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EXECUTIVE SUMMARY
Following the introduction of the Flood and Water Management Act (2010), the responsibility
for managing flood risk from groundwater has transferred from the Environment Agency (EA)
to the Lead Local Flood Authority (LLFA), which in Northamptonshire is the County Council.
However, groundwater flood risk is generally less well understood at a local level compared
with surface water and fluvial flood risk. Therefore, there is a need to improve the
understanding of the risk from groundwater flooding in the county.
Surface water and fluvial flooding are widespread and present a hazard to life, due to high
flood depth and velocity, with a common duration extending over several days. Groundwater
flooding generally presents less risk to life but its extended duration, over several weeks to
months, can have significant economic impacts due disruption to transport and business,
plus greater damage to building fabric.
ESI was instructed by Northamptonshire County Council (NCC) in February 2015 to
undertake an assessment of groundwater flooding in Northamptonshire. Four main
objectives were defined:
-

Objective 1: Identify the areas of the county at highest risk of groundwater flooding
and spring emergence;

-

Objective 2: Examine rainfall patterns and antecedent conditions that may result in
groundwater flooding in the highest risk areas of the county and inform on potential
warning systems for groundwater;

-

Objective 3: Provide information of appropriate methods for mitigating groundwater
flooding, including resistance and resilience measures;

-

Objective 4: Evidence for the Local Planning Authorities in Northamptonshire to use
in plan making and assessment of planning applications for flood risk implications.

To deliver these objectives, ESI built upon the knowledge gained from work in assessing
groundwater flood risk across the county obtained during development of the ESI
(GeoSmart) National Groundwater Flood Risk Map. Information on the local geology,
topography, rainfall, groundwater and river levels was then collated to support an
assessment of the different mechanisms of groundwater flooding and the potential to predict
future incidents. The project was focussed on a review of the historic records of flooding,
although these data were found to be limited in extent. Flood reports have been collated
since 2007, although more consistently from 2012 onwards. During this time there were
reports of groundwater flooding in the NCC area in summer 2012, winter 2012/13 and some
in winter 2013/14. From 2307 reported incidents, approximately 3% were reported as
associated with groundwater. Approximately 41% are of unknown origin, a proportion of
which could be groundwater related.
The importance of groundwater flooding at the county scale was assessed. Three main
mechanisms of groundwater flooding were identified:
-

Flooding via Permeable Superficial Deposits (PSD): occurs in permeable formations
located next to a flood plain when the river levels are high. The Nene valley is the
prime location of this flood mechanism.

-

Flooding via high spring flows: the geological context of the county gives rise to
numerous springlines. Along these can be present permanent springs and when
groundwater levels are high, new springs can emerge from the preferential discharge
points of the aquifers.

-

Flooding via high bedrock groundwater levels: long periods of high recharge
conditions can cause the groundwater levels in a bedrock aquifer to rise to the point
that they emerge, usually in areas of low topography. This is rare in the county as
Jurassic Limestone bedrock aquifers are of minor importance.
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The Groundwater Flood Risk (GWFR) from these three mechanisms was mapped for an
indicative 1% annual probability and two GIS layers were produced:
-

A 5m x 5m map classifying the GWFR in six categories: Very High, High, Moderate,
Low, Very Low and Negligible.

-

A supporting layer indicating the mechanism causing the GWFR.

These maps are primarily intended to be a support for planning and development. The
maps are screening tools and do not mean that groundwater flooding will occur across the
whole of the identified risk areas. The maps represent a precautionary approach assuming
the county could be subject to more extreme groundwater flooding than yet recorded.
Approximately 79% of the county is considered to be at a negligible risk of groundwater
flooding.
Site visits were undertaken to three areas of known groundwater flooding (Great Billing and
Brackenhill Close in Northampton; and Wollaston). These helped to identify the groundwater
flood mechanisms, ground truth the results of the groundwater flood risk mapping, assess
potential generic flood mitigation measures that may be successful in Northamptonshire and
inform the cost calculation of flood damages. The groundwater risk mapping indicates that
the sites were in or near areas potentially susceptible to spring emergence. There is
potential for minor intermittent groundwater flood risk at some points (but not all locations)
along the spring line. Local factors led to focused discharge affecting a small proportion of
the properties at risk, but also infiltration to subsurface services (e.g. sewers) may go
unobserved. Design of the development such as steep embankments and flow routes
through the property also affected the flood risk. Diffuse seepage through the overlying
superficial deposits has the potential to emerge a significant distance down gradient of the
geological boundary.
Calculations of damage costs associated with groundwater flooding in the county were
undertaken at a strategic level by applying the EA’s Weighted Average Annual Damage
(WAAD) approach. Approximately 85,916 properties were identified as potentially at risk of
groundwater flooding. Assuming 5% of these properties were affected, a WAAD value of
£2.4 to £4 million was estimated for the county. Approximately 75% of the wards have total
WAAD values of £20,000 or less indicating a low exposure to potential ground water
flooding. The maximum WAAD of £132,000 to £231,000 was estimated for St. James Ward
in Northampton. The appraisal identified fifteen wards where priority action is recommended
to develop a high level strategy for mitigating against potential groundwater flooding and
informing future development scenarios. These wards are: St. James, Weldon and Gretton,
Spencer, West Hunsbury, Finedon, Kingsley, Lyveden, Parklands, Castle (Northampton),
Irthlingborough, Waterloo, Blisworth and Roade, Deanshanger, Queen Eleanor and
Buccleuch, Brafield and Yardley, Nene Valley.
During surface and ground water flood incidents communication links, especially roads, are
amongst the first receptors to be affected. A high level study of the effect of flooding on road
networks was undertaken for the prioritised wards to assess the potential cost of road
closure. The maximum annual average total cost per kilometre of road was estimated to be
£138,000 for the Castle Ward (Northampton).
A site specific assessment is recommended for proposed development in areas of potential
groundwater flood risk. In some instances mitigation may be necessary; the design of this
depends on the source of the groundwater. Dependent on flood depth, discharge and
duration, a range of mitigation options, are discussed within the report that include: avoid
development in risk areas (which may be limited to low-lying parts of the site); raising floor
levels; tanking and waterproofing; sump and pump systems; interception drainage; physical
flood barriers.
A series of recommendations are made for a groundwater flood forecasting system which
could eventually lead to an early warning service. Threshold values have been derived
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based on groundwater levels, river flow and rainfall that would allow advanced warning of
groundwater flooding. Observation borehole groundwater data are not available in the
county from either the EA or NCC. Representative groundwater level data were therefore
obtained from an adjacent borehole in the Lincolnshire Limestone. Statistical analysis and
correlations between the flood incidents reported to NCC, the medium-term rainfall,
groundwater levels and baseflow were undertaken.
Groundwater flooding from the bedrock aquifers and high spring flow may occur if the
groundwater levels at Pickworth Plain borehole exceed 72.3 mAOD or if the base flow at the
Slade Brook gauge exceeds 1.15 m3/s. The duration of the flooding is estimated to be
between two to three weeks. Groundwater flooding via permeable superficial deposits may
occur if the river stage at the Wansford gauge (on the river Nene) exceeds 9.5 mAOD. The
duration of the flooding is estimated to be approximately a week.
Groundwater flooding may occur somewhere in the county over several months (i.e. the
whole winter), as suggested by the flood records. The return period of the worst period of
groundwater flooding recorded (winter 2012/13) was about 1 in 10 years, which is a
relatively frequent flood. Therefore records are not available of the potential extent of
groundwater flooding which may occur for events with an annual probability of 0.01 or 0.001
(1 in 100 and 1 in 1000 year return periods).
There are no monitoring wells in the county, but Pickworth Plain borehole monitors the
Lincolnshire Limestone about 7 km to the north west of Stamford. To make this suitable for
an early warning system, liaison is required with the EA for installation of a telemetered
system. Daily measurements of groundwater level are needed tos reliably forecast the
timing of the onset of groundwater flooding. A groundwater level threshold of 69.44 mAOD
would provide a five-day warning (although this may require modification to reduce false
alarms).
A secondary indication of increased groundwater flood risk can be provided based upon a
cumulative rainfall threshold at Orlingbury gauge of 226 mm for the antecedent 60-day
rainfall and 295 mm for the antecedent 90-day rainfall. This could either be integrated within
NCC’s existing rainfall monitoring and data management system, or ESI could provide
suitable software. Commercial groundwater forecasting services are available and could be
assessed for the county providing access to the results and warnings to NCC, on a
subscription basis. Once the threshold and monitoring system is in place, a decision would
be required by NCC on the service level of the warning system.
Significant improvements to the advance warning system can be made by installing new
monitoring wells within the county. Borehole specifications are set out to provide
representative coverage of risk including priority areas identified during the study. Three
monitoring boreholes are recommended: a borehole in the Blisworth Limestone in the north
western part of Wellingborough and/or east of Kettering; a borehole in the Northampton
Sand in the vicinity of Northampton; and a borehole in the Lincolnshire Limestone, west of
Corby. The combined cost of the new boreholes including the telemetry system is estimated
to be £ 34 000 to £ 43 000.
Guidance was developed for planners and a workshop scheduled to disseminate the project
findings and provide training on the use of the groundwater flood risk mapping and the
supporting data. Practical information was prepared for distribution to the public on
mitigation measures and how to recognise groundwater flooding.
The study has culminated in a series of recommendations and action points to be carried
forward at both strategic and site specific scales including: distribution of planning guidance
on the appraisal of groundwater flood risk; providing public guidance on the appraisal of
groundwater flood risk; recommendations for further area specific assessments and options
appraisal; development of groundwater flood risk forecasting; improved groundwater flood
incident recording; review of the implications of groundwater on sewer flooding.
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INTRODUCTION
Background

Following the introduction of the Flood and Water Management Act (2010), the responsibility
for managing flood risk from groundwater has transferred from the Environment Agency (EA)
to the Lead Local Flood Authority (LLFA), which in Northamptonshire is the County Council.
However, groundwater flood risk is generally less well understood at a local level compared
with surface water and fluvial flood risk. Therefore, there is a need to improve the
understanding of the risk from groundwater flooding in the county.
Surface water and fluvial flooding are widespread and present a hazard to life, due to high
flood depth and velocity, with a common duration extending over several days. Groundwater
flooding generally presents less risk to life but its extended duration, over several weeks to
months, can have significant economic impacts due disruption to transport and business,
plus greater damage to building fabric.
ESI built upon the knowledge gained from work in assessing groundwater flood risk across
the county obtained during development of the ESI National Groundwater Flood Risk Map.
The project was focussed on a review of the historic records of flooding, although data was
found to be limited in extent. An assessment of the overall importance of groundwater
flooding at the county scale was required along with recommendations for priority actions.
Collation of detailed information on the geology, topography, rainfall, groundwater and river
levels was necessary to support an assessment of the different mechanisms of groundwater
flooding and the potential to predict future incidents. A map to support planning was needed
showing the areas at risk of groundwater flooding across the county, along with guidance on
potential mitigation measures.
1.2

Scope and Objectives

ESI was instructed by Northamptonshire County Council (NCC) in February 2015 to
undertake an assessment of groundwater flooding in Northamptonshire. The purpose of the
study was to provide:
Objective 1: Identification of the areas of the county at highest risk of groundwater flooding
and spring emergence;
Objective 2: An indication of the rainfall patterns and antecedent conditions that may result
in groundwater flooding in the highest risk areas of the county, plus information
on warning systems for groundwater;
Objective 3: Information relating to appropriate methods for mitigating groundwater flooding,
including resistance and resilience measures;
Objective 4: Evidence for the Local Planning Authorities in Northamptonshire to use in plan
making and assessment of planning applications for flood risk implications.
A key part of the study was to identify the potential duration of groundwater flooding
incidents which can result in significant damage to buildings, road closures and extended
disturbance to business and local communities. The number of residential and business
properties potentially at risk of groundwater flooding was estimated based on the mapping
and an economic appraisal was made of the potential costs associated with this to inform
future investment decisions.
A workshop event was proposed to disseminate the project findings and provide training on
the use of the groundwater flood risk mapping and the supporting data that lies behind it.
Site visits were undertaken to areas of known groundwater flooding to identify the
groundwater flood mechanisms and ground truth the results of the groundwater flood risk
mapping. The site visits were to be used as the basis for assessing potential generic flood
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mitigation measures that may be successful in Northamptonshire and to inform the cost
calculation of flood damages. Recommendations were requested for installation of
additional monitoring wells with a telemetry system and trigger levels to provide advance
warning of potential groundwater flood incidents. The local relationships between river
gauging station data and flooding of permeable superficial deposits were assessed as a
potential basis for groundwater flood forecasting.
1.3

Report Structure

Available data are reviewed in Section 2. This presents the hydrogeological context and
mechanisms giving rise to groundwater flooding in the county. Spatial and temporal
distribution of historical flood incidents were also reviewed to provide a context to the
mapping of groundwater flood risk.
The methodology leading to the identification of groundwater flood prone areas
(Groundwater Flood Risk Map) is described in Section 3. The different categories of
groundwater flood risk and their implication in a planning context are further described in
Section 4.
Data from river flow and rain gauges installed across the county as well as monitoring
boreholes in the Lincolnshire Limestone (outside of the county) have been used to develop a
methodology for estimating groundwater level rises. The local relationships between river
level gauging station data and flooding of permeable superficial deposits have also been
assessed as a potential basis for groundwater flood forecasting. This is presented in
Section 5.
A key part of the study is to identify the potential duration of groundwater flooding incidents
which can result in significant damage to buildings, road closures and extended disturbance
to business and local communities. An assessment of the economic impact is presented in
Section 6.
Following on from the groundwater flood risk mapping (Section 3), the data review in relation
to historical flood incidents (Section 5) and the damage cost analysis (Section 6),
recommendations for the installation of additional monitoring wells are made in Section 7. A
telemetry system is proposed to provide advance warning of potential groundwater flood
incidents to communities at risk.
Groundwater flooding is often localised and difficult to deal with, but mitigation of its effects is
generally possible. It can reduce the incidence and consequences of groundwater flooding,
particularly at the design stage when it can often be provided at little or modest cost.
Mitigating for groundwater flooding in existing property is usually more difficult and in some
cases may be uneconomic. Recommendations and estimated costs for methods to mitigate
groundwater flooding, at a planning stage or to existing properties, are presented in
Section 8. The findings of the study are summarised in a series of recommendations and a
proposed action plan (Section 10).
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CONCEPTUAL UNDERSTANDING

The county of Northamptonshire (Figure 2.1) covers an area of 2,367 km2. The county is
bisected by the River Nene which flows generally north eastwards past the county town of
Northampton. The River Welland flows along the northern county boundary and the Rivers
Tove and Great Ouse drain the southern section of the county.
2.1

Flooding Context

Both the North Northamptonshire Flood Risk Management Study 2012 and West
Northamptonshire Strategic Flood Risk Assessment 2009 found that the main sources of
flooding within North Northamptonshire are fluvial and surface water, and within West
Northamptonshire it is fluvial. The risk of groundwater flooding was generally found to be
low however consideration of the potential effects of groundwater flooding should be made
as part of any site-specific flood risk assessment. In some areas (Kettering, Corby and East
Northamptonshire) sewer flooding was also identified as an (localised) issue.
With the impact of future climate change, the risk in terms of fluvial flood risk is set to
increase, highlighting the importance of strategic flood attenuation measures and
incorporating sustainable drainage systems (SuDS) with new development. The effects of
climate change may also place further pressure on sewer systems with predictions of milder
wetter winters and increased rainfall intensity in summer months. This combination is likely
to result in more frequent sewer flooding and may require increased treatment capacity (to
be assessed in line with new development); reflected in Water Cycle Strategies undertaken
across the county. It is noted that groundwater flooding could play a significant role in
reducing the capacity of SuDS systems and sewers in critical periods when groundwater
levels are high.
There is a history of flooding in Northamptonshire, with the two most significant events in
recent years occurring on 10 April 1998 and 21st November 2012, both after heavy rainfall
fell on already saturated ground in the county. In April 1998, Northampton and the
surrounding areas were flooded due to very heavy rainfall, channel exceedance, flood
defence malfunction, surface water flooding and canal overtopping. An estimated 4,200
properties were affected causing over £75 million worth of damage. Many of these
properties were commercial properties and critical infrastructure was also affected. Towns,
villages and agricultural land in Northamptonshire were severely damaged by the flooding.
In the town of Northampton alone, over 2,500 properties were flooded, two people died and
150 people were treated in hospital for flood related injuries and hypothermia. The worst
flooding was in the St James and Far Cotton areas. It is noted that in later sections of this
report St James Ward and Far Cotton are identified as at high risk of significant economic
impact from groundwater flooding.
As a result of the major Easter 1998 floods, the flood defences through central Northampton
were upgraded and now provide the town one of the highest design standards of protection
in the country. Further work to improve defences was additionally undertaken elsewhere on
the River Nene.
A total of 20-30mm of rain fell across the county on 21st November 2012 with some parts
getting as much as 40mm, causing widespread surface water and fluvial flooding. A further
approximately 20mm of rain fell on the night of 24th November 2012, which resulted in
further flooding across the county. A total of 342 flood incidents were reported across the
county during the last two weeks of November 2012. Of these incidents, it is believed that
approximately 140 properties were affected internally by flooding. The flooding was mainly
as a result of heavy rainfall, sewer incapacity, channel exceedance and agricultural runoff.
2.2

Hydrology

The main river is the River Nene which rises at Arbury Hill (NGR SP 542 595) and runs
eastwards to Northampton to then deviate and flow in a north east direction. The River
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Nene exits the county after the village of Yarwell, 100 km downstream of its source
(NGR TL 074 991). The main tributaries of the river Nene in Northamptonshire are:
•

•

The Harper’s Brook which originates north of the village of Desborough
(NGR SP 805 850), flows eastwards on 12 km, passing south of the town of Corby,
then deviates to flow 15 km towards the south east and join the River Nene north of
Thrapston (NGR SP 016 823).
The River Ise originates north of the village of Naseby (NGR SP 680 795), flows
14 km eastwards, parallel to the Harper’s Brook until the village of Geddington where
it veers off to the south for 15 km, through Kettering and joins the River Nene at
Wellinborough (NGR SP 907 672).

The River Tove is a tributary of the River Great Ouse. It rises north of Greatworth
(NGR SP 551 439), flows to the east for 24 km and then to the south for 4km along the
border of the county. It flows out of the county south of Cosgrove (NGR SP 801 242).
Other rivers run along the boundaries of the county:
•
•
•
•

The River Welland forms the northern boundary of the county on c.60 km.
The county includes the headwater of the River Avon on the west.
The River Cherwell runs north to south along the south west boundary of the county.
The River Great Ouse runs on a west east direction, south of the county.

The Grand Union Canal flows on 60 km, south to north, across the county, west of
Northampton. The Canal is linked to the River Nene by the 8 km long Northampton arm
which flows from Grayton Junction to Northampton. At Whilton, the canal reaches the
bottom of the Buckby flight of seven locks which raise it to Braunston summit. Beyond the
top lock is Norton Junction (NGR SP 603 657) where the Leicester line heads off north. A
few miles further on the canal passes through the 1865 m Braunston Tunnel, which pierces
a low range of hills that are part of the Northamptonshire uplands.
2.3

Topography

The Hills of Northamptonshire rise on the east of the county and are dominated by Arbury
Hill, at 225 mAOD. Newham Hill and Borough Hill are both slightly over 200 mAOD. The
Hills are c. 150 mAOD and source several tributaries of the River Nene. The River Nene
exits the county at its lowest elevation of 9 mAOD. The topographical context of the county
is shown on Figure 2.2.
2.4

Groundwater Flooding in Northamptonshire

A record of 2307 historical flooding incidents in the county has been provided by NCC. At
most, the details1 of each flood incident include the location, a brief description, date,
recurrence, duration, source (main and additional), and level of confidence. These are
summarised by main identified source in the illustration below.

