towards the base of

i
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the borehole. This zone could result in a very conducting geoelectric 
layer and it is suspected that this is the case with the very 
conducting basement around S6.
Both sites have been tested and found good and are both located in the 
low end of the major valley. There is a marked uniqueness in their 
curve shape so, it could be said that they are typical of the good 
sites within the low end of the major valley.

B. HK/HKH/HA-type curves in Sail area (Sl,S2,S3,S7,S8fS12,S13&S14)

ve top and 
a conducting

Eight soundings are involved in this group (Fig 11.10aii) and their 
surface elevations range from 35mAOD at S8 to 44mAOD at S2. The Chalk 
elevation varies from 12mA0D at S2 to 25mA0D at S3 but being generally 
arond 20mAOD. The overlying deposits are thickest away from the major 
valley and consist of alternating sequences of Pleistocene drift, sand 
and gravel, boulder clay and Crag in different combinations and 
varying thicknesses. Figure 11.2 suggests a relatively constant 
thickness for the boulder clay and Crag layers.
The soundings are very similar in shape and have resisti 

basement layers with the exception of S2 which has 
basement layer. With the exception of S7 and S8 which are in the high 
end of the major valley, they all have similar topographic location 
being in the minor valleys in E. of Sail area.
They all have their minimum values between AB/2 of 2-8m and do not 

have any maximum turning point with the exception of S2 whose maximum 
point ocurs at AB/2 of about 60m. This shallow minimum point 
indicates that the top resistive layer is very thin while the low 
resistive layer is thick or that the layers increase in resistivity 
with depth.

The apparent resistivity values are highest in S7 and least in S13 
while the variations in contrasts of the geoelectric properties are 
more rapid in S7 and S3 than in the others. The cause of this rapid 
variation in S7 and S3 may not be unconnected with the presence of a 
soft or putty Chalk layer above hard Chalk at those sites. Five of 
the six poor sites in this area are within this group with only one 
good site having the same shape as these. It could be said that this 
curve shape is typical of poor sites in the minor valleys even though 
that S12 which is good shares the same shape.
From the two general curve types (Fig 11.10a), it could be seen that 
generally the poor sites have a resistive top layer with a resistive 
basement layer. While the good sites have a conducting top layer and
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a conducting basement layer.

11.5.3 VES Sites that are close to each other: Proximity Criteria

Four groups occur within this criterion; those in the 
S.W. (Fig 11.10bi), those in the N.W. (Fig 11.10biv), those in the 
N.E. (Fig 11.10bii) and those in the S.E. (Fig 11.10biii). The last 
two groups have been disussed (Section 11.5.1C) and so a consideration 
of them has not been repeated.

A. VES Sites in the S.W. of Sail area (S4&S5)

Two sites are involved in this group (Fig 11.10bi) which are both at 
the same elevation of about 30mAOD. Their Chalk occurs at the same 
elevation of llmAQD blit the rest water level at S5 about 6m below 
ground surface and about lm above the surface at S4. Also, S5 is 
located on the major valley side while S4 is in the major valley.
54 shows little or no electrical contrasts between the layers while S5 
shows rapid contrasts in electrical properties of the layers.
The curves are very dissimilar in shape. From the available borehole 
data, S4 has been established as a good site and lack of enough 
details at S5 makes it difficult to establish its quality of yield. 
But from the casing details at S5, the resolved productive horizon was 
penetrated only 7m, two of which is cased off. Thus, the borehole at
55 does not penetrate the aquifer enough to give very good yield.

B. VES Sites in the N.W. of Sail area (S7,S8&S9)

Three soundings are involved in this group (Fig 11.10biv). Their 
surface elevations vary from 35mAOD at S8 to 40mAOD at S7 and S9 with 
their Chalk elevation between 19mAOD(S8) and 22.5mA0D(S7). The rest 
water levels of the sites in this group are within 4-7m. The sequence 
of overlying deposits is the same across these sites.

S7 and S8 are very similar in curve shape but their shape is 
different from that of S9. The apparent resistivities are relatively 
higher in S7 than any other. The variations in electrical contrasts 
are more rapid in S7 and S8 with S9 showing a more relatively low 
variation in geoelectrical properties. Also S9 has a shallow 
conducting top layer and a conducting basement against resistive top 
and base layers at S7 and S.8.
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S7 and S8 are located in the major valley but in high end of the 
valley while S9 is located on the major valley sides. They have all 
been tested and found poor. At S8, the casing details indicate that 
only 6m of the borehole is free within the productive horizon. It is 
thought that if the diameter of the borehole were increased and the 
casings perforated from 18m depth, the yield might improve at this 
site. S9 typifies a site that is poor as the casing is thought to be 
well positioned. The N.W. of Sail area seem to be an area of poor 
hydrogeological properties (see next section).

11.5.4 VES Sites with Similar Quality of Yield: Yield Criteria

The Sail area is locally regarded as good in yield. The yield ranges 
from 4.58m3d"* to 5126.29ir^d"i with a total drawdown of 0.3-14.93m for 
borehole diameters of 101.6-533.4irm. Specific capacities range from 
4.38mtd"A to 774.6mx’dr£. The same criteria (45mizd*i) has been used for 
classification of good and poor sites as for the other areas.
This group is purely based on the specific capacity values of the 
boreholes corresponding to the sounding sites (Table 11.7).

