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Ghent, July 31, 1975 

STUDY OF SALINE INTRUSIJN INTO 
CHALK ON THE SOUTH COAST OF 
THE UNITED Kll~GDOM 

D. A. NUTBROWNx 

Some of the problems associated with developing ground

water in the Chalk of the South Downs for public water supply 

are briefly described. The effects of saline intrusion on the 

future development of the aquifer are in cated, based on a 

digital model describing groundwater movement. 

This study is concerned with the Chalk aquifer which 

outcrops along the south coast of England over an area 

extending approximately 60 km from east to west and 10 km 

from north to south. The coastal margin of the aquifer is 

very susceptible to saline intrusion as a result of ground

water abstraction. The flow in the aquifer is predominantly 

through fissures and, although the aquifer is some 300 m 

thick, the saturated thickness through which effective flow 

takes place is only about 100 m. This figure is based upon 

geophysical logging of coastal boreholes which show little 
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or no salinity variations below 100 m and also a steady 

increase in temperature associated with natural geothermal 

gradients below this depth. 

For the purposes of this brief review it is convenient 

to focus attention on that part of the aquifer between the 

rivers Adur and Ouse in the west and east respectively. This 

region, which will be referred to as the Brighton "block", 

contains the town of Brighton and its environs and its ground

water resources provide almost all of the water supply for the 

area. The river boundaries are tidal up to points north of the 

Chalk outcrop. 

In an average year the total annual infiltration to the 

Brighton Block is estimated to be 87 million m3. At the 

present time one third of this. is abstracted for public water 

supply. Although the infiltration is distributed fairly 

evenly over the block (apart from the built-up areas) , there 

is only effective natural recharge for six or seven months of 

the year beginning in October of an average year. Thus 

abstraction in the summer months, when demand is at its peak, 

is against a background of naturally receding water levels. 

As a result of saline intrusion, pumping rates in some 

wells along the coastal and river boundaries have to be 

controlled in the summer period and with progressive 

development of the block this problem assumes greater 

importance. With the aim of understanding in more detail how 

saline water intrudes into a fissured aquifer like the Chalk, 

a series of observation boreholes have been drilled parallel 

to the coast west of Brighton, five of which are within 100 m 

of the high water mark. Five further boreholes are planned 

at distances of up to 1.5 km from the coast. Water levels and 

salinity variations with depth have been regularly measured. 

The results indicate that, rather than saline intrusion 

progressing on a broad front, it occurs at a limited number 

of horizons corresponding to fissures in which mixing of 
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fresh and saline water takes place. Two specific types of 

observations were carried out. First the response of salinity 

values to tidal fluctuations was observed. In some boreholes 

there appeared to be little or no correlation with the tide 

but in others the salinity values peaked approximately one 

hour after high tide. Secondly, seasonal variations in 

salinity were compiled. As might be expected these reflected 

the natural recharge cycle, falling during the winter months 

and rising again in the summer. A relationship between saline 

intrusion and monthly pumping rates was also observed. 

These investigations are being carried out as part of 

a larger progra~me to estimate the potential resources of the 

Chalk and to determine their optimum method of development. 

To this end digital models of groundwater movement have been 

constructed. The models have been used to examine the 

consequences of various methods of possible development, 

leading to the identification of schemes most likely to merit 

more detailed examination by field investigations. The problem 

is to assess the effects of different abstraction rates and 

distributions on groundwater levels with particular emphasis 

on the relationship to saline intrusion. 

The modelling work was carried out in four stages. The 

first stage consisted of assembling all the relevant data (e.g. 

water levels, pumping rates, monthly infiltration values etc.) 

and of constructing a model whose response to historic 

infiltration and abstraction patterns corresponded to the 

observed water level fluctuations. Originally it was assumed 

that, since the groundwater flow in the Chalk is predominantly 

horizontal, the approximation of two dimensional flow was 

justified. The equation describing transient groundwater flow 

then contains the two parameters S and T (storage coefficient 

and transmissivity). In practice this equation must usually 

be solved numerically using a descrete spatial mesh. An 

important task is to identify values of S and T on this mesh. 
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As only a limited number of reliable field measurements were 

available it was decided to perform the identification 

automatically. The data used in this process pertained to the 

twelve month period beginning October 1971. The spatial 

variations of S and T values thus obtained generally 

corresponded to those expected from hydrogeological 

considerations. 