1

Details relevant for this study
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NCC’s historical flood incidents shown by main identified source

Only 54 (2%) of these flood incidents are reported to be associated with groundwater and
only one incident is shown as being a spring issue. However, following our more detailed
review of information associated with the flooding incidents, 65 (2.8 %) are flagged as
potentially associated with groundwater, amongst which, 29 (1.3 %) may be spring related.
These flooding incidents recorded as being of groundwater or spring origin are shown on
Figure 2.3. An estimated 78% of the flooding incidents were reported outside the
Environment Agency fluvial Flood Zone 3. A large number (41%) of the recorded incidents
are of unknown origin, a proportion of which could be groundwater related. Approximately a
third of the flooding occurrences of unknown source were recorded within a 100 meters of
potential spring line locations associated with geological contacts between high and low
permeability formations.
A total of 85% of the flood incidents are dated, and it is noted that most of them were
recorded in the recent years (since 2012), as shown on the illustration below. The records
are limited for 2001 which had a significant occurrence of groundwater flooding on a national
scale, but some information is available from 2007 and the recent 2013/14 groundwater
flooding event.
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Historical flood events shown by year

The data is too inconsistent to allow frequency analysis of spring or groundwater induced
flood incidents and discharge rates for these occurrences are not available.
It is to be noted that while flooding occurred at these locations, there are uncertainties on the
causes that can include local anthropogenic influences, such as modifications of the
landscape restricting natural drainage, and the severity is subjective. Groundwater flooding
can also be difficult to identify, flooding via permeable superficial deposits (Section 2.9.1)
can be mistaken for fluvial flooding and both processes can occur in combination. The
record is non extensive, both in time, as most of the dated events have occurred in the
recent years, or space, as incidents are most likely to be reported in densely populated
areas. Therefore, the repartition of reported flooding incidents has to be seen in proportion
to the density of population. Further information on the analyses of the historic data is
provided in Appendix A.
To summarise, the reported incidence of groundwater flooding is small (2.8%), however,
there is a need to limit the trust put in these recorded floods because:
•

Potentially, groundwater flood incidents have occurred without being reported

•

Consistent records have only been kept since 2012, some limited data are available
from 2007 onwards

•

There is uncertainty on the groundwater origin of many flood incidents
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A web search was unsuccessful in identifying additional information on periods and locations
of historic groundwater flooding.
2.5

Geology

The geology of the county is presented on Figure 2.4 (superficial) and Figure 2.5 (bedrock).
2.5.1

Geological succession

The geological succession summarised in the table below was compiled from the following:
•

Wellingborough, England and Wales Sheet 186, Bedrock and Superficial Deposits,
1:50000 (BGS, 2007)

•

Northampton, England and Wales Sheet 185, Solid and Drift, 1:50000 (BGS, 1990)

•

Kettering, England and Wales Sheet 171, Solid and Drift, 1:50000 (BGS, 2002)

•

Towcester, England and Wales Sheet 202, Solid and Drift, 1: 63360 (BGS, 1969)
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Geological succession

Epoch

Age

Pleistocene Holocene

Previous
names

Holocene

Alluvium

Glacial Deposi River Terrace Deposits

Alluvial fan deposits

Great Oolite Gp

Middle

Callovian

Ancholme Gp

Oxfordian

Nene Valley F.

Ouse Valley F.

First River
Terrace
Ecton Mb
Grendon Mb
Felmersham
and Radwell Mb
Stoke
Goldington Mb

Biddenham Mb
Gaciofluvial deposits
Gaciofluvial deposits
Oadby Till

Inferior Oolite Gp

Bathonian
Toarcien

Hydrogeological
significance

Second Terrace
Third Terrace
Sand and gravel
Clayey sand
Diamicton
Diamicton

Grey mudstone

up to 50 m

Non-aquifer

Fine-grained sand and
sandstone

3-5m

Minor aquifer

Dark grey mudstone

1.5 - 3 m

Non-aquifer

Cornbrash F.

Shelly limestone

0.3 - 3 m

Minor aquifer

Blisworth Clay F.

Mottled mudstone

0.7 - 6 m

Non-aquifer

Blisworth
Limestone F.

Shelly limestone and
mudstone

4-9m

Aquifer

White Limestone
Formation

Lincolnshire
Limestone F.

Bladon Mb

Blisworth
Limestone

Mudstone and finegrained limestone
Limestone, fine-grained
with beds of mudstone

Wellingborough Upper Estuarine
Mudstone with limstone
Limestone Mb Series
and sandstone beds
Stamford Mb
Upper
Ooidal, peloidal and
Lincolnshire
shell detrital limestone
Limestone
Lower
Ooidal, peloidal and
Lincolnshire
shell detrital limestone
Limestone

0 - 15 m

Non-aquifer
0 - 12 m

Aquifer

0 - 12 m

Aquifer

Minor aquifer

Northampton
Sand F.

Northampton
Sand
Sandy, ooidal ironstone
Northampton
Sand Ironstone

0 - 20 m

Aquifer

20 - 65 m

Non-aquifer

0-3m

Aquifer

3 -30 m

Non-aquifer

50-178 m

Non-aquifer

Dyrham F.
Charmouth
Mudstone F.
Blue Lias

Unconformity
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Aquifer

Lower Estuarine Sandstone, siltstone and
0-8m
Series
mudstone

Mudstone with nodular
limestone bed at base
Shelly, Ooidla,
ferruginous limestone
Siltstone and Mudstone
Mudstone with thin beds
and nodules of
limestone

Springs

0-18 m

Grantham F.

Whitby Mudstone
F.
Lias Gp

Hettangian to
Plienbachian

Lower

Sand and gravel

laminated clay and silt

Marlstone Rock F.
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First Terrace

Glaciolacustrine deposits
Peterborough
Mb
Oxford Clay F.
Stewartby Mb
Weymouth Mb
Kellaways Sand
Mb
Kellaways F.
Kellaways Clay
Mb

Rutland F.

Aalenian

Thickness

First Terrace
Second Terrace

Bozeat Till

Ardley and

Bajocian

Description

Stony sandy silty clay
and gravel
Calcerous silt
Silt and clay with peat
lenses
Stony sandy silty clay

Tufa

Jurassic

BEDROCK

Member

Head

Pleistocene

Quaternary

SUPERFICIAL

Upper

Formation

Group

Minor aquifer (Sand and Gravel)

Period

Table 2.1
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Mudstone and limestone 0 - 32 m

Non-aquifer

yes

yes

yes
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Outline of geological history

This section summarises the geological history of the county (from Martin and Osborne,
1976). The older rocks in the county comprise the Lias which was deposited in a sea that
covered the Midlands for 23 million years. It covered an area from the West Highlands over
Wales, from the north over the Pennines and some land south east of Northamptonshire.
The mudstones, including the Blue Lias, the Dyrham formations and the Whitby Mudstone
formation, were deposited in deep quiet waters while the limestones of the Marlstone rock
beds correspond to a period of shallower sea that lasted c. 2 million years.
The end of the Lower Jurassic period was marked by a gradual uplift and a shallowing of the
sea. Northamptonshire became an offshore environment. Rivers deposited sediments in a
shallow sea forming a thick sandy layer stretching from Northamptonshire to Lincolnshire,
eventually forming the Northampton Sand. The formation is up to 20 m thick around
Northampton, and usually around 7 m thick across the county.
Further uplifting and accumulation of sediment continued as the sea shallowed. The county
became a coastal zone, occupied by lagoons, sandbanks, mud-flats and low islands along a
flat marshy shore and covered by thick swampy vegetation. Variations in conditions of
deposition caused some disparities, from clean sand to clay, in the Grantham Formation.
A warm open shallow sea then developed north of Northamptonshire, covering the deltaic
flats, near which the Lincolnshire Limestone was formed. In some areas erosion channels
have been cut through the Limestones and into the underlying clays and silts.
The sea was eventually replaced by coastal marshes and swamps resulting in deposition of
the Rutland Formation. Alternation of transgressions and regressions across the swamps
left bands of shelly marls, sandstones and limestones beds.
The sea then continues to deepen into the Great Oolite sea that covered the Midlands for 4
to 5 million years in which the Blisworth Limestones developed, as well as the Blisworth
Clays that were formed in enclosed lagoons. The Cornbrash shelly limestone marks a return
to open sea conditions.
The Oxfordian Sea persisted for c. 10 million years and allowed the deposition of the
Kellaways Formation and the Oxford Clay as the sea deepened. The later Alpine orogeny
tilted Northamptonshire to the east and southeast and erosion removed any traces of the
cretaceous Chalk.
The Marlstone Rock, Lincolnshire Limestone and Blisworth Limestone are more resistant,
than surrounding formations and they tend to stand out as the hill ridges and scarps
overlooking the softer clays and silts that form the lower levels.
2.5.3

Geological structure

The strata generally dip at a shallow angle (<0.5 degree) to the southeast (Figures 2.6 a,b
and 2.7 a,b). As shown on Figure 2.5 and cross section 171 (Figure 2.6 a,b), a set of faults
orientated northwest – southeast from Corby to Thrapston have affected the formations from
the Whitby Mudstone to the Oxford Clay. Some of these have offset the Rutland Formation
against the Blisworth Limestone and the Cornbrash although none seem to have put the
Blisworth Limestone in contact with the Inferior Oolite. Other faults are present across the
area but are unlikely to have significantly offset permeable formations relevant to
groundwater flooding.
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Superficial Geology

Diamicton covers the majority of the high ground across the county. Diamicton is
characterised by Cretaceous and Jurassic rock fragments; subordinate lenses of sand and
gravel, clay and silt, clay and silty clay, with chalk and flint fragments. It overlays most of the
bedrock of the Great Oolite and Ancholme Group while superficial deposits tend to be
absent overlying the Inferior Oolite.
Alluvium comprising clay, silt, sand and gravel is present in the main river and stream valleys
across the county. Deposits of glacial sand and gravel are present, especially on the higher
parts of the headwaters of the River Nene and its tributaries.
2.5.5

Bedrock Geology

The main geological formations are described below (from Woodward and Thompson, 1909;
Martin and Osborne, 1976).
Northampton Sand Formation
Described as a yellow to orange-brown ferruginous sandstone. The facies varies according
to location from solid and massive to easily eroded and split or rubbly and unconsolidated
sand. In the east, the basal parts are iron-rich and have been extracted since 1852. Most
quarries have been restored and few remain active. The formation outcrops in the valley
sides of the River Welland, Harper’s Brook and River Nene, between Thrapston and Oundle.
Grantham Formation
The lithology comprises mudstones, sandy mudstones and argillaceous siltstone-sandstone.
The formation is present overlying the Northampton sands in the areas around Corby,
Kettering and Wellingborough and extends slightly westwards. Patches and small areas lie
between Moulton and Kingsthorpe and north of Duston. Thin small outcrops are present
around Towcester although, being mostly unconsolidated, these are very sensitive to
erosion.
Lincolnshire Limestone
The formation is lenticular and thins southwards from about 12 m thick and is absent
between Kettering and Oundle. To the west of Corby, it forms the high grounds between
Kettering and Cottingham and outcrops as a scarp overlooking the flood plain of the
Welland. Eastwards, it outcrops along the valley of the upper reaches of the Harper’s Brook,
dipping beneath the River Nene. The basal part of the limestone is very fissile due to sand
inclusions, such as around Collyweston but the later stages are hard and finely oolitic. The
Lower Lincolnshire Limestone includes a sandy subdivision with concretionary bands of
calciferous sandstone and sandy limestone of 0.6 to 5.5 m thick, present at Collyweston.
Blisworth Limestone Formation
These are described as hard and cream, sometimes buff-coloured. They change from pale
limestone at the base to bands of rubbly limestone, hard limestone, calcite-cemented
mudstone, silty limestone and oolitic limestone. It is present in thick beds covered by Till
around Silverstone, between Blisworth and Roade and beneath the northern part of Salcey
Forest. In the middle of the county, it caps higher ground at Great Doddington, north of
Wilby and west of Pytchley. In the east, the beds dip eastwards and disappear under the
eastern boundary of the county.
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Hydrogeology
Aquifer units

The geological structure often results in a water table supported within relatively flat lying
aquifer formations and groundwater discharges along valley sides at the outcrop of the
boundary of the permeable aquifer with the underlying low permeability aquitard, resulting in
springs which are widespread throughout Northamptonshire. There are relatively few
groundwater source protection zones associated with major public water supply from
aquifers in the county. The main aquifer units in the area are divided between the Great and
Inferior Oolite. These are generally of limited thickness and located between less permeable
formations of mudstone.
Within the Great Oolite, the Cornbrash and Blisworth Limestone are the main permeable
formations. The Great Oolite is the most significant aquifer in the area and produces large
yields.
Separating the Inferior Oolite from the Great Oolite is the Rutland Formation that is a layered
succession of mudstones with limestones and sandstone beds acting as a barrier to
groundwater flow.
The Lincolnshire Limestone and Northampton Sand are the most significant permeable
formations in the Inferior Oolite. The Inferior Oolite can produce large borehole yields when
confined and springs are likely at the boundary between the Northampton Sand and the
underlying Lias clays.
Woodward and Thompson (1909) have described the Formations of Northamptonshire
according to their potential for water supply. This gathers findings from literature reviews as
well as local knowledge and is summarised below.
Marlstone Rock Formation
This formation has been used for water supply and yields can be of importance in certain
locations while negligible in others. The formation appears to be layered as shown by
elevations separating local groups of springs around Badby, Little Everdon, Weedon, Flore
and Upper Heyford. Water supply wells in the Marlstone Rocks are indicated in
Northampton, north of the Nene fault and “The Marlstone supplied Northampton with water,
by an artesian well, for forty years; it has been tapped as far eastward as Kettering and
Finedon, but all borings into it southward and eastward of the Nene have been failures’’
(Woodward and Thompson, 1909).
Northampton Sand Formation
The Northampton Sand Formation is isolated from the Marlstone Rock Formation by the
Whitby Mudstone Formation which is thick, has a low permeability, and is persistent across
the county. It is noted that “The Northampton Sand is usually very porous throughout, and
when its junction with the underlying impervious Upper Lias clay was first exposed, water
would run from it almost anywhere along that line; but some particular places being slightly
more favourable than the average for discharging it, gradually monopolised the water from
an increasingly large area up to a certain limit”. The formation is described as able to yield
abundance of water from hundreds of springs and wells at the junction with underlying low
permeability formations from the Lias Group, although weathering is necessary, deep wells
being unproductive or highly sulphurous. The Ravensthorpe reservoir is partly fed by
springs from the Northampton sands. “Northampton is surrounded by valleys carrying
streams fed by Northampton Sands springs” (more detailed information on localised
occurrences is available in Woodward and Thompson, 1909, and spring locations are
presented on Figure 2.5).
In the centre of the county, the formation comprises a platform overlying the Lias clays and
streams have cut through it down to the clay. This has resulted in the formation of outliers
capping hill tops and forming springs at the junction with the underlying Lias clays. Springs
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are observed in the areas of Culworth, Eydon, Litchborough, Blisworth, East Haddon, the
Bramptons, Spratton and Brixworth.
Above the Northampton Sand, the Grantham Formation is not considered a major aquifer,
although it can occasionally yield groundwater.
Lincolnshire Limestone Formation
The Lincolnshire Limestone is a significant aquifer and good groundwater supplies have
been obtained north of Peterborough. A spring is indicated at Werrington. In the north of
county, the yield varies locally due to variations in the thickness and till cover. Springs occur
at the base of the Lincolnshire Limestone outcrop where the aquifer intersects ground
surface. This principally occurs where dissection has eroded out the formation along stream
and river valleys exposing the underlying aquitard formations.
Wellingborough Limestone Member
This is persistent over a large area and is described as commonly yielding water.
Blisworth Limestone Formation
The formation is fairly uniform across the county, both in facies and thickness (7.5 m on
average). Superficially, it mainly presents a fracture-type permeability with numerous
springs appearing temporarily after rainfall events. As the formation becomes less fractured
at depth, less water is available from storage. Layered with marly and argillaceous beds the
formation feeds springs along the borders of the Ouse Valley above Bedford.
Cornbrash
This limestone formation is isolated from the Great Oolite by the Blisworth Clay Formation. It
occasionally acts as a minor aquifer when of sufficient thickness.
Kellaways Sand Member
These sandstones can occasionally yield water, which is very saline to the south and south
west of Bedford where it is fed by the Gravels of the River Ouse valley.
Superficial Aquifers
In addition to the bedrock aquifers there are significant areas underlain by permeable
superficial deposits, including Glacial and River Terrace sands and gravels associated with
the main river channels (Nene and Welland) in the area.
2.6.2

Groundwater levels

Observation borehole (OBH) data is not available in the county from either the Environment
Agency (EA) or NCC. The closest information available was from thirty observation wells
located slightly outside the county, to the north-east. Twenty-six of the boreholes monitor
the Lincolnshire Limestone, one monitors the Northampton Sands, two the
Cornbrash/Blisworth Limestone and one the Sand and Gravel. Locations are presented on
Figure 2.8 and details are summarised in Appendix B. Time series are shown on Figure 2.9
(Northampton Sand, Cornbrash), Figure 2.10 (Lincolnshire Limestone below 30 mAOD) and
Figure 2.11 (Lincolnshire Limestone above 30 mAOD), along with the cumulative departure
from mean rainfall at Orlingbury gauge.
Tickencote is the only OBH monitoring the Northampton Sand. The data show a sharp drop
at the end of 1981. In the absence of any explanation, data prior to this will be considered
unreliable for the rest of this study.
Most OBH do not reflect the long term climatic trends and are dominated by short-term
seasonal variations which appear to be very consistent from year to year. A few OBH are
more representative of long term climatic trends, as seen at Carlby, Greatford, Belmesthorpe
and Stamford Newstead where the rainfall recessions of the early 90s’ and 2010-11 are
translated in a general decline in groundwater levels. Unlike the other OBHs, Carlby and
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Careby show a pattern of peaks in groundwater levels during periods of high rainfall (in
1977, 1998, 2001, 2013 and 2014).
The British Geological Survey (BGS) is currently working on regional groundwater studies2,
preparing a series of hydrogeological reviews of regional aquifers. At present, this does not
include Northamptonshire. Hydrogeological maps, that include groundwater contours, are
not available for Northamptonshire 3.
2.7

Rainfall

There are 24 rain gauges operated by the EA in the county. Locations are presented in
Figure 2.12. Data was obtained from seven gauges selected from the length of their record,
spatial repartition across the county and elevations representative of the variations of
topography in the county. Gauges details are summarised in the table below.
Table 2.2
X

Y

Dingley*

477390

286760

Litchborough*

462440

255090

Orlinbury**

484400

271580

Oundle*

503960

289710

Preston Capes*

456690

254490

Ravensthorpe*

468180

270360

Yardley Hastings*

486720

257410

Rainfall gauges
Data
period

Nov 1984 Apr 2015
Jul 1984 Apr 2015
Jan 1961 Dec 2014
Aug 1979 Apr 2015
Oct 1999 Apr 2015
Oct 1977 Apr 2015
Nov 1984 Apr 2015

Approximate
elevation
(mAOD)
154

LTA
(mm/d)

LTA
(mm/HY)#

2.03

660

113

1.84

644

119

1.78

639

32

1.59

562

186

1.79

665

97

1.78

639

77

1.75

630

* Telemetry gauge
** Daily manual gauge
# Per hydrological year (Oct - Sep). Does not include years of incomplete record

This shows the expected rainfall pattern of higher annual long term average (LTA) rainfall on
higher ground. Totals of seasonal rainfall for the seven gauges are presented on
Figure 2.13 (top). This shows that all the gauges follow a similar pattern. Orlingbury was
selected as the most relevant gauge for this study due to its longest length of data record
and relatively high elevation representative of typical hills in the county. Litchborough was
also used as a gauge of similar elevation.
Total seasonal rainfall4 at Orlingbury and Litchborough (Figure 2.13) show the wettest
periods to occur in summer 1992, summer 2012, winter 2001, winter 2013 and winter 1968.
The wettest seasons on record are summarised in the table below. Note that seasonal
rainfall was only considered for seasons of complete record.