A. VES Curves at Good sites in Sail area (S4,S6,S10,S12&S14)

Five sites are involved in this group (Fig 11.10ci) which range from 
fair to very good. Their specific capacities range from 44.69mxd't at 
S10 to 774.6ma'd'4' at S6 (Table 11.7). Three of these sites do not have 
any casing details (S4,S10&S12), but by identifying the productive 
horizons from that of the control well site(S6), it was possible to 
correlate this horizon at sites without any casing details. With the 
exception of the two major valley sites (S4 and S6) which are at about 
30mAOD, the rest are at or slightly above 40mAOD.
From the rest water level map (Fig 11.3), S10, S12 and S14 occur at 

an area of minor primary groundwater convergence while S4 and S6 occur 
along the major valley which is an area of groundwater convergence.
Generally, two horizons were resolved within the Chalk with the 

exception of S6 where three were resolved and S14, where only one 
layer was resolved (Table 11.8). For areas where less than three 
horizons were resolved, either that two or the three horizons are so 
uniform in geoelectric properties as not to be differnet or that the 
overlying deposits are so thick as not to allow better resolutions at 
depth. With overlying deposit thicknesses of over 20m, it is more 
likely that the maximum input current of the SAS 300 of 20mA is low
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so, the soundings lacked deeper resolutions due to shallow current 
penetration. The top layer represents the zone of greater 
permeability development, but if this zone is overlain by boulder clay

if it is soft Chalk could give the same range of resistivities
fissured Chalk. •

GOOD SITES
S4 S6 S10 S12 S14

ZONE I 76* 109* 21*? 65* 61*
ZONE II 33 58* 133 83* +
ZONE III + 9 + + +

POOR SITES
SI S2 S7 S8 S9

ZONE I 53* 102* 69* 52* 35
ZONE II 98 40 94 75* 72*
ZONE III + + + + +

OTHER SITES
S3 S5 Sll.l S11.2 S13

ZONE I 60 32 28 97 54
ZONE II 52 51 15 + 83
ZONE III + + + + +

* Productive zone + Unresolved
Table 11.8 Resistivities (ohnun) of Identified Horizons of the Chalk 

with Correlated Production Horizons in the Sail area

At S6 the top horizon is resistive (109ohm-m), this horizon 
represents the upper level of flints which pre-supposes greater 
fissuring. The relatively thin overlying deposits at S6 is
responsible for the greater number of horizons resolved or identified. 
The casing at S6 indicates that the productive horizons was cased off 
but perforated from within the top horizon. Thus, the productive 
zones were not shut off by the casings. S14 shows about 11m of the 
borehole below the casing for production. It is thought that the 26m 
of overlying deposits made the Chalk horizons unresolvable by the 
sounding. Also, the contact resistance at this site reduced the 
penetration of the current. From Table 11.1c, this area was surveyed 
during a period of high soil moisture deficit and this may have been



the cause of the relatively high contact resistances at S14.
With the exception of S4 and S6 which are of similar curve shape, 

the other three have dissimilar curve shapes. Their topographic 
locations vary from major valley (S4&S6), through major valley 
sides (S10) to minor valleys (S12&S14). They share three geographical 
locations with S6, S10 and S12 to centre, S4 to the south west and S14 
to the north west.
Generally, there is no uniqueness in the shape of the curves and 

location of the good sites. With the exception of the borehole at 
S6 (533.4mn), the other boreholes are of 101.6irm diameters which is 
small. Thus it is thought that an increase in the diameters would 
improve the yields from most of these sites.

B. VES Curves at Poor Sites in Sail area (S1,S2,S7,S8&S9)

Five soundings are involved in this group (Fig 11.10cii). Their 
specific capacities range from 6.29m?,d"i at S2 to 31.85m2d"* at 
S8 (Table 11.7). This group's surface elevation range from 35mAOD at 
S8 to 44mAOD at S2 with Chalk elevations from 12mA0D(S2) to 
22mA0D(S7). SI, S8 and S9 have casing details with no casing details 
at S2 and S7.

From the rest water level map (Fig 11.3), these sites occur at 
either groundwater level peaks (S7 and S3) or at areas of initial 
groundwater divergence(S9) with S8 and S12 bordering the major valley 
zone which is of groundwater convergence. S2 and S8 would be expected 
to be fair to good but it looks like the 22m of Pleistocene drift at 
S2 with clay members reduces direct recharge to the underlying Chalk.
The soundings in this group resolved two levels within the Chalk and 

with the exception of S2, their top level resistivities (Table 11.8) 
are typical of the fissured productive zone of the Chalk. The base 
layer at SI which lies below 2.5mAOD with a resistivity of 98ohm-m is 
thought to be typical of a flint zone. The drill log refers to the 
Chalk at this level as Chalk stones, this description is probably 
referring to flinty Chalk. But the borehole terminates at the top of 
this Chalk zone. So, it is suspected that while the 6m of boulder 
clay tnay be restricting groundwater movement, that the borehole if it 
had been deeper could have had improved yield at this site.

At S8, the resolved productive zone is below 19mA0D, but the casing 
goes down to 0mAOD leaving only 6m of the borehole within this zone. 
Thus, it would appear that most part of the productive zone has been 
cased off. S9 has a 7m layer of boulder clay which overlies Crag and
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this boulder clay layer probably reduces infiltration. Though there 
is no information on the nature of the top section of the Chalk, the 
resolved resistivity of 35ohm-m is thought to be indicative of either 
the presence of secondary conducting materials or to comprise of soft 
Chalk. The second consideration is more likely to cause poor yields 
as the casing terminates only a meter within the soft Chalk.

The topographic location of the sites range from the high end of the 
major valley (S7&S8), to major valley sides (S9) and minor
valleys (S1&S2). Geographically, they are localised in two areas, in 
the south east (Sl&s2) and north west (S7,S8&S9). These sites even 
though within different topographic locations have very identical 
curve shapes (Fig 11.10ciii). The poor sites could be said to have a 
unique curve shape which basically comprises of resistive top and 
basement layers.

11.6 INTEGRATION OF ALL AVAILABLE USEFUL DATA

Half of the tested sites have no casing information
(S2,S4,S7,S10&S12). There is no definite indication of preference for 
the sites on the groundwater level map with good and poor sites 
occuring at both high and low groundwater level areas. But the good 
sites seem to occur towards the lowland Chalk (<20mAOD) areas and the 
poor sites occur within the upland Chalk (>20mAOD) areas with SI and 
S2 as the only exceptions. i
Two horizons were resolved within the Chalk, but at S6 where the 
overlying deposits is relatively thin, three horizons were identified. 
At S14 where the underlying Chalk is fairly uniform geoelectrically, 
only one horizon was identified. Also it was only at this site(S14) 
that contact resistance was found high. Thus, it is possible that the 
high contact resistance prevented deeper current penetration resulting 
in shallow depth of resolution.
The casing information at S8, S13 and S5, indicate that the 

productive zones at those sites may have been cased off.
Most of the boreholes in this area with the exception of that at S6 
are of very small diameter (101.6mn), this has contributed to the 
general small specific capacities of the boreholes. So, it is thought 
that if the borehole diameters and the borehole depths (S1&S5) were 
increased, better yields could be realised.
Table 11.9, summarises the existing useful borehole data and the 
geoelectric results derived from the Sail area.



