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1.1

INTRODUCTION

CES were commissioned by Deputy Gerard Baudains to carry out an independent
review of a series of reports prepared by the British Geological Survey (BGS) relating
to the availability and quality of water resources on Jersey and to review comments
made on those reports by the Water Diviners and Engineers Association (WDEA) of

Jersey.

This report provides a critique of the reports and compares the findings and
conclusions with calculations carried out on Island water resource by CES to assess
the validity of the BGS conclusions. The critique concentrates principally on the
quantification of groundwater resources on the Island although aspects relating to

surface water and to groundwater quality briefly are considered.

Recommendations are provided for further works considered necessary to clarify

matters of uncertainty identified during the review.

Background information

BGS have been involved in the assessment of the availability of water resources on
the island of Jersey since 1990 following the period from 1988 when rainfall was
below average and water resources on the Island were stressed. A series of reports
have been prepared and are listed in Section 1.3. Several of the reports largely are
repetitive although inconsistencies are present between them. Concerns have been
raised by residents of the Island, in particular the Water Diviners and Engineers
Association (WDEA) that the conclusions of the reports are pessimistic in respect of
the volume of water available for exploitation and are based on inaccurate or
incorrect assumptions. The WDEA also consider that the reports consistently
disregard their assertion that there is an additional source of groundwater to the

Island originating on the French mainland.
The principal conclusions of the studies carried out by BGS are:-

¢ groundwater on the Island is a finite resource under considerable demand.

e approximately 50% of the long term average recharge currently is used as
groundwater abstractions or provides baseflow to surface waters.

¢ the main island aquifer comprises a shallow zone of approximately 25m below
the water table.

o all the groundwater is susceptible to diffuse and point-source surface pollutants
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1.2

because the aquifer is shallow and generally unconfined.

¢ much of the water is polluted to some degree with concentrations of nitrate
commonly significantly above the EC maximum admissible concentration for
drinking water.

¢ the principal source of nitrate pollution of the groundwater is the application of
agricultural fertilisers.

e pesticides are increasingly being detected in the groundwaters.

Information sources

The reports which were reviewed in the water resources assessment are listed below:

Q Hydrogeological and Hydrogeochemical Survey of Jersey. BGS Technical
Report WD/91/15. 1991.

a Jersey Groundwater — Year 2: Further Observations and Groundwater Model.
BGS Technical Report WD/92/22. 1992.

o Jersey Groundwater — Year 3: Further Observations and Potential Sources of
Pollution. BGS Technical Report WD/93/28. 1993.

Q Jersey Groundwater — Year 4: Monitoring and Consolidation. BGS Technical
Report WD/94/53. 1994.

] Groundwater Resources Degradation in Jersey: Socio-Economic Impacts and
their Mitigation. BGS Technical Report WD /96/8. 1996.

a The Jersey Groundwater Study. BGS Research Report RR/98/5. 1998.

o Water Reports by WDEA. July 1999
o The Water Resources of Jersey: An Overview. BGS Report WD 00 28. 2000.
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2.2

GROUNDWATER OCCURRENCE

Introduction

Groundwater can be defined as water contained in underground strata below the level of
the groundwater table ie water within the saturated zone. Most rock types have the
ability to hold groundwater. However, the ability of specific rock types to store and
yield groundwater is dependant on the hydraulic properties of the rock in particular
the permeability (or hydraulic conductivity) and the porosity.

Permeability is defined as the capacity of the rock or sediment to yield water. Major
aquifers such as the Chalk and the Triassic Sandstone of the UK are characterised by
a high permeability which facilitates the movement of groundwater. Rock types
such as granite and other crystalline igneous and metamorphic rocks typically have a
very low intergranular permeability but frequently show an enhanced secondary
permeability imparted by the presence of fractures and fissures. In reality most rock
types, apart from unconsolidated sediments, exhibit both types of permeability.

Porosity is a measure of the pore space in rocks and can be defined as the percentage
of the rock volume occupied by voids. A more suitable term when referring to
aquifer characteristics is effective porosity, which is a measure of the percentage of

interconnected voids which facilitate transient water storage and water movement.

Another important feature of the rock type to consider is the ability of rainfall to
recharge the aquifer, which is a feature of the permeability of the rock.

