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Summary
The objective of this report is to provide evidence to help the RevIvel Association achieve
its goal of:
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“The restoration of sufficient flow in the upper River Ivel to sustain brown trout all year
round”

5

The scope of the report is:
1. To collate evidence of the history of abstraction growth and its impacts.
2. To review previous reports on abstraction impacts and remediation proposals.
3. To make proposals for achieving improvements in flow in the River Ivel.
Evidence of abstraction impacts
Recent actual abstraction of about 13 Ml/d in the Upper Ivel catchment is about 50% of
the average catchment recharge from rainfall, putting it amongst the most heavily
abstracted chalk streams in the country.

28

There is strong historic evidence of changes to the Upper River Ivel since the 19th century:
1. The data from the Royal Commission into Metropolitan Water Supplies in 1893
suggest that groundwater levels (GWLs) at that time were about 3 to 6m higher
than recent groundwater levels.

9

2. The existence of 19th century functioning water mills at Blackhorse Mill and
Norton Mill, the commercial water cress beds at Baldock and the trout hatchery
and fisheries at Norton show that the Ivel Springs and Nortonbury Springs would
have flowed perennially, with river flows in excess of 5 Ml/d at most times.

11, 14

3. From Radwell Mill down, the presence of water mills suggests that river flows
must have exceeded 10 Ml/d at most times up to the end of the 19th century.

14

4. The long term rainfall records show that changes in river flows and groundwater
levels have not been caused by climate change, so they are consistent with the
increase in abstraction of groundwater for public water supplies.

17

The Environment Agency’s 2019 Water Framework Directive classification of the Upper
Ivel water body as being heavily modified and having good ecological status is not
consistent with either the EA’s own groundwater modelling or the historic evidence of
large flow reductions and drying of the river.

19

Interpretation of aquifer behaviour
Recorded data on river flows and GWLs show that flows in the Upper Ivel rise and fall with
the fluctuations in regional GWLs, following the clear relationship between GWLs and
flows seen in all chalk streams. The GWLs rise as effective rain fills the aquifer and fall
when effective rain is low and river outflows continue to drain the aquifer. With the
aquifer acting as a reservoir, groundwater abstraction suppresses the rise in GWLs during
periods of recharge and exaggerates the decline in storage during dry periods. The main
impact of abstraction on flows is interpreted as coming through its effect on regional
water table fluctuations, rather than the localised impacts of cones of depression.

21

1

Modelling of abstraction impacts
This interpretation of chalk stream behaviour has been used in a lumped parameter
model which simulates daily GWLs and flows. This model has a better fit between
recorded and modelled data than for the Environment Agency’s Cam and Bedford Ouse
(CBO) groundwater model, which has not yet been re-calibrated to take account of the
spot flow gaugings and GWL records from Affinity’s post-2015 Ivel headwaters
investigations.
Both models show large reductions in groundwater levels and river flows due to historic
abstractions. The EA’s modelled reductions are lower, which is consistent with their
modelled under-estimation of recorded seasonal flow and GWL fluctuations in the Upper
Ivel. Both models show that without abstraction the river at Blackhorse Farm would flow
at all times. Both models show that flows without abstraction would have sustained water
mills and water cress beds near Blackhorse Farm.
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37 & 64

35 & 40

If the present abstraction of about 13 Ml/d abstraction was to stop, the lumped
parameter model shows that Ivel flows into the River Ouse would rise by about 11 Ml/d
on average (85% recovery) and about 6 Ml/d (45% recovery) at the peak of droughts.

41

Affinity Water’s Upper Ivel Investigation
Affinity Water’s 2017 report on the Upper Ivel Headwaters Investigation for the EA’s
National Environment Programme concluded that:
42

“Evidence suggests that abstraction is not likely to have a significant impact on flows
in the Ivel. As a result it is considered that the ecology is not impacted by abstraction
and therefore any reduction or cessation of abstraction is unlikely to improve the
ecological status of the Ivel.”
This conclusion is contrary to the EA’s modelling and the historic evidence of abstraction
impacts, which has been assembled since Affinity Water’s investigation. The evidence used
to justify the conclusion was mainly switch-off tests of the water supply boreholes in late
summer 2015 and 2016. These tests showed no perceptible changes in Ivel flows and GWLs
outside the cones of depression, but the pumps were only switched off one at a time for a
month or less, because of the operational need to maintain supplies. Affinity Water’s
report explains the discrepancy between the modelling and the switch off-tests by the
direction of slope of the water table towards the Pix Brook and the presence of semipermeable layers in the chalk which limit the influence of abstractions at depth on upper
GWLs and river flows.

42-47

An alternative explanation, supported by the lumped parameter modelling, is that the
duration of the tests was too short to register perceptible flow or GWL changes, especially
as the switch-offs occurred during late summer when low GWLs would have limited
potential flow recovery. The modelling shows that full flow and GWL recovery would have
required about 18 months of continuous switch-off.

47

Objectives for flow improvements
The CaBA chalk stream strategy proposes that all chalk streams should be in the most
sensitive band for acceptable flow reductions, ASB3, unless there is evidence to support a

51
2

lower band 1. ASB3 may not be appropriate for heavily modified rivers. Although the
Upper Ivel has been classified as ‘Heavily Modified’ by the Environment Agency, mainly on
account of the presence of several water mills with their associated leats and ponds,
these are a common feature of other chalk streams that have been rated highly sensitive,
ASB3. Therefore, it is suggested that flow objective for the Upper Ivel should ideally also
be ASB3, although it is recognised that the extent of mills and channel alteration in the
upper Ivel might justify the moderately sensitive band, ASB2.
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An alternative objective would be limiting abstraction to 10% of average recharge, A10%R,
as also put forward in the CaBA chalk stream strategy1. This would require annual average
abstraction to be limited to 2.4 Ml/d, a reduction of 12.4 Ml/d from the current licensed
abstraction of 14.8 Ml/d.

51

Options for alleviating abstraction impacts
Affinity Water and the Environment Agency have proposed a scheme to augment river
flows by pumping 0.55 Ml/d from the aquifer into the river near Ivel Springs, when the
groundwater levels are low. Modelling shows that this scheme would provide negligible
flow improvement, even if the augmentation water did not disappear into a dry river bed,
as seems likely.

52

Diversion of Letchworth sewage works treated effluent into the Upper Ivel instead of the
Pix Brook would give a substantial flow improvement, but with the likelihood of adverse
water quality and algal blooms. This option should not be considered further unless
abstraction reduction measures are not possible.

54

Reduction of the present licensed 14.8 Ml/d abstraction to 2.4 Ml/d would comply with
the target of limiting abstraction to 10% of average recharge. Replacement water for
Affinity’s supplies could come from Grafham Water reservoir using the improvements to
the pipe network and Sundon water treatment works which are due by 2024. The lumped
parameter modelling shows that this reduction would fall short of achieving the high
sensitivity ASB3 flow target at Malthouse Bridge, but would achieve the ASB2, moderate
sensitivity flow target, ie a dry weather flow reduction of less than 15% (at Q95).

51-54

Modelling shows that if the total Ivel licences are reduced from 14.8 to 2.4 Ml/d, a licence
reduction of 12.4 Ml/d, the additional water available for refilling Grafham Water
reservoir from increased River Ivel flows in the critical 1933-34 drought would increase
the deployable output of the reservoir by about 7.9 Ml/d – a recovery of 64% of the
licensed abstraction reduction. Looking at the water resources of East Anglia as a whole,
only 4.5 Ml/d of replacement source would be needed. The concept behind this option is
the same as the ‘Chalk Streams First’ 2 proposal which is currently being investigated as
part of the Thames to Affinity Transfer strategic resource option.