SOUNDING RESULTS WITH CORRESPONDING BOREHOLE DETAILS
SI S2 S4 S6 S7 S8 S9 S10 S12 S14

(147/407) (147/109) (147/69) (147/254) (147/102) (147/312) (147/193) (147/105) (147/261) (147/305)
Borehole elevation 42.37 44.20 29.26 30.40 39.62 33.53 42.67 42.67 39.93 42.67
Groundwater level 33.35 28.01 30.01 29.85 34.63 30.25 36.01 31.81 32.26 35.61
Base of borehole 3.05 - 7.61 - 8.22 -45.80 3.04 - 6.10 1.22 6.11 - 1.22 - 2.14
Top of Chalk 17.37 12.20 10.98 25.91 22.85 19.51 21.03 21.35 18.29 17.37
Resolvable depth 2.35 1.21 - 6.15 -17.50 2.98 8.94 - 2.47 13.99 9.78 21.96
Base of casing 11.28 * * 8.10 * 0 19.81 * * 7.92
Aquifer elevation 2.4J26.6 1.2_12.6 -6.2_15.0 -17.5JL8 3.0_26.0 8.9JL9.0 2.3_21 .0 14.0_24.0 9.8_19.0 <22.0
Aquifer
resistivity( m) 53 102 76 58/109 69 52 35 21? 65 61
Assessed quality Poor Poor Good Good Poor Poor Poor Good Good Good

NB; all heights in mAOD * Information not available
Table 11.9 Comparison of the productive horizons of tested boreholes with their corresponding resolvable 

depths from the soundings in Sail area
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From Table 11.9,
a. the rest water levels are generally less than 10m below the 

ground surface with the exception of S2 with over 16m depth.
b. In general, the resolvable depths of the soundings were below 

the base of the casing with the exception of S8 and S14 where 
contact resistance was relatively high. Occasionally, the 
resolvable depths were below the base of the boreholes. So, 
while at some sites the surface resistivity technique could 
not resolve the characteristics of the Chalk, at some it did.

* The inability of the method to resolve deeper depths at some
sites is not unconnected with the relatively thick overlying 
deposits and the contact resistances at some sites.

c. The resolved productive horizon in the Sail area ranges from 
“17.5mA0D to 26mAOD but the most productive zones lie between 
-17.5mAOD to 17mA0D. The productive horizon resistivity 
varies from 21-109ohm-m but generally, they are within 
58-69ohm-m for pure fissured Chalk and 76-109ohm-m for sites 
with flint inclusions in the Chalk. The very low and high 
ends of the ranges refer to sites with soft/putty Chalk and 
more massive Chalk in top section respectively. Usually, the 
top flinty zone of the Chalk is very productive and underlies 
a pure fissured Chalk zone with distinct resistivity 
contrasts (S6; 109ohm-m and 58ohm-m).

Finally, in the Sail area, the good sites do not have any unique 
topographic, proximity or curve shape even though S4 and S6 had all 
these attributes in common. It could be said that the sites to the 
low end of the major valley are unique in curve shape, topographic 
location and are good in yield. The poor sites even though they are

9 of varied topographic and geographic locations, have very unique curve
shapes (HK/HKH/HA-type). The good sites all occured in the lowland 
Chalk area while most of the poor sites occured in the upland Chalk 
area. SI and S2 occured in the lowland Chalk area.

%



CHAPTER TWELVE

12.0 SUMMARY, CONCLUSION AND RECOMMENDATIONS

This chapter summarises the ideas and results of the other chapters 
in this thesis. It further draws conclusions on the findings from the 
areas and finally makes recommendations for further work in this 
field.

12.1 SUMMARY

From Part II, the characteristics of the Chalk, viz; 
geological (Chapter 2) and hydrogeological (Chapter 3) were discussed. 
A three zoned aquifer model was proposed (major permeability, minor 
permeablity and massive Chalk). The geophysical responses of these 
characteristics were considered in Part III.
In Part III Chapter 4, the principles of geoelectrical resistivity 
prospecting was reviewed and a theoretical analysis of the effect of 
porosity and salinity on the bulk resistivity of limestone was 
presented. This showed that for an increase in Chalk porosity 
resulting from fissures of 0.20-0.45 as reported by Foster et al), 
1977 (which represents more than a two-fold increase), that the bulk 
resistivity decreased by over three-fold (Fig 4.1). Thus, indicating 
a possibility of identification by surface resistivity technique. The 
major problems that are involved in this technique is that most of the 
time, the fissure zones are too thin compared with their depths of 
burial or that there is often secondary effects that effect the 
resistivity of the Chalk (soft or putty Chalk, marl and flints). In 
Chapter 5, the geological and hydrogeological characteristics of the 
Chalk were related to the proposals of Chapter 4 with respect to the 
study area and likely problems that might arise.
From Part IV Chapter 6, the nature and processing of the available 

hydrogeological data and the criteria for the choice of site areas 
were discussed. The five site areas constituted the next five 
chapters and their results are summarised below under their individual 
site area name. The interpretations and analytical procedures were 
the same for all the areas. The results were considered under four 
criteria, viz. similarity in topographic location, curve shape, 
geographic location and qaulity of yield.
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Beetley

From the fifteen soundings made in the Beetley area, the general 
range of resistivities in ohm-metres of the encountered lithologies 
are;

Sand and gravel 34 - 559 
Boulder clay 28 - 123 
Chalk 20 - 194

These values show some extraneous inclusions that made their range of 
values too great. This raises a doubt as to the validity of the 
geological description of the lithologies encountered. Typical 
resolved resistivities of 120-559ohm-m for saturated and relatively 
dry sand and gravel, 28-61ohm-m for boulder clay and 23-194ohm-m for 
soft/putty chalk to fissureless chalk at some sites showed that the 
description of the lithologies in the drill reports were probably 
erroneous.
Oily the sites within the major valley and its sides showed 
correlation between the curve shape, topography and yield as all the 
sites are good (B4,B5,B6,B7&B13). The good sites were mostly located 
at areas of low groundwater levels, , viz. normal convergent areas.