All of these characteristics affect the volume of groundwater which is held within
and, more importantly, can be abstracted from specific rock types.

The hydrological cycle

Practicality all groundwater originates as rainfall and forms part of the hydrological
cycle. The hydrological cycle is the continuous circulation of water between ocean,
atmosphere and land and can be simplified as a system that takes water from the sea
as vapour, deposits it on land as rain and the rainfall is returned to the sea through
watercourses. In addition to flow via watercourses, water infiltrates the ground and
may reach the water table, thus becoming groundwater. This water moves though

the underground strata at variable speeds (depending on the nature of the rock) and,
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~ where the water table intercepts the ground surface, seeps from the rock to form

springs, provides baseflow to watercourses and, in the case of Jersey, discharges at
the coast as seepages. In Jersey, examples of these seepages can be seen on the beach

in St Ouen’s Bay.

The proportion of recharge which either runs off the ground surface to the surface
water system or infiltrates is determined by the nature of the rock type. For example,
on low permeability materials such as clay, the majority of rainfall runs off. In
contrast, on high permeability deposits such as the sands in St Ouen’s Bay, the
majority of the rainfall infiltrates to form groundwater.

In addition to natural variations in groundwater flow resulting from variations in
rainfall recharge, the hydrological cycle is influenced by man through the abstraction
of surface and groundwater for public and private water supplies and agricultural

uses including stock watering and spray irrigation.

Groundwater flow and storage

The presence of groundwater is reflected in the water table, the level of which is
constantly fluctuating in response to variations in recharge, changes in aquifer
storage and groundwater movement. The range of natural groundwater level
fluctuations is related to the hydraulic characteristics of the rock. Typically in
aquifers with a high intergranular permeability, fluctuations in groundwater level
are subdued compared with an aquifer in which fissure permeability dominates.
Typically aquifers with a high intergranular permeability also have a high porosity A
(in the order of 10% to 20%) hence a high capacity for groundwater storage. In
contrast, aquifers dominated by fissure flow have a low porosity (in the order of 1%)

hence a limited storage to accommodate variations in recharge.

CES’ experience from working on the Ieréey Shale and the St Ouen’s Sand aquifers in
the west of the Island is consistent with this variation in behaviour of the
groundwater level in different aquifer systems. Groundwater level monitoring
results for 1999 and 2000 show a greater fluctuation in the groundwater level in the
Jersey Shale aquifer which is a fissure storage system, compared to the St Ouen'’s
Sand which is an intergranular system. In the Jersey Shale aquifer the water level
over this period fluctucted by approximately 3.8m whereas the water table in the
sand aquifer varied by approximately 2.0m.

The volume of water held in storage within the rock affects the ability of the aquifer
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to withstand periods of minimal or below-average rainfall. Groundwater levels
respond to rainfall events. Typically the higher groundwater levels occur during
late-winter or early spring following recharge over the winter period. The water
level normally falls during the summer period as a result of minimal recharge
reaching a low point in early autumn before rising again in response to increased
reacharge during autumn and winter. The degree of fluctuation reflects the effective
porosity of the aquifer with intergranular aquifers having a higher storage and a
higher capacity to accommodate ‘drought’ events. In contrast, fissure dominated
systems which are characteristic of most of the rock types on Jersey have a much
lower capacity to withstand ‘drought’ events.

CES
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3.1

3.2

AN ASSESSMENT OF GROUNDWATER AVAILABILITY IN
JERSEY

Introduction

As indicated previously in Section 2.1, the capacity of a rock type to store and yield
groundwater depends on the hydraulic characteristics of the rock. Accordingly the
hydraulic characteristics influence the volume of water present as groundwater,

available for abstraction and for baseflow support to watercourses.

Geology

Considering the size of the Island, the geology of Jersey is complex. At least five
major rock types can be identified. Each of these has distinctive characteristics which
control its ability to act as an aquifer. The major rock types are the Jersey Shale
Formation which covers much of the western and central parts of the Island; the
intrusive granite and diorite which crop out in the north western, south western and
south eastern parts of the Island; the Volcanic Group which are present in the central
and north eastern parts; and, the Rozel Conglomerate on the north eastern coast. The
superficial St OQuen’s Sand covers the Jersey Shale and the granite in the west of the
Island.

