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Background

The analysis contained in the “An Hydrological Analysis of the Local Area for the FFRG” document looked at the 
overall long term historic measurements for our local area of the Vale of the White Horse in respect of Rainfall, 
Streamflow and Groundwater. This provided a “wide-angle” view of what trends there appeared to be, how important 
variables such as rainfall, stream and groundwater levels might be in explaining the increasing occurrence of flooding in
our region. The original focus was also with regard to the extensive flooding on the A417 around the Mellors Garage 
area. It made various observations, deliberately not called conclusions, which this document seeks to explore and either 
validate, amend or delete. 
This exploration, prompted by the recent storm periods of “Storm Henk” and the heavy rainfall in early September 
2024, looks in more detail at the period 1st May 2023 - 17th  September 2024.  It uses the same available records as the 
previous document but in more detail - and still concentrates on the Letcombe Brook flow as this is the only stream in 
our region with installed streamflow gauges. Unfortunately, while the time frames for the data can be expanded - down 
to 15 minute values, unfortunately the spatial ones cannot - the large distances between regional rain-gauge sites, 
streamflow and groundwater gauges still create some uncertainty in how well they represent actual conditions that 
impact flooding; e.g. does rainfall on the Berkshire Downs summit have any bearing on flooding in Grove? Or do 
groundwater measurements directly south of and above the emergence of the Letcombe Brook have any influence on 
the flows and water levels seen at the gauging station in Letcombe Bassett?
 
An overall look at the whole Period 1 May 2023 - 17 September 2024

The map in Figure 1 shows the rain gauge,
groundwater and stream levels used in this
analysis (circled in red). Other measurement
stations used in the first report are labelled 

This analysis uses the Maddle Farm rain gauge
data and the Gramps Hill borehole groundwater
data - these two stations being directly south of
the emergence of the Letcombe Brook in
Letcombe Bassett. While the Maddle Farm rain
gauge station was used in the first analysis
document, Gramps Hill, Greendown Farm and
Stancombe Farm were not part of the
groundwater measurement system as the focus
was to encompass the area around the A417
floods. It is apparent from this map that the area
around and between Wantage, Grove and the
Hanneys are devoid of any local measurements, in precisely the areas affected by flooding. 

Figure 2 shows the daily rainfall (mm) and groundwater levels (metres Above Ordnance Datum (mAOD) line) during 
the period 1st January 2023 - 29 September 2024. The Ordnance Datum is the mean sea level located at Newlyn, 
Cornwall, a datum established in 1921 - all map contours are based on this effective mean sea level.

Figure 2: Daily Rainfall and groundwater level - 1st Jan 2023-29 Sep 2024

Figure 1: Measurement locations used in this analysis (Red circles)
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It is evident that groundwater levels are not responding to rainfall input in any apparently consistent way. Despite 
substantial rainfall during the summer period 9th Jun - 16th Sep 2023 - the groundwater level consistently dropped.
A closer look at the wider period of 1st May 2022 - 11 Sep 2024 below reveals some indication of what may be 
happening.

Figure 3 shows cumulative rainfall and groundwater levels. The cumulative rainfall (in red) is also highlighted by the 
straight white straight lines for specific periods. The yellow horizontal line is an estimated Letcombe Brook spring-line 
elevation (106 mAOD) obtained from OS map contour lines at Letcombe Bassett. Because the groundwater level does 
not go below 106m indicates that Letcombe Brook base flow is maintained throughout this period by groundwater. 
The first period highlighted (1st May - 16th Oct 2022) shows a rainfall input total of 210 mm but a consistent 
groundwater level drop of 6 metres. The groundwater level continues to drop during the more intense rainfall period of 
17th Oct - 26th Nov 2022 during which time another 202 mm of rainfall fell. 