Eakenham

From the fifteen soundings made in the Fakenham are*a, the general 
range of resistivities in ohm-metres for the reported encountered 
lithologies are as follows;

Sand and gravel 37 - 94 
Boulder clay 22 - 139 
Chalk 43 - 128

Two zones were generally resolved within the Chalk. The upper limit 
of the top zone constituted the resistivity of the flinty chalk zone 
while the lower limit of the base layer would refer most appropriately 
to the soft or putty chalk.
Two groups of curves were obtained. HK-type is shared by four 
sites (F6,F8,F9&F10), which are good sites. The KH-type group, 
contains five soundings (F2,F3.1,F4,F12&F13) and the first three are 
recorded poor sites but F2 is thought to be poor as a result of 
constructional error. Generally, there is no consistent correlations



between the topography and yield as the topographic locations shared 
mixed yields. But the good sites have a general Chalk level of less 
than 25mAOD whereas the poor sites have a level of 30mAOD and above. 
Also, the rest water levels were generally deeper at the poor sites 
than at the good sites.

Houghton St. Giles

Ten soundings were made from which the general resolved resistivities 
in ohm-metres of the reported lithologies were as follows;

The boulder clay resistivities within Houghton St. Giles indicate that 
this formation may have been wrongly classified at some sites as its 
resistivity values are typical of sand and gravel. Three zones were 
identified within the Chalk with the top and/or the middle zone 
constituting the flint zone where encountered (Table 9.6) with 
resistivities of 80-103ohm-m.
Two general curve shapes were got (KH-type,ft<j>>{̂ fy. and 

HK-type^>£j<^Py). The KH-type contains three soundings (H3,H6&H9) 
which are poor in yield, identical geoelectrically and are located 
inbetween minor valleys(spur). The HK-type contains four 
soundings (H4,H5,H7&H8) which are all tested good sites and are in the 
major valley.
The maximum and minimum apparent resistivity values for the good sites 
occur at the same AB/2 at which the poor sites attain their minimum 
and maximum values. Thus, the good sites are characterised by shallow 
low resistive layers and more resistive layers at depth while the poor 
sites are characterised by high resistive shallow layers and low 
resistive layers at depth. So in the Houghton St. Giles area, the 
yield correlated with topography and curve shape, with the good yields 
occuring along the lowland Chalk area.

From fifteen soundings made within this area, the general resolved 
range of resistivities in ohm-metres for the encountered lithologies

Sand and gravel 
Boulder clay 
Chalk

126 - 204 
84 - 253 
30 - 180

Lyng



a re  g iv e n  below;

Sand and gravel 
Boulder clay 
Crag 
Chalk

80 - 380 
20 - 34 
20 - 452 
8 -  202

The saturated sand and gravel, and boulder clay in the Lyng area have 
typical resistivities of 157ohm-m and 32ohm-m respectively. Three 
zones were resolved within the Chalk (Table 10,9), The top zone is 
mostly of 55-66ohm-m resistivity and the upper limit of the range 
being for marly top Chalk. The middle zone which often contained 
flints had resistivities of 70-96ohm-m while the base occasionally 
with soft Chalk constituted the lower end of the base layer range of 
resistivities.
Two general curve shapes are represented (HKH-type, and 
HK-type . The HKH-type contains five soundings (L6, 
L8.1,L8.2, L12&L13), three of which are tested good sites. These 
sites are either in the major valley or on its sides so, are 
topographically in low areas. They have a relatively thin column of 
overlying drift deposits with a mean thickness of about 12m, and Chalk 
elevation of about 14mA0D. The second shape, the HK-type, contains 
three soundings (L9,L10&L11) of which two are tested poor 
sites (L9&L10). They are of similar topographic location being 
between minor valleys with relatively thick column of overlying 
deposits(31m) and Chalk elevation of about 17mA0D. This shows that 
the Chalk has a fairly uniform elevation within Lyng area.
The poor sites have their minimum apparent resistivity values occuring 
at the same AB/2 distance at which the good sites have their maximum 
values. Thus, the poor sites are characterised by near surface low 
resistive and basement high resistive layers while the good sites have 
near surface resistive layers with deeper less resistive layers.
Yield within the Lyng area correlated with topography and curve shape 
with the good sites being in the lowland Chalk areas with typical 
HKH-type curves and the poor sites on the relatively upland chalk area 
with typical HK-type curve shapes.

From fifteen geoelectrical soundings made in the Sail area, the 
general resolved range of resistivities in ohm-metres for the reported

Sail



l i t h o lo g ie s  a re  g iven  below;

Sand and gravel 
Boulder clay 
Crag 
Chalk

27 - 357 
20 - 76 
34 - 103 
9 - 133

The sand and gravel resistivities indicated that some of the reported 
sand and gravel layers would have better been referred to as sandy 
clay while the upper limit of the range indicate relatively 
unsaturated conditions. Typical saturated sand and gravel had 
resistivity of about 108ohm-m. The reported boulder clay at some 
places would go for clayey sand and gravel from their resolved 
resistivity values. The Crag, shows a variation in facies from clayey 
to sandy facies. TVo zones were generally identified within the Chalk 
with the control well site indicating three (Table 11.8). The flinty 
chalk in Sail area has a resistivity of about 109ohm-m.
Two general curve shapes are represented (HKQ-type,^^:^^- and

The HKQ-type group has 
only two soundings(S4&S6) which are good sites. The other group 
contains eight soundings(SI,S2,S3,S7,S8,S9,S12&S13), out of which only 
S12 is good. All the tested poor sites (S1,S2,S7,S8&S9) in the Sail 
area are within this broad group indicating that the HK/HKH/HA-type is 
typical of poor sites in Sail.
Yield did not seem to correlate with topography as S4, S5, S6, S7 and 
S8 are all in the major valley but with mixed yields. S4 and S6 are 
good sites and in the low end of the valley while S7 and S8 are poor 
sites and are located in the high end of the valley. Sites where Crag 
overlies the Chalk did not show any uniqueness in terms of yield even 
though that generally, the Crag thickness was more for the good sites 
than for the poor sites.

