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Wantage: Letcombe Brook stream level considerations - and Regis tributary contribution:

The Gauge Level on the Letcombe Brook at Wantage shows a very chaotic pattern that is not fully explained by the 
rainfall-streamflow-groundwater 
pattern elsewhere. Figure 1 
shows the water level between 
00:45 17 Nov - 15:30 on 15 Dec 
- there are rapid changes in 
water level especially between 2 
Dec - 11 Dec after which the 
level settles down -WHY?

Is this chaotic pattern seen in the 
groundwater levels or the 
Letcombe Brook level at source 
i.e. at Arabella’s Lake in 
Letcombe Bassett. 

Figure 2 shows a composite 
graph: the upper one showing 
the Wantage gauge level - a 
repeat of Figure 1 above, the 
smooth rise of the groundwater 
level from the Gramps Hill 
borehole reading (in blue) and 
the daily rainfall pattern from 
the Maddle Farm rain gauge (in 
orange) - and the lower one - the 
water level at the Arabell’s Lake 
stage station at Letcombe 
Bassett. The graphs have been 
superimposed on each other 
causing the axes labels to be 
confusing

There is nothing in the 
groundwater rise that could 
produce the variability at the 
Wantage gauge. Likewise the 
rise in the stream level at Bassett 
shows very little of the extreme 
variability seen at Wantage. It is 
also apparent that the Letcombe 
Brook at Bassett responds to the 
2nd storm period around 22nd 

Nov before the groundwater 
starts to rise at 02:00 on 25th 

Nov. The groundwater pattern is repeated at the other 2 local groundwater stations at Greendown Farm and Stancombe 
Farm but with different rise times (Greendown 12:00 26th Nov. and Stancombe 10:00 25 Nov.). 
So a supplimentary question here is why does the Letcombe Brook rise 45 cm before the groundwater input to the 
source spring? Is this direct rainfall feed into the Brook and Lake (Yes) and overland flow runoff into the Lake 
(possibly)? There is also the possibility that the extra stream source by the side of the Letcombe Bassett road which runs 
into the Lake upstream of the gauging station is providing a much quicker response to rainfall input.

Having responded to whatever the cause(s) are behind the rise in Letcombe Bassett level, the Brook settles down to a 
response that is probably being groundwater fed. The third storm period beginning 4th Dec. cause the falling level to 
level out and continue “flat” throughout the remaining period.

Possible explanation for the Wantage Gauge variability.

There are a number of lakes, ponds and sluices between the Bassett gauge and the Wantage gauge, many of which will 
maintain a level that enables the Letcombe Brook to flow constantly (maintainers probably not allowed to dam the 

Figure 1: Letcombe Brook daily water level at the Wantage gauge station

Figure 2: Upper-Gramps Hill groundwater, Maddle Farm rainfall, and the Wantage  
gauge water level: lower- the water level at Bassett



stream to maintain water levels). But a 45cm rise in the Brook arriving from Bassett would increase the overflow into 
the next stage of the actual stream. There may even be a lowering of the sluices to ensure pond levels do not overflow 
into the surrounding land. This extra volume of water leaving the pond will impact on the next pond which will 
probably respond in a similar way. By this artificial control of the Brook flow, the flow and level arriving at Wantage 
will have been disjointed by the various controls upstream, each of which implants a different pattern on the streamflow 
at each stage that an unimpeded Brook would not possess.
Once the final storm period has passed, the ponds and other sluice obstructions return to a more normal flow pattern and 
the Wantage level returns to a stable pattern as seen in Figure 1 above. 

An illustration of this possible pattern is seen in 
the Lockinge Brook as it travels across from 
Locking to enter the Ginge Brook at West 
Hendred. The photo (Figure 3) shows one of the 
two side-by-side overflow sluices at the end of 
the lake at Ardington House .  Despite the 
Maddle Farm rain gauge not having recorded 
rainfall since the 0.8 mm on the 9th Dec. - the 
Lake is still very full as can be seen from the 
visible bank level.