This probably indicates a period of recharge to the chalk aquifer above the spring-line. The Gramps Hill reservoir (the 
location of the borehole) is at an elevation of 235m, close to the top elevation of 238m found slightly further south from
the reservoir. During the Spring and early Summer, the upper horizon of the chalk aquifer will have begun to dry out 
through the processes of upward movement of moisture to supply plant roots and evaporation from both vegetation and 
the upper soil layer and drainage through the chalk due to gravity. Recharge through rainfall onto the surface will 
initially be slow in the drier regions of the chalk. The majority of the chalk profile is consolidated chalk particles called 
a matrix - able to contain ~90% of the water holding storage capacity - and in this matrix, flow is very low and slow due
to its low permeability - until it is semi-saturated. Most of the remaining chalk aquifer consists of a fracture/fissure 
network. Although this network has only 1-2% of the total porosity - it governs the majority of the groundwater flow - 
but it has to be supplied with the water to move it down through the chalk horizon. Once surface tension forces around 
the chalk matrix particles in the upper horizon are overcome and infiltrated water molecules can begin to form a joined-
up pathway down to the fracture zones, water will begin to move more rapidly down through the chalk.

The following period of 20 days with just 3mm of rainfall is accompanied by a levelling off and then a slight increase in
groundwater level indicating that the chalk matrix is beginning to reach a saturation level to allow more rapid flow 
downwards. The next period (17th Dec 2022 - 20th Jan 2023) during which 160mm of rain fell is reflected in the almost 
“mirror” rise in groundwater level indicating that the chalk aquifer is now a conduit for rainfall to groundwater, in the 
same way that a dense sponge has to reach an upper water holding capacity before water drips out of the bottom layer. 
Groundwater level continues to initially rise during the next period despite very little rainfall input indicating that 
hydraulic pressure due to gravity forces are initially stronger than surface tension forces around the matrix chalk. 
Eventually, as the upper chalk horizon begins to dry out, surface tension forces begin to outweigh the hydraulic pressure
gravity force. Streamflow will continue from the fissure regions but groundwater level begins to drop from 14th Feb - 3rd

April. 
But overall groundwater levels at 119m are much higher and the following rain periods produce a similar pattern of 
groundwater levels rising in response to rainfall input - but the response is lagged. 

The summer period shows a different response. Groundwater levels begin to drop from 4th May - 20th Oct, despite a 
rainfall total of 472 mm. Much of this will have been re-evaporated from the warm upper soil layer and through both 

Figure 3: Cumulative rainfall v Groundwater level 
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vegetation rainfall interception and plant transpiration. The still high hydraulic pressure head will maintain a high 
streamflow level.

What is the response of Letcombe Brook water level to the rainfall and groundwater data? In Figure 4 below, the 
Letcombe Brook water level at Letcombe Bassett (in light blue) has been added to the time series shown in Figure 3 
above. The rainfall values have been scaled in order to be shown on the same axis as the water level.

Four water level “maximums” have been highlighted with red lines to investigate the response times of the Brook to the
input variables of rainfall and groundwater level.

The Brook first “peaked” on the 18 Jan 2023, six days after the last period of effective rainfall, but the groundwater 
level took 16 days to reach its peak (3rd Feb 2023). The water level then fell back to just 9.7 cm in depth around the end 
of October 2022 despite rainfall of 213 mm from the 1st May 2022 until 18th Oct 2022 and then another 103 mm of 
rainfall before the water level reached its lowest level.

The second water level “peak” was on 5th April 2023, but in the middle of a sustained period of rainfall between 8th Mar 
2023 to 14th May 2023 during which time 214 mm of rain fell. Groundwater depth didn’t reach its peak until 20 days 
after the water level peak - on 25 April 2023. Again the water level fell back to 11.8 cm by 9th Oct 2022, mirroring the 
drop in groundwater level (down to 112.6 mAOD), despite a rainfall total of 337 mm having fallen between 25th Apr - 
9th Oct 2023 - when stream level and groundwater depth began to rise again.

Note that the maximum depths of groundwater during these two periods were 120.5 mAOD and 122.0 mAOD - not so 
very different.

The third illustrated peak in water level occurred on 18th Nov 2023 at 21.1 cm. The groundwater level peaked at 126.1 
mAOD on 30th Nov 2023 - 12 days after the water level maximum. Rainfall during the period between the low water 
level of 11.8 cm and its peak of 21.1 cm was 248 mm.