2

https://www.bgs.ac.uk/research/groundwater/waterResources/home.html (Accessed April 2015)
http://mapapps2.bgs.ac.uk/geoindex/home.html (Accessed April 2015)
4
Per hydrological year. Example: Winter 2012 from October 2011 to March 2012. Summer 2012
from April 2012 to September 2012.
3
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Top six seasonal rainfall totals at Orlingbury 5

Winter
Period
Winter2001
Winter2013
Winter2014
Winter1977*
Winter2003
Winter1988

Summer

Total rainfall

% of
seasonal LTA

Period

Total rainfall

% of
seasonal LTA

509
502
471
459
456
427

153%
151%
142%
138%
137%
128%

Summer1992*
Summer2012
Summer1968*
Summer2000
Summer1966*
Summer1999

577
563
501
441
419
417

176%
172%
153%
135%
128%
127%

*No data available for this season at Litchborough

Table 2.4

Top six seasonal rainfall totals at Litchborough

Winter
Period
Winter2013
Winter2001
Winter1988
Winter1990*
Winter2014
Winter1991

Summer

Total rainfall

% of
seasonal LTA

Period

Total rainfall

% of
seasonal LTA

478
465
460
450
442
369

145%
141%
139%
136%
134%
112%

Summer2012
Summer2008
Summer1998
Summer2000
Summer1999
Summer2001

582
454
448
423
393
383

175%
137%
135%
127%
118%
115%

*No data available for this season at Orlingbury

The cumulative departure from the mean at Orlingbury is shown on Figure 2.13 (bottom).
The rising and falling stages of this plot shows that there were relatively wet periods in 1968,
1976/77, 1992, 2000/01, 2002, 2007, 2012/13 while periods of rainfall recession occurred in
1975/76, 1990/91, 1995/96, 2010/12.
2.8

River Level and Flow Gauges

Locations of level and flow gauges in the area are presented on Figure 2.12 and details are
presented in Appendix B. Figure 2.14 shows time series data for the Slade Brook gauge.
The long-term average flows in the Slade Brook are 0.41 m3/s (Nov 1988 – May 2015). The
maximum recorded flow was 15.8 m3/s on 10 April 1998 and the minimum was 0.03 m3/s on
26 August 1995. The Slade Brook was considered representative for the purpose of this
study as it has a dominantly permeable catchment, and the gauge is located high up in the
catchment, where groundwater flooding is most likely to be recognised as such.
The total flow in a river has several components: baseflow (proportion of the flow that has
moved through an aquifer and spent significant travel time to reach the water course),
overland flow (runoff) and interflow (flow which has moved through the soil, but not through
an aquifer). When groundwater levels in an aquifer are high following heavy and persistent
winter rainfall, high baseflow occurs. Baseflows at the Slade Brook gauge are usually
between 0.05 and 0.4 m3/s and peak flows between 2 and 6 m3/s.
The Wansford gauge is located at the point where the River Nene flows out of the county
and has good river level record (Figure 2.14). As the gauge is located next to a wide flood

5

Seasons that match in Tables 2.3 and 2.4 have the same colour
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plain, it is more representative of fluvial flooding (Section 5.1.2). The average stage level is
8.4 mAOD, the minimum recorded level was 8.1 mAOD on the 10 March 2002 and the
maximum was 10.8 mAOD on the 12 April 1998. Peak stages are usually between 9 and
9.5 mAOD while low summer stages are around 8.2 mAOD.
2.9
2.9.1

Mechanisms of Groundwater Flooding
Flooding via permeable superficial deposits

This mechanism of groundwater flooding is associated with shallow unconsolidated
sedimentary aquifers overlying non-aquifers. These aquifers have a relatively high
permeability, are often in good hydraulic connection with the adjacent stream network and
can have groundwater levels close to the ground surface. Total flow in a river is not directly
related to groundwater flooding except when the level of the river is so high that river water
moves into the adjacent alluvial (flood plain) deposits. If this happens the river water,
moving through the ground, may emerge at locations behind flood defences (unless these
have been designed to seal off the aquifer). The high river levels induced by periods of
intense rainfall drive a rapid rise in groundwater levels in the surrounding aquifer.
Groundwater that cannot discharge to the river may ‘back up’. The groundwater then
emerges in depressions at locations not connected with the main flood plain, as shown in
Illustration 2.3. This type of groundwater flooding is relatively short lived and comparable in
duration to the associated fluvial flooding. However, the good hydraulic connection between
the stream and the aquifer means that while the river levels drive the groundwater levels, the
high groundwater levels slow down the drainage of excess water through the stream
network.

Illustration 2.3

Flooding via permeable superficial deposits (from McKenzie et al,
2010)

In Northamptonshire, this type of groundwater flooding would be associated with Sand and
Gravel of the River Terrace Deposits, the Glaciofluvial Sand and Gravels or the Alluvium
with a high sand content. Where these are underlain by low permeability bedrock, such as
mudstones from the Lias or Ancholme Groups, a risk of groundwater flooding occurs. Till
and Diamicton can have a wide range of permeability and a conservative approach is to
consider these formations as high permeability and susceptible to groundwater flooding.
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Bedrock flooding

Bedrock flooding, also referred to as clear water flooding, is associated with the rise of the
water table in unconfined permeable bedrock aquifers in response to high recharge
conditions. Flooding is enhanced by antecedent conditions of high groundwater levels and
high unsaturated zone moisture content. Once the groundwater emerges, over-land flow of
surface water occurs and water may flow in valleys which are usually dry. This type of
groundwater flooding is supported by flow from storage within the regional aquifer which can
be exceptionally long lasting and may linger for months.

Illustration 2.4

Bedrock flooding (from McKenzie et al, 2010)

A significant part of Northamptonshire is covered by permeable Jurassic Limestones which
could give rise to bedrock flooding. However, these generally have limited thickness, and
tend to form hills which would limit the extent of area potentially susceptible to bedrock
flooding.
2.9.3

Flooding associated with spring lines

Spring lines are likely to occur at the outcrop boundary of a permeable formation with an
underlying low permeability formation. Chances of spring occurrence are higher on the hill
side down dip of the aquitard, in the direction of groundwater flow. Permanent springs are
more likely to occur on the dip slope of valley sides and water will generally be discharged to
the nearby watercourse. Groundwater levels rise during the winter in response to increasing
rainfall and decreasing losses in the soil zone due to evapotranspiration. Heavy, persistent,
(generally) winter rainfall causes groundwater levels to rise higher than normal. The water
table may then reach the ground surface to discharge at springs that do not normally flow.
As groundwater levels rise, spring flows increase and when the drainage system cannot
convey this water to a river, groundwater flooding occurs. Flooding will occur when the
capacity of the stream is exceeded. The discharge from the spring will then become a
contributing factor to what would be considered fluvial flooding. In locations where the
bedrock spring line is masked by overlying superficial deposits, flow may occur through the
superficial deposits before emerging down gradient.
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Spring flooding

Case studies

Four case studies were recommended for further study by NCC. A site visit was undertaken
on the 08 July 2015 by Paul Ellis (ESI), Bob Sargent (ESI), John Chatterton (ESI) and Ruth
Burnham (NCC) at these locations. They are summarised in the sections below and detailed
in Appendix C.
2.9.4.1 Great Billing, Northampton
A one-off incident, located near the postcode NN39HA (NGR SP8063), reported to the EA
on the 02/08/2012 and passed to NCC, where dredging of a ditch altered the flow path from
a natural spring, causing flooding of gardens and open space belonging to the local council.
The flood depth was reported to be about 10 cm and the flow rate as “high”.
Another incident was reported at Elwes Way, Great Billing (NGR SP8162) where
groundwater appears to flow in a garden. It was reported that a housing development was
built about 10 years ago with the flow from a spring being routed under development towards
a brook.
The geological context around Great Billing, Northampton is shown on the Illustration below.
Springs occur at the outcrop boundary of the Northampton Sands with the underlying Whitby
Mudstone.
A single spring source was not identified during the site visit, rather it is likely that diffuse
seepage through the overlying superficial deposits and soil accumulates and emerges down
gradient of the geological boundary. Data on flow rates were not available, anecdotal
evidence from residents suggests relatively minor volumes but prolonged overland flow.
This is mainly of nuisance value but in cases where flow routes interact with property more
significant impacts may result. Risk may increase if the property is located on a platform cut
into the slope down gradient of the potential spring line. In particular, if there is not a direct
onward flow route through the property, water may accumulate and eventually enter the
buildings. Mechanisms for the groundwater flooding may relate to the removal of superficial
cover to create a road and possible installation of a barrier to groundwater flow which locally
results in break out and seepage at the surface. If local drainage systems become impeded
then groundwater supported flooding may result. This could be the case in relation to the
drainage ditch running to the rear of some properties in the locality.
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Case study, Great Billing, Northampton 6

On the Illustrations above and below, the vertical exaggeration varies to best represent the conceptual understanding. Dots represent reported
groundwater flood incidents: black are generic groundwater and red are specifically reported to be associated with springs. The geology legend is
as follows:
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2.9.4.2 Wollaston
Several flood incidents have been reported in this village (NGR SP9063). Records indicate
groundwater flooding at the following locations:
•

Abbey Rise. The flooding is suspected to be due to land drainage.

•

Monks Road. Flooding mainly affecting footpath and secondarily the private garden.

•

Wollaston Cemetery. Waterlogging following the infilling of a pond

•

Cobb's Lane, footpath and carriageway. Groundwater seepage from a bank south of
the cemetery.

The geological context at Wollaston is shown on the Illustration below. The four locations
mentioned are potentially on the Stamford Member sandstone (all within the range of
accuracy of the BGS 1:50k dataset) and are not underlain by permeable superficial deposits.
These flood incidents are most likely related to shallow groundwater levels in the Stamford
Member sandstones.
Note that the outcrop boundary of the Blisworth Limestone with the underlying mudstones of
the Rutland Formation passes through the village. A small part of the village is located over
the outcrop boundary of the Northampton sand with the underlying Whitby Mudstone. Both
outcrop boundaries are known to give rise to springs.
A flood incident in the NCC dataset (Section 2.4) located at the Northampton Sand/Whitby
Mudstone outcrop is reported to be related to a springline.
In the village and other locations on the south of the county, the Stamford Member
sandstone lies unconformably over the Whitby mudstone. The literature review (Section 2.5,
0) has initially not identified this outcrop boundary as a potential springline. However, many
flood incidents related to springlines have been recorded immediately downhill of the
Stamford Member Sandstone. Although spring discharges from sandstone is not expected
to be significant, the evidence of flooding at Wollaston suggests the Stamford Member
sandstone /Whitby mudstone boundary has a potential for spring formation and flooding.
Two groundwater flood events had been reported in a residential housing estate, estimated
to be 20 years old. Properties are modest in size and are built on platforms cut into the
hillside with front driveways and gardens to the rear. Both properties flooded have gardens
that back on to open ground at the rear. The properties are generally cut down 1-2m below
the adjacent land to the rear and would also potentially be susceptible to surface water runoff.
Observations indicate the micro topography within the property would potentially lead to
ponding against the rear of the houses with potential for water levels to rise above threshold
and air brick level (<30cm). In both cases flow would occur from the rear of the property
towards the access road to the front with the property and garage in between in the potential
flow path. At one location the front of the house was lower than the access road preventing
direct gravity drainage.
Mitigation measures would likely require collaboration between neighbours to install cut-off
drainage upstream and access to the existing road drainage system would need to be
investigated. A more temporary solution would be to pump from the rear of the property into
the existing drainage, although finding a route for the pipe work may prove problematic.
Only one house of ten had reported a flood incident in Abbey Road and one from 11 on the
up gradient side of Monks Road. The reason for the selective nature of the flooding was
considered the result of a combination of circumstances including variations in the
underlying hydrogeology and the drop in elevation associated with levelling the site, the
existing drainage, the micro topography and gravity drainage routes around the property. It
was considered likely that groundwater seepage further down slope was likely to be
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captured within the existing road and foul drainage network, potentially leading to a reduction
in drainage capacity.
All the reported flood incidents are within close proximity to each other and the predicted
spring line. There seems a strong correlation for flooding incidents close to a geological
boundary, on a hill side with a cut platform immediately down gradient of undeveloped land.
However, it is clear that only a small percentage of properties where with these conditions
are prevalent become affected by groundwater flooding.
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Case study, Wollaston
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Brackenhill Close and Bradlaugh Fields, Northampton

A desk study investigation was undertaken by NCC regarding the flooding at two properties
located on Greenview Drive and Brackenhill Close (NGR SP7663).
Two historic
watercourses, shown on an 1885 map, through Bradlaugh Fields and Links View have been
culverted under a developed area. The piped watercourse runs under the property on
Greenview Drive and is thought to be the cause of flooding at this location.
The property at Brackenhill Close has been experiencing what is thought to be groundwater
flooding of the garden for several years. However, recently the problem has ceased and the
resident attributed this to work done on a sewer or water main along the main road further to
the north. The exact location of the work is unknown and, if it is related to the previous
groundwater flooding, whether it relates to reduction in leakage or a diversion of
groundwater flow paths. The setting of the flood incident seems very similar to the other
case study sites. Mitigation measures would involve a cut-off drain and a flow route from the
back to the front of the property and onward connection to a drainage system.
The geological and topographical context of the area is shown on the illustration below. The
property on Greenview Drive is located on Whitby Mudstone and unlikely to be related to
groundwater flooding.
The property located on Brackenhill Close is located 20 m
downstream of the outcrop boundary of Northampton Sand with the underlying Whitby
Mudstone, which is known to give rise to springs (Section 2.6.1).
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2.9.4.4 School Hill, Middleton
Two incidents were reported in May 2012 and they most likely are a single incident caused
by spring flows from high ground above a property located on School Hill (NGR SP840897).
The owner was reported to be concerned that the strain put on a retaining wall by the
constant increased flow of water could result in a major landslide due to the height of the
adjacent land. This site was not visited during July 2015 and therefore, only desk study
information is available. The property where the flooding was reported is located on a hill
side and the OS maps indicate several springs in the area. The geological and topographic
context is shown on the illustration below. Two outcrop boundaries pass through School Hill:
Northampton Sand/Whitby Mudstone and Lincolnshire Limestone/Grantham Formation. The
former is known to give rise to springs (Section 2.6.1) and springs also occur in the
Lincolnshire Limestone. Although Sandstones are present in the Grantham Formation, it
has a low permeability and is not considered an aquifer. It is likely that the spring has
emerged a significant distance upstream of the property and overland flow has then
occurred following the topography subject to the influence of man-made micro topography
such as the retaining wall. The flood incidents are located in a natural topographic low on
the side of the valley which would provide a natural focus for groundwater discharge. The
discharge was reported in May, fairly late in the season when groundwater levels would be
expected to be falling. Further investigation would be required to establish the onset and
duration of the flooding to see if it was consistent with a spring discharge rather than
potential changes to the drainage system upstream. It is likely that the flooding could be
mitigated by capture and diversion of the upstream discharge into a suitable surface water
drainage feature. However, this may require discussion with the utility provider if only
sewers are available to receive the discharge.
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2.10 Causes of Groundwater Flooding in Northamptonshire
2.10.1 Formation of springs
The layered geology of thin formations of variable permeability causes springs to be
common on the hill sides of Northamptonshire (Section 2.6.1).
Springlines are known to occur (Section 2.6.1) at the following outcrop boundaries:
•

Lincolnshire Limestone and underlying Grantham formation.

•

Northampton Sand and underlying Whitby Mudstone

•

Marlstone Rock Formation and underlying mudstones from the Lias Group

•

In the Blisworth Limestone Formation.

Examples of spring occurrence in the county are shown on the illustrations below.

Illustration 2.10
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Occurrence of springs at the boundary Northampton
Sand/Whitby Mudstone

Occurrence of springs at the boundary Marlstone Rock
Formation/ Lias mudstones

2.10.2 Spring flow induced flood
Recorded flood incidents associated with springs are shown on Figure 2.3 and in more detail
on Figure 2.15. These show strong evidence of flooding associated with spring lines north of
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While these specific flood

•

a boundary between the Northampton Sand and the underlying Whitby Mudstone,
which is known to give rise to springs (Section 2.6.1)

•

On sides of hills corresponding to the dip slope, which is considered more likely to
give rise to springs

•

Prone to spring formation, as shown by the known mapped springs (Figure 2.5).

There is also evidence of spring flooding around Kettering and Corby. Three of these
incidents are potentially associated with springs rising from the interface between the
Lincolnshire Limestone and mudstone from the Grantham Formation.
Three flooding occurrences were also reported around Daventry which are most likely
associated with the interface between the Marlstone Rock Formation and underlying Lias
mudstones.
At Wollaston, several spring induced flood incidents have been reported. These are
potentially associated with the outcrop boundary between the Blisworth limestone and
underlying Rutland Formation mudstones. However, as the flooding was reported about
200 downhill, it is also possible to have issued from the interface between the Stamford
Member sandstone and Whitby mudstone.
It is to be noted that flooding incidents are most likely to be reported in densely populated
areas. Reported incidents related to springs are concentrated around Northampton and
Wellingborough. While this gives an indication on the conditions that can produce spring
induced groundwater flooding, different conditions in an unpopulated area can potentially
cause flooding but would be less likely to be reported. The repartition of reported flooding
incidents has to be seen in proportion to the density of population. Springs are known to
occur at the interface between the Marlstone Rock Formation and underlying Lias
mudstones. These formations outcrop on the less populated west of the county. Therefore,
while the amount of reported incidents which are associated with these conditions may seem
fairly insignificant, it should not be ignored.
Catchment areas were determined using a threshold area that defines a stream of 50 km2.
However, the recorded flood incidents are too scarce to allow a correlation between the
catchment area and the flood occurrence.
To summarise, the locations of spring flood occurrences are mainly related to:
•

The density of population

•

The topography: on valley sides

•

The geology:
o

outcrop boundary of Northampton Sand/Whitby Mudstone

o

outcrop boundary of Marlstone Rock Formation/Lias mudstones

o

outcrop boundary of Lincolnshire Limestone/Grantham Formation mudstones

o

outcrop boundary of Stamford Member sandstone/Whitby Mudstone

2.10.3 Rainfall pattern prior to spring flood incident
Antecedent rainfall for different timescales are presented on Figure 2.16 (Orlingbury gauge)
and 2.17 (Litchborough gauge), along with the dated spring and groundwater flood
occurrences recorded by NCC. For each day, these figures show the total rainfall over the
past 3 days, 5 days, 10 days, 30 days, 60 days and 90 days. They show that short-term
rainfall events do not influence groundwater flooding. However, there is a higher frequency
of recorded flood incidents when the prior 30 days total rainfall exceeds 120 mm. Rainfall
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during the prior 60 and 90 days can also be correlated to a higher frequency of reported
flooding. Incidents recorded during the winter of 2012/2013 correspond to a long period of
heavy rainfall (60 days combined was 200 mm; 90 days above 300 mm). Note that this is
only observable in the recent years, recorded flooding prior to 2007 being scarce. Flooding
incidents are occasionally recorded without any evidence of prior heavy rainfall (28/02/2011,
15/12/2011, 02/10/2014). These can potentially be minor isolated events related to very
local conditions.
Conditions that lead to a rise in the water table and groundwater flooding are most likely to
be associated with recharge from high winter rainfall rather than high summer rainfall when
water is lost to evapotranspiration during the growing season. For each hydrological year,
the top-five events for each timescale at both gauges are presented in Appendix B. As the
record of groundwater flood incidences is sparse (Section 2.4), correlations are difficult to
establish and this is further discussed in Section 5.1.1 and 5.2. Flooding happened in 2012
and the year shows in the top 5 at Litchborough for the previous 30 days rainfall and at both
gauges for the 60 and 90 previous day rainfall.
2.10.4 Other groundwater flooding
As discussed in Sections 2.4 and 2.9.1, flooding via permeable superficial deposits is difficult
to identify as it often appears in combination with fluvial flooding. Review of groundwater
flood records in relation to river stage and analysis of probability of occurrence are further
discussed in Section 5.1.2 and 5.2. There is no evidence of groundwater flooding directly
associated with emerging bedrock groundwater levels. However, when high groundwater
levels in permeable bedrock give rise to spring flooding, elevated water table can potentially
emerge on low ground.
2.11 Summary of conceptual understanding
Spring lines are common in Northamptonshire. They occur on the hill sides of valleys where
a permeable formation overlays an older low permeability formation:
•

Blisworth Limestone Formation and underlying mudstone from the Rutland Formation
(or low permeability Grantham Formation)

•

Lincolnshire Limestone and underlying Grantham Formation

•

Lincolnshire Limestone or Northampton Sand and underlying Whitby Mudstone

•

Marlstone Rock Formation and underlying mudstones from the Lias Group

•

Stamford Member sandstone and underlying Whitby mudstone (unconformable
contact)

These outcrop boundaries have been included in the risk mapping as having the potential to
give rise to springlines and groundwater flooding. The inclusion of the Lincolnshire
Limestone, Northampton Sand and Marlstone Rock Formations is justified by literature
review (Section 2.6.1) and confirmed by the assessment of known spring occurrences
(Section 2.10.1) and spring related flooding (Section 2.9.4, 2.10.2). There is little evidence
of springs or groundwater flooding incidents that can definitely be related to the Blisworth
Limestone. Blisworth fed springs are known to occur along the borders of the Ouse above
Bedford, and outside of the county. The occurrence of springs may also be related to
layering of the formation.
Across the county, the boundary of the Blisworth
Limestone/Rutland Mudstone is located slightly upstream from the Northampton
Sand/Whitby Mudstone boundary which is more significant. Including this outcrop boundary
is a conservative approach that extends the flood risk a little further up the valley. The
review of spring related flood incidents at Wollaston (Section 2.9.4.2) suggests that the
unconformable outcrop boundary between the Stamford Member sandstone and Whitby
mudstone has the potential to give rise to springs and flooding. This outcrop boundary,
which occurs mainly to the south of the county, was therefore considered as a springline.
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High bedrock groundwater levels in the limestone and sandstone have the potential to give
rise to emerging groundwater although there is little evidence of problems caused by this
process and no observation boreholes are present in the county. Flooding via permeable
superficial deposit can also occur in correlation with surface water flooding and higher risk
areas can be identified.
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MODELLING

3.1

Modelling Approach

3.1.1

Introduction and datasets

Three sources of groundwater flooding have been identified:
A) Flooding via permeable superficial deposits
B) Flooding via high spring flows
C) Flooding via extreme bedrock groundwater levels
For each source of flooding, it is proposed to generate a map assigning a risk factor between
0 (low risk) and 10 (high risk). These will be based on the methodology presented in the
table below and will use the following datasets:
•

Topography: OS Terrain 5

•

Average Annual Rainfall: A map of average annual rainfall over the period 19611990, digitised from a colour map published in the Flood Estimation Handbook
(1999).