While Figures 1 and 2 show the stream levels at 
Bassett and Wantage gauging stations - the 
comparison is somewhat incompatible as they 
are on very different scales. The two stream 
levels on the same scale are shown in Figure 4. 
It is now apparent that, not only is the 
variability of the Brook at Wantage very much 
enhanced compared to Bassett, but that also that 
levels at Wantage are
typically 0.12m higher.

Why is this?
• The Wantage gauge is dimensionally 

less than the 3m at the Bassett gauge - 
this would raise the level and increase 
the variability of the level.

• The Wantage gauge is the same as 
Bassett but there are extra continuous 
supplies of water being added to the 
Brook between Bassett and Wantage - 
the obvious extra is the Regis arm of 
the Letcombe Brook - although Regis 
residents inform me that the Regis flow 
can, and has, stopped in the past.

• Extra water can enter the Letcombe Brook through overland flow from the sides of the steep valley between 
Letcombe Bassett and Letcombe Regis, beyond which the Brook meanders its way towards Wantage.

•  There are also historic flows into the Brook such as Arthur’s Well that runs below the interesection of 
Hamfield and Locks Lane, running 
parallel to Lock’s Lane before joining 
the main stream at the Ford

• There may also be ephemeral ones 
that only discharge into the main 
stream after heavy rainfall.

• Other problems may be due to un-
documented changes to the streams 
flow. One such is the addition of a 
solid fence (shown in Figure 5) across 
the whole width at the upstream side 
of “The Old Mill” over the Letcombe 
Brook beside the path that runs 
between the Wessax Mill and the 
Betjamen Memorial Park. There is 
evidence of the water level being 

Figure 3: The sluice control on the Lake at Ardington House

Figure 4: Letcombe Brook Levels at Wantage (upper) and Bassett 
(Lower) 

Figure 5: The Fence construction at the back of "The Old Mill"



around 15-20cm above the base of the fence - the resulting constriction would have caused marked changes to 
the flow pattern and generated flooding upstream alongside the path. 

The Regis contribution

The measurement of flow at the Regis gauge stopped in late 2023 - so for the period under analysis above, only water 
level data is available. But if a relationship between water level and flow can be established at the Bassett site, then 
assuming similar stream characteristics for the Regis arm in terms of groundwater provision and underlying and 
superficial geology, perhaps flow rates for the Regis arm can be estimated from flow rates.

A conventional relationship between river flow and level is given by the “Rating Curve”. This curve is produced from at 
least 3 flow-level value pairs at low, medium and high flow, but it is important to include as many pairs as are available, 
as seen in Figure 6. In river hydrology, flow is “discharge”, while level is known as “stage”. 
 In order to compare very high and very low 
discharge rates, a Rating Curve is plotted on a 
Log-Log scale.  The trend line through the data 
points is given by a power curve of the form 
y=a(x)b where a and b are constants that 
describe the relationship between discharge and 
stage for that river. The United Kingdom Centre 
for Ecology and Hydrology (UKCEH), 
custodians of the the National River Flow 
Archive (NRFA) define the Rating Curve 
equation as Q=K(h+a)p where Q is discharge 
(flow) and (h+a) is stage(water level), K and p 
are equivalent to a and b in the power equation 
above. the extra term “a” is the water level at zero flow, which in terms of a constructed weir, is often set to zero.

A Rating Curve for the Letcombe Brook at Letcombe Bassett

Three years of data that had low, medium, and 
high total annual flows were chosen - these 
were 2011 (low), 2023 (medium) and 2024 
(high). In each individual year, there were many 
low, medium and high flows but choosing 
these years extended the range of the data. 
Individual pairs of Level  and Flow were 
plotted on a Log-Log graph and the power law 
trend line superimposed onto those data point 
pairs. The resultant graph is shown in Figure 7. 
This graph has the axes interchanged to those in 
Figure 6 in order to obtain the rating equation 
f(x).

The equation in Figure 7 : f(x) = 
15.3821x^2.5002 is equivalent to Q=K(h)p 

where K = 15.3821 and p is 2.5002.

How representative is this Rating Curve for other years?

Rating curves for the years 2004, 2006, 2008, 2014, 2016, 2018, 2020 were created together with the calculated values 
using the Rating Curve above. Three of those Rating Curves are shown below in Figure 8 to illustrate the variability. 
The rest were of the form shown in the middle.