The final peak in water level, which occurred very rapidly over a period of  just 10 days, occurred on 8th Jan 2024. This 
time the groundwater depth peaked at 133.1 mAOD - 6 days later on 14th Jan 2024. Note the differences in groundwater
depths for these latter two illustations, with the 3rd one being 4m deeper (i.e. 4m closer to the surface) and the 4th one 
being another 7m closer to the surface.

1. Catchment Area:
Figure 5 indicates that the whole catchment area of 4 km2 has total high permeability bedrock - it also being fissured. 
Other information regarding the catchment:
It’s a baseflow dominated regime, runoff suggests that the topographic catchment is considerably smaller than the actual
contributing area i.e. that streamflow is coming from outside the actual rainfall catchment area. The baseflow index for 
the Letcombe Brook is 0.96 which indicates that most of the stream water is coming from groundwater sources rather 
than directly from rainfall or surface runoff.

Figure 4: Letcombe Brook maximum stream level, Gramps Hill groundwater and Maddle Farm rainfall
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2: Elevation Data: 

Figure 6 shows the elevation map for the
topographic catchment (not the groundwater
catchment area alluded to above). According to
the CEH site, minimum altitude is 107.00 mAOD
and maximum altitude is 236.60 mAOD

Following up on the suggestion above (in 1.
Catchment Area) that the Letcombe Brook is
receiving water from outside its rainfall
catchment area, data from the two nearest
groundwater boreholes within the catchment
boundary were analysed in a section below - but
first some insight into what has been shown so
far.

Considerations:

The most obvious overall observation is that overall Letcombe Brook stream level seems to rise and fall with 
groundwater depth. This is to be expected in a chalk aquifer where groundwater , from its BaseFlow Index, should be 
the major provider to streamflow. What wasn’t expected was that stream levels “precede” the increase in groundwater 
depths. If groundwater hydraulic pressure, which increases with height above the Brook emergent spring line, is driving
stream flow - then because of the porosity resistance to flow in the chalk, you might expect stream level peaks to come 
after (lag) any increase in the groundwater depth. But consistently, in this analysis, this doesn’t occur. The information 
from the CEH compiled data - that the bedrock is  highly fissured permeable chalk means that percolation once into the 
fissures should be very rapid.

Alternatively, this could imply that the measurement of groundwater level is itself lagging behind the input from rain, 
whereas the measurement of stream level is instant. This drainage lag can occur in certain strata. The insertion of the 
borehole for groundwater measurements can tend to consolidate the strata particles around the borehole casing creating 
a resistance to flow into the borehole.

Again, this could imply that some other source of water, other than groundwater, is creating this initial rise in stream 
level. The obvious candidate is rainfall, in the guise of overland flow, from the higher elevations, into the streams. And 
yet, during the first two “peaks” described above, stream levels dropped during sustained periods of rainfall, when you 
would expect overland rainfall contribution to increase stream levels, not the opposite. The Baseflow Index of 0.96 
tends to indicate a limited contribution of direct rainfall or overland flow into the Brook.

The rate of the rise and fall in stream levels seems to be a function of groundwater depth - the greater depth of water 
above the spring line causes both the gradients of the rise and fall of stream level to be steeper than when groundwater 
levels are lower. This may be due to the chalk aquifer being overall much “wetter”, with water within the interstitial 
spaces in the matrix and fissure/fractures being connected allowing more rapid transport of water down the profile to 
the spring line.

Figure 5: Letcombe Brook at Letcombe Bassett - catchment area and geology

Figure 6: Elevation map for Letcombe Brook topographic catchment
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Are the Gramps Hill groundwater borehole readings an anomaly?

 How do they compare with other adjacent borehole
measurements? The two closest are Greendown Farm and
Stancombe Farm shown in Figure 7. Greendown Farm is at
an elevation of 195 mAOD. Stancombe Farm is at an
elevation of 180 mAOD. Measurements at Greendown
Farm didn’t start until 2nd October 2022. Gramps Hill is at
an elevation of 235 mAOD. 