56

1

CaBA Chalk Stream Strategy, Main Report, pages 41 and 51. https://catchmentbasedapproach.org/wpcontent/uploads/2021/10/CaBA-CSRG-Strategy-MAIN-REPORT-FINAL-12.10.21-Low-Res.pdf
2
Chalk Streams First, Angling Trust, Rivers Trust, Wild Trout Trust, Salmon & Trout Conservation, WWF, May
2021 https://anglingtrust.net/wp-content/uploads/2020/09/Chalk-Streams-First-Report.pdf

3

As an insurance against the flow recovery being less than expected, consideration should
be given to a drought scheme that, by making use of the increased aquifer storage from
the 12.4 Ml/d reduction in the Upper Ivel licences, would allow the existing boreholes to
use the increased aquifer storage to provide about 15 Ml/d of river regulation releases in
an extreme drought like 1933/34. This would entail use of the Upper Ivel boreholes in the
same way as the existing West Berkshire Groundwater Scheme, which provides a
substantial enhancement to London’s supplies in droughts.

Refer to
page no.

58

Recommendations
The proposed 0.4 Ml/d augmentation scheme for the Upper Ivel should be abandoned.

52 & 63

A near-natural flow regime for the Upper Ivel should be achieved by:
•

Reduction of use of Ivel boreholes to 2.4 Ml/d for normal continuous supply

•

Replacement supplies through 12.4 Ml/d of transfer from Grafham Water

•

Use of existing boreholes to pump, say, 15 Ml/d of regulation release into the
Upper Ivel in severe droughts for a maximum of 7 months, triggered when
Grafham Water storage drops to near-drought level.

•

Abstraction of the 15 Ml/d regulation release at Offord on a ‘put-and-take’ basis
for filling Grafham Water reservoir in droughts

55-59 & 63

This scheme should be worked up as part of the proposed Anglian Water to Affinity Water
Transfer which is being considered in the current strategic water resource option
investigations. The aim should be to implement the scheme within the next 5 years. This
would allow a relatively low cost and low risk full-scale trial of a large abstraction
reduction to determine whether flows recover to the extent estimated by the modelling.

63

It is recommended that the Environment Agency’s CBO model is re-calibrated to take
account of the spot flow gaugings, GWL records and switch-off test results from Affinity
Water’s post-2015 Ivel headwaters investigation. The recalibrated model should be used
to assess the abstraction reduction needed to achieve the Environmental Flow Indicator
targets. The required reduction should be included in the Sustainability Reductions
currently being considered in Water Resources East’s regional plan.

63
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1. Introduction
1.1 Scope of work
This report considers the impacts of abstractions for water supplies from the chalk aquifer in
the Upper River Ivel and makes proposals for alleviation of impacts. The objective is to
provide evidence to help the RevIvel Association achieve its goal of:
“The restoration of sufficient flow in the upper River Ivel to sustain brown trout all year
round” 3
The scope of the report is:
1. To collate evidence of the history of abstraction growth and its impacts.
2. To review previous reports on abstraction impacts and remediation proposals .
3. To make proposals for achieving improvements in flow in the River Ivel

1.2 Geological setting
The bedrock geology of the Upper Ivel catchment is shown in Figure 1:

Totternhoe Stone

West Melbury
Marly Chalk

Melbourn Rock
Zig-Zag Chalk

Line of cross-section
on Figure 2

Holywell
Nodular Chalk

Topographic
catchment boundary

Figure 1 - Upper Ivel bedrock geology
3

Map copied from Ivel Headwaters NEP report, Figure 3

RevIvel Association web-site, home page https://www.revivel.org/
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The bedrock is chalk over most of the length of the Upper Ivel until its confluence with the
Cat Ditch. The Melbury Rock and Totternhoe Stone are easily fractured hard bands within
the chalk which are often the location of springs. These can also be seen on the geological
cross-section along the Upper Ivel valley shown on Figure 2:

Totternhoe Stone

Melbourn Rock

Borehole details
redacted

Figure 2 - Geological section along the Upper Ivel valley

Copied from Ivel Headwaters NEP report, Figure 4

2. History of abstraction growth and impacts in the Upper Ivel Valley
2.1 Abstraction growth
There are three public water supply boreholes in Letchworth Garden City and Baldock near
the Upper River Ivel at the locations shown in Figure 3:

Upper Ivel topographic
2
catchment boundary 31 km

Boreholes locations redacted

Source: Affinity Water presentation
to RevIvel on 5.10.2020

Figure 3 - Locations of water supply boreholes near the Upper River Ivel
6

The current licensed annual abstraction for the three boreholes combined is 14.8 Ml/d, as
shown in Table 1.

Source: Affinity Water presentation to RevIvel on 5.10.2020

Table 1 - Upper Ivel public water supply licences
The current valid abstraction licence, Number 6/33/14/*G/0010, was established in 1966
(incorporating Baldock Road, Bowring and Fuller).
It should be noted that the Baldock Road borehole lies about 100m outside the Upper Ivel
topographic catchment (see Figure 3). However, the proximity of this borehole and the other
two boreholes to the Western topographic catchment boundary means that the
groundwater catchment boundary probably lies to the West of the Baldock Road borehole –
the Baldock Road abstraction seems likely to affect the Upper Ivel flows through its influence
on regional GWLs, even if its cone of depression is mostly in the Pix Brook catchment.
The growth in average daily abstraction since 1995 is shown in Figure 4:

Average daily abstraction Ml/d

18

Abstraction from Upper Ivel boreholes

16
14
12
10
8
6
4
2
0

Baldock Road

Bowring

Fuller

Data from Affinity Water Excel file received by email on 9.2.22

Figure 4 - Changes in Upper Ivel abstraction since 1995
The first public water supply borehole in the Letchworth/Baldock area was commissioned in
1906 to supply the new Letchworth Garden City. By 1919, the supply had risen to about 2 Ml/d.
By 1935, 6 boreholes had been sunk with capacity to supply 220,000 gallon/hr (or 24 Ml/d).
At this time the combined population of Letchworth Garden City (LGC) and Baldock was
7

approximately 18,000, so assuming consumption of 120 l/head per day at that time (before
washing machines) the local domestic consumption would still have been roughly 2 Ml/d.
Since 1935 growth in local domestic consumption has been approximately as shown in
Figure 5:
Growth in LGC and Baldock consumption

80,000

7.0

70,000

6.0

60,000

5.0

50,000

4.0

40,000

3.0

30,000

2.0

20,000

1.0

10,000

0.0

0

Local consumption Ml/d

LGC and Baldock population

Local consumption Ml/d

8.0

LGC and Baldock population

Notes: 1. Growth based on population figures in Revivel paper “Too little rain or too much abstraction?”
2. Consumption assumed to grow from 120 l/head per day in 1930 to 150 l/head/day in 1990
3. Consumption does not include non-domestic use which may have been significant

4

Figure 5 - Growth in local population and water consumption since 1930
From the previous Figure 4, it can be seen that, up to about the year 2000, total abstraction
was about 6 to 8 Ml/d, similar to the local consumption shown in Figure 5. Since 2000, the
abstraction has roughly doubled to about 13 Ml/d, while the local consumption has probably
only risen slightly. This suggests that the large abstraction increase since 2000 may have
been mainly for export of water out of the Letchworth/Baldock area.
The abstraction since 1999 from the borehole at Slip End, Ashwell in the adjacent Cat Ditch
catchment is shown in Figure 6:

Average abstration Ml/d

8.0

Groundwater abstraction from Cat Ditch

7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0

Cat Ditch

Data from Environment Agency file of Bedford Ouse abstractions

Figure 6 - Abstraction from groundwater at Slip End, Ashwell in Cat Ditch catchment
4

Too little rain or too much abstraction, Revivel, https://www.revivel.org/history/upper-reaches-of-the-riverivel-too-little-rain-or-too-much-abstraction/
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Although the Slip End borehole is outside the Upper Ivel catchment, it is only about 1.5 km
from the topographic catchment boundary (see Figure 3) so it could have some influence on
Upper Ivel groundwater levels and flows.