12.2 CONCLUSIONS

The author appreciates that the use of surface resistivity for well 
site location has so many limitations as mentioned in Chapter 5 but 
still with these limitations, some encouraging results have been 
obtained. From these results in the thesis, four conclusions have 
been made as follows;
i. The apparent resistivities did not reveal any quantitative 
indications on the hydrogeological characteristics of the Chalk. On



the other hand, useful indications on either the nature of the 
lithology of the near surface deposits or on their moisture content 
were shown. In absolute terms, the apparent resistivity values are 
greatest at Lyng and Beetley and least at Fakenham and Houghton 
St.Giles. But as the areas were surveyed at periods of positive 
residual rainfall, the high values are not as a result of dry 
conditions in the upper layers. Thus, it has showed variations in the 
lithology of the near surface layers with high value sites
representing the more sandy sites and those with lower values the more 
clayey sites. This has provided useful information on the near
surface geology of the site areas.

ii. Three zones are generally identifiable within the Chalk though 
at some sites two zones or even one were identified. At the sites 
where only one or two zones were identified, three possible reasons 
may have caused their lack of resolution to three layers.
a. either that the Chalk is so uniform geoelectrically as not to 

indicate any electrical contrasts with depth,
b. or that the overlying drift deposits are so thick as to mask 

the underlying Chalk,
c. or that the maximum input current of the SAS 300 of 20mA is 

too small to penetrate the thick overlying deposits.
The first possibility affected areas like Fakenham and Sail. The 
author feels that, the second and third were the cause of lack of 
deeper resolution at Beetley.
At sites where three zones were identified, the top and middle zones 
constituted the productive zone which at sites with only two resolved 
zones, either corresponded with the top or base zones. Most of the 
time, the flint inclusions were restricted to either the top and/or 
middle zone in the Chalk. It would seem as if the three zoned sites 
indicated flint inclusions.
Table 12.1 summarises the general identified productive zones which 

represent the top and middle zones or horizons. The resistivity range 
of the zones are strikingly similar in all the areas with the lower 
values representing pure fissured Chalk and the higher values, the 
flinty Chalk horizons. Their general elevation is highest at Fakenham 
and least in Sail which is in line with the general surface topography 
of the site areas.
The major valleys are generally in the lowland Chalk while the minor 

valleys are relatively at a higher elevation than the major valley 
Chalk.
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SITE AREA
ELEVATION
RANGE

(mAOD) 
* ZONE

RESISTIVITY 
RANGE (ohm-m)

BEETLEY + + +
FAKENHAM - 2 to 39 - 2 to 39 59 to 95• HOUGHTON -21 to 23 - 5 to 15 59 to 105
LYNG -29 to 29 -15 to 10 56 to 88
SALL -18 to 26 -18 to 17 58 to 109

+ Unresolved * Most productive
* Table 12.1 Summary of the General Elevation and Resistivities

of the Resolved Productive zones throughout the 
Study area

There is no consistence through the sites for any particular 
criterion even though there were certain strong correlations within 
some site areas. In Beetley, the curve shape, topographic location 
and yield were correlated among the good sites along the major valley 
sides. In Fakenham, there was no consistence only that the good sites 
were mostly located in. the lowland Chalk areas. In Houghton 
St. Giles, yield correlated with curve shape, topographic and 
geographic locations. Poor sites were generally located in the minor 
valleys (with a marly top Chalk resulting in a very resistive top) 
with typical KH-type curve shape. The good sites were located in the 
major valley and are of typical HK-type curve shape. In Lyng, yield 
quality correlated with curve shape and topographic location. Good 
sites were located mainly in the major valley with HKH-type curve 
shape while the poor sites are mostly located in the minor valleys 
with HK-type curve shape. In Sail, the poor sites were found to be 
typical of HK/HKH/HA-type curve shape and have no definite location. 
From these, the topographic criterion has correlated with yield 
favouring generally good yields for the major valley areas. On the 
groundwater level maps, these major valley areas constitute areas of 
relatively low groundwater level. This normally, would encourage

♦  convergence along these areas while on the groundwater flow maps, they
are really areas of groundwater convergence. The upland Chalk areas 
locally, encourage groundwater divergence being areas of high 
groundwater levels. The major valley sites are good generally. Thus, 
these lowland Chalk areas represent areas of higher permeability 
development from fissures. So, while the surface resistivity has been 
able to reveal that* the lowland area are probable areas of greater 
permeability development, it has been also able to locate the level of



flint inclusions throughout the entire areas to be between 0mAOI>tl0m. 
The results of the topographic criterion does not agree with the 
proposal by Parvisi(1977), that transmissivity is more for the upland 
Chalk than the lowland Chalk area. The author feels that Parvisi's 
proposal was a local effect peculiar to the Tas catchment within which 
his work was centred.