Elevation sections for the three groundwater stations were
created from OS map data.
 
Using OS Explorer Map 170 (1:25,000 scale), straight
lines were drawn from Gramps Hill to the Letcombe Brook
emergence springline in Letcombe Bassett and positions
where contour lines crossed the straight line were marked
and labelled with contour height as shown in Figure 8. From this data, an elevation section diagram was drawn shown 
in Figure 9. The vertical scale is exaggerated - the base length of the section is 1.45 km. Note how close the minimum 

flow during the period 2022-2024 was to the elevation of the springline - just 4 
metres above.

Similar elevations were created between Greendown Farm
and Letcombe Bassett and between Stancombe Farm and
Gramps Hill. The straight line crossings of the contour lines
are shown in Figure 10  and the elevation sections shown in
Figures  11 and 12. The baseline distances are 1.9 km
(Greendown farm) and 2.3 km (Stancombe Farm)

The CEH data comment in the catchment section above
stated “the topographic catchment is considerably
smaller than the actual contributing area” i.e. that
streamflow is coming from outside the actual rainfall
catchment area. 

Figure 7: Groundwater boreholes closest to Gramps Hill

Figure 8: Elevation data for straight
line between Gramps Hill and

Letcombe Brook

Figure 9: Elevation section between Gramps Hill and Letcombe Bassett

Figure 11: Elevation profile between Gramps Hill and Greendown
Farm

Figure 10: Straight line contour values between Greendown
Farm, Stancombe Farm and Gramps Hill
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Coupled with the other statement that Letcombe Brook
“Flow Index is 0.96 (stream water is coming from
groundwater sources rather than rainfall or overland
flow)” -it is possible that rainfall is both percolating down
through the profile and creating overland flow to the lower
elevations below Gramps Hill during periods of heavy and
prolonged rainfall. Horizontal flow of groundwater from
these areas which have higher groundwater levels than
Gramps Hill, and higher levels than the spring-line of the
Letcombe Brook, could provide the extra flow consistent with the statements in Bold type above. Gramps Hill being at 
the top of the local areal elevation receives little of this horizontal re-distribution of rainfall and overland flow - hence 
both the lower groundwater levels seen in the borehole and the slow response to rainfall input.

To further illustrate the point, the
three groundwater levels at
Gramps Hill, Greendown Farm
and Stancombe Farm are
compared in Figure 13. 

While the traces are very similar
in form, the main difference lies
in the response times of the three
stations and the height above the
datum line. 
At Greendown Farm, the groundwater level is around 35 metres below the surface, while at Stancombe Farm, 
groundwater level is around 20-25 metres below the surface. At the lower elevations of both Farms, percolated rainfall 
will reach the saturated zone, as indicated by the groundwater level, much quicker than at Gramps Hill. There may also 
be additional percolated water from overland flow during heavy storms down the contour gradient. This is also reflected
in the much faster rise in the groundwater level after storms at these two Farms.

Why are the three groundwater levels consistently at different heights? During periods without significant rainfall, as at 
the start of this exercise, you
might expect some convergence of
the two more elevated
groundwater levels towards the
lower one at Gramps Hill - but
they remain consistently apart.

Does this higher groundwater
level at, for example Stancombe
Farm, somehow explain the rise in
the Letcombe Brook before the
groundwater level rises to create
it? The groundwater level at Stancombe Farm is around 145-155 mAOD - providing a much higher hydraulic head 
pressure compared to that at Gramps Hill (around 120 mAOD) - the latter only around 15 metres higher than the 
elevation of the spring line that initiates Letcombe Brook at Letcombe Bassett at 106 mAOD. Using Stancombe Farm 
data, being the most different to Gramps Hill data, Figure 14 shows the Letcombe Brook max Level against Stancombe 
Farm groundwater level. While the timing between the peaks of Letcombe Brook and Stanscombe Farm groundwater 
levels are closer together as shown by the vertical red lines, there still appears to be an almost instantaneous response of
the Brook to groundwater.