Each of the units has different hydraulic characteristics which influence the amount
of groundwater recharge. Apart from the sand aquifer, it is considered that the rock
types present on the Island are characterised by fissure flow with the majority of
groundwater held within and transmitted along joints and fractures within the rock.
Experience of the Jersey Shale Formation in the west of the Island has shown
extensive fracturing of the strata particularly in the upper weathered layer. It is
considered likely that on the harder igneous and volcanic rocks, extensive fracturing
is confined to a much thinner weathered zone and to discontinuities within the rock
mass such as faults. Accordingly, it is considered that the amount of groundwater
held within these units is limited to the joints and fractures within the rock.

The St Ouen’s Sand aquifer is a typical unconsolidated aquifer with a high
permeability and porosity. Accordingly the sand aquifer holds a significantly greater

volume of groundwater per unit volume than the other units on the Island.
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3.3

Water balance

In the report by BGS from 1998 (RR/98/5) it is stated that only half of the long-term
mean renewable water resource is used indicating that water supplies are generally
assured unless there is below average rainfall. However, BGS suggest that it is
probable that much of the groundwater available for direct abstraction from
boreholes and wells is already taken and there is little room for further development
before permanent reductions in water levels occur. As a result of the significant
uncertainties in the controlling factors, it is considered that there is little firm

evidence to support this conclusion.

BGS reports have put forward a wide variation of estimates for groundwater
recharge, which appears to have led to some inconsistency and uncertainty. The most
recent published value for groundwater recharge for the Island was 132mm/a,
which compares with a previous minimum value of 30mm/a and a previous
maximum value of 300mm/a. It is considered that the quoted maximum estimate is
incorrect as it exceeds the estimated total effective rainfall figure of 266mm/a. The
value of 132mm/a is based on a catchment study of the area around Trinity which is

situated on rocks comprising the Volcanic Group.

Because of the complexity of the geology of the Island it is considered that the use of
a single recharge value to calculate average groundwater recharge is too simplistic.
To assess the validity of the BGS conclusions regarding the amount of groundwater
recharge, CES calculated the potential groundwater recharge to each of the five

principal rock types on Jersey.

- An estimate of the areal extent of each aquifer was made, as shown in Table 3.1. The

rock types are given the same designations as in the BGS report RR/98/5 (1998) for
clarity.

Table 3.1  Area of individual rock types

Aquifer Area (km?)
Jersey Shale Formation 27
St Ouen’s Sand Aquifer 7
Granite/diorite 42
Volcanic Group 36
Rozel Conglomerate Formation 5
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Average rainfall for the Island varies between 775mm/a on the west coast to
925mm/a in the north east with a long term average annual rainfall for the Island as
a whole for the period 1968 to 1996 of 884mm. Effective rainfall is the amount of
rainfall available for aquifer recharge once evaporation losses have been satisfied.
The average annual actual evapotranspiration over this period was 618mm. This

provides an average annual effective rainfall of 266mm.

Based on professional experience and knowledge of the properties of two of the
aquifers on Jersey, an estimate of the amount of effective rainfall that will infiltrate to
form groundwater can be made. This is called the infiltration coefficient. An
assessment of the amount of groundwater recharge can be made using the following

equation:

surface area of aquifer x (effective rainfall x infiltration coefficient)

= groundwater recharge

The infiltration coefficient varies depending on the properties of each rock type. An
assumption of the infiltration coefficient has been made for each aquifer and is
shown in Table 3.2. The Table also shows the results of the calculations to estimate
the total average annual volume of groundwater recharge on the Island. This is an
average value which will vary between individual years in response the variations in

actual rainfall and evaporation.

The infiltration coefficients have not been modified to take account of the built up
areas where percolation to the water table is impeded by hard surfaces and
intercepted by storm water drainage systems. It also should be recognised that the
calculations do not consider the potential for additional recharge as a result of

leaking water mains and sewers.

Table 3.2  Groundwater recharge

Aquifer Infiltration factor Recharge (Mm?/a)
Jersey Shale Formatibn 25% 1.80
St Ouen’s Sand Aquifer 90% 1.68
Granite/diorite 10% 1.12
| Voleanic Group 10% 0.96
Rozel Conglomerate Formation 20% 0.27
Total 5.81

The estimated total groundwater recharge is 5.81Mm3. This is equivalent to an
infiltration rate over the whole Island of 50mm per year. This value is significantly
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lower than the groundwater recharge proposed by BGS of 132mm/annum. The
calculation was repeated by varying the infiltration coefficients.