Figure 6: Typical Rating Curve for a River in the USA

Figure 7: Maximum flow versus maximum level at Letcombe Bassett
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The Table below has the K and p Values for each of the 7 years analysed.

Table 1

Year 2004 2006 2008 2014 2016 2018 2020 Average
K 13.197 13.197 14.724 13.915 16.406 16.059 14.599 14.585
p 2.426 2.431 2.474 2.452 2.530 2.520 2.471 2.472

The average values of K and p from Table 1 are 5.2% and 1.1% respectively different to the calculated values from 
Figure 7 above. 
Rating Curve values were then computed for the Overall 
Maximum and Minimum Levels for the period between 2004 
and 2023 for each of the individual years and overall 
average values of K and p from Table 1 above, plus the 
values of K = 15.382 and p = 2.500 from the complete data 
set as computed in Figure 7 above.
These 9 value pairs are plotted in Figure 9 with the trend 
line. The Red point is from the overall dataset K and p 
values, while the Green point is K and p values given by the 
Average column in Table 1 above.This graph gives some 
indication of the possible error introduced when using the 
overall dataset Rating Curve value (in RED) to estimate 
individual year Flow values from Level values - but also 
some confidence in actually using an overall Rating curve for 
individual year or period estimation with 2006 and 2008 
being the biggest outliers.

Comparing Letcombe Bassett Flow with Flow calculated using Rating Curve Values

The Maximum Level values for the years 2004, 2008 and 2016, being the extremes and middle values in Figure 9 above 
were “converted” to calculated Flows using the overall values of K = 15.382 and p=2.500 and compared against each 
other. The resulting comparisons are shown below in Figure 10. The relationship is encouraging with the straight line 
being marginally different to a 1:1 relationship and the offset being close to zero.

Creating Letcombe Regis Flowrates from the Rating Curves

This section assumes that the gauge properties for the Regis measurements of stream level are the same as for the 
Bassett gauge i.e. 3m wide flat V wier. If the dimensions or type are different, then a compensation factor wil need to be 
applied. The two extreme Max-Min level years were chosen: 2004 - highest Minimum/Low Maximum and 2016 - 
lowest Minimum/Highest Maximum as well as 2006 - furthest away from the trend line. Daily stream levels for each 

Figure 8: Rating Curves for 2016 (low values), 2004 (medium Values) and 2014 (high values) together  
with the calculated Rating Curve using the equation from Figure 7
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Figure 9: Rating values for Maximum and Minimum 
Flows
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Figure 10: Calculated Max Flow from Bassett Max Level versus actual Bassett Max Flow
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year were used to compute flow rates using their individual yearly Rating Curve factors K and p and the Rating Curve 
factors K and p for the Overall data set. Figure 11 shows the daily values for 2004. The computed values for flow were 
so similar that they overlap - the insert shows March Flows on separate axes offset by 0.003 m3/s.

When the two computed flowrates are plotted against each other - the resultant graph and trend line equation indicates 
equality at the resolution of the data.
This pattern was repeated for 2006 and 2016 with no appreciable difference in outcome to that in Figure 11 above. 

However, 2016 was the first year when the data indicated stream level going below zero. Was this an indication of the 
Regis stream stopping flowing? - or just a calibration fault to the gauge? - the return to positive levels was very abrupt 
especially as there was no significant rainfall before the abrupt return to positive values. But there was a sharp rise in 
groundwater levels of nearly 5 m that began on 24 Sep (130 mAOD) and peaked on 16 Oct (139 mAOD). Figure 12 
shows the 2016 data. The computed flowrate calculations for negative stream levels was omitted as they made little 
sense.

Estimating the Regis Brook tributary contribution to the total Letcombe Brook Flow below Letcombe Regis

The measured Flow at Letcombe Bassett was compared to the calculated Flow at Letcombe Regis for each of the years  
2006, 2008, 2014, 2016. The year 2004 was not used for this 
exercise as there was an unexplained rise from 10th March and 
rapid fall on 22nd April in the Letcombe Brook flow data at 
Letcombe Bassett (see Figure 13) - the pattern was similar for 
the level data. There was no similar rise and fall in the Regis 
stream and the Wantage gauge was not operational until 2009.