Possible reasons for the Letcombe Brook water level rising before the groundwater level begins to rise are:

1. Surface runoff from rainfall: despite the fact that the Baseflow Index (BFI) = 0.96 indicates that the stream flow is 
predominantly groundwater fed - this is an average time period figure that probably doesn’t represent any particular 
storm or even day. This requires further investigation.

Figure 13: Groundwater levels at Gramps Hill, Greendown Farm and Stabcombe Farm 

Figure 14: Letcombe Brook max level  v Stancombe Farm groundwater level

Figure 12: Elevation profile between Gramps Hill and Stancombe
Farm
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2. Bank Storage: Chalk streams are closely connected to the surrounding groundwater system - therefore during high 
water levels - water is actually “pushed back” into the surrounding chalk creating a temporary storage reservoir. This 
may remain there - without any hydraulic pressure to force it out - until a rainfall event that raises the groundwater level
provides the hydraulic pressure to force the water out into the stream before any noticeable groundwater response. 
Doubt this - but still need to look into it.

3. Delayed response of groundwater recharge: The chalk aquifer responds more slowly to rainfall due to the time it 
takes for water to percolate through the chalk. During this lag period, stream level may rise from other sources like 
surface run-off or near surface water storage (e.g. bank storage). Another possibility that fits in with the above two - 
need to find some way to “tease” apart the various possibilities .

4. Perched Water Tables: Without evidence from extensive drilling or documentation, it’s difficult to establish whether
these shallower, temporary saturated zones which respond to rainfall more quickly - termed perched water zones - and 
which temporarily feed into the stream, thus raising its level, are a cause. A “blip”might be seen in the stream level 
when the groundwater supply augments or replaces the perched water supply - but it would have to be a period with no 
rainfall for some time to rule out surface runoff. Also difficult to separate from Bank Storage effect.

5. Artificial Water Inputs: e.g. water management structures, upstream abstractions. This may affect the lower reaches
of the Letcombe Brook, with all the weirs, ponds, sluices between the Letcombe Bassett gauging station and 
Wantage/Grove and beyond but the only “pond” upstream of the gauging station is the WaterCress bed area.

Addressing Possibility 1. above - Is there surface runoff
from rainfall?
Several short time periods with periods of high rainfall and
no rainfall were investigated. The first one is for the period 1st

May - 16th June 2022. There were several individual days
with high rainfall intersperesed with days of low or no
rainfall. From Figure 13, Stancombe Farm has the best
groundwater response curve and was used alongside the
Maddle Farm rainfall and the Letcombe Brook level data at
Letcombe Bassett. Figure 15 shows the three datasets
alongside each other. It is evident that stream level reacted to
rainfall within 1 day of individual rainfall events - while
groundwater showed no response and continued to fall
consistently from 145 m to 142 m. 
 Two other periods in late summer and late autumn are shown
in Figures 16 and 17. 
In Figure 16, groundwater levels continue to fall from 137 m
to 135 m, and show no sign of being recharged by previous
rain periods. Stream levels are still showing reactions a day
after each rainfall event. Overall, stream level is falling, with
a maximum level of 0.118 m compared to the maximum of
nearly 0.145 m seen in Figure 15.  So while rainfall is still
adding to the stream level, groundwater is still supplying
water to the Brook but at a much lower flow.This is not to say
that groundwater was not supplying water to the Brook, but
that rainfall still has no apparent impact on that groundwater
contribution in this period.Even into late autumn (Figure 17 ),
groundwater is still falling, but is slowing in that respect from
134.94 m to 134.57 m. Stream level is still reacting to rainfall
a day after the rainfall event but the reaction is not so marked
as in Figures 15 and 17.
But the situation changed markedly after that, as shown in
Figure 18. Rainfall is having little of the immediate effect
upon the stream level as it rises from 0.1 m to 0.2 m as seen in
the Figures above. Groundwater level remains constant for the
intial period at 135 mAOD, but then rapidly rises to 147.5
mAOD on the 17th Jan 2023. 