•

Winter Rainfall Acceptance Potential: A digitised version of the WRAP map produced
by the Soil Survey of England and Wales and published in The Wallingford
Procedure (1981). The WRAP map divides soils into five classes, depending on their
infiltration capacity.

•

Geology: BGS 1:50,000 maps of Superficial Deposits, Mass Movement, Artificial
Ground and Bedrock Geologies, DiGMapGB-50 Version 7 (BGS, 2013).

•

Permeability: BGS 1:50,000 maps of Superficial, Bedrock, Mass Movement, and
Artificial Ground Permeability Indices (Version 6, 2010). These maps use five
classes (very low, low, moderate, high and very high) indicative of flow rates likely to
be encountered in the unsaturated zone for each rock unit and lithology combination
of the DiGMapGB 50 Version 6 dataset, as well as its predominant flow mechanism,
which is categorised as ‘fracture’, ‘intergranular’ or ‘mixed’ (BGS, 2010).

-

Superficial Deposits Thickness: BGS map of the thickness of superficial deposits
Version 5, based on the Advanced Superficial Thickness Model (BGS, 2010b).

•

Groundwater levels in Bedrock: BGS data set of groundwater elevation in permeable
bedrock formations, provided on a 50m grid, interpolation from BGS point and
contour data sets (McKenzie et al. 2010).

The final risk map combined the risk factor from each source of flooding according to the
following equation:
Final risk = A.W A + MAX(B.W B, C.W C)
Where:
A, B, C are the risk category from each source of flooding
W A, W B, W C is the relative risk factor relating to the type of flooding.
Bedrock (C) and spring (B) flooding both originate from emerging bedrock groundwater. The
duration of such flooding occurrences would be similar, in the order of a month. Flooding via
PSD (A) is closely related to fluvial flooding and the PSD flood envelope would include the
fluvial flood envelope. The duration of such incidences would be in the order of a week.
Therefore, the weighting used is: W B = W C and W A< W B,W C
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Modelling approach for three sources of groundwater flooding
Table 3.1

Type of
flooding

A - Groundwater flooding via permeable
superficial deposits (PSD)
1.

Modelling
methodology

2.

3.

4.

Risk
classification

Determine typical groundwater levels in
permeable superficial deposits.
Determine extent and elevation of
1:100 year river flood (from Morris and
Flavin, 1996).
Assuming that at the flood envelope,
groundwater levels are equal to the
river flood levels, calculate the rise of
the water table away from the river
flood envelope. This transient effect of
flooding is then superimposed onto the
baseline PSD groundwater levels.
Compare modelled groundwater level
in permeable superficial deposits to
ground level, and look up risk factor
from classification table.

Depth to
water table
(m)

Risk
factor

<0

10

0 – 0.5

9

0.5 – 1.0

8

1.0 – 1.5

6

1.5 – 2.0

4

> 2.0

0

7

Comment
Risk factor
includes
uncertainty (in
modelled
groundwater
level and ground
level) and
severity
(potential depth
of flooding).

Risk classification

B - Groundwater flooding via high spring flows

C - Groundwater flooding via extreme peak
bedrock groundwater levels

1.

1.

2.

3.

Identify outcrop boundaries of the lower plane that
separates an aquifer (above) and aquitard (below), with
historical spring flows.
Identify the area of surface water catchment upstream of
each location along the aquifer/aquitard boundary, where
there is permeable7 rock at outcrop. This highlights
topographic low points along the boundaries as these are
coincident with valley bottoms – the most likely locations
of springs.
Generate a continuous buffer along the boundary that is
related to upstream catchment size, and determine risk
according to the following table.

Permeable
catchment
area (km2)

Radius of
buffer u/s
and d/s
of
springline
(m)

Radius of
buffer
around
potential
drainage
route (m)

Risk
factor
Comment

> 0.5

300

50

10

0.01 – 0.5

200

50

8

0.05 – 0.01

100

< 0.05

50

50

6

N/A

2

Risk factor
relates to
potential
flows
(hence
depth /
velocity).

Compare the BGS peak groundwater level
dataset with ground level and look up risk
factor from the following classification tables.
Limestone aquifers (L) and sandstone
aquifers (S) are classified differently as
groundwater level range is different in each
aquifer type.

Depth to
water
table (m)

Risk
factor
(L)

Risk
factor
(S)

<0

10

10

0 – 0.5

10

8

0.5 – 1.0

8

5

1.0 – 1.5

6

2

1.5 – 2.0

4

0

2.0 – 5.0

2

0

> 5.0

0

0

Comment
Risk factor
includes
uncertainty (in
groundwater
level and
ground level)
and severity
(potential
depth/velocity
of flooding).

Note that ‘aquifer’ relates here to the limestone aquifers. Section 2 identified the Stamford Member with potential springlines, due to flood reports at Wollaston. However, discharge from sandstone would be of less importance
than discharge from limestone. Therefore, this sandstone was not considered ‘permeable’
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Type of
flooding

A - Groundwater flooding via permeable
superficial deposits (PSD)

B - Groundwater flooding via high spring flows

Duration

Related to that of the controlling river flood.
PSD groundwater flooding may last perhaps
2-3 times the duration of extreme river flood
levels.

Related to length of time spring flows are high – can be estimated via duration of extreme flows from high
permeability catchments, or length of time of extreme groundwater levels.

Location

Closely related to fluvial flooding and may be
within a flood envelope. Hence some of the
risk of flooding has to be apportioned to river
flooding, and some to groundwater flooding
(or exacerbation of river flooding by high
groundwater levels).

Occurs at, or downstream of spring locations, so typically
where aquitard (e.g. mudrocks) outcrops.
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Combination of three flood sources into one Groundwater Flood Risk Map

The risk score of groundwater flooding from all three mechanisms were combined as follows:
Final risk = A + MAX(B.2, C.2)
The resulting twenty risk scores ranging from 4 to 30 were reclassified in six risk categories
as shown in the Table below.
Table 3.2
Combined
risk score

Risk score 8 if single
mechanism occurs:
Bedrock/
PSD
Springline

Risk classification
Risk
category

0

0

0

Negligible

4

4

2

Very low

6
8

6
8

4

9

9

10

10

5

12

6

13
14
16

8

Comment (see also Section 4 for
definitions and limitations)
Groundwater flooding is very unlikely to
happen or be significant in an indicative 1 in
100 year (1%) return period. Although
limitations in the datasets and assumptions of
the model do not allow to definitely exclude
all risk of groundwater flooding with a 1 in 100
year return period.
Locations that are:
- Within 50m of a springline with a small
upstream permeable catchment. Or;
- On Limestone with BGS bedrock
groundwater levels 2 to 5 mbgl. Or;
- On Sandstone with BGS bedrock
groundwater levels 1 to 1.5 mbgl. Or;
- Susceptible to flooding via PSD with
groundwater 1.5 to 2 mbgl

Low

Moderate

Maximum risk score that flooding via PSD
can reach, unless the location is also at risk
from high springline flow or high bedrock
groundwater levels

High

17
18
20
21
22
24
25
26
28
29
30
8

10

Very High

Locations that:
- Are on Limestone with BGS bedrock
groundwater levels 0 to 0.5 mbgl. Or;
- Are on Sandstone with emerging BGS
bedrock groundwater levels. Or;
- Are within 50m of the drainage route from a
springline point with a large upstream
permeable catchment. Or;
- Combine a risk of flooding via PSD with a
risk of flooding from high bedrock
groundwater levels or high spring flow.

From Modelling approach for three sources of groundwater flooding, Table 3.1
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Limitations

Prior to reviewing the simulated Groundwater Flood Risk across the county, it is necessary
to keep in mind a few limitations, intrinsic to the modelling exercise.
The resolution of the input datasets varies from 5 m to 50 m grids and with them, the spatial
accuracy of the resulting map. Methods are available to calculate the accuracy resulting
from inputs, based on the resolution and accuracy of each input dataset. The GWFRM is
presented here based on a 5 m resolution topography although it is not advised to consider
the accuracy of the supporting geological contacts to be better than 50m.
Three mechanisms of groundwater flooding are simulated. The simulation of flooding via
PSD has a clear return period of 1 in 100 year, based on a documented methodology to
estimate the 1 in 100 year fluvial flood levels in river channels. The methodology leading to
the risk of flooding from high bedrock groundwater levels and springflow does not
encompass such a clear return period. Personal discussions with the BGS and the
information associated with the dataset of high bedrock groundwater levels (McKenzie et al.
2010) do not allow determination of a definitive return period for this dataset. The
determination of the springlines and drainage routes from potential springs is based on
spatial datasets. Therefore, the notion of return period associated with the risk of flooding
from high bedrock groundwater levels and spring flow was taken into account in a relative
manner based on professional judgment and nationwide review of groundwater flooding
undertaken for the ESI-GeoSmart National GWFRM. More information on probability
analysis is presented in Section 5.
3.1.5

Impact of climate change

The new projections of UK climate change in the 21st century are known as UKCP09. They
are one part of a UK government programme of work to put in place a new statutory
framework on, and provide practical support for adaptation. Three scenarios of greenhouses
gases emissions are simulated (high, medium, low). The climate change projections are
available for variables such as temperature, rainfall and snowfall, air pressure, cloud and
humidity. These predict the annual average rainfall to increase by less than 10% in England
while the winter average rainfall could increase by up to 60% in the Northamptonshire area
(Illustration 3.1).
The Future Flows and Groundwater Levels (FFGWL)9 project of the Centre for Ecology and
Hydrology uses these climatic projections to assess the impact of climate change on river
flows and groundwater levels across England, Wales and Scotland. Transient time series of
282 river flow gauges and 24 groundwater observation boreholes are available. Changes in
winter flows vary greatly between the different scenarios, potentially from a 40% reduction in
flows to a 60% increase within Northamptonshire. Modelled groundwater levels were not
available within the county but simulations from an adjacent borehole within the Lincolnshire
Limestone, predicted a range of changes from -2 to +2 m in average winter groundwater
levels.
It is evident that increased winter rainfall may increase the risk of flooding in the winter,
whether it is fluvial or groundwater flooding. However, an additional map of groundwater
flood risk representing the impact of climate change was not produced in this study for the
following reasons:
•

9

Given the very limited amount of supporting groundwater monitoring and calibration data
within the county additional modelling will require significant assumptions. On this basis
processing the available data on predicted rainfall, river flow and groundwater levels into
a format usable for the steady state GIS modelling method adopted here is unlikely to be
cost effective for the benefit gained.
http://www.ceh.ac.uk/our-science/projects/future-flows-and-groundwater-levels
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•

There are attached uncertainties to the datasets used to develop the map and
assumptions have been made. Additional assumptions relating to climate change
predictions would be required and the risk classification of flooding via bedrock and
springlines sources would be particularly sensitive to these.

•

Due to the modelling uncertainties, a conservative approach was adopted in the
classification of groundwater flood risk. Climate change assessment is considered
possible using the existing range of groundwater risk classification.

The impact of climate change on the groundwater flood risk map presented in this report is
likely to be small in comparison to the other assumptions made. When considering it, the
following is advised:
•

If the area is already identified as being at risk: a slight increase in the risk category is
possible, unless the area is already at ‘High’ / ‘Very High’ risk or at ‘Moderate’ risk if
caused by the PSD flood mechanism.

•

Areas identified at ‘Negligible’ risk located adjacent to at risk areas:

•

o

If the adjacent risk is caused by bedrock flooding, the area may be susceptible to
a slight increase in risk, based on the potential rise in groundwater levels due to
climate change. A conservative approach would be to add a buffer zone based
on a selected value (representing groundwater rise) for the relative difference in
ground level between the risk boundary and adjacent ground levels. The risk
could only increase in areas underlain by an aquifer.

o

If the adjacent risk is caused by PSD flooding the area may be susceptible to a
slight increase in risk, based on the potential rise in the controlling river level due
to climate change. Assuming PSD’s are present a similar buffer approach may
be applied as above, based on the predicted increase in river level.

o

A conservative approach has already been taken when estimating the spatial
extent of the risk from springs. Further extension is considered unnecessary.
However it is noted that spring discharge is likely to increase in proportion to the
increase in winter rainfall.

Areas identified at ‘Negligible’ risk away from any at risk areas are likely to remain at
‘Negligible’ risk.
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Illustration 3.1
Changes (%) in annual, winter and summer mean precipitation at
the 10, 50 and 90% probability levels, for the 2080s under the Medium emissions
scenario (from Jenkins et al., 2009).
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Review of Results

Figure 3.1 presents the groundwater flood risk at the case study locations, Figure 3.2 for the
whole county and Figure 3.3 shows the flood mechanisms giving rise to the risk. The EA
dataset “Risk of Flooding from Rivers and Sea” (RoFRS) is also shown on Figure 3.3. This
is an EA dataset, formerly known as the NaFRA Spatial Flood Likelihood Category Grid,
representing the floodplain split into 50m x 50m cells and each allocated one of four flood
risk likelihood categories: High (>3.3%); Medium (3.3%-1%); Low (1-0.1%), Very Low
(<0.1%).
From the criteria described in Section 3.1, the risk distribution (by area) across the county is
shown on Illustration 3.2 and Illustration 3.3 below.

Illustration 3.2
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Detailed distribution of groundwater flood risk in the county

This shows that the majority of areas that are at risk, are only subject to one groundwater
flooding mechanism (Illustration 3.4). Also, each risk category corresponds to a preferential
flooding mechanism:
•

•
•
•

The Very Low category is dominated at 92% by flooding via springlines as all
locations within 50 m of a springline fall in this category. This is in consistency with
the accuracy of the BGS 1:50,000 map of Bedrock Geology (Section 3.1.1): “The
cartographic accuracy is nominally 1 mm which equates to 50 m on the ground at
1:50 000 scale” (BGS, 2013).
The Low category is dominated at 88% by PSD flooding.
The Moderate category is dominated at 92% by PSD flooding, as the flood plains get
classified as such (Section 3.1).
The High and Very High categories are dominated by flooding via springlines/ high
bedrock groundwater levels as PSD cannot reach this level of risk on its own
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Origin of groundwater flood risk

Groundwater Flood Risk at Case Studies Locations

Groundwater flood risks at the case studies locations (Section 2.9) are shown on Figure 3.1
and on the Illustrations below
Great Billing, Northampton

Illustration 3.5

Groundwater Flood Risk at Great Billing (Northampton)

Of the two spring related flood incidents recorded at Great Billing, one is located within the
‘Very Low’ GWFR category (Standing Stones) while the other (Elwes Way) is 100m
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downstream from the same risk category. The ‘Very Low’ risk category is indicative of a
small upstream permeable catchment (Section 3.1) considered unlikely to give rise to
sustained flooding. Further information was not available from the Standing Stones location
to indicate whether further impacts from groundwater flooding had occurred, in this case the
case study suggests there is potential for minor intermittent groundwater flood risk at some
points (but not all locations) along the spring line. Section 2.9.4.1 noted that at Elwes Way,
the flow from a spring is routed under the housing development. The spring line mapping
indicates areas potentially susceptible to spring emergence, but local factors may potentially
focus discharge leading to the creation of specific spring points which will potentially have
greater impact due to more focussed flow. A single spring source was not identified during
the site visit, potentially as a result of capture by drainage work. It appears that diffuse
seepage through the overlying superficial deposits has the potential to emerge a significant
distance (more than the 50m buffer zone applied) down gradient of the geological boundary.
Wollaston
The village is located downstream of a springline which appears at Very Low risk, due to the
small upstream permeable catchment of the potential springs. There are several reported
incidents of groundwater flooding associated with the mapped spring line. Not all properties
are affected, but also infiltration to subsurface services (e.g. sewers) may go unobserved.
Within the mapped spring risk areas the potential for groundwater flooding appears to be
increased by local (unmapped) hydrogeological features and also design of the development
such as steep embankments and flow routes through the property. The map is therefore
useful in raising awareness to potential developers that groundwater flooding should be
considered in the development design.

Illustration 3.6

Groundwater Flood Risk at Wollaston

Brackenhill Close and Bradlaugh Fields
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The area is located downstream of an identified springline and several potential springs give
rise to areas ranging from Very Low to Very High risk as a result of potentially large
upstream catchments. The flooding reported appears to have persisted over a long duration
but did not enter the property. The location did not appear to suffer any greater impact than
the other sites investigated and again not all properties were affected. The areas mapped at
high risk correspond to topographic lows, with existing water courses in some cases and
also have high (3.3% annual probability) surface water flood risk. It is likely that drainage
measures are already in place in these locations which will help mitigate groundwater
flooding and convey groundwater discharge. However, any development in these areas
should ensure sufficient drainage capacity (and regular maintenance) to accommodate
prolonged groundwater discharge under extreme conditions.

Illustration 3.7

Groundwater Flood Risk at Brackenhill Close and Bradlaugh
Fields

Middleton
Two groundwater flood incidents related to spring flooding were recorded at School Hill,
Middleton. These locations are shown to be at High Risk for being on the drainage route of
a potential spring with an upstream permeable catchment between 0.01 and 0.5 km2. There
is a good correlation between the flooding incidents and the mapped groundwater flood risk.
As with the previous case studies discussed, not all properties within the mapped risk zone
are subject to recorded groundwater flooding, although the risk boundaries represent a more
extreme event than previously recorded within the county.
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Groundwater Flood Risk at Middleton

Groundwater Flood Risk at other Locations of Recorded Flood Incidents

The results of Groundwater Flood Risk (GWFR) at locations where flooding was recorded by
NCC (Section 2.4) are presented here.
3.4.1

Flood incidents related to spring flow or groundwater

A total of 65 incidents fall in this category (Section 2.4). The GWFR for these locations is
shown on the Illustration below. To account for spatial uncertainties (of the accuracy of the
location and of the input datasets used in modelling), the results are presented as the
nearest groundwater flood risk within a 50 m and a 100 m radius from the recorded location.
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GWFR for NCC recorded flood events related to spring
flow/groundwater (labels: number of events)

Of these flood incidents, about 2/3 are within 50 m and 3/4 are within 100 m of a GWFR
area. Mainly, these events are next to a springline that results in a Very Low flood risk. In
the model, the GWFR from springlines is proportional to the permeable surface water
catchment. Although this is a reasonable assumption, it is occasionally possible that the
spring corresponds to the discharge of a much greater groundwater catchment, hence
increasing the possibility of flooding
A significant proportion of the flood incidents are shown as Negligible GWFR. These are
presented in Appendix D and more details on the Negligible risk category are provided in
Sections 3.4.4.
3.4.2

Fluvial flood incidents

172 flood incidents are flagged in the NCC dataset as related to ‘Main River’ or ‘Ordinary
Watercourse’. GWFR within 50m of these locations is presented in the Illustration below and
compared to the EA flood risk from the Risk of Flooding from Rivers and Sea (RoFRS).

