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Abstract 

Three types of saline waters can be identified in the Chalk aquifer 

of North Humberside according to their age and origin. Two connate 

types are thought to have originated during the Quaternary 

interglacials. The third modern saline type is localised and in 

hydraulic continuity with the Humber estuary. This is due to heavy 

abstraction in the Hull area and the extent of the saline intrusion 

is controlled by restricting the rate of abstraction. 

Introduction 

The study area is situated on the east coast of England on the north 

bank of the Humber estuary (Figure 1). The saline front has been 

investigated since 1951 by various authors and regularly monitored by 

the Yorkshire Water Authority. 

This paper presents a review of those studies. 

121 



90 20 

Hornsea 

V'".<ff\"1~;;_-- - ---. 
Beverley & 

30 

20 

0 5 10km 
I It I I I 

90 SE 00 TA 10 

Barmston Drain 
I 

Kingston -j:. 

upon Hull 

I 
I 

.J 

20 

Figure 1. North Humberside- general location map. 
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The study area is underlain by the Chalk which rises to the west to 

164 metres above sea level near the western escarpment. In the east 

it dips under the Quaternary superficial deposits (Drift) and ground 

levels drop almost to sea level east of the city of Kingston upon Hull. 

The landscape of the Chalk outcrop is dominated by a dry valley 

network which dates back to the Tertiary/Quaternary periods and does 

not bear directly on the present-day hydrogeology of the Chalk because 

of a considerable depth to the water table. 

On the eastern edge of the outcrop, the Beverley-Barmston drain 

running on the west side of the river Hull intercepts artesian springs 

and land drainage. This is eventually pumped into the river Hull, 

which itself derives 9~/o of its flow from the artesian springs around 

Driffield in the north and surface drainage from the Drift deposits 

east of the river Hull. 
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The Chalk is a fine grained Limestone of Upper Cretaceous age which 

reaches a maximum thickness of 470 metres in the east of the area. 

The Drift deposits consist of Pleistocene Boulder Clay and Glacial 

Sands and Gravels. These are in places overlain by fluvial sands 

and gravels and alluvium. The Drift deposits reach a thickness of 

40 metres on the east coast. 

Hydrogeologically the Boulder Clay is important as it forms a 

continuous blanket within the Drift deposits overlying the Chalk from 

the coast to the flanks of the Wolds, overlapping the buried coastline 

north of Hessle. Borehole logs suggest that generally it is more than 

4 metres thick. Locally, the Boulder Clay is thin or absent giving 

rise to artesian springs as at Cottingham which have now dried up owing 

to heavy pumping. 

Little can be said about the relationship between the Chalk aquifer 

and the bed of the Humber estuary except that there is a strong 

possibility of the Boulder Clay being absent from considerable areas 

allowing hydraulic continuity to be established between the Chalk and 

the estuary. 

3 Hydraulic characteristics of the Chalk 

On a lithostratographic basis, the East Yorkshire Chalk is divided into 

four formations. Hydrogeologically, only two sub-divisions of the 

Chalk can be recognised, namely the lower Ferriby Chalk Formation which 

is marly, and the upper Welton, Burnham and Flamborough Chalk Formations. 

The last three behave as a single aquifer and are more important 

hydrogeologically than the Ferriby Chalk. 

Groundwater flow and storage in the Chalk aquifer is dominantly within 

bedding planes and joints which have been widened by solution during 

the long-term circulation of groundwater. This secondary permeability 

has developed preferentially in the zone of water table fluctuation, 

the position of which is primarily controlled by the base level to 

which the groundwater must ultimately discharge. 

123 



There is considerable evidence that permeability is layered within 

the Chalk. For example, at Cottingham Pumping Station in the city 

of Hull there is an adit system up to 1 Km long at 23.86 metres 

below ground level. From the main shaft up to 47.30 Ml/day can be 

pumped during high groundwater levels (May 1941). Another shaft 

and adit system was sunk to 36.57 metres below ground level to increase 

the yield but was abandoned owing to the absence of water at this 

lower level. No connection could be established with the original 

shafts, bores and headings. 

Foster et al. (1976) have shown from controlled pumping tests in the 

Chalk west of Beverley that the transmissivity of the Chalk doubles 

between low and high groundwater levels and most of the water entering 

the boreholes is obtained from a zone about 7 metres thick. The 

University of Birmingham (1985) have further confirmed this and shown 

in a Chalk groundwater model study that on outcrop Chalk 

transmissivities also approximately double between summer and winter. 