2.2 Historic evidence of impacts
There is a lot of historic evidence that Upper Ivel groundwater levels and river flows have
been greatly reduced over the past century.
Groundwater level changes
The Royal Commission on Metropolitan Water Supply, 1893, examined the potential for
water supplies from the chalk in and around London and looked into concerns that were
already being expressed about the impacts of groundwater abstractions on groundwater
levels and river flows. It reached the conclusion that, at that time, abstraction had not
altered the sources of the rivers 5:

However, abstraction in the Upper Ivel in 1893 was limited to private domestic wells and
small local breweries, so was far below present abstraction levels.
The Royal Commission report shows some groundwater levels in wells in the Baldock area 6:
212.68 ft Liverpool
datum = 64.4 mAOD

218.04 ft Liverpool
datum = 66.4 mAOD

231.26 ft Liverpool
datum = 70.1 mAOD

The locations of these wells are shown on the map below and the 1893 recorded well water
5

Royal Commission on Metropolitan Water Supply, 1893, Appendix H, page 548
https://www.google.co.uk/books/edition/Report_of_the_Royal_Commission_Appointed/QlxFAQAAIAAJ?hl=en
&gbpv=1&dq=%22Hertfordshire+County+Council%22+River+Lea+Enquiry&pg=RA2-PA507&printsec=frontcover
6
Royal Commission on Metropolitan Water Supply, 1893, Appendix H, pages 643, 644
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levels are compared with recent GWLs from observation boreholes:

Ivel Spring OBH now
54 to 56 mAOD

Stapleton OBH now
51 to 57 mAOD
Wissen Drive OBH
now 51 to 57 mAOD

Pixmore Cottage in 1893
66.4 mAOD

Tesco OBH now
53 to 60 mAOD

Homeland Farm OBH
now 54 to 62 mAOD

Wellbury Farm in 1893
70.1 mAOD
George IV Inn in 1893
64.4 mAOD

Figure 7 - Recorded falls in groundwater levels since 1893
This evidence shows that, since the 1890s, groundwater levels appear to have fallen by in
the region of 3-6m (assuming a natural fall in GWLs of about 2 m per kilometre to the northwest 7). The Royal Commission Report in 1893 followed a period of dry years (see later
section on climate change), so groundwater levels would have been below average at that
time. Although there may be doubts about the accuracy of the 1890s water level data and
uncertainty over the time of year of their recordings, it seems certain that GWLs around
Baldock have fallen by several metres over the past century. This is consistent with the
groundwater modelling described in Section 4 of this report, which also shows that
abstraction has reduced GWLs by several metres. In Section 3 of this report it can be seen
that GWL changes of this magnitude would have a profound effect on River Ivel flows and
the incidence of drying of the upper river.
Water mills
In the nineteenth century there were five water mills on the Upper Ivel above the Cat Ditch
confluence: Blackhorse Mill, Norton Mill, Radwell Mill, Randall’s Mill (Stotfold) and Taylor’s
Mill (also referred to as Ivel Mill in this report). The mills on this stretch of the Ivel operated
7

From recent observed GWLs and observed groundwater contours shown on Maps 40 to 42 in “Hertfordshire
Ground Water Model, Numerical Model Report”, Mott MacDonald, March 2019
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for at least 900 years and were central to the rural economy. The locations of the mills and
their nearest spot flow gauging locations are shown on Figure 8:
Ivel Mill spot flows

Malthouse Bridge spot flows

Taylor’s Mill, also
referred to as Ivel Mill
in this report

A507 Bridge spot flows
Randall’s Mill

Radwell Mill spot flows
Radwell Lodge spot flows

Radwell Mill

Blackhorse Farm spot flows

Norton Mill
Blackhorse Mill

Baldock
Figure 8 - Locations of water mills and related spot flow gaugings

Spot gauged flow Ml/d

The mills relied on a constant flow of water to make staple foodstuff out of local grain for local
people all year round. However, recent gauged flows in the Upper River suggest that the
present flows would be too low to support these mills, as shown on Figure 9:
30

Spot flow gaugings near mill locations

25
20
15
10
5
0
Blackhorse Mill

Radwell Lodge

Radwell Mill

A 507 Road Bridge

Taylor's Mill

Figure 9 - Spot gauged flows near mill locations
Figure 9 shows that the River Ivel is nowadays frequently dry to below the Norton and
Blackhorse Mills, so they could not have been viable with present day flows. However,
11

Blackhorse Mill operated up to 1871 and Norton Mill was operating until at least 1902. This
shows that the river flows down to Norton Mill must have been almost perennial until the
end of the 19th century.
An estimate of mill water requirements is shown in Table 2 8:

Mill specifications

Mill wheel
Mill pond
Dist m
Segment from Ivel
m Springs Fall m
width m Area m2 Depth m
AMSL
Ivel Springs
59
0
0
Blackhorse Mill
550
550
1.05
2.2
812
0.6
Norton Mill
600
1150
2.59
2.6
4469
0.3
Radwell Mill
1250
2400
2.59
4.3
20230
0.34
Stotfold Mill (Randalls)
1251
3651
2.8
4.4
4600
0.38
Taylor's Mill
1719
5370
1
2
10055
0.6
Astwick Bridge
38
347
6201
Fall m
21
15.43

Working flow
Usable No of
Vol Ml stones l/sec
0.49
1.34
6.88
1.75
6.03

2
2
2

Ml/d

Power
(HP)

34.6
34.6
34.6

13.6
13.6
13.6

400
400
400

Stotfold Mill empirical

Figures in red supplied by Ray Kilby, miller.

hp

2 stones @ 60 rpm
2 stones @ 90 rpm (commercial speed)

14
16

Flow Ml/h Flow l/sec Flow Ml/d
1.4
389
33.6
1.6
444
38.4

1 ton flour
1.5 tons flour

a) Calculation of water requirement at each mill
Incoming flow
Ml/day 0
Incoming flow l/sec 0
Hours
milling

1
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4
5
6
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8
9
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11
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13
14
15
16
17
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Colour key (figures in the coloured squares are number of hours needed to refill the storage in Radwell mill pond)
Not possible to mill
Possible to mill, but mill pond recovery will take more than 1 day, eg at an incoming flow of 1Ml/day the mill pond would take 134
red
hours (~6 days) to recover after 4 hours of milling.
Possible to mill on a daily basis, eg red outline: at an incoming flow of 14Ml/day the mill pond would take ~12 hours to recover after 8
orange hours of milling.
Blank

green

The mill pond will take less than an hour to recover

b) Feasibility of Radwell Mill operation using mill pond storage
Table 2 - Mill water requirement calculation
8