Illustration 3.10
Comparison of GWFR and RoFRS for NCC recorded flood
incidents of river/watercourse origin (labels: number of events)
As there are slight differences in the risk categorisation of the GWFRM and the RoFRS data
set (Section 3.1, 3.1.4), it is best to consider the ‘Moderate’, ‘High’ and ‘Very High’ GWFR as
a whole to compare to the ‘Moderate’ and ‘High’ risk of the RoFRS. Both the GWFRM and
the RoFRS show 97 events in these risk categories. On the GWFR side, the risk is mainly
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related to PSD flooding which is anticipated as it is directly related to river flooding and
therefore increases confidence in the PSD mapping. Although a significant portion has a
component of bedrock or spring flow (42 incidents in the ‘High’ and ‘Very High’ categories).
The results indicate that the performance of mapped flood risk for both Groundwater and
RoFRS in relation to the flood records is similar. Improvements in the recording of flood
incidents in the future may increase the correlation to the mapped risk areas.
3.4.3

Other flood events

A total of 1162 flood incidents are classified with an origin other than groundwater or
river/watercourse. GWFR and RoFRS within 50m of these locations are presented in the
Illustration below. The EA’s dataset RoFRS encompasses 195 of these incidents. Amongst
the flood events that are not within the RoFRS areas, 419 are shown to be at some risk of
groundwater flooding. Although the causes of the flooding are highly variable (Section 2.4),
it is possible that the flooding at these locations has been enhanced by groundwater.

Illustration 3.11
Comparison of GWFR and RoFRS for NCC recorded flood
incidents of other origin (labels: number of events)
3.4.4

Flood incidents of unknown origin

A total of 909 flood events are flagged as of unknown origin. GWFR and RoFRS within 50m
of these locations are presented in the Illustration below. The EA’s RoFRS dataset
encompasses 187 (21%) of them while the GWFRM encompasses 497 (55%). Amongst the
flood events that are not within the RoFRS areas, 309 (34%) are shown to be at some risk of
groundwater flooding. Although the causes of the flooding are highly variable (Section 2.4),
it is possible that the flooding at these locations has been enhanced by groundwater.
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Illustration 3.12
Comparison of GWFR and RoFRS for NCC recorded flood
incidents of unknown origin (labels: number of events)
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RISK CLASSIFICATION
Risk Categories

The map combining the risk scores from the three groundwater flooding mechanisms (PSD,
high flows from springlines, high bedrock groundwater levels) was classified in five risk
categories: Very High, High, Moderate, Low and Very Low. The additional Negligible risk
category represents areas where groundwater flooding is very unlikely to happen although
cannot be totally excluded due to uncertainties and accuracy of the input dataset and the
assumptions of the model.
4.2

Risk Definition

The map is a 5x5m classification of groundwater flooding risk into six categories (Negligible,
Very Low, Low, Moderate, High and Very High). These classifications are based on the
level of risk, combining severity and uncertainty that a site has a chance of groundwater
flooding greater than an indicative >1% annual probability of occurrence. The map has
combined three groundwater flood mechanisms, each with different uncertainties in the
mapping approach and supporting data. PSD flooding is based on modelled 1 in 100 levels.
However, data to constrain the likelihood of bedrock and spring flooding is very limited for
the county and professional judgement was required. An indicative >1% annual probability
for the combined map is considered a reasonable method of expressing the likelihood of
groundwater flooding as rare but not unfeasible in some locations within the highlighted
areas. The map represents a precautionary approach assuming the county could be subject
to more extreme groundwater flooding than yet recorded (as discussed in the next section).
Note that other forms of flooding are subject to different definitions of risk which are not
directly comparable. For example the Environment Agency interactive fluvial flood maps
define risk categories based on chances of flooding from different return periods: high risk
represents chance of flooding of greater than 1 in 30 (3.3%) each year, medium risk
between 3.3% and 1%, low risk between 1% and 0.1 % and very low at less than 0.1%.
The groundwater flood risk map is a general purpose indicative screening tool, and is
intended to provide a useful initial view for a wide variety of applications. It is recommended
that groundwater is considered as part of the flood risk assessment for new development
and, if required, mitigation measures included within the design. The risk classification
shows the areas within which property may be at risk, but this should not be mistaken to
mean that groundwater flooding will occur across the whole of the Very High or High Risk
area. Mapping limitations and a number of local factors may reduce groundwater flood risk
to land and property even where it lies within mapped groundwater flood risk zones.
The mapped classes are:
CLASS 5: VERY HIGH RISK
It is very likely that groundwater flooding will be experienced at, or near, this location with an
indicative >1% annual probability. Flooding may result in damage to property, road or rail
closures but should not pose significant risk to life. Surface water flooding will be
exacerbated when groundwater levels are high. Further consideration of the level of risk and
mitigation, by a suitably qualified professional, is recommended.
CLASS 4: HIGH RISK
It is likely that groundwater flooding will be experienced at, or near, this location with an
indicative >1% annual probability. Flooding may result in damage to property, road or rail
closures but should not pose significant risk to life. Surface water flooding will be
exacerbated when groundwater levels are high. Further consideration of the level of risk and
mitigation, by a suitably qualified professional, is recommended.
CLASS 3: MODERATE RISK
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There is a possibility that groundwater flooding may be experienced at, or near, this location
with an indicative >1% annual probability. For sensitive land uses further consideration of
site topography, drainage, and historical information on flooding in the local area should be
undertaken by a suitably qualified professional. Where flooding occurs it is likely to be in the
form of shallow pools or streams, there may be basement flooding, road or rail closures
should not be needed. Surface water flooding may be exacerbated when groundwater
levels are high. Further consideration of the level of risk and mitigation, by a suitably
qualified professional, is recommended.
CLASS 2: LOW RISK
There is a possibility that groundwater flooding may be experienced at, or near, this location
with an indicative >1% annual probability. No further investigation of risk is deemed
necessary unless proposed site use is unusually sensitive. Should there be any flooding it is
likely to be limited to seepages and waterlogged ground, damage to basements and
subsurface infrastructure.
CLASS 1: VERY LOW RISK
There is a remote possibility that groundwater flooding may be experienced at, or near, this
location with an indicative >1% annual probability. No further investigation of risk is deemed
necessary unless proposed site use is unusually sensitive. Should there be any flooding it is
likely to be limited to seepages and waterlogged ground, damage to basements and
subsurface infrastructure.
CLASS 0: NEGLIGIBLE RISK
The risk of groundwater flooding with a return period of 1 in 100 years is considered
negligible at this location. No further investigation of risk is deemed necessary unless
proposed site use is unusually sensitive. Data may be lacking in some areas, so
assessment as ‘negligible risk’ on the basis of the map does not rule out local flooding due to
features not currently represented in the national datasets used to generate this version of
the map.
4.3

Limitations

If a property is classified as High or Very High Risk, while groundwater heads might be
indicative of groundwater seepage, the actual amount of flow emerging from the ground
might not be sufficient to cause flooding at that location (although the accumulated flows
downstream might be). Local variations in elevation and ground conditions may cause
groundwater emergence to be localised away from the property, keeping the water table
below hazardous levels. Properties with subsurface structures such as basements and
utility ducts will be at greater risk of groundwater flooding. Properties with foundations and
floor levels significantly above ground level will be at a lower risk. Drains, break layers or
membranes incorporated in the building may act to prevent water reaching locations where
impacts would otherwise occur. Even if emergent groundwater was at a rate sufficient to
cause local flooding, the nature of the urban man-made subsurface tends to drain water
away before it reaches the surface. Sewers, granular fill around utilities and road sub-grade
are all highly permeable formations that would be able to drain quite high groundwater flows
away. This tends to move the groundwater flooding problem down the catchment.
Note that the map does not include localised flooding that occurs via a groundwater pathway
that is initiated by another flood mechanism. Surface runoff, for example, may enter a
property via a groundwater flow pathway. This could occur in any area of the map due to
very local sub-surface features not picked up within the regional mapping, but which may be
significant on a site specific basis. For this reason the map should be interpreted as an
initial indicative screening tool to help focus resources, but site specific assessment remains
necessary where flooding impacts would lead to significant loss of asset or other harm to
humans, the environment, or property.
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It is important to note that in order to provide a consistent approach and in the light of data
deficiencies, there are significant limitations in the assessment of likelihood. For example,
groundwater flooding incidents in one location may correspond to a 1 in 50 year flood with
the same event representing a 1 in 500 year event elsewhere. The 1 in 100 year return
period should therefore be regarded as ‘indicative’. More details on return periods are
provided in Section 5.
It is also important to note that, not only is groundwater flooding poorly defined and
understood and the evidence base poor, but also that treating groundwater flood risk in
isolation from other flooding sources imposes artificial constraints on our ability to represent
real flooding incidence. Flooding occurs primarily as a result of the interaction of pluvial,
fluvial, tidal, sewer, and groundwater flows, and the map is not an integrated model.
The map highlights areas where there is sufficient evidence to suggest that flooding could
occur. However, given the various limitations of county wide-scale mapping and the
available data, the map may represent ‘false positives’, where it suggests flooding risk which
for local reasons or errors will not occur, and ‘false negatives’, where it suggests that flood
risk is negligible when it may for similar reasons be significant.
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DURATION AND FREQUENCY OF GROUNDWATER FLOODING

5.1

Review of Flood Durations

5.1.1

Flooding via high spring flow and high bedrock groundwater levels

Without reliable time series data on the incidence of groundwater flooding from spring
discharges (Section 2.4), the analysis needs to be undertaken using a proxy measure. This
could either be:
1) groundwater levels (which should be proportional to spring flows)
2) flows from a permeable catchment (of which baseflow should mostly comprise spring
flows).
Both options are reviewed below.
1) Groundwater levels
There are no suitable groundwater monitoring boreholes in Northamptonshire which could
be used to examine the incidence of very high levels. Pickworth Plain borehole (Figure 2.8),
in the Lincolnshire Limestone about 7 km to the north west of Stamford, appears to be a
good candidate for predicting groundwater flooding as there is no maximum limit to head.
Data from other observation boreholes seem to be limited to a maximum, probably related to
stream bed levels, or the incidence of spring discharge. The following analysis assumes that
the Pickworth Plain groundwater level record is representative of the limestone aquifers in
Northamptonshire.
Figure 5.1 (top) shows the full hydrograph record for Pickworth Plain borehole. Winter 1977
clearly has the highest peak, and at that time there is relatively high resolution data (c.
fortnightly). Figure 5.1 (bottom) shows the same data but only for those dates over which
there are records of groundwater flooding from NCC (Section 2.4). Those records that are
highlighted as due to ‘groundwater’ or ‘springs’ and dated are also presented as blue dots.
Return period analysis (Section 5.2) suggests that the 1976/77 peak is at the c. 20 year
level. The next highest peak (winter 2012/13) was the c. 10 year level, and many
groundwater/spring flood incidents were recorded over winter 2012/13. Whilst winter
2013/14 was a very wet season with flooding across the south and south east of England,
the spatial distribution of excess rainfall was focussed on the south east rather than the
Midlands.
Winter 2000/01 gave the next highest levels, but no groundwater flooding incidents were
recorded by NCC. This may be as much a reflection of the lack of a systematic flood
incident recording system at the time (or if there was, the data may not have survived),
rather than actual absence of groundwater flooding.
Winter 2008/09 was a recent season that gave quite a high peak level (and a return period of
c. 8 years). If there was groundwater flooding at the time there are expected to be records,
but there are very few. The best estimate for a threshold level at which groundwater flooding
may start is therefore some level between the 2008/09 peak level (72.29 m AOD) and the
2012/13 peak level (72.64 m AOD).
Illustration 5.1 compares the groundwater levels of the three winters when the level
exceeded 72.29 mAOD, the most conservative threshold level for the onset of groundwater
flooding. Data resolution in 1977 was good (fortnightly) so it can be seen that elevated
groundwater levels lasted about five weeks. Data resolution in 2012/13 was only monthly
but the elevated levels again probably lasted a week or two, but probably not a whole month.
Monitoring in 2000/01 was every two months and does not seem sufficient for getting a
reliable value of duration.
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Wet winter groundwater level peaks

2) Flows from a permeable catchment
The Slade Brook has a dominantly permeable catchment (Figure 5.2), and the gauge is quite
high up in the catchment, which is where groundwater flooding typically happens
(downstream it would be called river flooding despite the source being groundwater). Whilst
flows in Slade Brook may have been contained within the channel, the record of baseflow
may be expected to show the duration of elevated groundwater discharges (so in the
following analysis, the baseflow component of flow is being used in the same way as
groundwater level in the analysis above).
Figure 5.3 (top) shows the hydrograph of daily mean flows for the whole record, zoomed in
to the 0 - 2 m3/s range which is where the baseflow can be seen (maximum mean daily flow
goes up to 16 m3/s, and peak instantaneous flow goes up to 25 m3/s). Baseflow has been
separated from the total flows (using the Boughton two-parameter algorithm from Chapman,
Chapman, 1999), and is also shown in Figure 5.3.
Figure 5.3 (bottom) shows the record from 2007 onwards along with the dated records of
groundwater flooding from NCC highlighted as due to ‘groundwater’ or ‘springs’.
Again, if Winter 2008/09 is taken as an example of a winter when baseflow was relatively
high, yet groundwater flooding was not recorded, a baseflow threshold for groundwater
flooding could be estimated at about 1.15 m3/s. In the 27-year record, there are six winters
in which this was exceeded (i.e. 22% of all winters): in order of the highest baseflows these
are Dec/Jan 2002/03, April 1998, February 2014, January 1999, Dec/Jan 2012/13, and
November 2000. Baseflow hydrographs for these six are shown in the Illustration below.
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Baseflow hydrographs for peak groundwater discharges in Slade
Brook

In each of these events the baseflow exceeded the flow threshold of 1.15 m3/s for a duration
of two and three weeks. There were several peak flow events over these periods where
high runoff was superimposed on already high baseflows.
Designation of what is baseflow and what is runoff is subjective, and relies on the opinion
and experience of the scientist controlling the baseflow separation process. Illustration 5.3
shows three methodologies of baseflow separations for two example winters. All show the
expected duration of very high baseflows to be about two or three weeks.
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Sensitivity on baseflow separation parameters

These event durations can also be broadly cross-checked against the reports of
groundwater and spring flooding in Figure 5.3. Whilst analysis of the groundwater level and
baseflow data indicates a flood duration in winter 2012/13 of only about a month, the reports
of groundwater and spring flooding are scattered throughout November 2012 to March 2013.
Groundwater levels and baseflow at these times were however within the normal range for a
winter so the reports are probably not related to extreme groundwater flooding, but may be
normal winter phenomena. In addition, the reports are not all from the same place: perhaps
the long time span of the reports is related to the movement of flood locations across the
county.
Nevertheless, the proposed durations of 2-3 weeks are to be treated as estimates of
duration at any one place and it should be acknowledged that a county-wide groundwater
flood event may last for several months.
5.1.2

Groundwater flooding via permeable superficial deposits

The duration of groundwater flooding via permeable superficial deposits (PSD) is controlled
by the duration and stage of the controlling fluvial flood event. In this sub-section, two peak
flow events have been chosen to illustrate the duration of groundwater flooding events in the
adjacent flood plain.
Wansford gauge is on the River Nene downstream of Northampton. It is further down the
catchment than the Slade Brook gauge and is a better gauge to show how PSD flooding
occurs, because it is on the largest river in the study area and is next to a wide flood plain
(which is typically where PSD flooding occurs). The gauge provides a record of stage and
two peak flow events are seen: in April 1998 and November/December 2012. Illustration 5.4
and Illustration 5.5 show the full record for Wansford gauge, and the stage data for both
peak flow events. The illustrations also show the number of reported flood incidents that
were not due to surface runoff, to try to get a perspective on the severity of flooding at those
times.
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Stage at Wansford gauge, on the River Nene, and flood incidents
reported to NCC

Illustration 5.5

Stage at Wansford gauge during two peak flow events

The typical maximum level on Illustration 5.4 is 9.5 mAOD and that is reached quite
regularly. If this is considered to be the threshold for extreme flooding, the duration of flood
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events in 1998 and 2012/13 are about one week each. However, this does not necessarily
mean that groundwater flooding on the adjacent flood plain recedes at the same rate.
A simple one-dimensional groundwater model can be used to assess the typical duration of
groundwater flooding in the flood plain. Illustration 5.6 shows simulated groundwater levels
in a generic alluvial aquifer adjacent to the Wansford gauge, during and following the April
1998 peak flow event. Levels are modelled with the equation for unconfined flow next to a
boundary with instantaneous rise in head, from Huisman and Oolsthorn, 1983, which is the
model used in the ESI Groundwater Flood Map, and in the map produced in this study.
Illustration 5.6 shows simulated levels based on generic values of transmissivity
(200 m2/day) and storage coefficient (0.1). In this scenario, the duration of elevated
groundwater levels is slightly longer than the duration of elevated river stage, but only by a
few days.
Illustration 5.7 shows the range of simulated values, using more extreme aquifer property
values.
Whilst the duration of elevated groundwater levels is greater with lower
transmissivity and higher storage, the levels dissipate very close to the river. Groundwater
levels are higher in an aquifer with high transmissivity and low storage, but levels recede
very quickly with the river stage.

T = 200 m2/day
Sy = 0.10

Illustration 5.6
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T = 50 m2/day

T = 500 m2/day

Sy = 0.20

Sy = 0.02

Simulated groundwater levels in flood plain deposits - sensitivity

Probability Analysis

Probability analysis for groundwater flooding is complicated by the typical paucity of data.
The return period of a river flood, for instance, is usually related to the probability of
occurrence of the river stage; this is directly relatable to flood depth, which is a major
contributor to quantifiable damage.
Where groundwater flooding is concerned, flood depth at a receptor is not normally
available. This is because groundwater flooding happens where there is not normally flow in
a channel that might be measured. Reliable generic models are not yet available that can
link the groundwater processes to overland flow in any given catchment. Hence other
metrics related to the groundwater system that have been measured need to be used to
assess frequency of groundwater flooding. These might be: peak baseflow at a stream
gauge, groundwater level, or long-term total rainfall. Some of these data are available for
analysis in the Northamptonshire area.
Potential groundwater flooding incidents that have been identified by reviewing these
different datasets and comparing them with reports of groundwater flooding are presented in
Table 5.1.
Table 5.1

Candidate groundwater flooding incidents

Date

Evidence

February 1977

Peak groundwater level at Pickworth Plain observation borehole
(Illustration 5.1). No flow data from example gauges.

April 1998

High stage at Wansford for nearly c. 2-week duration (Illustration 5.5).
Peak baseflow in Slade Brook (Illustration 5.2).
However the Final assessment for the Environment Agency by an
Independent Review Team 10 did not identify groundwater discharge as
a contribution to flooding in Northampton. (This event may be only
relevant for PSD flooding; despite high baseflow in Slade Brook this
seems to have been substantially a river flood.)

January 1999

Peak baseflow in Slade Brook (Illustration 5.2). High, but unexceptional
groundwater level at Pickworth Plain (Figure 5.1).

10

https://www.gov.uk/government/uploads/system/uploads/attachment_data/f
ile/295146/geho0807bnaz-e-e.pdf
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Date

Evidence

November 2000

Peak baseflow in Slade Brook (Illustration 5.2). Peak groundwater level
at Pickworth Plain observation borehole (Illustration 5.1).

Dec/Jan 2002/03

Peak baseflow in Slade Brook (Illustration 5.2).
Rather low
groundwater level at Pickworth Plain observation borehole (Illustration
5.1).

Nov-Dec 2012

Two separate peaks with high stage at Wansford gauge (Illustration
5.5). Peak baseflow in Slade Brook, about the same time (Illustration
5.2). Peak groundwater level at Pickworth Plain observation borehole
(Illustration 5.1).
Many reported instances of groundwater / spring flooding around this
time.

Feb 2014

Peak baseflow in Slade Brook (Illustration 5.2). High but unexceptional
groundwater level at Pickworth Plain observation borehole (Illustration
5.1).
Many reported instances of groundwater / spring flooding around this
time.

Having identified seven potential groundwater flooding incidents, each time series data set
can be analysed to provide the exceedance probability of the metric being analysed (stage,
rainfall, groundwater level). Plots of the metric against return period for each data set are
shown on Figure 5.4. The following observations are made:
•

There is no metric that identifies the ‘worst’ groundwater flood. The most extreme
baseflow event (Dec-Jan 02/03, exceedance probability 0.05) coincided with a
particularly unexceptional groundwater level at Pickworth Plain (exceedance probability
0.66). Nevertheless the total rainfall over the preceding 90 days was also exceptional
(exceedance probability 0.05).
This is probably mostly due to the limited monitoring frequency at the Environment
Agency borehole, which was three times per year. Level was measured 23 Oct 2002
and 20 Feb 2003; meanwhile the peak baseflow was on 4 January 2003. The
associated groundwater level peak for this event was probably missed by about two
months.