The X-Y scatter graphs are shown in Figure 14  . Despite the 
variability of the pioint pairs, partly explainable because the 
two streams have different sources, both in terms of elevation 
and horizontal location, and position in the chalk aquifer  that is supplying the emergence of the individual stream arms, 
the linear trend lines are (except for 2008) remarkably similar - indicating from the “slope” of the trend lines that the 
Regis flow is around 20%  (0.2) of the flow of the Bassett Stream and that the combined flow that leaves Letcombe 

Figure 11: Letcombe Regis Stream Level and computed Flow rates - 2004
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Figure 12: Regis Stream Level (showing -ve values around early October) and overlapping computed Flowrates
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Figure 13: The Letcombe Brook (Bassett) flow data for  
2004

20
04

-0
1-

01

20
04

-0
1-

10

20
04

-0
1-

19

20
04

-0
1-

28

20
04

-0
2-

06

20
04

-0
2-

15

20
04

-0
2-

24

20
04

-0
3-

04

20
04

-0
3-

13

20
04

-0
3-

22

20
04

-0
3-

31

20
04

-0
4-

09

20
04

-0
4-

18

20
04

-0
4-

27

20
04

-0
5-

06

20
04

-0
5-

15

20
04

-0
5-

24

20
04

-0
6-

02

20
04

-0
6-

11

20
04

-0
6-

20

20
04

-0
6-

29

20
04

-0
7-

08

20
04

-0
7-

17

20
04

-0
7-

26

20
04

-0
8-

04

20
04

-0
8-

13

20
04

-0
8-

22

20
04

-0
8-

31

20
04

-0
9-

09

20
04

-0
9-

18

20
04

-0
9-

27

20
04

-1
0-

06

20
04

-1
0-

15

20
04

-1
0-

24

20
04

-1
1-

02

20
04

-1
1-

11

20
04

-1
1-

20

20
04

-1
1-

29

20
04

-1
2-

08

20
04

-1
2-

17

20
04

-1
2-

26
0

0.05

0.1

0.15

0.2

0.25

0.3

Bassett Flow
Regis “Flow” 2004 values



Regis is around 1.2 (or 120%) the flow recorded at the Letcombe Bassett gauge. It is also of some validation that the 
intercepts of the trend equations are very close to zero.

Summary

This document is more of an exploration of the data - rather than a definitive statement about the possible processes 
involved. The Wantage gauge is very chaotic which may have a lot of causes, from poor siting of the gauge with regard 
to the local meander of the Brook and the lack of a suitable and stable measurement weir. Without this latter 
construction defining the stream width and depth, the measurement is compromised. There are also issues with regard to 
the many possible and variable upstream “controls” on the flow and downstream obstructions (e.g. the aforementioned 
“fence” across the stream) which means that the stream is not “unconfined” in its flow.

The calculation of Rating Curves for the Letcombe Brook at the Bassett gauge from the available contemporary Level 
and Flow data showed a variability in the Rating Curve factors K and p for individual years but all within a reasonable 
statistical “error” band.

 A selection of the individual year Bassett Rating Curve functions were then used to convert Letcombe Brook levels at 
the Regis gauge to calculated “flow” values. Individually, the comparisons between the Bassett gauge flow and the 
Regis gauge “flow”, despite showing high expected variability, also indicated that, in general, the Letcombe Regis arm 
of the Letcombe Brook was providing around 20% of the Letcombe Bassett volume. This meant that around 120% of 
the flow recorded at the Bassett gauge was probably leaving the Letcombe Regis village and proceeding down the 
valley towards Wantage.

A very important point regarding the Regis calculations is the assumption that there is a standard gauge weir at the 
Regis site (not confirmed) and that it’s dimensions are the same as for the Bassett gauge (again unconfirmed).

Figures 1 and 2 are direct from the Hydrology Data Explorer  (https://environment.data.gov.uk/hydrology/station(s))

Figure 14: Letcombe Bassett flow versus Regis calculated flow for selected years
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