Figure 15: Rainfall (blue - mm), stream level (Red - m ) and
groundwater level (green - mAOD) 

Figure 16: 1st August - 20th September 2022 - legend as for Fig.15

Figure 17: 2nd October - 11 November 2022 -legend - as for Fig. 15

Figure 18: 6th December 2022 - 20th February 2023
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During that first period of static groundwater level, is groundwater being supplied to the spring-line, through 
percolation downwards, at a rate equal to the maximum outflow, while the rainfall supply is augmenting this amount 
creating the increase in stream level? Then, while further percolation adds to the groundwater level raising it to 147.5 
mAOD, the outflow, while still increasing, is somehow limited by the particular chalk structure at the outflow to a 
maximum? Rainfall meanwhile is providing the water for the evident “bumps” in the stream level. These are not as 
obvious - because the baseflow from groundwater is the major contributor.  This is all conjecture, but stream level do 
begin to fall, even while groundwater levels remain high, because of little or no rainfall contribution.

Particular Flooding periods investigated

The 2007 Flood in Grove

The area in Grove at the junction of Main Street with Vale Avenue and Glebe Gardens was heavily flooded on 20th July 
2007, where the flood water reached a depth of 2-3 feet. An unusual feature was a double peak in the flood levels in 
Vale Avenue after the rain had stopped. While the initial peak in flood water was attributed to local surface water 
flooding, the 2nd was attributed to overflow from the Letcombe Brook (http://www.grove-floods.org.uk/). 

Figure 19 shows the Maddle Farm rainfall (Blue
columns mm), Mile-End groundwater level
(green line, mAOD) and Letcombe Brook level
at Letcombe Bassett (red line, m). Mile-End had
to be used in place of Stancombe Farm because
the latter station didn’t start recording until 2018.
Mile End is just south-west of Stancombe Farm
at an elevation of 150m. The flooding began
after a long period with little or no rainfall - just
24mm between 1st and 18th July. Groundwater level during this period gradually fell (it had been consistently falling 
from a maximum level of 135 mAOD since 13th March), while the Letcombe Brook water level was largely stable at 
around 9 cm. The first heavy rain day on the 19th of 34.4 mm rapidly increased the Letcombe Brook level up to 21 cm 
by the beginning of the 20th. This was not caused by rising groundwater because there was too short a time for the rain 
to percolate down, as evidenced by no change in the groundwater level. The change in the Letcombe Brook level is 
probably downslope overland flow into the streamlets that contribute to the springline Letcombe Brook emergence. The
continuing rainfall on the 20th amounting to 69mm over the day contributed just another couple of cms to the stream 
level (now at 23cm) continuing to increase to 25cm before beginning to fall. Groundwater levels begin to rise at a near 
linear rate from the 20th July. While this may look to have been in response to the storm events, this may be coincidental
as explained below.

Conjecture
 Supply of groundwater to chalk streams is controlled by the porosity of the chalk, dependent on its particular 
percentage composition between rapid flow fissures and faults and slow transport matrix material, and the hydraulic 
head pressure above the springline forcing the water out. After a period with little rainfall, especially in summer 
months, the chalk aquifer separates into two regions, an upper region drying out as evaporation from both surface soil 
and vegetation uptake creates a concentration gradient that causes a the separation between upwardly moving moisture
towards the surface, and water in the still saturated region downwards towards the spring line. A time concentrated 
rain storm, as for the 19th-20th July period, will not instantly penetrate this upper dry region of the aquifer and arrive 
at the spring-line. In the period 13 June - 5 July 2007, there was a prolonged period of rainfall totalling 104 mm, with 
just 1 day recording no rainfall, one day of 28 mm and an average of 4.5 mm. Such a prolonged rainfall period is more 
likely to create the gradual and steady increase in groundwater level shown in Figure 19 than the downpour 
experienced on 19th -20th July. The rainfall rate on those days would be far higher than the ability of the surface to 
absorb it and the storm rainfall will become overland flow - both down the local surface gradients to augment stream 
flow, and onto urban areas and lower elevations such as roads. This will be extremely rapid as little resistance to stop 
it.