Spreadsheet calculation by Richard Hardy-Meredith of RevIvel
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With reference to information provided by the current miller at Stotfold Mill and the
calculation shown in Table 2a), both Radwell Mill and Stotfold Mill are of a size to run 2
stones @ c.15 Hp which required a flow of about 35 Ml/d. The river would rarely have had a
flow like this, but additional flow for the duration of the working day would come from
Radwell Mill pond, which has a storage capacity of about 6.9 Ml. The calculation shown in
Table 2b) shows that, if the incoming flow was at least 14 Ml/day, the miller would be able to
run at full power for 8 hours using the mill pond storage, and it would have refilled before
work started the next day. The water used to power Radwell mill would also have powered
the downstream Stotfold and Taylor’s mills.
Norton Mill had an overshot wheel with about the same fall as Radwell Mill, but was much
narrower and was probably only capable of running one stone. Nevertheless, this would still
have required a continuous flow of about 7 Ml/d which is feasible because the springs
at Nortonbury were a very active source. A Letchworth Garden City document of 1904 says:
Constant springs are found at Nortonbury and Baldock. (Garden City Collection -lbm3058-714). Norton Mill has quite a large pond, and it was probably linked to the old moat and pond
at Nortonbury Farmhouse which today has almost completely gone, but it was a substantial
body of water. Modelling of flows at Radwell Lodge, as described in Section 4, shows the
natural river flow could have supplied 7 Ml/d to Norton Mill at most times in most years,
with the support of the water stored in the mill ponds.
Blackhorse Mill had much less fall than the others, and likely had a breast shot or undershot
wheel so it probably wasn’t very efficient which explains why it was the first to fall into
disuse as a mill in the middle of the 19th Century. As industrialisation increased through the
late 19th century even the most efficient local mills lost their competitiveness.
If the incoming river flow was less than 5 Ml/d, as was the case for gauged flows at Radwell
Mill at most times from 2015 to 2021 (see Figure 9), milling would be possible for less than 3
hours per day. It seems unlikely that any of the Upper Ivel mills would have been viable if
flows had been as low as they now are.
Watercress beds
Watercress is grown in shallow gravel beds fed by springs and bore-holes, which provide a
constant flow of relatively warm, pure, chalk-filtered spring water. The commercial
watercress beds at Baldock were operational from the 1850s until the early 1900s. In
1914 Black Horse Farm with its buildings, land including the old watercress beds and “wild
flower meadow” were sold and purchased by Baldock Urban District Council (Baldock
Museum and Local History Society).
The OS 25 Inch map dated 1892-1914 shown in Figure 10 illustrates the Baldock watercress
beds9. Measurement of the watercress beds themselves shows an area of 2.1Ha, requiring
9

National Library of Scotland OS 25 Inch, 1892-1914
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about 5 Ml/day of spring water and would have produced watercress from September to
April.
Watercress beds at Ivel springs c. 1840 - 1940
Area

2.0952 Ha

5.177 Ac

Est flow
m3 per
required
Ha per
total m3
/ Ha
day
per day
Watercress company (email)
2500
5238
Harpendon
3370
7061
Environment Agency
1348
2824
Average
2406
5041

litres/
Ml/d sec
5.238
61
7.061
82
2.824
33
5.041
58

1.

Harpenden water use data from Harpenden

2.

EA water use data from Environment agency

Figure 10 - Baldock watercress beds - location and water use
The viability of the Baldock watercress beds would have been dependent on near-perennial
springs and flows of in the region of 5 Ml/d throughout the growing season. The spot gauged
flows on Figure 9 show the river was dry for several months every year from 2015 to 2020
and almost dry in 2021. Although spring flows could have been augmented by in the region
of 1-2 Ml/d of treated effluent from the earlier sewage works, the cress beds would not
seem to have been viable under this flow regime. Modelling of naturalised flows as
described in Section 4 shows that Ivel Springs would have been perennial under natural
conditions and flows in the region of 5 Ml/d would have been sustained in most years.
The history of the watercress beds provides more evidence that present day groundwater
levels, springs and river flows are far lower than they were in the 19th century.
Upper Ivel trout fishery
A Letchworth Garden City document of 1903 says: “At Norton mill there is an establishment
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for fish culture, where all kinds of trout are hatched and reared, and where advice may be
obtained as to stocking of lakes, rivers Etc.” Norton Fisheries operated along the river
between Baldock and Radwell, raising trout in hatcheries and fry ponds and growing them in
screened parts of the river. The 1911 Census identifies the trout fishery keeper and a fishery
labourer living on the outskirts of Baldock - the fishery was clearly a significant operation.
The maps shown in Figure 11 all provide evidence of the fishery and associated facilities, for
example the boathouses shown on the upper map, which indicate a substantial perennial
flow.

Trout hatchery

Boat houses

OS six-inch England and Wales Bedfordshire
Sheet XXVii N.E (rev 1921, pub 1925)

Norton Bury had a moat and large pond
which was connected to Norton Mill.
Historically there were constant springs
here. This level of water is long gone.

Trout hatchery

Figure 11 - Maps showing fisheries and associated facilities
Figure 12 gives some pictorial evidence of a trout fishery that must have depended on a
substantial perennial flow:
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Fishing for Trout at Norton Fisheries, Henry Bullard, 1906
Figure 12 - Pictorial evidence of Upper Ivel trout fishery
Changes in rainfall and groundwater recharge
Although there is a lot of evidence that river flows and groundwater levels were much
higher before the start of the major groundwater abstractions in the early 20th century, the
last 100 years have also been subject to climate change. Therefore, the possibility of climate
change being the cause of reduced river flows needs to be considered. Figure 13 shows
some long term records of rainfall and effective rain:
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1893, Royal Commission Report
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1893, Royal Commission Report
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0
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Figure 13 - Long term records of rainfall and effective rain
The effective rain in the East Chilterns is from the Environment Agency’s record for the East
Chilterns, Colne 10. The average annual effective rain for the East Chilterns, 1920-2022, is
273mm, which is close the effective rain for MORECS square 151, 1995-2020, average
278mm, as supplied by Affinity Water for the upper River Ivel. The monthly Oxford rainfall 11
is the nearest available Met Office record extending back to the 19th century.
The East Chilterns record of effective rainfall, ie the part of rainfall which creates
10
11

EA Station HNL/6140TH/AP/WDay.Total.P
Met Office https://www.metoffice.gov.uk/research/climate/maps-and-data/historic-station-data
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groundwater recharge, shows no trend of long term change since 1920. The Oxford rainfall
record suggests a long term rise in winter rainfall and a long term fall in summer rainfall.
However, as effective rain and groundwater recharge is mostly dependent on winter rainfall,
the natural trend from the Oxford record would be slightly increasing effective rain and
recharge since the second half of the 19th century.
It should be noted from Figure 13 that the Royal Commission in 1893 took place at the end
of period of several very dry years, so the higher Upper Ivel groundwater levels recorded in
the report were not the result of high rainfall – the groundwater levels would have been
lower than average in 1893.
Therefore, the changes in groundwater levels and river flows since the end of the 19th
century have not been caused by changes in the climate. Although changes in land use and
rainfall intensity could have caused some reduction in recharge since the 19th century, it
seems likely that main cause of reduced GWLs and river flows has been abstraction.
Conclusions from historic evidence
The following conclusions can be drawn from the historic evidence of changes to the Upper
River Ivel since the 19th century:
1. The data from the Royal Commission into Metropolitan Water Supplies in 1893
suggest that groundwater levels at that time were about 3 to 6m higher than recent
groundwater levels.
2. The existence of 19th century functioning water mills at Blackhorse Mill and Norton
Mill, the commercial water cress beds at Baldock and the trout hatchery and fishery
at Norton show that the Ivel Springs and Nortonbury Springs would have flowed
perennially, with river flows probably in excess of 5 Ml/d at most times.
3. From Radwell down, the presence of commercially viable water mills suggests that
river flows must have exceeded 10 Ml/d at most times up to the end of the 19th
century.
4. The long term records of effective rain and rainfall show that changes in river flows
and groundwater levels have not been caused by climate change, so they are
consistent with the increase in abstraction of groundwater for public water supplies.