" The infiltration coefficient was doubled for each aquifer apart from the St Ouen’s

Sand for which the coefficient was increased to 100% ie all effective recharge
infiltrates to form groundwater. Using the revised infiltration coefficients gives a
total annual recharge of 10.13Mm3, equivalent to an infiltration rate of 87mm/a.
Based on our experience of assessing aquifer recharge, it is considered highly
unlikely that infiltration coefficients exceed those used in the revised calculation.
Accordingly, it is considered that average annual groundwater recharge does not

exceed approximately 10Mm3 (86mm/a), a value within the range quoted by BGS.

Based on the recharge calculations, it is considered that the average annual recharge
to groundwater on the Island is in the range 6Mm® to 10Mm’. This volume of
groundwater is available for abstraction and baseflow support to watercourses on
the Island.

Apart from information provided by Jersey New Waterworks Company Limited,
presented in Appendix 1, there is no accurate information on the volume of water
abstracted on the Island. For the period 1986 to 1997, the total annual volume of
water supplied by the Company varied between 5.747Mm?3 in 1990 and 6.994Mm?® in
1997. Of this total, direct abstraction from groundwater sources varied between
0.082Mm?3 (1.2%) in 1994 and 0.436Mm3 (6.4%) in 1996. In the BGS reports, it is
estimated that the demand on groundwater as baseflow to support surface water

abstractions for public supplies is approximately 3.5Mm? per annum.

Based on information contained in the BGS reports, it is understood that there are
between 4000 and 4500 private wells and boreholes in use on the island principally
for agricultural and domestic uses. There is little information on the volume of water
abstracted from these sources. An estimate on the likely volume abstracted has been
based on a small sample (1.7%) of the sources, which were equipped with water
meters during the 1989 drought. This data has been extrapolated to provide an
estimated private annual groundwater use of 3.6Mm3. Considerable caution should
be exercised when using this estimate. However, currently no alternative

information is available.

Using the available information, it is calculated that on average approximately
7.5Mm? of groundwater is abstracted for public water and private use. If this figure
is accurate, it implies that abstraction exceeds the lower end of the estimated volume
of groundwater recharge (Table 3.1) hence there should be a trend of declining water

levels and instances of sources failing. We are not aware of any evidence or reports
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of sources failing as a result of declining water levels. Such instances strongly are
denied by WDEA who, it is considered, have extensive local knowledge on these
matters as the body includes the main water well driller on the Island.

Accordingly, if the total groundwater abstraction volume of 7.5Mm? is accurate, it is
concluded that the average annual groundwater recharge is in excess of this figure
and that the average annual groundwater recharge is in the range 7.5Mm3 to 10Mm?3.
Recharge in excess of 7.5Mm? provides baseflow to other surface watercourses on the
Island or discharges at the coast. A more detailed appraisal of the water balance is
not possible due to the absence of accurate figures on private groundwater
abstraction and of information on long term variations in groundwater levels for the

main aquifers on the Island.

Groundwater inflow from France

Strong suggestions have been made by the WDEA of Jersey that there is additional
groundwater recharge to the Island by deep-seated flow from France approximately
25km east of the Island. These suggestions have in part been based on the
identification by divining of east-west trending lines of groundwater flow in the Fort
Regent area and in the southern part of St Clement. Both areas are underlain by
igneous rocks in which groundwater movement is principally through fissures hence
the identification of preferential linear groundwater flowpaths is not unexpected.

Classical island hydrogeology suggests that fresh groundwater, recharged by
incident rainfall, is present as a lens sitting above the more dense saline
groundwater. Based on our knowledge of the geology and hydrogeology of Jersey, it
is considered that there is no evidence to suggest a different hydrogeological

situation.

There are many instances of extensive groundwater flow, including the movement of
fresh groundwaters beneath the sea. However, these examples refer to specific
hydrogeological conditions in particular where an aquifer dips beneath the sea from
a recharge area on the mainland and where the aquifer is present beneath a cover of
low permeabilty deposits. The groundwater is confined which restricts the ingress of
saline water to the aquifer. However, it is likely that over time diffusion of the saline

water will result in the deterioration in groundwater quality.