·Owing to the small seasonal head change at the confined springs, even 

more pronounced layering had to be assumed with permeabilities up to 

2500 m/d in the model, in order to reproduce the spring flows. The 

storage coefficient is typically about 1% in the outcrop while it 

varies from 5% to 15% near the artesian springs. 

The movement of groundwater in the Chalk aquifer is mainly horizontal 

and occurring in discrete horizons, with the greatest flow generally 

occurring in the upper 30-40 metres of the saturated zone because of 

preferential fissure development. Therefore, the thickness of the 

aquifer which can be developed is considerably less than that of the 

Chalk itself. 

4 Groundwater Levels 

Figure 2 shows groundwater levels in the aquifer during the drought of 

1976 and the maximum ever recorded level during the spring of 1977 

after exceptional winter recharge. 
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drought August 1976 

and maximum ever, April, 1977. 

During the drought of 1976 the hydraulic gradient between the Chalk 

aquifer and the Humber estuary reversed with a pumping water level 

of 14.11 metres below sea level at Springhead Pumping Station. The 

following winter recharge wiped out this deficit and restored a 

positive hydraulic gradient. 

The cone of depression created by the four major pumping stations 

defined the maximum area of the Chalk contributing groundwater to the 

public supply boreholes. The cone extended north-westwards towards 

a high transmissivity zone. 

A few industrial boreholes less than 1 km from the Humber estuary 

have pumping water levels below OD and induce saline water. These 

boreholes also show a fairly large seasonal variation in chlorides, 

which is further described in section 6. 

125 



5 Evolution of saline waters 

Foster et al. (1976) re-examined the state of groundwater resources on 

the North Humberside with extensive fieldwork involving major and 

minor ion hydrochemical analysis, depth sampling, conductivity logging 

and tritium analysis of 15 water samples. 

were primarily two types of saline water. 

They concluded that there 

First, the connate or old 

formation water in the Chalk of the Holderness area where groundwater 

circulation is sluggish or absent and secondly, recent saline water at 

localised zones on the north bank of the river Humber. There was 

little evidence of ingress of poor quality water from the river Hull 

or from its alluvial deposits. 

Howard (1979) and Burns (1980) have studied the saline waters of South 

and North Humberside respectively using major and minor ion chemistry, 

carbon and tritium isotopes, geophysical logging and depth sampling. 

They concluded that saline intrusion in North Humberside was most 

likely to have occurred at three separate times producing three 

saline chemical types Figure 3) 

90 00 

1,.0 

30 

0 5 10km 
I 1 1 1 ! I 

90 SE 00 TA 

10 zo 

10 zo 

30 1,.0 

lpswichian saline water 

Flandrian saline water 

Modern saline water 

Public supply 
groundwater sources 

30 

Sprin ghead 
Cottingham 
Dun swell 
Keldgate 

NORTH 
SEA 

Figure 3. Distribution of saline hydrochemical water types 
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5.1 Ipswichian saline water 

During the Ipswichian interglacial (c.120 000 BP) the palaeocliffline 

was being cut and the Wolstonian Basement Till overlying the Chalk in 

the Holderness area extensively eroded. At the start of the 

Devensian Glaciation the sea bed level fell and subsequent emplacement 

of Devensian Tills provided a barrier to displacement of saline water 

from the Chalk aquifer. 

These saline waters are characterised by enrichment in sulphate and 

potassium. There is little or no evidence of their having undergone 

ion-exchange reactions and substantial enrichment in iodide and 

strontium; the last attributed to long residence in the Chalk. This 

lends support to the hypothesis, based on the Quaternary history of 

the area, that this body of water represents saline intrusion during 

the Ipswichian interglacial, trapped by the subsequently deposited 

Devensian tills. 

Low natural hydraulic gradients combined with the absence of any 

abstraction and the presence of Boulder Clay above the Chalk has 

precluded any ingress of modern saline water from the river Humber. 

These Ipswichian waters are grouped as Saline Hydrochemical Type I. 

5.2 Flandrian saline water 

During the Flandrian interglacial substantial saline intrusion may 

have occurred during periods of high sea level. This would have been 

restricted to areas where the Boulder Clay had been completely eroded 

from the Chalk surface or considerably reduced in thickness. 

These saline waters from the central Hull area differ from the 

Holderness water in that they appear to have undergone reverse 

ion-exchange of sodium for calcium, and lack enrichment in potassium 

and sulphate. Moderate enrichment of strontium and iodide together 

with tritium and carbon-14 evidence suggests that these waters are 

not the result of modern saline intrusion. From consideration of the 

Quaternary history of the area, emplacement resulted during high sea

level during the Flandrian (2000-5000 BP). 