The second stage concerned the validation of the models 

and for this purpose the twelve month period beginning October 

1972 was chosen. The models were used to reproduce water levels 

in response to abstraction and infiltration distributions, 

whose values were given monthly on the mesh. The corresponden

ce between the observed and predicted water levels during this 

period were satisfactory and the models were then ready for 

use as management tools. As more experience of the system was 

gained, some refinements of the models were considered 

necessary. Unfortunately an extension to a full three 

dimensional description, incorporating both fresh and saline 

water movement was not possible. However, in modelling the 

blocks at various levels of development, it was thought 

desirable to include approximately the general effect of 

saline intrusion on the average thickness of the fresh-water 

zone. In other words, as the demand on water resources 

increased and more water was pumped each year from the blocks, 

the amount of water held in storage at the end of the water 

year diminished and a greater proportion of fresh water in the 

aquifer was replaced by saline water. 

The third stage of modelling work involved estimating 

the optimum yield of the system. A sensible definition of 

optimum yield for such a system is that yield which on average 

leaves just sufficient storage in the Chalk at the end of the 

summer period to allow that same quantity of water to be 

abstracted safely in a possible subsequent period of limited 

infiltration of fixed severity. Records, extending over the 

........ ----------------------------------
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last hundred years, of well levels in the South Downs indicate 

that the two year period beginning October 1971 represented 

roughly a one in fifty drought sequence and this sequence has 

been used as the test drought. 

At the present time only the future development of the 

Brighton Block has been investigated in detail. Under conven

tional methods of development, relying solely on abstraction 

at a limited num~er of sites, the Brighton model seemed to 

indicate a lower optimum yield than might be expected. To 

ensure that this was not the result of choosing inefficient 

pumping patterns a dynamic programming approach was adopted in 

which, at the end of each month, the pumping rate for the 

succeeding month at any station was taken to be proportional 

to the magnitude of groundwater flow in a surrounding region. 

This method yielded a near-optimum abstraction pattern (in 

that it maximised the final storage in the aquifer), which 

followed the concept of pumping relatively more from leakage 

stations in the winter months and from storage stations in 

the summer months. 

Extrapolating development of the Brighton Block (expres

sed as a fraction of annual infiltration) to a level compara

ble to the present level of a neighbouring block, the model 

yielded water level patterns in the last months of the drought 

which would in practice most likely result in significant 

saline intrusion. It should be pointed out that geological 

differences between the blocks might impair the validity of 

such direct comparisons. The difficulty of interpreting these 

results with a relatively crude model is that the rate of 

response of the saline interface to prolonged periods of low 

water levels is unknown. Given that intrusion occurs mainly 

by fissure flow, it is essential to know whether the quality 

of water in the aquifer improves as levels recover after a 

drought, how long it takes to improve and whether such 

improvement is complete, as opposed to a residual salinity 
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being retained further inland than previously. This can only 

be determined from field studies. 

In the final modelling stage various alternative means 

of meeting future demands were considered. One of the most 

promising involved artificial recharge of the aquifer at sites 

as far as possible from the coastal and river boundaries. 

Water could be recharged through wells or basins into the 

higher parts of the Downs, the source of water being the 

rivers to the north of the outcrop. Although the precise 

storage benefits depended upon the location of the recharge 

sites, recharging the aquifer for six winter months yielded 

a greater final storage than simply using the potential 

recharge source as a direct supply and resting the aquifer 

by a corresponding amount. The gains in final storage were 

roughly proportional to the total recharge rate. 

In conclusion, although the modelling work indicates 

qualitatively the influence of saline water intrusion on the 

future development of the groundwater resources of the South 

Downs, reliable estimates of optimum yields cannot yet be 

made. As development proceeds the models may be used as 

tools to analyse the results of field experiments, which 

would then in turn be used to refine the models. Ultimately 

the entire South Downs groundwater system might be operated 

as a single unit. Operation of such a system would require 

an east-west pipeline, transferring water from west to east 

in a drought and possibly in the opposite direction at times 

of high natural recharge. Considerable benefits are likely 

to arise by introducing artificial recharge even to a limited 

extent. 
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