•

On the other hand, all of the metrics for Nov-Dec 2012 show a fairly consistent
probability of about 0.1. Groundwater level monitoring was monthly at this stage, and
levels were measured on 29 November and 19 December 2012, dates which bracket
peak flows nicely (although there was a lot of variation in baseflow between those times).
This illustrates the value of frequent groundwater level monitoring in understanding and
predicting peak groundwater discharges.

•

The most extreme groundwater flood therefore appears to have been Dec-Jan 02/03,
with an exceedance probability of about 0.05, and therefore a return period of about 20
years. It is important to note that during the period for which data has been reviewed for
this report there have been no events that even approach a 100 year return period.

•

There is no apparent correlation between, for example, annual exceedance probability of
baseflow and rainfall with a particular period. That is not to say that high baseflow might
arise from low rainfall, or that high rainfall might result in low flows, because most of the
metrics reviewed here are extreme (almost all are <0.5 annual exceedance probability).
But allowing that they are all extreme, there is no correlation between the degree of
extremeness.
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The river flooding of April 1998 was accompanied by high groundwater levels and
baseflow. This illustrates how the systems are interconnected and not independent, and
that there are no purely river flooding, or groundwater flooding, incidents.
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Key metrics and annual exceedance probability (in brackets) for candidate groundwater flooding events
30-day rainfall
total

60-day rainfall
total

90-day rainfall
total

180-day
rainfall total

Stage @
Wansford

Slade Brook
baseflow

Pickworth
Plain
groundwater
level

February 1977

136.3 mm
(0.28)

196.3 mm
(0.42)

273.4 mm
(0.31)

526.5 mm
(0.10)

-

-

73.44 m AOD
(0.05)

April 1998

157.4 mm
(0.11)

214.2 mm
(0.27)

222.0 mm
(0.68)

436.7 mm
(0.35)

10.93 m
(0.02)

1.69 m3/s
(0.06)

71.83 m AOD
(0.19)

January 1999

126.4 mm
(0.41)

168.9 mm
(0.72)

284.5 mm
(0.25)

432.3 mm
(0.37)

9.59 m
(0.39)

1.51 m3/s
(0.11)

71.52 m AOD
(0.24)

November 2000

149.0 mm
(0.16)

259.6 mm
(0.08)

352.6 mm
(0.06)

541.4 mm
(0.08)

9.86 m
(0.22)

1.37 m3/s
(0.16)

72.54 m AOD
(0.11)

Dec-Jan 2002-03

126.8 mm
(0.41)

239.6 mm
(0.14)

359.0 mm
(0.05)

514.2 mm
(0.12)

9.91 m
(0.20)

1.79 m3/s
(0.05)

69.85 m AOD
(0.66)

Nov-Dec 2012

143.3 mm
(0.21)

247.7 mm
(0.11)

328.6 mm
(0.10)

595.7 mm
(0.03)

10.30 m
(0.08)

1.52 m3/s
(0.10)

72.64 m AOD
(0.10)

February 2014

130.3 mm
(0.36)

244.5 mm
(0.12)

272.0 mm
(0.32)

482.5 mm
(0.19)

9.56 m
(0.40)

1.55 m3/s
(0.10)

71.71 m AOD
(0.21)
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Summary

Several time series data sets have been identified that relate to the incidence of groundwater
flooding: medium-term rainfall totals (i.e. total rainfall over the course of one or several
months), groundwater level, baseflow, and total river flow. The typical duration of
groundwater flooding, based on how long these metrics stay high, has been derived.
Statistical functions have been fitted to these data to derive estimates of the probability of
occurrence of severe groundwater flooding events (or return periods).
A number of potential groundwater flooding incidents have been identified from recent years’
flooding reports to NCC that help to identify groundwater flooding in the past. Consistent
data on flood reporting has been collated since 2007. During this time there were reports of
groundwater flooding in the NCC area in summer 2012, winter 2012/13 and some in winter
2013/14. Review of the medium-term rainfall, groundwater levels and baseflow from these
periods gives values that, if exceeded, might indicate groundwater flooding. Bedrock
groundwater flooding (high groundwater levels, high baseflows) is expected to have also
occurred in February 1977, January 1999, November 2000, and December 2002 to January
2003. A major river flood in April 1998 is expected to have caused flooding via permeable
superficial deposits.
By review of these datasets the typical duration of these groundwater flood events, at any
one location, is estimated to be from 2 to 3 weeks and sometimes 1.5 to 4 weeks at the
extreme. However, flood records for the county as a whole suggest that groundwater
flooding may occur somewhere in the county over several months (i.e. the whole winter).
Statistical analysis of the quantitative data associated with flooding suggests that the annual
exceedance probability of the flooding observed in winter 2012/13 was about 0.1, implying a
return period of around 10 years (1% annual probability). So the flood reports that have
been used to validate the extent of groundwater flooding in the map from this study
represent a relatively frequent flood. This justifies the precautionary approach which has
drawn flood envelopes away from reported locations, as there is no evidence of where
groundwater flooding may occur in the events with annual probability of 0.01 or 0.001 (1 in
100 and 1 in 1000 year return periods).
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POTENTIAL DAMAGE ASSOCIATED WITH GROUNDWATER FLOOD
RISK

6.1

Methodology

The method for calculating and displaying combined Groundwater Flood Risk (GWFR) is
described in Section 3.1. Using these underlying assumptions a method was required to
convert areas of risk to potential damages to properties exposed to ground water flooding.
At this strategic stage of appraising risk, a comparative method to rank risk in each of
Northamptonshire’s 142 wards was adopted. Detailed modelling is outside the scope of this
analysis but a risk ranking process will identify the highest risk wards (and properties within
these wards) that might then be the subject of detailed groundwater modelling.
As flood depths and frequencies are not accurate for properties at risk of groundwater
flooding, it was decided to adapt EA’s Weighted Average Annual Damage (WAAD) approach
(Penning-Rowsell et al. 2013).
It is a common approach used by the EA at a pre-feasibility planning stage.
developed for fluvial flooding, the approach relies on the assumptions that:
•
•

Initially

as flood frequency increases, more properties are flooded and,
as flood frequency increases, flood depths increase (with a cap of 1.2m).

The method then provides default annual average damages which are weighted for:
•
•
•

different types of properties,
different flood durations,
5 return periods (1 in 5 years to 1 in 200 years).

To adapt this methodology to the combined groundwater flood risk (Section 3.1), the
following assumptions were made:
•

•

Very High risk groundwater flooding would take on the values associated with the 1
in 5 year fluvial WAAD value (updated to May 2015 from the Multi Coloured Manual
(MCM) datasets produced by the Flood Hazard Research Centres (FHRC) (PenningRowsell et al. 2013))
Very low risk of ground water flooding would take on the values associated with the 1
in 100/200 year fluvial WAAD value.

The WAAD values for Residential and Non Residential (NRP) MCM standard types
(assuming no prior warning of impending flooding) are presented in the Illustrations below
and detailed in Appendix E.
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WAAD values, residential properties

WAAD values, non residential properties

The values assume longer flood duration data is proportionately included as ground water
flood risk becomes more severe. However, the potentially extended durations associated
with spring and bedrock flooding are not included as this data is awaiting publication by
FHRC MCM. The WAAD values in this strategic overview will therefore be conservative.
NCC provided the EA’s National Receptor Dataset (NRD, EA 2011) from which the subset
“NRD Property Points” was used to extract, for all properties of the county, the property type
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(OS class), MCM code, ground floor area and the groundwater flood risk score as defined in
Section 3.1. This allowed assignment of a WAAD value to each property across the county.
A filter was applied to the full dataset to exclude some properties from the WAAD
calculations:
•
•
•

Properties simulated as being at ‘Negligible’ risk of groundwater flooding
Properties that do not correspond to the ground level (e.g. flats)
As recommended in the NRD manual (EA, 2011, p18), 99 specific types of OS
classes that are unlikely to contribute significantly to enhancing flood damage (e.g.
post boxes, ponds)

All other properties were assigned a WAAD value (total of 85,916 properties). In the NRD
dataset, some properties do not have any ground floor area. For those, a default area
shown in Appendix E was input.
Note that the Groundwater Flood Risk Map presented in Section 3 was updated after
completion of the damage calculations presented here. The update consisted of adding the
outcrop boundary between the Stamford Member Sandstone and Whitby Mudstone as a
spring line having potential to give rise to flooding. The consequences of this modelling
update on the groundwater flood risk to properties and calculations of potential damages
were qualitatively reviewed. From the review, it was considered very unlikely for the
modelling update to have significantly changed the results presented in Section 6.2 and 6.3.
It is important to highlight that unlike fluvial flooding, occurrence of groundwater flooding can
be subject to very local variations. Across an area where groundwater is emerging, not all
properties would actually flood. This can be related to fine variations in topography, local
sub-surface conditions, local drainage conditions or local preferential pathways for
groundwater. The situation was noted during the site visit (Section 2.9.4, Appendix C) where
a house was affected by groundwater flooding while the neighbours were not. McKenzie
and Ward (2015) estimated the proportion of properties located in areas susceptible to
groundwater flooding that would indeed be affected by groundwater flooding. The study was
based on the BGS groundwater flood susceptibility maps, NRD properties dataset and
reported flood incidents and is more accurate on Chalk aquifers (straightforward flooding
process, good observations available). The study assessed that Chalk flooding in
Oxfordshire, Berkshire and along the South Downs affected 5 to 15% of properties
susceptible to groundwater flooding. In other aquifers, it is estimated that 2 to 4% of
properties susceptible to groundwater flooding can be affected by flooding although these
proportions are more uncertain. It is to be noted that the BGS susceptibility maps used in
the study correspond to areas that may be affected by groundwater flooding based on
geological conditions and are more conservative (consider a larger area as susceptible) than
the risk map produced from the modelling described in Section 3.1. Also, only the
mechanism of flooding via high bedrock groundwater levels was considered in the BGS
study. For Northamptonshire, groundwater flooding occurs, in order of importance, via high
spring flow, permeable superficial deposits and high limestone/sandstone groundwater
levels.
To estimate the number of properties affected within the mapped risk zones, an exponential
distribution of the ratio of properties affected by groundwater flooding versus GWFR ranking
was adopted. Assuming that at the highest risk, a maximum of 5% of properties would flood.
This is consistent with McKenzie and Ward (2011) and the observations made during the
site visit. The distribution is presented in the Illustration below.
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Properties flooding likelihood

There are two possible interpretations for the meaning of the vertical axis shown in
Illustration 6.3:
•
•

If a property is at Very High Risk, it has a 5% risk of actually flooding. Whereas if a
property is at Very Low risk, it has a 0.2% risk of actual flooding.
If we consider all the properties that are at Very High Risk, 5% of them would flood.
If we consider all the properties that are at Very Low risk, 0.2% of them would flood.
Although it would not be possible to specify which of the properties would flood.

The risk mapping approach adopted in this study does not allow to definitively determine
which properties of each risk category may flood. Rather, it is considered that a proportion
of the properties within the risk zones are likely to experience flooding. Changing the
proportions would change the total damage value for Northamptonshire but not the ward risk
ranking. Therefore the approach is considered appropriate for purposes of prioritisation of
wards and relative costs but absolute costs values should treated with some reserve.
The methodology takes into account the total number of properties (and their type) at risk of
flooding as well as the distribution of these properties in the different GWF risk categories.
The total WAAD for a Ward is not normalised by the density of building nor the area. This
allows ranking of the costs by total value and avoids discrimination for properties located in
rural areas against properties located in urban areas.
6.2

Results

The WAAD values (accumulated by Ward) are presented as Economic Values or National
Resource Costs from flooding as defined in HM Treasury Green Book. In addition, Financial
WAAD Values are also presented as these are the costs of flooding at a local level or the
actual costs of flooding experienced as compensated by insurance claims. This includes
VAT at 20% and betterment - or the replacement of goods part way through their lives with
new goods.
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Again at this strategic level Residential WAAD financial values are 89%11 greater than
WAAD economic values and Non residential WAAD financial values are 52% greater WAAD
economic values. Financial valuations for residential and non-residential were estimated
from FHRC research as:
WAAD Financial Residential = WAAD Economic Residential x 1.89
WAAD Financial Economic = WAAD Economic Economic x 1.52
Applying the above methodology in all 142 Wards gives a total WAAD economic value
(Annual Average Damage) of £2.4 million for the whole county (£4 million financial).
WAAD values for each ward are detailed in Appendix E and distributions are presented in
the Illustrations below. Three wards (Abington, Lodge Park and Beanfield) do not contain
any properties at risk of groundwater flooding.

Illustration 6.4

Total WAAD for all wards in the county

The above Illustration indicates that 75% of the wards have total WAAD values of £20,000
or less indicating a low exposure to potential ground water flooding. The Illustration below
shows the detail of the fifteen most costly wards.

11

FHRC calculation
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Total WAAD for the fifteen most costly wards 12

The Illustration below shows the spatial distribution of all the wards’ WAADs. Some of the
most costly wards are located on the Northampton area were the high density of population
and the River Nene flood plain (PSD) are a major factor in the total cost. Weldon and
Gretton is the second most costly ward. Although not very densely populated, the ward is
vast and contains a high proportion of properties at ‘Very High’ risk of groundwater flooding.

12

There are two Castle Ward’s in the county (Northampton and Wellingborough). The one referred to here is the Northampton
Castle Ward.
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Wards WAADs spatial distribution 13

13
Correspondence of label numbers vs Wards names is given in Appendix E. The three wards that do not contain any
properties at risk of groundwater flooding are left uncoloured.
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Prioritisation

Fifteen wards have been identified as having the highest WAAD (Illustration 6.5). Details of
properties types found in the ‘Very High’ groundwater flood risk category within these wards
are presented in Appendix E. Amongst these fifteen wards, a total of 2,984 residential
properties and 795 non residential properties fall within the ‘Very High’ groundwater flood
risk category. This represents 4.4% of all the 85,916 properties at risk of groundwater
flooding in the county and 45% of all the properties at ‘Very High’ risk of groundwater
flooding in the county.
It is within these locations where priority action is required to model detailed GWFR, develop
a high level strategy for mitigating against potential flooding and guide growth away from
these sites under future development scenarios.
6.4

Road Infrastructure

During surface and ground water flood incidents communication links, especially roads, are
amongst the first receptors to be affected. The effect of flooding on road networks is
complex with journeys delayed and/or diverted to avoid flood hot spots. These slower more
circuitous journeys have a resource cost in terms of additional Vehicle Operating Costs
(VOC) and additional Value of road user Time (VoT). These delays and diversions have
usually a knock on effect on the non-flooded roads onto which the vehicles using flooded
roads are diverted.
Local Authorities use the webTAG road traffic model (Department for Transport) to evaluate
the resource costs associated with by passing congestion. In these models resource costs
assume that additional VOC and VoT exclude the taxation elements (fuel tax and insurance
etc.) of travel. With almost 80% of VOC being taxation these costs are much less than user
costs but the sheer volumes of traffic to be potentially diverted or delayed during flood
events on major strategic roads in Northamptonshire make an evaluation of costs
appropriate.
The method used here is however proportionate to resources available in this high level
study. It would not be cost effective to apply webTAG approaches to every road and
junction where Ground Water Flood Risk is considered significant. To gain some idea of the
scale of potential daily costs per kilometre to the major roads within Northamptonshire, road
traffic data for 2013 (latest available traffic counts available from Highways England
website 14) was collated for roads crossing areas at High and Very High Risk of groundwater
flooding. Some roads at Moderate risk are also included but roads at Low, Very Low and
Negligible risk of groundwater flooding are excluded.
To further simplify the approach, data from Table 6.11 of the MCM (Penning-Rowsell et al.
2013, see Appendix E) was used to provide a comparative scale of costs to strategic roads
in Northamptonshire that, from ESI modelling, have a significant risk of flooding from
groundwater.
Again for simplicity it was assumed for this comparison that all vehicles travel at a flood free
speed of 50kmph on average and this is reduced to 10kmph during flood incidents. In reality
roads might be closed and diversions introduced. The road traffic data (Annual Average
Daily Flow –AADF) applies the MCM resource cost data to each vehicle type count within
High or Very High Risk (and Moderate) areas and scales the costs assuming all traffic was
disrupted for a day. This is simply a comparative numeraire. Again, in reality disruption
times would vary from just a few hours to several days in extreme circumstances.
This analysis is an overview of which strategic/major roads are most likely to be affected
within the 15 highest risk wards already identified (Section 6.3), assuming reduced traffic

14

http://www.dft.gov.uk/traffic-counts/download.php, accessed November 2015.
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speeds for a day. In summary, the ranking of incident severity is estimated in costs (£/km)
assuming flooding slows traffic from an average 50km/hour to 10km/hour. The Figs 6.1 to
6.14 show:
•
•
•

Traffic count locations within the 15 highest risk wards
The severity of GWFR from ESI modelling
The type of ground water flooding (Springlines, PSD, Bedrock)

The detailed results for the 14 highest risk wards (no relevant roads in Spencer ward) are
shown in Appendix E. Illustration 6.7 ranks the road risk by combining the resource costs for
each road.

Illustration 6.7

Cost due to road infrastructures flooding for the 15 highest risk
wards 15

At this strategic level of analysis our objective is to rank where GWFR is potentially highest
and determine at a future stage the veracity of these preliminary results through more
detailed site specific modelling.

15

Castle Ward refers to the Northampton Castle Ward and not the Wellingborough Castle Ward.
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EARLY WARNING SYSTEM AND MONITORING

Approaches to forecasting groundwater flooding are reported in Environment Agency
(2010a)16 and one approach is implemented in Environment Agency (2010b) 17.
As rainfall infiltrates the ground, the water table rises. It is typically considered that the onset
of groundwater flooding from bedrock aquifers occurs when a threshold groundwater level is
exceeded. This can be conceptualised as the water table intersecting the elevation of some
discharge point (a spring, or stream bed for instance). As the water table, away from the
discharge point, rises further an increasing hydraulic gradient leads to increased spring
flows. At some flow rate this can cause flooding in downstream communities.
The appropriate threshold for the onset of groundwater flooding may be different for any
particular location, and any given borehole monitoring point. For instance, groundwater
flooding in one particular community may start when the level at Pickworth Plain borehole
exceeds 72.3 m AOD. At a community uphill from there, it may start when the groundwater
level exceeds 73.0 m AOD. If another monitoring borehole was constructed, nearer to the
at-risk communities, the threshold levels would not be the same.
Setting a threshold level depends on good knowledge of a) the historical time series data at
a monitoring borehole, and b) when and where groundwater flooding occurred. Having
reviewed the data for NCC, neither of these conditions is met at a scale appropriate for
predicting flooding at a community scale. There are no monitoring boreholes sufficiently
close to at-risk communities; and the spatial and transient distribution of actual groundwater
flooding is not well known.
On the other hand, there are sufficient data sets to enable a county-scale warning system.
Recommendations are made below for developing this system, and for improving coverage
of groundwater level monitoring and flood recording so that a more refined system can be
developed in time.
7.1

County-scale Warning System

Since there is no suitable borehole in the county, an alternative must be used. Pickworth
Plain is considered to be the most suitable borehole for use as it is relatively close to the
county, and the variation in groundwater levels is good especially at peak levels. Many
nearby boreholes reach a maximum level and rise no further, which means that it is hard to
identify a threshold level, and the groundwater level gives no information about the severity
or progress of groundwater flood. Being outside the county is not ideal but because
groundwater flooding tends to occur as a result of rainfall from successive anticyclones, the
scale of the weather system is larger than county scale.
The frequency of data acquisition at the Pickworth Plain borehole should be improved. This
needs to be undertaken in liaison with the Environment Agency, which operates the
borehole. A telemetered groundwater level monitoring system would be required as daily
measurements are needed to reliably forecast the timing of onset of groundwater flooding.
The data also needs to be available for use immediately.
Once the data feed has been organised there are two options for operating the service: by
using an automated subscription service, or manually. A manual (in-house NCC) system
can be developed that follows the protocol in Environment Agency (2010b). The method
uses the historical maximum rate of rise at the borehole to identify a warning groundwater

16

Groundwater flood warning service policy and forecasting tool development review of evidence and current
practice. Environment Agency. Internal briefing document
17
Groundwater flood forecasting and warning service policy – implementation. Environment Agency Operational
Instruction (reference unknown)
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level threshold, which is lower than the onset of flooding threshold, at which it would be
prudent to issue warnings.
The maximum rate of rise at Pickworth Plain was 0.57 m/day during January 1978
(Illustration 7.1). The threshold groundwater level for the onset of flooding is expected to be
72.29 m AOD so the threshold level for a five-day warning would be 69.44 m AOD.
Unfortunately this would have been exceeded in 33 of the 40 winters since monitoring
started. This would lead to too many false positives (i.e. unnecessary warnings) and a lack
of confidence in the system.
If only a two-day warning is required then the threshold would be 71.15 m AOD, which was
exceeded 17 times in the 40 years of monitoring. To reduce the number of false positives
then perhaps a lower rate of rise can be assumed: using 0.3 m/day would give a two-day
warning threshold of 71.69 m AOD, which was exceeded 13 times in the 40 years of
monitoring. (For context, the flood onset threshold level of 72.29 m AOD was exceeded four
times.)