These Flandrian saline waters are grouped as Saline Hydrochemical Type 

II. 
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5.3 Modern saline water 

The third group is recent saline water from the river Humber, 

identified by tritium and major and minor ion chemistry. Intermittent 

hydraulic connection of the Chalk aquifer and the Humber estuary 

together with heavy public supply pumping since the beginning of this 

century has created reversal of hydraulic gradients and ingress of 

modern saline water at localised points. 

These waters are not enriched in sulphate or potassium, show little 

or no evidence for reverse ion-exchange and are not enriched in 

strontium. These modern saline waters are grouped as Saline 

Hydrochemical Type III. 

6 Temporal salinity variation in the Chalk 
groundwater 

The British Geological Survey first established the extent of saline 

intrusion in the Hull area in May 1951 by chemical sampling. 

Subsequently they carried out further analyses in November 1967 and 

May 1973. These results are discussed by Foster et al.(1976). They 

concluded that by 1951, the saline zone had been firmly established 

and there was little change in the overall situation in 1973. 

Tang (1983) made a surface resistivity survey on limited open ground 

in and around the city of Kingston upon Hull and showed that the saline 

front could be mapped. 

During July 1976, April 1977, September 1977 and November 1978, most 

of the boreholes used in previous studies were re-sampled by the 

Yorkshire Water Authority. The period between August 1976 and 

April 1977 was one of extreme groundwater fluctuation. Reversal of 

hydraulic gradients during extreme low levels (more than 10 metres 

below sea level) did not induce saline water from the Humber estuary 

on a large scale, indicating that the hydraulic continuity with the 

Chalk aquifer is limited. For example, at the Hessle borehole, which 

is only 300m inland from the estuary, the chloride levels fluctuated 

from 262 mg/1 in July 1976 to 4 mg/1 in September 1977. This was also 

true for the boreholes immediately west of the confluence of the rivers 

Hull and Humber. 
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Burn (1980) sampled the same boreholes and showed that there was a 

continuation of the overall stable situation with a slight fall in 

chlorides from the boreholes near the estuary owing to a decline in 

industrial pumping. 

Outside the 50 mg/1 isochlor line, annual variations in chloride are 

generally less than 10 mg/1. Table I shows minimum and maximum 

ever values of chlorides between 1953 and 1983 from three public 

supply boreholes. 

Table I. Temporal variation of chlorides in public supply boreholes 

Pumping Station Distance from Period of Maximum Cl Minimum 

estuary, ill record mg/1 mg/1 

Springhead 3600 1953-1983 40 20 

Cottingham 8200 1953-1983 27 16 

Duns well 8500 1953-1983 35 15 

Cl 

In February, 1986, the boreholes were sampled again by the Yorkshire 

Water Authority for chlorides. 

as shown in Figure 4. 

The overall situation is still stable, 

7 Management of the Chalk aquifer 

From the turn of the century growth in demand for water supply for the 

city of Kingston upon Hull has been met firstly by bringing in additional 

groundwater sources and surface abstraction from the river Hull and 

more recently from the river Derwent which is outside the catchment. 

New and varied abstraction licences issued by the Yorkshire Water 

Authority since 1970 have not permitted any additional abstraction 

when groundwater levels at the public supply boreholes have fallen 

to such levels as to necessitate reduction in pumping elsewhere. 

For example, some abstractors have been required to fit electrodes 

to switch off their pumps when water levels fall to 9m below sea level. 

This situation has been unsatisfactory because in extreme drought 

conditions there is competition for the available groundwater between 

private and public abstractors. 

130 



To meet the further increase in demand, a 33.8km surface pipeline was 

laid from Barmby reservoir on the river Derwent in 1979 to supply 

22.5 Ml/day to the city of Kingston upon Hull. Future increases in 

demand may have to be met by augmenting flows in the river Hull from 

the Chalk aquifer north of the springheads feeding the river Hull. 

A pilot abstraction scheme and a mathematical model have recently 

been completed to assess the feasibility of this scheme. 

In 1979, the Yorkshire Water Authority assessed the groundwater 

resources of the Chalk aquifer of the Hull area and concluded that 

the average natural recharge to the aquifer and actual abstractions 

from the aquifer were broadly in balance. Therefore, this part of 

the aquifer has been designated as fully developed. 

8 Conclusion 

This review paper shows that in the last 35 years the saline intrusion 

front has remained stable. Monitoring and careful regulation and 

management of the abstraction from the aquifer is preventing further 

inland movement of the saline front. 
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