There is no confined aquifer present on Jersey or in the immediate vicinity which
could provide a flowpath for groundwater flow from France. However there is a

CES
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remote possibility of a fissure connection between the Island and the mainland. In
this event and with a driving head of water from the point of recharge on the
mainland there is potential for water movement. However, it is considered that any
water moving along this route will be in contact with the sea hence will be saline and
will not provide an additional source of fresh groundwater recharge to the Island.

CES 11
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CONCLUSIONS

]

Water resources on Jersey are finite as a result of the size of the island. The
volume and availability of groundwater resources on the island of Jersey are
dependant on the relationship between recharge to groundwater from rainfall
and abstraction for public and private supplies.

Several studies undertaken by BGS have provided variable and inconsistent
estimates of the volume of groundwater resources. Published estimates of
annual recharge vary from 30mm (3.5Mm?3) to 300mm (34.8Mm?3).

As a result of the complexity and differences in the hydraulic characteristics of
the rocks on the Island, it is considered that use of a single recharge value is
inappropriate. Calculations based on recharge to the five main rock units on the
Island give a range of annual average values for groundwater recharge between
approximately 6Mm?3 and 10Mm?3, between 50mm and 87mm per annum. It is
considered unlikely that average groundwater recharge exceeds 10Mm?3 per

annum.

There is very limited information available on the volume of groundwater
abstracted from the Island’s aquifers. The only reliable information is provided
by Jersey New Waterworks Company for their borehole abstractions which
comprise less than 7%, approximately 0.4Mm3 of the water abstracted for public
water supply. It is estimated that approximately 3.5Mm3/a of water abstracted
for public water supply from surface water sources is groundwater inflow to the
watercourses. In addition, there is no reliable data on the volume of water
abstracted from up to 4500 private wells and boreholes on the Island. A value of

3.6Mm3 per annum has been used by BGS in their assessments.

If the two values for groundwater support to surface waters and for private
abstractions are accurate, the total volume of groundwater abstracted for public
and private use (7.5Mm?) exceeds the lower limit of the estimated range of
recharge, implying that there should be a trend of declining water levels and
possible instances of failing water supplies. As there appears to be no evidence
for such events, it is concluded that the average annual groundwater recharge is
in excess of 7.5Mm3. Alternatively, if the figures for baseflow support and
private groundwater abstraction are significant over estimates, the lower

estimated recharge value may be realistic.

In the absence of information on variations in groundwater levels over a long
period of time it is not possible to confirm whether there is a trend of declining

CES
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groundwater levels on the Island.

o It is considered unlikely that there is an additional source of fresh groundwater

recharge to the Island from the French mainland.

In summary, it is concluded that currently there is no evidence of stress on the
groundwater resources of the Island. However, it is not possible to state with
any degree of certainty that there is a surplus of groundwater resources which is
adequate to meet the effects of any prolonged period of reduced recharge. It is
concluded that the comments made by BGS in their 1996 report (WD/96/8)

represent the best summary of the current situation:-

‘In summary, there appears to be no deficit in the water-balance at present. Current
discharges from the groundwater system amount to between 50% and 100% of the
estimated annual renewable resource. Although the margins of uncertainty in the
estimation of abstraction and recharge are large, problems of physically unsustainable
use, that is where abstraction exceeds recharge, are probably only significant in the short
run during periods of ‘drought’” and in particular localities, rather than posing a longer
term threat for the Island as a whole.’

CES
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RECOMMENDATIONS

@)

)

Because of the finite nature of water resources on the Island, it is considered
important that sufficient baseline information on groundwater levels is
available to facilitate long term planning in respect of water resources. It is
recommended that a network of monitoring boreholes is commissioned on
each of the main aquifers of the Island to allow trends in groundwater levels
to be identified. To reduce costs, wherever possible existing disused or

geotechnical boreholes should be used.

The long term management of water resources on the Island will be enhanced
if reliable information on the volume of private water abstraction is obtained.
It is recommended that additional information on water usage is collected
from the larger private industrial, leisure and agricultural abstractions to

facilitate a more rigorous water balance calculation.

CES
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APPENDIX 1
PUBLIC WATER SUPPLIED BY JERSEY NEW WATERWORKS COMPANY
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