The second period studied is “Storm Henk”.

This was the 8th storm of the 2023-2024 storm season, which brought damaging winds and heavy rain to southern and 
central parts of England and Wales on 2nd January 2024. Heavy rain from this storm contributed to significant flooding 
problems, following the wet weather during autumn and December 2023. Our local region, according to the UK Met 

Figure 19: 2007 Grove Flood: Rainfall, Letcombe Brook and Groundwater
levels

http://www.grove-floods.org.uk/
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Office received somewhere between 110-130% of the 1991-2020 average rainfall. Figure 20  shows the period 
bracketing Storm Henk. The Vale didn’t peak it’s rainfall until the 4th January. During this period there was a total of 
118.4 mm rainfall recorded at the Maddle Farm rain gauge (in blue). Letcombe Brook stream levels (red) began at 0.218
m, falling slightly to 0.210 m, before rising to a maximum level of 0.266m on 8th January 2024. Groundwater level 
(green) at Stancombe Farm began the period at 149 mAOD,
climbed in response to rainfall to 151 mAOD on 27
December 2023 before dropping slightly before rising to its
maximum of 159.4 mAOD on 10 January 2024. There is a
marked similarity between the two winter periods shown in
Figures 18 and  20, at least in the rise in groundwater level
during periods of high rainfall. While Storm Henk had a
maximum daily rainfall of 35.6 mm in a period of 13 days
rainfall, the 18th December 2022 - 16th January 2023 had
159.5 mm rainfall in a period of 30 days, with a maximum
daily total of 21.9 mm. Groundwater depth responds to the rainfall input, indicating that the chalk aquifer is sufficiently 
wet to allow rapid percolation from surface to depth and then to supply the major part of the stream volume. However, 
there are ripples in the stream level record that indicate the Letcombe Brook is probably also receiving water from 
overland flow from the saturated surfaces.

Conjecture
Here we have a different progression. Persistent, but not extreme late Autumn/Winter rainfall provides overland flow 
into the Brooks to augment baseline flow and maintain a high level of around 22 cm. This continues until the surface 
soil regime and the summertime dry upper regions of the chalk aquifer begin to wet up again as shown by the gradually
increasing groundwater level between 16th - 26th December. The groundwater level falls back a little possibly due to the 
period without rainfall between 20th - 22nd December. Then rises again in response to the beginning of the major rain 
period starting 23rd December. Eventually the upper region chalk aquifer is sufficiently wet to form a continuous 
passage for surface water to travel down the profile at a faster pace producing the faster increase in the groundwater 
level. This leads to a gradual increase in the groundwater fed stream level. Infiltration of rainfall onto a wet surface 
and chalk aquifer is easier thus reducing overland flow. A storm in this scenario will raise stream levels but at a rate 
controlled by the resistance of water passage through the chalk aquifer into the spring line. Overland flow into streams 
is minor - but urban overland flow, onto surfaces which do not change in hydrological properties (e.g. porosity, 
absorption rate) from season to season, will still be a major local factor.

The recent flood period - 1st September - 10th October

This period presents a more
confused picture. In Figure 21 we
have a  period of rainfall with
totals much higher than that
experienced in the preceding
summer with the period 16th July -
21st August having just 17mm of
rainfall. Groundwater is falling at
a linear rate governed, not by
rainfall input, but by normal
gravitational transport rates
through the chalk aquifer. The Letcombe Brook has also been fallen in level since a high point of 27 cm in April with 
slight increases due to rainfall, but these rapidly drop back to the overall gradual drop in level. These ephemeral 
increases are again apparent during 5th and 7th September. These are not due to groundwater flow (it’s still going down) 
but overland flow into the streams from the higher elevation surroundings. The intermediate small raindays between 9th 
- 19th September  do not increase streamflow - probably showing the capacity of the surface soil infiltration and 
vegetation interception to absorb this level of rainfall without producing appreciable overland flow or supply to the 
underlying chalk aquifer. The rainfall on 20th however, did produce overland flow into the Brook increasing and 
maintaining this increased level through to the end of the period, while groundwater continued to fall. Groundwater 
only begins to rise after the major storm event but then falls back onto its downward trend before plateau-ing out on the 
5th October.