Illustration 7.1

Groundwater level rate of rise at Pickworth Plain borehole

Potential rainfall based (back-up) system
Data from Pickworth Plain is currently at a relatively low resolution, therefore the threshold
level may not be exactly right (though it is considered to be conservative). In the early years
of operation of the borehole system, it may be prudent to use a back-up system in parallel
that keeps track of the cumulative rainfall total.
On reviewing the annual exceedance probabilities in Table 5.2, threshold values for 60-day
and 90-day rainfall totals could be set at the 0.2 per annum probability (all cited events were
less than 0.2 per annum probability). For 60-day total rainfall this is 226 mm, and for 90-day
rainfall this is 295 mm.
This system would be best integrated within NCC’s existing rainfall monitoring and data
management system. However ESI can write suitable software if required.
Communication of warnings and uncertainty
NCC must decide the service level of the warning system and the acceptable frequency of
false positives. At this stage, as the underlying datasets are not robust, it would be better to
be conservative. This raises the question of what is to be communicated, to whom, and how
the degree of uncertainty is to be described.
Evidence suggests that groundwater flooding in the county is not so severe as to have
caused home evacuations. The severity of groundwater flooding has tended to have been
low relative to river flooding for instance. Hence, the description of groundwater flooding that
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accompanies a flood alert needs to communicate that. In addition, the uncertainty in the
location of potential flooding needs to be acknowledged. A suitable statement may be as
follows:
‘Groundwater emergence is expected at locations around the county. This may lead to
localised flooding of roads, gardens, farmland, and amenity land. Flooding of homes is
possible but not considered likely, though access may be impeded.’
While the operation of the system remains unproved, and the underlying understanding of
the locations of groundwater flooding is limited, it is suggested that the warnings are
communicated to first responders only, for the sake of preparedness, and not to the public.
The effectiveness of the system needs to be reviewed every three to four years. It is
essential to continue to log groundwater flooding and spring flooding events to validate the
effectiveness of the system, and refine it if needed.
There are commercial groundwater level forecast services available that could be assessed
for the county.
For example ESI through its subsidiary
GeoSmart
(http://geosmartinfo.co.uk/services/) provides a daily groundwater flood forecasting service
that gives up to 30 days warning of national groundwater flooding issues. This relies only on
there being a data feed from the observation borehole. Pickworth Plain could be
incorporated into a commercial service providing access to the results and warnings to NCC,
on a subscription basis. The ESI / GeoSmart system takes current groundwater levels and
uses forecast and historical rainfall to predict how groundwater levels might change over the
following 30-day period. Results are probabilistic so a level of confidence is attached to the
prediction, as well as a range of timescales at which the flooding may start. The approach is
broadly compatible with the Environment Agency (2010b) method presented above except
that the use of forecast rainfall makes the predicted rate of groundwater level rise more
realistic.
7.2

Groundwater Flooding Driven by River Flooding

Groundwater flooding that has been driven by river flooding has not been identified in the
reported incidents, but it is inevitable that it has occurred. The Environment Agency has a
robust flood alert and warning system for river flooding in the county, which should be used if
possible for sensitive properties identified as at risk.
7.3

Recommendations for an Enhanced Monitoring System

An enhanced system should focus on identifying those communities most at risk of
groundwater flooding, installation of suitable monitoring boreholes and telemetry, and
development of specific early warning thresholds as described above.
Mapping presented in this study establishes those wards most likely to be at risk of
groundwater flooding. Some of the wards will be at risk from bedrock flooding and spring
flooding, others only from flooding via permeable superficial deposits. These latter areas are
not suitable for this type of borehole warning system.
Sites for borehole installation should be chosen on aquifer outcrop uphill from these
communities, and away from a watercourse. Detailed design of a borehole should be sitespecific and take account the likely depth to the water table and the base of the target
formation. Groundwater level monitoring should be communicated back to base by
telemetry to enable timely warnings to be made, and to ensure that inoperative systems are
dealt with promptly.
With regards to cost, a price of £ 5000-10 000 should be allowed for the construction of each
borehole (not including the level monitoring equipment). The range of uncertainty is related
to the depth of the boreholes and the number to be drilled in one field session. The cost of
monitoring equipment and telemetry is unknown but NCC are likely to already have many
telemetered water level devices (e.g. in drainage systems), and integration of the
groundwater level monitoring into that system may be the most cost effective route.
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Groundwater Monitoring Concept

The principal behind using groundwater levels to predict the incidence of groundwater
flooding is well established in literature and Environment Agency guidance (Barker and
Buss, 2010). At any given borehole location, a threshold groundwater level can be defined,
above which groundwater flooding is expected nearby. The threshold level is defined with
reference to historical data (i.e. what was the level when groundwater flooding was last
experienced).
As discussed previously there are no suitable Environment Agency
Monitoring Wells located within the county. To best warn communities at risk of groundwater
flooding, NCC needs to install one, or several, borehole(s) at key locations in the county.
Optimal locations for establishing monitoring are defined by the Environment Agency (2010)
and include those locations where:
•

Groundwater levels in the borehole rise in advance of flooding at the target;

•

Groundwater levels reach a consistent level when the flooding starts;

•

Groundwater levels in the borehole do not reach ground level during flood events;

•

Groundwater level is not so deep that the borehole needs to be very deep and
therefore expensive;

In a multi-layered aquifer (e.g. the series of limestones and sandstones in Northamptonshire)
an additional requirement will be that the borehole is constructed within the aquifer from
which groundwater discharges to cause flooding.
Given that many of these are unknown, a degree of hydrogeological expertise will be needed
to site the boreholes to get the best chance of meeting these conditions. Other
considerations such as land access permissions, access during flood events, and mobile
phone signal (for telemetry), will need to be taken into account before finalising a drilling
location.
7.5

Borehole Locations

Ideal borehole locations will target:
a) the communities most at risk of groundwater flooding, and
b) the aquifers that contribute most to groundwater flooding.
Given that further work is required to review the specific conditions of groundwater flooding
in each community, a more strategic approach to coverage of the county is potentially
justified. Therefore, it seems that an appropriate borehole location would be:
•

•

•

A borehole in the Blisworth Limestone in the north western part of Wellingborough
and/or east of Kettering (e.g. Cranford St Andrew or Grafton Underwood). These
are key communities in Northamptonshire and need protecting if groundwater
flooding appears to be a risk.
For the sake of spatial coverage (as the Blisworth Limestone underlies much of the
county), a borehole in the Blisworth Limestone in the south of the county, perhaps off
the A43 between Brackley and Silverstone, might be suggested. However this is a
sparsely populated area and the alternative would be to place a borehole in the
Northampton Sand in the vicinity of Northampton, preferably avoiding the urban
areas.
A borehole in the Lincolnshire Limestone, west of Corby, should also be considered.
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Borehole and Telemetry Installation

Estimated costs for the following scope for installation of three boreholes is between £20 000
and £25 000, although this is conditional on a number of assumptions regarding time and
borehole depth that have not been fully scoped out:
•
•
•
•

Detailed mapping of potential locations, including services search,
Preliminary site visit by a hydrogeologist to survey proposed locations,
Drilling three boreholes at 150 mm diameter, to 30 m depth,
Attendance and logging by a hydrogeologist, and a factual report.

After one or two years after the installations of the boreholes, a qualified hydrogeologist will
need to review the data collected, compare it with levels at Pickworth Plain (Section 5.1.1),
and set some early warning thresholds for you to set in your monitoring system. The cost of
this assessment is estimated to be around £2000-3000+VAT.
The above does not include the costs for installation of monitoring equipment, or telemetry.
NCC might want to adopt a similar approach to the East Yorkshire Council, which found
most helpful to use the same suppliers and equipment as they use for monitoring drain
levels, so that they were working with one system. It is understood that NCC uses
Hydro-Logic equipment which estimates the cost at £12 000-£15 000 for three sites.
7.7

Early Warning System

The aim of installing these boreholes is to develop an early warning system for groundwater
flooding. When the time comes, aspects of this needing consideration will include:
•
•
•

who to give warnings to
with what degree of certainty
with what timing
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MITIGATION FOR GROUNDWATER FLOODING
Introduction

Whilst there has been considerable attention given to mitigation for fluvial, and to a lesser
extent, pluvial flooding much less notice has been taken regarding groundwater flooding. To
some extent this is because groundwater flooding is often not recognised as such, especially
if it occurs during flooding from other sources, and it is also the case that groundwater
flooding is often more localised and difficult to deal with.
Nevertheless, mitigation is generally possible that should reduce the incidence and
consequences of groundwater flooding, particularly at the design stage when it can often be
provided at little or modest cost. Mitigating for groundwater flooding in existing property is
more difficult and in some cases may be uneconomic. There are also differences between
the target audience for mitigation between existing and proposed development. A property
owner or tenant would be most likely looking for advice on mitigation for an existing property
whilst at the design stage it is the developer and the planning authority that are most likely to
be involved.
For these reasons this section on mitigation has been divided into guidance for proposed
and for existing property, although there is overlap in the actual mitigation measures which
can be employed. The advice for existing property is appropriate for inclusion in guidance to
the public whilst that for development can form the nucleus for planning guidance.
In both cases it is also necessary to distinguish between the three sources of groundwater
flooding that have been identified in this report: bedrock, spring-line and permeable deposits.
Not only are the sources distinct but the character of the flooding, in terms of depth, velocity
and longevity, from each can vary enormously. It may seem contradictory to sub-divide
groundwater flood sources whilst admitting that groundwater flooding as a whole is often not
even recognised, but the work presented in this report will help to establish the type of
groundwater flooding that is most likely at a particular site and knowing what the source is
can help greatly in identifying the best mitigation.
Finally, shallow excess soil water, which can cause surface ponding or well up into
basements, forms another source of flooding that is not strictly groundwater but those
affected are unlikely to appreciate the fine distinction. Many of the mitigation measures
suggested for groundwater flooding, particularly those for permeable deposits, will be
appropriate in these cases as the two sources share much in common and may be
indistinguishable in practice.
8.2

Groundwater Mitigation Systems

Many of the measures developed to deal with river and surface water flooding can be used
to counter groundwater flooding but not all will be feasible or effective in all situations. Some
measures can be relatively cheap to install, particularly at the design stage, whereas some
mitigation systems are ineffective or prohibitively expensive to retro-fit.
Mitigation measures may often need to be combined to be successful. Barriers may only be
partially successful for instance, and require a pump system to remove the water that seeps
past. The summary below provides information on the main types of mitigation and an
indication of possible costs for both new-build and retro-fits but an individual assessment of
feasibility and costs should be made in each situation.
Avoidance
For new developments the best mitigation may be to avoid the areas most likely to be
affected by groundwater flooding. It is noted that subsurface development such as
basements, infiltration drainage systems, buried services and sewers will be more
susceptible to groundwater flooding which has been mapped relative to ground level.
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In bedrock flooding a limited flow path in the bottom of a dry valley is often the highest risk
and can be readily avoided. The final micro topography of the development should be
considered to ensure suitable flow routes are present. Development below a recognised
spring line may also be at risk and should be carefully investigated before gaining approval.
Avoidance is also possible within a site at the design stage by applying the ‘sequential
approach’ to site layout planning. Costs will depend on the economics of the site and
possible other uses of land which is not developed: car parking or public open space may be
feasible for instance, which frees up other parts of the site for building at no overall cost.
Raise floor levels
Increasing the finished floor level on new property may be a cost-effective way to reduce
groundwater flood risk except in the most severe bedrock flood areas. Other considerations,
such as access, service connections and the effect of displacement or diversion on other
nearby property must also be made.
Floors can also be raised on existing property, although at greater cost. A new raised floor
should be designed with a damp proof barrier integrated into the structure of the building. If
a timber suspended floor is constructed it may also require a sump and pumping system to
prevent permanently damp conditions below leading to rot.
For a new-build, raising the floor level a small amount may not be an expensive proposition,
though it may have consequences for roof line levels and restrict the type of building that is
feasible on a site. As a retrofit, it is likely to be a very expensive option and perhaps feasible
only during property renovation.
Install drainage to collect and dispose of water
Where an occasional flow from a spring line is identified then provision of an adequate
drainage route may alleviate the problem. Drainage may also work where low levels of soil
water excess occur, or where seepage occurs upslope of an affected property, and drainage
around the property can safely collect and conduct the water away. Drainage provision
might take the form of slotted plastic pipe in a gravel trench (a French drain) where volumes
are low or the drainage route ill-defined.
If only one property is affected by flow from a spring line then the flow route may be diverted
around the property using a ditch, pipe, dwarf wall or embankment.
Drainage is less likely to be successful where there is a large body of groundwater as the
volumes will be too large. In flat areas it may also not be feasible to develop a suitable
drainage route, and pumping may also be required to remove excess water. Permission to
discharge collected water may be required and can only be done where the discharge will
not cause further flooding elsewhere.
The costs of installing drainage depend on the type and scale of drainage required. Small
drainage systems may be relatively cheap to install. A French drain around a single property
for instance, may be below £5000 depending on the length required. Costs in a new build
could be less if suitable equipment and manpower are already on site.
A drainage system to protect a number of properties will be considerably more, and if a
proper outfall structure is required then it may range up to £100 000 or more. Per property,
however, a drainage system may still be a cost-effective way of dealing with some
groundwater flooding sources.
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Physical flood barriers
A wide range of flood barriers for individual properties is available commercially. Physical
barriers include flood gates across property entrances, covers for air bricks, non-return
valves for surface and foul drains and low flood walls around individual properties.
These systems have largely been developed to combat flooding from rivers and are
therefore more effective when flooding occurs for a short period and they may require some
warning to allow their installation. Groundwater flooding is likely to occur over a longer
period, and thus can overcome many physical barriers, and may also enter the property from
under the floor, by-passing the barrier entirely.
Physical barriers may be effective for property in the path of flowing groundwater, particularly
from spring lines where the flow is more likely to be short-lived.
Physical barriers can be a cost-effective way to retro-fit flood protection to an individual
property. Flood barriers for doors and air bricks can be provided for a few hundred pounds
which may be cost-effective for short lived occasional groundwater flow events but they do
require some form of warning system so they can be deployed in good time. New builds
should not rely on these systems but provide permanent solutions, such as proper siting of
property and provision of drainage routes which do not require the active participation of
occupants.
Tanking and waterproofing
Tanking systems provide a waterproof membrane on the floor and walls of a property and
are particularly used in basements. They are best installed on the outside walls and
therefore are more successful in a new build, but can be retro-fitted on the inside where
flooding is occasional and water levels are modest. They should be designed and installed
by a specialist company.
Tanking systems cost several thousand pounds to install and must be done professionally.
They may be cost-effective when installed in a new-build and where water levels are not
constantly high, but are less likely to be cost-effective as a retro-fit unless groundwater
flooding is a slight and rare occurrence.
Sump and pump systems
These provide a collection area for groundwater and remove the excess by pumping to a
suitable discharge route. They may be effective for seepages and small volumes of water,
but less so where a large volume of groundwater occurs, such as in bedrock and permeable
deposits. The sump can be outside of a property to reduce the groundwater level nearby,
and will often require several sumps or a buried French drain system around the property to
successfully lower the level over a large enough area. Alternatively, they may be installed
inside under the floor or in a basement or cellar to keep water levels below the floor level.
Sump pumps are usually submersible and operated by automatic switches. These pumps
are electric and consideration of a back-up generator may be required if power failure during
floods is a possibility. Non-electric pumps (e.g. petrol or diesel) should not be used
internally. Sumps may also be pumped out by externally sited pumps but these are
generally less convenient and require more sophisticated switching systems.
Sump and pump systems can be relatively cheap to install externally but are often used in
conjunction with other mitigation measures. Installation inside a property is likely to require
substantial building work and therefore be more expensive, but may still be cost effective
particularly in a renovation project. Suitable pumps are relatively cheap – around £100 £200 – but the installation costs may be several thousand pounds.
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Further Information
Further information on each of the mitigation measures listed above is available from the
sources provided in the Bibliography and from specialist suppliers. The sections below
provide guidance on which measures are likely to work in which situations.
8.3

Mitigation for Proposed Developments

The easiest way to mitigate for groundwater flooding is to avoid development in high risk
areas, and the ESI groundwater flood risk map, and the findings of this report, are very
helpful in achieving this. However, some sites may have to be developed for other reasons
that may outweigh the risk, so consideration of mitigation may be necessary.
The most appropriate mitigation can depend on the groundwater source, and appropriate
mitigation is discussed below for each type.
8.3.1

Bedrock sources

This is groundwater emanating directly from the groundwater body and often results in
surface flow over the ground in low-lying areas, particularly in a “dry valley”, which is often
an extension of a permanent stream at lower elevation. The upper valley in these cases is
normally dry, but in times of high groundwater the water table exceeds ground level and flow
results. The actual emergence of the groundwater may be some distance upstream from the
affected site and water will flow down the valley.
Sites susceptible to bedrock groundwater can be identified primarily from geology – they
occur where very permeable rock exists in depth – and from location, particularly in dry
valleys. There may be some onsite evidence of dry channels, eroded springs and
suspicious names such as winterbourne or spring used locally. Local advice can also be
useful.
Bedrock groundwater flooding is a characteristic of chalk valleys but is relatively rare in
Northamptonshire. The flooding is relatively localised but often flowing and can last for
several weeks. Mitigation for this type of flooding is very difficult since the volume is
potentially enormous and the length of time flooding occurs means that normal flood
barriers, including property walls, are overcome. Raising of floor plinths may be an
appropriate measure, but bedrock groundwater flooding can undermine foundations by
removing underlying material, and shrinkage of soils causes further damage after the event.
Careful design of foundations is required where this approach is taken.
Appropriate Mitigation for Bedrock Sources
Best:
Avoid development in risk areas (which may be limited to low-lying parts of
the site)
Other Potential Mitigation
Raising floor levels
Less likely to be successful (due to volume and longevity)
Tanking and waterproofing
Sump and pump systems
Drainage
Physical flood barriers
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Spring-line sources

The permeable rocks in Northamptonshire tend to be thin and interlaced with less permeable
material. Spring lines, where the permeable rock overlies less permeable layers along the
edge of higher ground, are therefore a common potential source of groundwater flooding in
the county.
Areas at risk of spring-line groundwater flooding may be identified from geological
conditions, and the risk map in this report is a good source, but presence of steep slopes is
also a useful indication. The steep slope is often a sign of a change in geology and could
mean that more resistant but permeable rock is at the top of the slope and potentially a
temporary source of spring water.
Spring-line flooding is likely to be small in volume, but will have a flow velocity and may
affect areas some distance from the spring itself. Spring-line flow may also be exhibited as
an area of seepage, which persists during dry weather.
These characteristics mean that barrier systems, including tanking and physical flood
barriers may be effective. Drainage or diversion of flow paths may also be very effective and
the first line of defence, providing there is a safe place to discharge the collected or diverted
water where further flooding will not result.
Sump and pump systems may be useful as the volume of water is normally quite low and the
groundwater is not likely to be welling up from under the floor. Such systems may be
uneconomic however and less desirable than simple re-routing of the groundwater flow path.
The system should ideally be placed externally since if the water has already gained access
to the property most of the damage will already have been done.
Appropriate Mitigation for Spring-line Sources
Best:
Avoid development in potential flow paths
Install drainage to collect and dispose of water
Provide drainage routes (ditches, pipes, French drains) to divert flow path
Other Potential Mitigation
Physical flood barriers
Tanking and waterproofing
Raising floor levels
Less likely to be successful
Sump and pump systems (unless external to the property)
8.3.3