2.3 Water Framework Directive assessment
The Upper River Ivel is covered by the Environment Agency’s Ivel (US Henlow) water body
and was assessed as being heavily modified and having good ecological status in 2019, as
shown in Figure 14 12.
12

EA Catchment Explorer https://environment.data.gov.uk/catchment-planning/WaterBody/GB105033037720
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Figure 14 - Environment Agency WFD assessment of Upper Ivel water body
The Upper Ivel classification as ‘Heavily modified’ can perhaps be justified by the number of
water mills and associated river channel changes in the Upper Ivel, although water mills are
a common feature in many chalk streams which are not classified as heavily modified.
It is understood that the ‘poor’ WFD assessment in 2016 was based on a downstream water
body boundary at the Cat Ditch confluence. In 2019 the boundary was moved down to the
Ivel/Hiz confluence at Henlow, where flows are enhanced by about 6 Ml/d of dry weather
output from the Letchworth STW into the Pix Brook. The Environment Agency’s assessment
of ‘Good ecological status’ for the enlarged water body seems unjustifiable in view of the
evidence of reduced groundwater levels and river flows shown in Section 2.3.
The ‘Supports Good’ classification of the hydrological regime seems particularly
19

inappropriate for the frequently dry river upstream of Norton, where the historic evidence
shows there were perennial springs and river flows prior to the start of major groundwater
abstraction. The river was dry down to Radwell Mill pond in September 2019 for the first
time in living memory and probably ever. Figure 15 shows the dry river at the Radwell Lodge
spot flow site in September 2019. The spot flow gaugings show the river was dry at this
location for 16 months from August 2018 to December 2019.

Figure 15 - Dry river at Radwell Lodge in September 2019
It seems that the change to ‘Supports good’ in 2019 might also have been influenced by
Affinity Water’s investigation of the Upper Ivel for the National Environment Programme in
2017, which concluded 13:
“Evidence suggests that abstraction is not likely to have a significant impact on flows in
the Ivel. As a result it is considered that the ecology is not impacted by abstraction and
therefore any reduction or cessation of abstraction is unlikely to improve the ecological
status of the Ivel.”
The credibility of this conclusion in the light of the historic evidence of reduced groundwater
levels and flows is discussed further in Section 5 of this report.
13

Ivel Headwaters NEP – Final Investigation Report, page 185. Affinity Water, October 2017
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3. Relationship between GWLs, recharge, abstraction and river flow
3.1 Drivers of flows in chalk streams
A chalk stream’s flow is dominated by groundwater issuing through springs from the chalk
aquifer. Figure 16 represents a simplified chalk stream valley 14.

Figure 16 - Schematic representation of a typical chalk valley
This diagram shows how a chalk stream flows within the saturated zone of the valley floor,
where the aquifer water table intersects with the surface topography. The flow emerges
from the aquifer as springs, typically located at the level of hard points within the chalk like
the Melbourn Rock and Tottenhoe Stone in the Upper Ivel valley.
In the upper reaches of a typical chalk-stream valley, the upper boundary of the saturated
zone moves up and down the valley with the rising and falling groundwater level. This
creates winterbournes, usually flowing only in winter and spring. The groundwater level rises
and falls through the year as the aquifer fills and slowly empties. Typically, the groundwater
level rises from November through to April and falls through the summer when
evapotranspiration soaks up much of the rain, while the groundwater continues to discharge
to the river. Generally, chalk-stream flows are at their lowest in the early autumn.
The total amount of winter rainfall and how much of it sinks into the ground (known as
‘effective rainfall’) largely determines the level of flows through the following summer. If
groundwater levels are high in the spring after a good winter recharge, then (natural) flows
will hold up well through the summer. If groundwater levels are low in the spring after a dry
14

Diagram from page 36 of the CaBA Chalk Stream Strategy https://catchmentbasedapproach.org/learn/chalkstream-strategy/
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winter, then generally the chalk stream will be very low by the end of summer.
Abstraction of water from boreholes in the chalk reduces the rise in the groundwater level
during the winter recharge and accelerates its decline in the summer, causing a general
lowering of the water table with consequent reduction in river flows. There are also localised
effects on groundwater levels and spring flows due to the cones of depression of the water
table caused by abstraction from the boreholes.

3.2 Recorded Upper Ivel groundwater levels and flows
Figure 17 shows recorded Upper Ivel groundwater levels and their locations.

A507 Bridge spot flows

Radwell Mill spot flows
Blackhorse Farm spot flows

Boreholes locations
redacted

63

Groundwater levels in Upper Ivel

61

Grounwater level mAOD

59
57
55
53

Homeland Farm
Letchworth
Norton Common
Stapleton
Wissen Drive
Tesco Baldock

51

Ivel Springs OBH

49

Bury Farm

47

Verge Lay-by

45

Figure 17 - Observed groundwater levels in the Upper Ivel valley
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The groundwater levels recorded from the observation boreholes (OBHs) in Baldock to the
South of the 34N line (see above map) show similar patterns of annual fluctuations. The
annual fluctuation is less at the Ivel Springs OBH, probably because it is in the valley bottom
close to the river. The Bury Farm and Verge Layby OBHs are close to the perennial river and
show low annual fluctuation, presumably because of hydraulic connection to the river.
The relationship between river flows, groundwater levels and effective rain can be seen
clearly on Figure 18:

Baseflow Ml/d
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Relationship of Upper Ivel flows to GWLs and effective rain
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Monthly effective rain

Observed Homeland Farm GWL

Radwell Mill gauged flow

Blackhorse Farm gauged flow

Monthly effective rain mm

Groundwater level mOD

0
60.0

A507 Bridge gauged flow

Figure 18 - Relationship between river flows, GWLs and effective rain in the Upper Ivel
It can be seen that the river flows rise and fall with the fluctuations in Homeland Farm
groundwater levels. The river dries up at Blackhorse Farm when the groundwater level drops
below about 56.5 mOD. The groundwater level rises as winter effective rain accumulates and
falls when effective rain is low and river outflows continue to drain the aquifer storage. With
the aquifer acting as a storage reservoir, abstraction slows the rise in groundwater levels during
periods of recharge and accelerates the decline in storage during dry periods.
The length of the winterbourne reach depends on the gradient of valley floor and the
seasonal rise and fall of the groundwater. In the case of the Upper Ivel in its present
condition, the valley floor gradient in the winterbourne section at the foot of the chalk scarp
is quite steep, roughly 1:100, and the annual fluctuation of groundwater level upstream of
23

Ivel Springs is about 5 m, so the length of the winterbourne section is only about 500 m. In a
typical chalk valley on the chalk dip slope with slope of, say, 1:500 and a groundwater level
fluctuation of 5 m, the length of the ephemeral section would be 2.5 km. If the Upper Ivel
groundwater levels were about 3 to 6m higher in the past, as suggested by the historic
evidence, the winterbourne section would have been further up the valley where the
gradient is steeper, so the winterbourne reach would have been very short.