Figure 12.1 shows a plot of the aquifer (Chalk) resistivity and the 
specific capacities of the individual boreholes. All the resistivity 
values that were associated with instrumental fault have been 
identified with rings. The remaining points are more or less in 
a parabolic shape. Thus, the relationship between the specific 
capacity and the Chalk aquifer resistivity could be said to be 
repetitive.
Consider a baseline at an average resistivity of aiout 90ohm-m,a site 
with an aquifer resistivity of over 90ohm-m; under the curve 
(Fig 12.1), is either a very poor site or a very good site. (The 
90ohm-m has been considered as a threshold because over 70% of the 
data points cluster around 90ohm-m so the points above 90ohm-m may be 
considered as residuals while those below and around 90ohm-m may be 
considered as regional values.
From the borehole details of these sites, this ambiguous position of a 
high aquifer resistivity site has been helped a little by some 

p a.ytic.u laY  characteristics, viz;
a. For the high resistivity zone in the very poor area (C in 

Fig 12.1), the sites have very small diameter 
boreholes (101.6mm to 152.4mm) and have groundwater levels 
that are relatively deep from the ground surface (14.31m to 
23.70m). This relative deep groundwater level creates a thick 
relatively dry top section that gives high resistive layers. 
These sites occasionally have a top marly Chalk section.

b. For the high resistivity zone in the very good area (D in 
Fig 12.1), the sites are mostly of large diameter 
boreholes (152.4mm to 914.4mm) and have relatively shallow 
depths to their ground water levels (1.02m to 12.59m). They 
have mostly flinty top Chalk section.

Thus, for sites with high Chalk aquifer resistivity, good yields may 
be obtained from ground having shallow depth to its groundwater level, 
flinty Chalk and large diameter boreholes and poor yields fHro ground 
where the groundwater level is deep with marly top Chalk and small 
diameter boreholes. Table 12.2, summarises some of these
characteristics.
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I.G.S. WELL VES DEPTH BOREHOLE RESOLVED
CAT. NUMBER NUMBER OF WATER DIAMETER DEPTH LITHOLOGY

LEVEL(M) (mm) (M)
POOR SITES (SHEET 147)

480 Lll 17.14 101.6 7.60 Pdr/Cg
152 L9 15.63 101.6 24.82 Pdr
109 S2 16.19 101.6 44.99 Cg/Flints
35 H3 23.73 152.4 41.80 Marl/Soft/Hard chalk
130/205 H6 18.62 152.4 50.97 Marl/Flints
146/271 F4 14.31 101.6 32.78 Bcl/Sd/Gr

GOOD SITES
147/279B L12/L13 4.03 152.4 24.97 Soft/Flints
147/254 S6 1.36 533.4 47.90 Gg/Soft Chalk/Flints
147/261 S12 7.67 101.6 30.15 Soft/Hard Chalk
146/96A B1 8.41 228.6 17.33 Pdr
146/419 B13 1.02 914.4 36.34 Bcl/Flints
130/210 Fll 12.59 152.6 14.17 Sd/Gr/Flint
130/144A&B H10 6.07 825.5 45.10 Sd/Gr/Soft/Flints

Fdr— Plesitocene drift, Cg— Crag, Sd—  Sand, Gr— Gravel, Bel— Boulder£lay
Table 12.2 Some of the characteristics of the borehole or sounding sites

It is interesting to note that a regression line fitted to the data 
has its minimum turning point between 45 and 90mad"i. This generally 
agrees with the qualitatively defined division between Good and Bad 
wells (Chapter 6) based upon their ability to satisfy the needs of the 
user.
Finally, the surface resistivity technique has two advantages, viz.

i. It provided useful information on the geology of the areas and
ii. It is a very rapid and relatively inexpensive tool in planning 

a more detailed groundwater study because it detects 
inhomogeneities in the subsurface environment.

A major source of discouragement in its usage in groundwater search, 
is the frequent realization that the resistivity technique does not 
actually locate groundwater but may best only delineate sites in an



area which offer the greatest possibility for successful well 
location. Resistivity surveys often yielded uninterpreted results as 
they may not unambiguously represent any geological units. Also if 

two units have same electrical properties, the tendency is to give 
their response as a single unit.

12.3 RBCOWENDATIONS

The surface resistivity technique was .successful within its limited 
chances of success in identifying the productive horizon and assessing 
them on the basis of absolute resistivity values. But in the process 
of trying to reconcile why certain areas with good geoelectrical 
prospects had poor yields, the author has arrived at certain plausible 
explanations. The entire situation has been divided into three 
headings, viz.
a. identified likely causes of poor yield at some of the sites,
b. encouraging situations and results, and
c. limitations of the surface resistivity techniques at certain 

sites.

Likely causes of poor yield at some of the sites

a. Most of the boreholes have no serious design considerations as
they are mostly private and aimed at meeting a particular need. 
Nothing really mattered as long as the borehole delivered its job. It 
is only the pumping stations that indicated some design details and so 
made comparison of yield quality with design details realistic. Few 
of these limited pumping stations showed some design inadequacies (F2) 
which in the author's opinion were responsible for the poor yield at 
those sites. At some of sucfr inadequately designed sites, the yield 
expected from these boreholes were too much for their
design (L6,L12&L13) and so, would lead to poor yields.

b. From Figure 6.1, over 70% of the boreholes involved in this 
work have diameters between 70-150irm. These small diameter boreholes 
would encourage low yields and specific capacities. The few boreholes 
with diameters greater than 200mm had specific capacities over 
550nr1d"i (B13,H10&S6).

c. Some of the poor sites showed that the identified productive
zone or horizon were either not penetrated at all or
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sufficiently (B8,B9,F7,H4,H6,H8,H9&S7), or were penetrated 
sufficiently but cased off (F2,L5,S5&S8). Six of the eight sites 
where the aquifer was not sufficiently penetrated are poor sites and 
this is thought to be responsible for their poor yields. In the

• author*s opinion, a greater diameter and deeper pentration would
improve the yield at these sites. For the sites where the productive 
horizon were cased off, a perforation of the casing within the 
productive zone would also improve their yields.

• d. In all the sites where the top of the Chalk is marly, the
sites had been reported poor. Geoelectrically, this layer has 
resulted in a high resistive top Chalk layer more in the fissureless 
Chalk resistivity range (126-13 lohm-m). The rest water levels at 
these sites had been below the marl layer and so, it is thought that

• the marl constituted an impermeable layer preventing groundwater
movement across it to and from the Chalk. Thus, resulting in the poor 
yield of such sites.
Table 12.3 lists the specific capacity of wells in the area and the 

presence or absence of clay at the sites. There is no correlation
* between poor yields and the presence of clay in the profile above the

Chalk. From Table 12.3, it is seen that the Chalk at the well sites, 
irrespective of the quality of yield, is overlain by a mixture of 
materials ranging fr^ sandy or clayey materials or a combination
of both. Occasionally, the Chalk is flinty, soft or marly in its top

* section. These situations are represented diagramatically in
Fig 12.2a-e and are expected to affect the yield of sites in different 
ways. Fig 12.2a, represents a situation where the Chalk is overlain 
directly by clay. During groundwater abstraction, the draw down 
resulting from groundwater withdrawal causes a reduction in the pore

* pressure of the aquifer materials. This increases the effective
stress within the Chalk matrix. The extenth which the, ch*H< is able to 
withstand this increase in stress is dependent on its physical 
characteristics.