Permeable Superficial Deposits

This source of flood water is usually derived from a watercourse, or from groundwater
adjacent to a watercourse, and occurs when the raised level in the channel drives
groundwater underneath flood defences and out across the adjacent floodplain. This should
not occur in well-designed flood defence walls, which will be keyed in to underlying
impermeable material or be sheet-piled to a considerable depth. However, informal flood
banks, where earth has been made into an embankment alongside the watercourse, may
not be so well designed and permeable material may lie out of sight beneath the bank.
Areas that may be prone to this source of groundwater flooding are likely to be sites in river
valleys at a level lower than the expected flood height in the adjacent river where informal
flood banks have been created. If the flood defence is installed by the Environment Agency
or a local authority, information on its design and construction may be obtainable. Flood
banks in more rural areas are more likely to be of concern, though only substantial rivers,
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where the flood level may be maintained for several days, are likely to present a real risk. In
Northamptonshire this is most likely to be the River Nene.
If these conditions are present the development area should be treated as a flood zone 3
(i.e. high risk of flooding) unless the integrity of the flood defences can be proved.
Flooding from this source is likely to form a relatively shallow layer of still water but may be
present for many days, even after the river flood has subsided. This means that, apart from
avoiding such sites, raising the floor levels, to at least the predicted river level, may be the
most appropriate mitigation. Installing drainage and sump and pump systems is likely to be
ineffective due to the potential volume of flood water, and the difficulty of finding an
appropriate discharge location. The potential longevity of the flooding may also compromise
physical flood barriers, waterproofing and tanking.
Appropriate Mitigation for Permeable Deposits
Best:
Avoid development in defended river valleys
Raising floor levels
Other Potential Mitigation
Physical flood barriers
Tanking and waterproofing
Less likely to be successful
Install drainage to collect and dispose of water
Sump and pump systems
8.3.4

Flooding from Excess Soil Water

When the rate of rainfall exceeds the ability of the ground to absorb it the excess will either
runoff or collect in low lying areas. The water which is absorbed will flow downslope through
the soil and may re-emerge when the soil permeability changes, a physical barrier (such as
a building or basement structure) is encountered or simply when the volume of water
exceeds the pore space available in the soil.
This is not strictly groundwater, but can cause flooding just the same and will not be readily
distinguished from a groundwater source. Areas at risk may be identified from the surface
water flood map, which shows flow routes and collection areas, from vegetation (i.e. from
identification of species that thrive in boggy or poorly drained areas), local knowledge or
simply observation in persistent wet weather.
The flooding can be more of a nuisance than a real threat but can create damp living
conditions and damage floors and basements. It is best dealt with by improving external
drainage or by rectifying the source which can be a blocked or collapsed drain, or a poorly
sited road drainage or soakaway system. If the problem is persistent or not readily rectified
then raising floor levels can be a solution. Sump and pump and physical flood barriers could
also work but might be inappropriate to deal with a perennial problem whilst tanking and
waterproofing may have only limited effectiveness against long-term and persistent
saturated soils and basements should be discouraged in such areas.
It is quite likely that excess soil water problems will not be identified or mitigated for at the
development stage, and the development itself may remove or displace the problem through
installation of drainage and general disturbance of the area. Development control can also
play a part in ensuring new problems are not created by unplanned use of soakaway
systems in new developments. Soakaway design is often based on the focussed infiltration
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of run-off in a small area. Long term use of many adjacent soakaways can raise soil water
volumes if the receiving formation is not sufficiently thick or permeable. Use of diffuse
infiltration systems as outlined in the principals of sustainable drainage systems (SuDS) is
recommended. Systems should be assessed to ensure groundwater flooding does not
reduce the effectiveness of the SuDS feature in reducing surface run-off. Development on
steep slopes and creation of cuttings may create seepage faces or barriers to groundwater
flow which results in flooding if a suitable discharge route is not available.
Appropriate Mitigation for Excess Soil Water
Best:
Rectify the source if possible
Install drainage to collect and dispose of water
Other Potential Mitigation
Raising floor levels
Physical flood barriers
Tanking and waterproofing
Sump and pump systems
Less likely to be successful
Most of the groundwater mitigation measures should help but may not be
economic
8.3.5

Basements

The development of basements in residential areas is a popular way of gaining additional
space in homes. Basements can affect the environment and nearby structures in a number
of ways (Camden, 2010) which has led to the development of guidance documents by local
authorities in London (Westminster, 2014). Guidance developed for Camden sets out a
useful methodology developed for a staged risk-based impact assessment of hydrology,
hydrogeology and land stability. The installation of a basement beneath the water table
creates a barrier and the diversion of groundwater flow around the basement slightly
increasing groundwater levels upstream or affecting spring discharges. This has potential to
create groundwater flooding in adjacent properties, services or basements.
The cumulative effect of incremental development of basements in close proximity should be
assessed but often groundwater flow routes remain and the impact is minimal. Before
permitting the development of basements in groundwater flood prone areas an assessment
should be undertaken including flooding from sewers and drainage systems entering the
building, e.g. through toilets and showers at the lowest point in the system. This type of
flooding can be mitigated through the use of non-return valves and anti-flooding devices.
8.4

Mitigation for Existing Property

Much, but not all, of the discussion for proposed developments is appropriate for retro-fitting
in existing property but the practicality and economics installation can be very different. One
of the difficulties facing property owners is identification of the source of flooding and it may
not even be apparent that groundwater is involved. Fortunately many of the potential
mitigation measures are effective regardless of the source of water but some are not and
therefore some help on identifying groundwater is provided below.
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What’s the Flood Source?

Groundwater flooding can be difficult to identify. Groundwater is usually clearer than river
water, though this is not always the case. Check the flood risk map to see if the property is
in an area likely to be at risk as a first step as this may help determine what the likely source
of flood is.
If flooding occurs over a long period – several days - and is not apparently flowing then a
groundwater source is likely. This could be either from permeable deposit sources, excess
soil water or, though less likely, a bedrock source. If the flooding is over a long period and
flows, then it is more likely to be a bedrock source, particularly if it is flowing down a valley.
Flowing water in an unusual place for a few hours or days could be a spring source, unless a
water main is leaking. The latter will not decrease until it is fixed, whereas a spring source
will gradually decline after wet weather ceases.
Water welling up under floors is very likely to be groundwater but could also be from a
blocked or collapsed drain or be coming from a water main, particularly if the weather has
been generally dry.
8.4.2

What can be done?

The most appropriate mitigation may be found under the description below that most closely
fits the flooding. Further details of each type of mitigation are provided in section 8.2.
Water coming up from under the floors
If this occurs every time it rains heavily, there is likely to be a problem with the local
drainage. There may be a blocked or collapsed drainpipe near to or even under the property
or perhaps something blocking a seepage route nearby. A drainage survey will determine if
this is the case. Restoring or replacing the drainage could provide the answer, or it may be
necessary to provide a new drainage route around the property to lower the water level
underneath it.
If the property is near a watercourse check to see if the flooding corresponds to a high river
level. Even if there is a flood barrier between the property and the watercourse water may
be seeping underneath from the river or is being prevented from reaching the river by the
barrier. Providing a drain alongside the barrier to intercept this flow may help but it will be
necessary to find a safe place to discharge the water and get landowner permissions to
construct the drain.
If this is not possible, then collecting the water in a sump under the floor or next to the
property and then pumping it out could be feasible. Automatic submersible pumps can be
effective in disposing of small quantities of water, which may then be discharged either into
the watercourse or a drain (after receiving appropriate permissions) or across ground
downhill from the property if doing so does not cause flooding elsewhere.
If water appears even after prolonged dry weather it is likely to be a leaking water main –
contact the water authority for advice.
If water comes up only after a very long wet period it is possible that there is a spring under
the property. Provision of a pump set in a sump under the floor may assist in this case, but
seek professional advice to ensure the correct type and size of pump is used. Only use
electric pumps indoors to avoid safety issues with petrol or diesel fumes.
Water flowing in unusual places after heavy rain
This could just be a blocked drain but may also be from a spring source above the property,
particularly if it flows for longer than a few days. The simplest mitigation may be a diversion
channel or barrier wall that ensures the water flow goes around rather than through the
property. This could be part of the landscaping around the property and quite unobtrusive.
For small flows or seepages a slotted drain set within a gravel trench could also be effective.
If there is no space for these, then physical barriers which can be used to cover doorways,
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airbricks and similar openings may help. These are readily available but usually require
fitting before a flood occurs, which may not be feasible for this type of flooding if no warnings
are available.
Persistent, flowing water after a long wet period
This is likely to be bedrock flooding – water coming directly from permeable rocks. If the
property is flooded in this way after an exceptionally long wet period it is probably due to
high groundwater tables and excess water will be draining from the rock. Unfortunately this
is very difficult to mitigate for as there is a large volume of water and it is likely to be around
for an extended period. Barriers, from sandbags to thick walls are unlikely to resist flood
water for an extended period unless very well engineered and accompanied by large pumps.
This sort of flooding is very rare in Northamptonshire.
Flooding in basements and cellars
It is likely that waterproofing in the basement is either absent or has failed. This can usually
be remedied by specialist companies who can provide tanking of floors and walls which
provides a new waterproof membrane. Pumping from a sump may also be necessary to
relieve water pressure. Non-return valves and anti-flooding devices should be installed on
drainage systems connected to the basement.
8.5

Summary

The table below summarises the potential mitigation measures appropriate for each source
of flooding
Table 8.1
Source
of
flooding

Description

Summary of mitigation measures
Best mitigation
measures

Measures less likely to
be successful

High
bedrock
GW
levels

Usually in dry valleys of
permeable geology
Long duration and high
volumes
Rare in Norths

Avoid development in risk
areas
Raising of floor plinths

Tanking and waterproofing
Sump and pump systems
Drainage
Physical flood barriers

Springlines

Along outcrop boundaries
of permeable rock
overlying less permeable
layers
Common in Norths

Avoid development in
potential flow paths
Water drainage and
disposal
Divert flow path
Physical flood barriers
Tanking and waterproofing
Raising floor levels

Sump and pump systems

PSD

Adjacent to flood plain
(especially Nene)
Should not occur in welldesigned flood defence
walls
Shallow layer of still water.
Can remain for days after
the river flood has
subsided

Treat as flood zone 3
Avoid development in
“protected” river valleys
Raising floor levels
Physical flood barriers
Tanking and waterproofing

Install drainage to collect
and dispose of water
Sump and pump systems
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of
flooding
Excess
soil
water

8.6

Description

Exceedance of infiltration
capacity – not strictly
groundwater but not
readily distinguished from
GW source Dampness,
damage floors and
basements
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Best mitigation
measures

Rectify source if possible
Water drainage and
disposal
Raising floor levels
Physical flood barriers
Tanking and waterproofing
Sump and pump systems

Measures less likely to
be successful

Most GW mitigation
measures should help but
may not be economic
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Groundwater Flooding – A guide to protecting your home from flooding caused by
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September 2001.

Local Government Association/Environment Agency,

Sources of further guidance:
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CONCLUSION

This Section assesses the findings of the study in regards to the scope and objectives
defined in Section 1.2.
Groundwater flood mechanisms
The review of available data identified three mechanisms of groundwater flooding in the
county:
1

Flooding via Permeable Superficial Deposits (PSD): occurs in permeable formations
located next to a flood plain when the river levels are high. The Nene valley is the prime
location of this flood mechanism.

2

Flooding via high spring flows: the geological context of the county gives rise to
numerous springlines. Along these can be present permanent springs and when
groundwater levels are high, new springs can emerge from the preferential discharge
points of the aquifers.

3

Flooding via high bedrock groundwater levels: long periods of high recharge conditions
can cause the groundwater levels in bedrock aquifer to rise to the point that they
emerge, usually in areas of low topography. This is rare in the county and associated
with Jurassic Limestone bedrock aquifers which have limited extent.

Objective 1 – Identification of areas at high risk of groundwater flooding
Two maps, in the format of 5m x 5m GIS layers were produced. They are primarily intended
to be a support for planning and development and represent:
•

The Groundwater Flood Risk (GWFR), for an indicative 1% annual probability, caused by
the three mechanisms described above. Within this envelope the map is classified in six
categories of risk: Very High, High, Moderate, Low, Very Low and Negligible.

•

A supporting layer indicating the mechanism causing the GWFR.

An indicative >1% annual probability for the combined map is considered a reasonable
method of expressing the likelihood of groundwater flooding as rare in some locations within
the highlighted risk areas. The maps are screening tools and do not mean that groundwater
flooding will occur across the whole of the identified risk areas. The map represents a
precautionary approach assuming the county could be subject to more extreme groundwater
flooding than yet recorded. Approximately 79% of the county is considered to be at a
negligible risk of groundwater flooding and 8% in the moderate to very high category.
Objective 2 – Likely frequency and duration of flooding
Analyses of historical groundwater flood incidents, medium-term (60-day) rainfall,
groundwater levels and river baseflow, indicates the main recorded event of groundwater
flooding was the winter 2012/13 which had a return period of around 10 years. A
precautionary approach was therefore used in the risk mapping, as there is no record of
groundwater flooding for more extreme events, which may be exacerbated by climate
change. The typical duration of groundwater flood events, at any one location, is estimated
to be 2 to 3 weeks. However, flood records suggest that groundwater flooding may occur
somewhere in the county over several months (i.e. the whole winter).
Assessment of risk and damage
Implications and significance of the risk categories were defined, along with mitigation
options to consider at the planning stage. Methods of mitigation for existing properties
having experienced, or likely to experience, groundwater flooding were also provided. This
also includes indications on how to recognise groundwater flooding.
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Historic data coverage for the county is poor as the consistent recording of flood incidents is
recent (from 2012) with limited data for calibration of the groundwater flood map, damage
costs or identification of groundwater flooding ‘hot spots’. From 2307 reported incidents,
approximately 3% were reported as associated with groundwater. Approximately 41% are of
unknown origin, a proportion of which could be groundwater related.
Calculations of damage costs associated with groundwater flooding in the county were
undertaken at a strategic level. Damage costs were estimated by applying the EA’s
Weighted Average Annual Damage (WAAD) approach to the GWFR map combined with the
EA’s “NRD Property Points” subset of the National Receptor Dataset. It was assumed that
within the mapped highest risk zone, 5% of properties would flood, with an exponential
decrease in the lower risk areas. Taking into account the GWFR and the number (and type)
of properties at risk allowed ranking of the wards.
Approximately 85,916 properties were identified as potentially at risk of groundwater
flooding. A total WAAD economic value (Annual Average Damage) of £2.4 million was
estimated for the whole county (£4 million financial). The approach is considered
appropriate for purposes of prioritisation of wards and relative costs but absolute costs
values should treated with some reserve. Approximately 75% of the wards have total WAAD
values of £20,000 or less indicating a low exposure to potential ground water flooding. The
fifteen most costly wards were identified to prioritise further work. The maximum WAAD of
£132, 000 (Financial £231,000) was estimated for St. James Ward in Northampton.
During surface and ground water flood incidents communication links, especially roads, are
amongst the first receptors to be affected. A high level study of the effect of flooding on road
networks was undertaken for the prioritised wards to assess the potential cost of road
closure. The maximum annual average total cost per Kilometre of road was estimated to be
£138,000 for the Castle Ward (Northampton).
Objective 3 - Mitigation
Groundwater flooding is often not recognised as such, especially if it occurs during flooding
from other sources, and it is also the case that groundwater flooding is often more localised
and difficult to deal with. Nevertheless, mitigation is generally possible that should reduce
the incidence and consequences of groundwater flooding, particularly at the design stage
when it can often be provided at little or modest cost. Mitigating for groundwater flooding in
existing property is more difficult and in some cases may be uneconomic. There are also
differences between the target audience for mitigation between existing and proposed
development. A property owner or tenant would be most likely looking for advice on
mitigation for an existing property whilst at the design stage it is the developer and the
planning authority that are most likely to be involved.
A range of mitigation options are available in areas at risk of groundwater flooding. The
optimum mitigation design depends on the source of the groundwater and the associated
flood depth, discharge and duration. Mitigation options discussed within the report include:
avoidance of development in risk areas (which may be limited to low-lying parts of the site);
raising floor levels; tanking and waterproofing; sump and pump systems; interception
drainage; physical flood barriers.
The appraisal identified fifteen wards where priority action is recommended to develop a
high level strategy for mitigating against potential groundwater flooding and informing future
development scenarios. These wards are: St. James, Weldon and Gretton, Spencer, West
Hunsbury, Finedon, Kingsley, Lyveden, Parklands, Castle (Northampton), Irthlingborough,
Waterloo, Blisworth and Roade, Deanshanger, Queen Eleanor and Buccleuch, Brafield and
Yardley, Nene Valley.
Results from the GWFR mapping, damage costs assessments and data review supported a
series of recommendations for a groundwater flood forecasting system which could
eventually lead to an early warning service. Threshold values have been derived based on
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groundwater levels, river flow and rainfall that would allow advanced warning of groundwater
flooding. Observation borehole groundwater data is not available in the county from either
the Environment Agency or NCC. Locations for three new boreholes were proposed for a
combined estimated cost of £ 34 000 to £ 43 000. Recommendations are set out for further
work to develop an early warning system for groundwater flooding, and prioritise a review of
wards, roads and infrastructure at highest risk of groundwater flooding. Future development
should be informed by the groundwater flood risk screening maps and the suggested
mitigation methods.
Objective 4 – Support for planning
A set of groundwater flood risk maps have been developed with supporting documentation
(Guidance for Planners, Northamptonshire) to support planning decisions. Flood Risk
Assessments (FRAs) for new development should include an assessment of groundwater
flood risk. A site specific groundwater flood risk assessment is recommended for areas
identified as at risk. Developers should consider the implications of groundwater flood risk as
part of the site design process including; the implications for slope design, drainage systems,
services and basement development.
Guidance was developed for planners and a workshop scheduled to disseminate the project
findings and provide training on the use of the groundwater flood risk mapping and the
supporting data. Practical information was prepared for distribution to the public on mitigation
measures and how to recognise groundwater flooding.
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10 RECOMMENDATIONS AND ACTION PLAN
The study has culminated in a series of recommendations and action points to be carried
forward at both strategic and site specific scales. These are summarised as follows and
supporting information is provided in the main report and Appendix F.
10.1 Planning Guidance on the Appraisal of Groundwater Flood Risk
A 5 meter resolution groundwater flood risk map for the county in GIS format has been
prepared for distribution to the local planning authorities. Planning guidance summarising
the mechanisms of groundwater flooding and the mapped risk categories has been prepared
to accompany the map, along with potential mitigation strategies (Appendix F). A workshop
event will be held with the planning authorities to go through this.
10.2 Public Guidance on the Appraisal of Groundwater Flood Risk
An update is proposed to the Flood Toolkit website (www.floodtoolkit.com) to incorporate an
updated description of groundwater flooding (Appendix G). A public guidance document has
been prepared for distribution entitled ‘Preventing Groundwater Flooding in Your Property’
(Appendix G).
10.3 Recommendations for Further, Area Specific Assessments and Options
Appraisal
Further groundwater flood risk assessment is recommended within the top 15 wards
identified as at greatest economic risk from groundwater flooding. These wards should
develop a high level strategy for raising awareness of the risk within the communities and for
mitigating against potential flooding and guiding growth away from these sites under future
development scenarios. In addition screening of strategic critical infrastructure assets is
recommended. The economic impact of road closures should also be developed for key
road networks.
10.4 Development of Groundwater Flood Risk Forecasting
A strategy for developing a groundwater flood risk monitoring and forecasting capability has
been set out within the report. The most reliable method will be the installation of up to 3
new boreholes within the county at a cost of £30-40,000. Alternative secondary methods
can be taken forward for using the flood threshold values derived during this study to predict
groundwater flooding using 60 day cumulative rainfall totals of 226 mm at Orlingbury gauge,
or telemetered groundwater levels from existing boreholes outside the county.
10.5 Improved Groundwater Flood Incident Recording
To enable better recording of groundwater flood incidents, it is recommended that authorities
responsible for recording flooding events are provided with suitable training on the
occurrence of groundwater flooding and are made aware of the groundwater flood risk maps.
It is recommended that the performance of the flood risk maps is reviewed after 12 months
in relation to the data recorded.
10.6 Review of the Implications of Groundwater on Sewer Flooding
It is recommended that a strategic review is undertaken of sewer flooding incidents and
baseflow discharge from sewage treatment works in relation to the groundwater flood risk
mapping. Potential exists to target investment and maintenance if problem areas are
identified that are susceptible to groundwater infiltration into the sewer network.
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