3.3 Relationship between abstractions, GWLs and river flow
Chalk stream baseflows are dependent on the height of the groundwater above the river.
Referring to the schematic diagram in Figure 16, the head of the groundwater, h, drives the
velocity of water, v, leaving the spring. Basic physics shows that v is proportional to √(2gh),
where g is gravity. The area of exposed springs within a saturated v-shaped valley with a
fixed gradient would be proportional to h2, so the total spring outflows are in theory
proportional to √h x h2 = h2.5. On this theoretical basis, the baseflow in a chalk valley would
comply with an equation in the form of:
baseflow = a x (GWL – b)c, where a, b and c are constants related to the aquifer
parameters and valley topography
Figure 19 shows that river flows and GWLs in the Upper Ivel follow this type of relationship:
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Figure 19 - Flow vs groundwater level plots for Upper River Ivel
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Figure 20 shows examples of the river flow vs GWL relationship in some other chalk
catchments.
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Figure 20 - Examples of gauged baseflow vs GWL in other chalk catchments
This close relationship between river flows and groundwater levels appears common to all
chalk streams. Groundwater levels in the aquifer storage rise or fall depending on whether
or not recharge exceeds outflows due to springs, underflow and abstraction. The cones of
depression from individual boreholes are superimposed on the seasonal rise and fall of the
overall water table, but the effects are localised so don’t appear to affect significantly the
consistent flow-GWL relationships shown in Figures 19 and 20. It should be noted that the
observation borehole levels shown in Figures 19 and 20 are all more than about 1.5 km from
the nearest abstraction borehole, so are relatively little affected by the cones of depression.
The cones of depression of Affinity Water’s abstractions affect only a small part of the
regional water table in the Upper Ivel topographic catchment, as can be seen in Figure 21 on
the next page, which shows measured groundwater level contours at the end of the dry
summer of 2015. The three Upper Ivel boreholes are each a similar distance from the river
channel and would appear equally likely to affect flows in the springs and river, even though
the Baldock Road borehole lies just outside the topographic catchment boundary.
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Homeland Farm OBH

Abstraction cone
of depression

BHs redacted

Ivel headwaters topographic
catchment boundary

Copied from Figure 65 of Affinity Water’s NEP report

Figure 21 - GWL contours from measured OBH levels on 15th September 2015
The Homeland Farm observation borehole, which is used in the plots of Flows vs GWL on
Figure 15, is located at Tapps Garden Centre, on the outer fringe of the cone of depression in
September 2015. Figure 19 shows that the flows in the Upper Ivel are strongly related to
changes in the GWLs in the regional groundwater table, rather than the GWLs within the
cone of depression.
It can be concluded that the primary impact of the abstractions on river flows is through
their impact on the seasonal rise and fall of the regional water table, rather than the
localised impacts of the cones of depression of individual abstractions. Therefore, assessing
groundwater abstraction as a % of the annual recharge (A%R) of the aquifer – ie
groundwater abstraction as a % of the amount of ‘effective’ rainfall that sinks down into the
ground to drive base-flows in the river – is a simple and easily comprehensible way to assess
the amount and acceptability of groundwater abstraction in a catchment.

3.4 Abstraction as % of recharge (A%R)
A recent report on Abstraction as a % of Recharge suggests that, as a target for
sustainable chalk stream flows, abstraction in a chalk catchment should not exceed 10%
26

of groundwater recharge in the catchment (A10%R) 15. The assessed values of A%R for
about 55 selected chalk streams across the country are shown in Figure 22:

A40%R

Figure 22 - Values of A%R in 55 selected chalk streams
Most of the well known Wessex chalk streams meet the A10%R target, but there are
widespread failures elsewhere, particularly in the chalk streams around the fringes of
London.
Abstraction as a % of recharge in the Upper Ivel catchment has been assessed for various
Upper Ivel sub-catchments as shown in Table 3:

15

A%R, Abstraction as a % of recharge in chalk streams, page 7, December 2021 https://chalkstreams.org/arabstraction-as-a-of-recharge-in-chalk-streams/
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Catchment
area km2

Uper Ivel to Cat Ditch including
Baldock Road
Uper Ivel to Cat Ditch excluding
Baldock Road

Average
Allowed
Average Abstraction Abstraction
recharge abstraction abstraction
as % of
reduction for
Ml/d
for A10%R
2017-19
recharge
A10%R

31 km2

23.6 Ml/d

2.4 Ml/d

12.4 Ml/d

52.6%

10.1 Ml/d

31 km2

23.6 Ml/d

2.4 Ml/d

9.4 Ml/d

39.8%

7.0 Ml/d

Pix Brook including Baldock
Road

15.5 km2

11.8 Ml/d

1.2 Ml/d

3.0 Ml/d

25.5%

1.8 Ml/d

Cat Ditch

42.8 km2

32.6 Ml/d

3.3 Ml/d

2.8 Ml/d

8.5%

0.0 Ml/d

Upper Ivel to Arlesey, including
Pix Brook and Cat Ditch

101.0 km2 76.9 Ml/d

7.7 Ml/d

15.2 Ml/d

19.8%

7.5 Ml/d

Note: Average recharge assumes average annual effective rain of 278 mm/year as for MORECS square 151

Table 3 - Assessment of A%R and reductions needed for A10%R
If the Baldock Road borehole is assumed to lie within the Upper Ivel catchment above the
Cat Ditch, the average abstraction in 2017-19 would be 53% of average recharge. This would
put the Ivel at a similar level of A%R to the most heavily over-abstracted of the 55
chalkstreams shown on Figure 22. The total abstraction from the three boreholes would
have to be reduced to 2.4 Ml/d to achieve the A10%R target. The existing licence of 14.8
Ml/d would need to be reduced by 12.4 Ml/d to achieve the A10%R target of 2.4 Ml/d.
If the Baldock Road borehole is assumed to lie in the Pix Brook catchment and outside the
catchment above the Cat Ditch, the allowable abstraction from the three boreholes to
achieve A10%R would be 3.6 Ml/d (2.4 Ml/d for Bowring and Fuller plus 1.2 Ml/d for Baldock
Road).
The 2.8 Ml/d abstraction in 2017/19 from the Slip End borehole in the Cat Ditch catchment was
within the A10%R limit of 3.3 Ml/d. However, the licensed annual abstraction of 5.46 Ml/d
would exceed the A10%R limit.
Taking the whole Upper Ivel catchment including the Pix Brook and Cat Ditch, the total 2017-19
abstraction of 15.2 Ml/d was 8.3 Ml/d more than the recommended limit of 6.9 Ml/d
abstraction for A10%R.