^  For Fig.l2.2a(i), if pure Chalk is involved, the chances are that the
Chalk would yield to the stress with relative closure of the fissures. 
Sites with this kind of situation are likely to constitute poor sites 
or to deteriorate with repeated pumping.
For Fig 12.2a(ii), if the Chalk is flinty, the flint being better able 
withstand stress would prevent the fissures from collapsing. This is 
possibly the situation at sites in which the clay is sitting on Chalk 
with very good yield. In fact, the site with the best yield within



I.G.S. VES RES IS SPECIFIC CLAY NO CLAY REMARKS RELATION TO
WELL No NUMBER * CAPACITY FIG 12.2

BEETLEY (SHEET 146)
96A B1 145 160.90 ? ? 12.2c
282 B6 43 118.58 + sVfcting on Chalk 12.3all
303 B4 43 83.02 ? ? 12.2aii
318 B5 23 181.73 + 12.2aii/12.2c
423 B7 36 >43.63 + sitting on Chalk 12.2aii
419 B13 136 771.42 + sitting on Chalk 12.2aii
158 B3 87 17.87 + sitting on Chalk 12.2b
130/262 B15 61 41.74 + 12.2c

FAKENHAM (SHEET 146)
255 FI 43 178.75 + not on Chalk 12.2c
270 F6 76 83.02 + 12.2c
58 F2 83 20.12 + not on Chalk 12.2e
190 F3.1/3.2 81/80 11.08 ? ? 12.2e
271 F4 97 1.49 + sitting on Chalk 12.2d or 12.2e
378 F7 80 29.79 ? ? 12.2e
130/210 Fll 95 363.46 + 12.2c
130/211 F8 61 51.19 + sitting on Chalk 12.2aii
130/211 F9 69 51.19 + sitting on Chalk 12.2aii

HOUGHTON ST. GILES (SHEET 130 )
82 H8 78 53.61 + 12.2c
83 H4 93 107.22 + 12.2c
84 H5 61 218.02 ? 7 12.2aii/12.2c
144A&B H10 80/103 552.44 + 12.2c
191 H7 59 86.06 + + 12.2c
35 H3 100 9.40 marl overlies Chalk 12.2e
205 H6 105 32.45 marl overlies Chalk

LYNG (sheet 147!)'
396 L2 20 66.51 + sitting on Chalk
216 L3 66 44.69 ? 7 12.2b/12.2aii
279A L6 65 347.13 ? 7 12.2c/12.2aii
217 L7 61 44.69 ? 7 12.2aii/12.2e
279B L12 56/83 169.04 + 12.2c
279B L13 56/88 169.04 + 12.2c
152 L9 200 0.26 ? ? 12.2e?
13 L10 81 28.61 + sitting on Chalk 12.2e
480 Lll 156 11.45 + 12.2c

SALL (sheet 1 4 7)
69 S4 76 71.09 + not on Chalk 12.2aii
254 S6 109/58 645.25 + not on Chalk 12.2aii
105 S10 21 44.69 + not on Chalk 12.2aii
261 S12 65/83 281.50 + not on Chalk 12.2aii
305 S14 61 363.46 + not on Chalk 12.2aii
407 SI 53 6.88 + not on Chalk 12.2b
109 S2 102 6.28 7 7 12.2e
102 S7 69 17.88 + sitting on Chalk 12.2e
312 S8 52/75 31.85 + not on Chalk 12.2e
193 S9 72 22.44 + not on Chalk 12.2e

+ Present * in ohm-m 7 Indeterminate

Table 12.3 Specific capacity of wells in the area and the presence or absence 
of clay
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the entire area has this kind of situation (B13,146/419).
Figure 12.2b represents a situation similar to that in Fig 12.2a but 

slightly different. In this situation, clay particles are moved by 
the flow of water from the overlying deposits to the Chalk. As the 
clay particles are drawn through the Chalk by the force of groundwater 
flow, they invade and clog the fissures restricting groundwater 
movement. This situation would result in poor yields at such sites.

Figure 12.2c represents a situation where the Chalk is overlain 
directly by sand and gravel. Where this occurs, the sand and gravel 
layer are normally in hydraulic continuity with the Chalk and recharge 
it during abstraction. Such sites would be expected to have good 
yields.
The situation in Fig 12.2d would have a similar response as that in 

Fig 12.2a, the weak Chalk zone consolidating under the increased 
effective stress, and so producing an impermeable layer above the 
Chalk by consolidation of the weak Chalk layer. In Fig 12.2e, the 
gravel and sand mty Lie- above weak Chalk of the type represented by 
Fig 12.2d, and be prevented from recharging the Chalk. This situation 
would normally result in poor yields but if the weak Chalk contains 
flints, the consolidation will be resisted; such sites could give 
similar yields to those described in Fig 12.2a.
These models help to explain the wide range of resistivity, specific 

capacity values that exist and are shown in Figure 12.2.