Figure 20: Storm Henk: Rainfall, Letcombe Brook and
groundwater levels

Figure 21: Rainfall, Letcombe Brook and groundwater levels for the period 1st Sep - 10 Oct
2024
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Conjecture
The recent storm period in September was somewhat between the two scenarios. There had been a period at the 
beginning of the month where over 12 days 51 mm of rain fell - to be followed by intermittent rain days leading up to 
the extreme rainfall period of 20-25 September when 111 mm rain fell. The groundwater trace was consistently falling 
during the early period - probably because the early month rainfall was still percolating down through the chalk 
horizon. The 20-25 Sep storm period was followed a day later by a small upward "blip” of 20 cm in groundwater level 
before continuing to fall. This blip was too soon to be due to the storm period - more likely due to some antecedent 
rainfall event arriving at the groundwater level. The effect of the storm period 20th-25th September on groundwater 
levels will probably be seen some time in the near future.
Letcombe Brook produced a couple of "blips" of 2 cm from 16 cm to 18 cm rise during the early rainfall period - 
another "blip" of 2 cm following the rainfall of 20 mm on 20th Sep before a gradual rise to a sustained stream level of 
18.5 cm by 10th October. So why the flooding in our area? Probably overland flow again as neither the Brook or 
groundwater showed any marked response.

Final Conjecture

The first report to the FFRG showed from analysis of monthly trends that during the period 2004-2023, the months of 
September through to December showed increasing likelihood of increased rainfall during these months. At the same 
time the months of April through to August showed trends for
reduced rainfall during these months as shown in Figure 22.
If this trend continues into the future, then the scenario of
higher rainfall Autumn/early Winter storms onto
increasingly drier surface and chalk aquifer horizons will
produce a similar hydrological scenario as experienced in
Grove in 2007.

Other factors, not included in the analysis above.
Farmers recently have favoured surface “harrowing” of
cultivated fields, over deep ploughing of fields.
Hydrologically this has consequences. Heavy tractors will
compress the soil layer beneath the wheels into a more
impervious layer - the spaces between the soil particles are lost and a disconnect between the surface layer and the 
groundwater matrix is formed. Only the very shallow upper 5-10 cm will be overturned, with spaces being put back into
the soil - spaces that can absorb rainfall. This zone, above the compressed soil, will only contain a limited volume of 
water before becoming saturated, and if on anything other than level ground, will produce overland flow.

Deep ploughing on the other hand, restores permeability to a deeper tranche of soil (possibly to a depth that was 
compressed by the farm vehicles. Mechanically increasing the porosity of this deeper layer of soil has the effect of 
providing a greater volume of soil to absorb rainfall and maintain a better linkage with the underlying chalk aquifer. 
Deep ploughing also provides, through its furrows, the capacity to retain water in pools for a certain time period, 
allowing some evaporation to occur and delaying and ameliorating the effect of overland flow into water courses and 
onto roads.

Disclaimer

This document provides an indication, using rainfall, stream and groundwater levels data from stations outside of the 
areas of flooding in Wantage, Grove and surroundings, of what contribution the Letcombe Brook might provide to the 
flooding. As discussed above, other factors including overland flow from fields and urban areas, may also contribute - 
for which we have no data - just supposition. The processes involved in local flooding are variable, both in time and 
space, processes that even specialist research organisations, such as the Centre for Ecology and Hydrology, have spent 
many decades trying to understand. It is not easy, from a few point measurements in a large region, to describe or 
understand the physical processes that conjoin to create flooding, especially in an area that is rapidly changing. More 
measurements of rainfall and stream level within the areas at risk of flooding will provide a more focused indication in 
both time and space of what is happening than the “telescopic” view from the Berkshire Downs.     

Figure 22: Trend Line Factor for each Month