28

4. Modelling of impacts of abstraction on the River Ivel
4.1 Environment Agency modelling
The Cam and Bedford Ouse model
The Environment Agency have used their Cam and Bedford Ouse (CBO) groundwater model
to assess abstraction impacts in the Upper Ivel. The geographic coverage of the CBO model is
shown on Figure 23 16:
Model areas

Upper Ivel area

Figure 23 - Area covered by Cam and Bedford Ouse groundwater model
As can be seen from this map, the Upper Ivel catchment is a small part of the large area
covered by the model, lying within the Ouzel and Ivel reporting area. The model uses the
commercial groundwater modelling software Modflow 96 VKD:
•
•
•
•
16

an eight layer simulation of flow in the saturated zone, including Chalk aquifers
representation of intra-layer variability in hydraulic conductivity with depth (VKD)
computation on a 200 m x 200 m grid over the whole model area
generation of groundwater level and flow data at monthly steps from 1961 to 2020

CBO groundwater investigation, Final Report, Ouzel and Ivel catchments, extracted from Figure 1.1
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Abstraction scenarios modelled
The Environment Agency have provided modelled river flow and groundwater levels within
the Upper Ivel catchment at monthly time steps, 1961 to 2020:
•

River flows at 7 locations: Spring Drain; Blackhorse Farm; Radwell Lodge; Radwell
Mill; A507 Road Bridge; Ivel Mill (Taylors Mill, Stotfold); Arlesey (at the railway
crossing of the Ivel)

• Groundwater levels at three locations: Radwell (verge layby), Ivel Springs and
Homeland Farm (location of Tapps Garden Centre).
The modelled output has been provided for four abstraction scenarios:
•
•
•
•

Naturalised – no abstraction
Historic recorded abstraction
Recent actual abstraction – average recorded from March 2014 to March 2020
Fully licensed abstraction –assumed to be 14.8 Ml/d total for the three Upper Ivel
abstractions, as Table 1.

There are doubts over the abstraction data used in the EA’s model. There are differences in
the monthly abstraction data provided separately by the EA 17 and Affinity Water 18 as shown
below:

Total abstraction Ml/d

18.0

Upper Ivel abstraction - comparison of EA and Affinity Water data

16.0
14.0
12.0
10.0
8.0
6.0
4.0
2.0
0.0

Affinity abstraction data

EA abstraction data

Figure 24 - Comparison of Affinity water and Environment Agency abstraction data
As can be seen in the above plot, the EA and Affinity data are mostly identical or with
occasional slight differences. However, there are large differences in 2002, 2010 and from April
2017 onwards. The differences from 2017 onwards are particularly significant because they are
in the only period, 2015 to 2021, when detailed observation data are available for validation of
modelled river flows and groundwater levels. In recent correspondence, the EA have
17

EA data were supplied in February 2021 in Excel file ‘UPPER OUSE AND BEDFORD OUSE’ for use in analysis of
abstraction as a % of recharge (A%R)
18
Affinity data supplied to RevIvel on 9.2.2022 under a covering email from Alessandro Marsili
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acknowledged that the Affinity Water data are correct 19.
Consequently, the abstraction data used in the EA’s modelling of the ‘recent actual’ scenario
are much too low. This uses monthly values of recent actual based on average abstractions
each month from April 2014 to March 2020 20. The assumed monthly recent actual
abstractions are:
EA assumed recent actual abstraction for each month Ml/d
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2.60 2.66 2.88 2.93 2.88 2.93 2.89 2.63 2.55 2.67 2.79 2.81

Table 4 - EA assumed values of ‘recent actual’ abstraction
The EA’s assumed recent actual abstraction, in the range 2.5 to 3 Ml/d, are consistent with
their values of recorded abstraction from April 2017 onwards, as shown in Figure 24.
However, 2.5 to 3Ml/d is far lower than Affinity Water’s records which suggest recent actual
abstraction has been around 13 Ml/d.
The discrepancies in the abstraction data used in EA’s modelling can also be seen in Figure
Rise in historic GWLs consistent
25:

EA modelled GWLs at Homeland Farm

64.0

with reduced EA abstraction
data since April 2017

62.0

Modelled recent actual
abstraction more than c.3 Ml/d
shown in Table 4?

GWL mOD

60.0
58.0
56.0
54.0

Fully licensed abstraction 14.8
Ml/d

52.0
50.0
48.0

Total abstraction Ml/d

EA historic
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EA natural
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EA fully licensed GWLs

Upper Ivel abstraction - comparison of EA and Affinity Water data

Affinity abstraction data

EA abstraction data

Figure 25 - Modelled GWLs and abstraction data since 2015
Judging by the sharp rise in modelled historic GWLs since April 2017, it appears that the EA’s
19
20

Email from Matthew Ramscar of 19.4.22
From data provided under EA response to RevIvel information request reference EAn/2022/249226
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modelling of the historic abstraction scenario used their own incorrect version of the
historic abstraction data since 2017. It also looks as though the assumed recent actual
abstraction was a lot more than the c.3 Ml/d shown in Table 4.
Validation of Environment Agency modelling
The discrepancies in the Environment Agency’s historic abstraction data after April 2017
affect the validation of the model output. Modelled historic flows and GWLs are compared
with observed data from 2015 to 2020 as shown in Figure 26:
64.0

Homeland Farm observed and EA modelled historic GWLs

62.0

GWL mOD

60.0
58.0
56.0
54.0

Modelled data unreliable after April 2017

52.0
50.0

EA historic

12.0

Observed GWL

Blackhorse Farm observed and EA modelled historic flows
Modelled data unreliable after April 2017

Flow Ml/d

10.0
8.0
6.0
4.0
2.0
0.0

EA modelled historic flow

25.0

Spot flows

Radwell Mill observed and EA modelled historic flows
Modelled data unreliable after April 2017

Flow Ml/d

20.0
15.0
10.0
5.0
0.0

EA modelled historic flow

Spot flows

Figure 26 - Validation of EA modelling: modelled vs recorded historic data
In view of the discrepancy in the historic abstraction data after April 2017, the only valid
comparisons are for the 24 months between April 2015 and March 2017, showing:
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•

Modelled groundwater levels at Homeland Farm are about 3 to 5 m too low, but
seasonal fluctuations are about right.

•

Periods of modelled river drying at Blackhorse Farm are grossly over-estimated. As
the modelled flows never rise above zero in the 24 months of reliable validation
data, it is not possible to see whether the modelled seasonal fluctuations in flow
match the recorded fluctuations.

•

The modelled flows and seasonal fluctuations at Radwell Mill are much too low.

The only longer term recorded data in the Upper Ivel area is for the Radwell Verge Layby
observation borehole, which is by the A507 about 500 m East of the river (see Figure 17).
This shows that the modelled GWLs at Radwell Verge Layby are consistently about 1 m too
low and seasonal fluctuations are slightly over-estimated:

Radwell Verge Layby observed and EA modelled GWLs

51.0

GWL mOD

50.0
49.0
48.0
47.0
46.0
45.0

EA historic

Observed GWL

Figure 27 - Validation of modelled GWLs at Radwell Verge Layby
An additional validation of EA’s modelling is provided by comparing EA’s modelled
relationships between river flows and GWLs with the recorded Flow-GWL relationships. This
is done for flows at Radwell Mill and Blackhorse Farm, in each case comparing the river flows
with Homeland Farm GWLs, as shown in Figure 28:
River Ivel at Radwell Mill: EA modelled vs measured
Flow-GWL relationships
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River Ivel at Blackhorse Farm: EA modelled vs measured
Flow-GWL relationships