Encouraging results

The initial assumption of the Chalk being practically horizontal is 
supported by three cross soundings (L12/13, LI.1/1.2 and L8.1/8.2). 
At these sites, the apparent dips of the Chalk surface varied from 0°  

at L12/13 to less than 2° at LI. 1/1.2 and at L8.1/8.2 while the 
borehole data from B3 and B15 showed a less than 1° dip for the 
surface of the Chalk. Thus, confirming that the Chalk bedding is 
practically horizontal.

b. Two control well sites show evidence of good design
considerations. At H10 and S6, the identified productive zones 
contained the levels of groundwater inflow into the wells. These were 
cased off but the casing was perforated within the identified 
productive horizon to allow for adequate exploitation of the most 
productive zone. The yields and specific capacities of these 
sites (H10; 5126m3d"1 and 552nfcT1, and S6;5^6m3d'd, 645m1d"i) also are



evidence of the adequacy of the design details. B13 even though of 
very good yield, could not be resolved reasonably deep into the Chalk 
to be able to assess and correlate the geoelectrical characteristics 
of the Chalk.

Likely causes of lack of success at certain sites

a. The drift deposits vary in thickness all through the site 
areas from 5.68m at Houghton St. Giles to 27.98m at Beetley area. 
Lithologically, the drift varies from clay to sand and gravel in 
different combinations and thicknesses. These sequences represent 
alternating sequences of resistive and conducting geoelectric layers. 
The greater the number of these alternating sequences, the more the 
penetration of the input current is reduced. Thus, the soundings were 
not able to resolve more than a base layer at sites with thick drift 
deposits (Beetley). But with areas of reduced thickness, the number 
of zones resolved within the Chalk were increased. Three zones were 
very readily resolved for areas where the drift cover is relatively 
thin. A better solution to this problem would be to increase the 
input current. But in the absence of the booster attatchment of the 
SAS 300, nothing could be done to increase the amount of the input 
current..

b. Geological description

Most of the geoelectrical results did not agree with the description 
of the lithologies penetrated. The resistivities were found to be 
abnormally low or high for the lithologies. At sites where these were 
not represented correctly, the Chalk was resolved in continuity with 
the overlying deposits. This was the case for the borehole sites that 
were described by the drillers or the farmers whose interest was not 
in accurately recording the lithologies encountered. This discrepancy 
places a doubt on the validity of the records not described by 
geologists. Some of the reclassified or redescribed lithologies by 
geologists indicate that the initial descriptions were not adequate.

RBCGMffiMDATIGNS

The author is aware of the fact that there are difficulties in 
performing and interpreting work of this kind.
The ability of the surface resistivity technique to resolve zones



within the Chalk is indicative of the fact that it is feassible as a 
tool to study the borehole sites in aid for a better well site 
location. Further, the relatively low cost of such a venture compared 
with the amount of information it could provide makes it a very good 
preliminary groundwater prospecting tool. A few improvements need to 
be made in continuing this line of research.

i. During the interpretation stage, the correlation of the 
geoelectric horizons with the local geology is a very demanding task. 
At this stage, all secondary information that could be made available 
would reduce greatly the uncertainties involved in the final results. 
The quality of the final result is constrained by geology and 
information from geophysical logs. In these areas, the geologic 
control is not of the best quality and there are no geophysical logs. 
Thus, instead of reducing uncertainties, the lack of data has 
increased them. The author feels that the initial step anybody 
interested in improving on this approach would have to do, would be to 
test, confirm and improve the validity of the geologic description of 
the logs. But this would completely exclude acquisition of 
geophysical logs as they do not seem to have been thought of at the 
initial construction time. So, it would be ideal for some control 
wells to be drilled in the areas, where good and sound geologic 
controls would be established. Also, as many as possible geophysical 
logs that could be obtained from these sites should be run. Then 
parametric soundings at these control sites would be ideal so that 
adequate controls are available for these soundings. These could 
later be looked upon as models for extrapolating over the other areas 
for further work.

ii. The SAS 300 is a very portable instrument and is of very good 
precision ̂ .-5x10"̂ ohm). It reduces the man power required to move 
about the equipment in the field. But its maximum current input of 
20mA is rather too small for areas like Beetley where the drift 
thickness is on the average of 28m and sometimes of 45m. Two 
approaches are recommended, viz.
a. either that the instrument is used with the booster 

attatchment (SAS 2000) which improves the input current to 
about 500mA

b. or that the ABEM terrameter with which a car battery could be 
used as a back up, is used instead.
The first approach is recommended more as the two boxes are



still under one man load. The second approach increases the 
instrument load as each piece of equipment constitutes more 
than a one man load.

iii. The design of the boreholes should be considered with due 
regard to all available information from the site (geological, 
hydrogeological and geophysical). By so doing, the appropriate bore 
diameter, bore depth, and depth and nature of casing could be chosen. 
This would make it possible for the resources of the site to be 
exploited adequately.
In conclusion, it is felt that this research most properly represents 
the initial stages of a study into the use of simple geophysics to aid 
the loc ation of good well sites in the Anglia area and should be 
experimented on and improved upon before being applied. It is 
pertinent to mention that this approach is being suggested only as a 
guiding tool and is not in anyway expected to replace the conventional 
methods of hydrogeological investigations or assessment of well sites 
but to augment them and locate them in most suitable areas. Thus, 
when cost effectiveness is considered, this technique could improve 
the cost effectiveness of hydrogeological investigations.

Research, is aimed at perfection but this is very rarely 
achieved especially if quantitative results are to be 
made qualitative. Thus, the author feels that this 
research is mainly a process of exposition with room for 
later improvement. In application of surface electrical 
resistivity to hydrogeological problems this is, to the 
author*s mind, a continuous process with many expositions 
and limitations.
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APPENDIX

Al» Monthly groundwater levels(m) for 1973-1982 for nine 
observation boreholes within the study area. Their 
hydrographs are represented by Fig 3.3 (Chapter 3).

A2

•

Monthly rainfall(mm) and evaporation data(mm) for; 
Fakenham, Foulsham, Gressenhall, Heydon and Lyng 
stations within the study area. These are presented 
in graphical form in Fig 3.4.

A3 Monthly groundwater levels(m) and residual rainfall(mm) 
data for Fakenham, Foulsham, Gressenhall and Heydon

• stations within the study area. These are represented 
in Fig 3.5.

B- Summary of the hydrogeological and geoelectrical

# 1
characteristics of the individual sounding sites. 
Beetley area

2 Fakenham area
3 Houghton St. Giles area
4 Lyng area

*  5 Sail area
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