Blackhorse Farm Flow Ml/d
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Figure 28 - Comparison of EA modelled and measured Flow-GWL relationships
The EA’s modelling of the flow-GWL relationship in the Upper Ivel is a poor fit to the strong
recorded relationships shown in the two plots of Figure 28. The EA’s model does not appear
to reflect the dependency of river flows on the fluctuation in regional groundwater levels,
which seems to be evident in all chalk streams, as shown in Figure 20. The much lower
seasonal variability of EA’s modelled flows, which is evident in Figure 28, suggests that the
model is likely to under-estimate flow changes due to abstraction.
Overall, the validation of the EA’s model for the Ivel headwaters, comparing modelled and
recorded data, is poor. It is questionable whether the model in this form can be reliably used
for assessing the Ivel river flows and GWLs. In fairness, it should be noted that at the time of
original model development, prior to 2015, the only local recorded data were for GWLs at
the Radwell Verge Layby. This is close to the river with only small seasonal fluctuation, so it
has limited value for model calibration. There were no flow data available for the upper river
to enable calibration of modelled flows.
It is understood that the pre-2015 version of the model has been not re-calibrated using the
recent GWL and river spot flow data 21. A planned re-calibration using the latest Upper Ivel
abstraction, GWL and spot flow data should give a better fit between modelled and
recorded data, providing a more reliable model for assessing Upper Ivel abstraction impacts.
Use of the EA’s model for assessing abstraction impacts
Although the poor validation of the EA’s model makes it of limited use at present for
assessing absolute values of GWLs and river flows, it can still provide usable information
about differences in GWLs and river flows arising from abstraction changes, because
validation errors cancel out when calculating differences. Figure 29 compares differences
between modelled natural and historic data at various locations:

21

Email from Matthew Ramscar, 17.5.2022
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Note: Not plotted after April 2017, because EA historic abstraction data are assumed incorrect

Figure 29 - EA modelled historic abstraction impacts
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The Environment Agency’s modelling shows large historic impacts of abstraction in the
Upper Ivel. It suggests that groundwater levels at Homeland Farm have been reduced by
about 3-4 m on average and over 6 m in droughts. In its natural state without any
abstraction, the river would have flowed at all times from Spring Drain down, with a
minimum flow at Blackhorse Farm of 2-3 Ml/d in most years. At Radwell Mill, the modelling
suggests minimum flows of about 6-10 Ml/d in most years. Noting that the validation
modelling suggests that the model consistently under-estimates flows (see Figure 26 and
28), the actual natural flows could be significantly more than shown in Figure 29.
The EA’s modelled natural flows shown in Figure 25 are broadly consistent with the historic
evidence of river flows prior to the start of the major abstractions, as described in Section
2.2. The modelled perennial flows at Blackhorse Farm are consistent with the presence of a
functioning water mill and water cress beds just upstream. The minimum modelled flows of
2-3 Ml/d at Blackhorse Farm could be on the low side for commercially viable mill and cress
beds, but the model validation suggests these flows are probably under-estimated.
The modelled minimum flows of 6-10 Ml/d at Radwell Mill and a bit more at Ivel Mill are
consistent with the ‘two-stone’ mills at Radwell Mill and those downstream. As for
Blackhorse Farm, the modelled flows at Radwell and Ivel mills are probably under-estimated.
The modelled flow durations at Radwell Mill, 1970 to 2020, under various scenarios are
shown in Figure 30:

EA modelled flow durations at Radwell Mill 1961-2020
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Note: modelled fully licensed abstraction is 14.8 Ml/d. The recent actual abstraction assumed in EA’s modelling
22
is 8.3 Ml/d – this should have been about 13 Ml/d and is an error recognised by EA .

Figure 30 - EA modelled flow durations at Ivel Mill
The EA’s modelled recovery of the flow at Radwell Mill arising from a 14.8 Ml/d reduction in
abstraction would be 9.4 Ml/d at Q50 (median flow) and 6.3 Ml/d at Q99. These represent
flow recoveries of 64 % of the abstraction at Q50 and 43% at Q99. The recovered flows
would increase the flows available at Offord for refilling Grafham Water reservoir.
22

Email from Matthew Ramscar to John Lawson, 19.4.2022
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Conclusions from the Environment Agency’s modelling
Due to discrepancies in the abstraction data used in the model after April 2017, there
appear to have been only two years of reliable model data in the 2015 to 2021 period of
local GWL and river flow data available for model validation. Using this limited period of
reliable data, the EA’s model shows a poor fit between modelled and recorded GWLs and
river flows in the Upper Ivel. On that basis, the EA’s model does not provide a reliable tool
for assessing absolute values of GWLs and river flows under different abstraction scenarios.
However, the planned re-calibration using latest Upper Ivel recorded data should
substantially improve the model performance.
Although the EA’s model does not at present appear to provide reliable absolute values of
flows and GWLs, it can still give some indicative information about flow and GWL
differences, ie the impacts of abstraction, even though the under-estimation of seasonal
fluctuations suggests that abstraction impacts are likely to be under-estimated. The
modelling suggests that abstraction has reduced groundwater levels by up to 6 m, has
caused the frequent and unnatural drying of the river down to Norton and has greatly
reduced flows downstream. The modelled natural flows are consistent with the presence of
19th century water mills and water cress beds which could not conceivably have been viable
under the present day flows.
The EA’s modelling suggests that, if abstraction is reduced, downstream flow recovery would
be about 64% of the abstraction reduction on average, down to about 43% in droughts.
These recoveries are likely to be under-estimated because of the model’s under-estimation
of measured seasonal flow variability which is evident in Figures 26 and 28.
The large impacts of abstraction shown on Figure 29 by the EA’s modelling of flows upstream
of the Cat Ditch confluence are consistent with their Water Framework Directive assessment
of the hydrological regime as “Does not support Good Ecological Status” in 2016. However,
the reversion to “Supports good” in the 2019 WFD assessment, based apparently on flows at
Henlow including the Letchworth STW effluent, contradicts EA’s modelling of flows above
the Cat Ditch confluence, which shows frequent unnatural drying of the river.

4.2 CSF lumped parameter modelling
The CSF lumped parameter model
The Chalk Streams First (CSF) model is a lumped parameter model developed originally for
assessing abstraction impacts on the River Kennet and then to assist in the promotion of the
CSF proposal for re-naturalising flows in the Chilterns chalk streams23. The model is
described in Appendix A to this report. The principles behind the CSF model are:
23

Chalk Streams First – a permanent and sustainable solution to the Chilterns chalk stream crisis. Rivers Trust,
Angling Trust, WWF UK, Wild Trout Trust, Salmon & Trout Conservation, February 2020
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a) that river flows in the Upper Ivel are driven by the hydraulic head of the water table,
as shown schematically in Figure 16, and by the relationship between river flows and
groundwater levels shown in Figure 19.
b) that the hydraulic head of the water table is determined by the aquifer storage
within the catchment, which rises due to recharge from rainfall and falls due to river
outflows, underflows and abstraction.
The CSF model computes the daily aquifer storage within the Upper Ivel catchment by
simulating the water balance of inflows from effective rain and outflows from river flow,
underflow and abstraction. All three boreholes are assumed to affect the regional water
table and the total abstraction is used in calculating the daily water balance. The daily
computed aquifer storage is converted into daily GWLs at Homeland Farm using a specific
yield of 2.9%, set to give a best fit of modelled daily flow at Malthouse Bridge which is
calculated from the modelled Homeland Farm GWL, using the equation shown in Figure 31:

River Ivel at Malthouse Bridge spotflow v
Homeland Farm GWL 2015 - 2021
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Figure 31 - Flow vs GWL relationship for determining chalk outflows in the CSF model
The CSF model for the Upper Ivel simulates daily groundwater levels and river flows from
1995 to 2021. In simulating historic flows and naturalising river flows, it uses the monthly
abstraction data, 1995 to 2021, provided by Affinity Water as plotted on Figure 24. The daily
recharge to the aquifer within the catchment area is derived from the weekly effective rain
data for MORECS square 151, 1995 to 2021, as provided by Affinity Water.
The CSF model generates daily output data for modelled flows at Homeland Farm and
modelled river flows at Blackhorse Farm, Radwell Mill, Malthouse Bridge and Ivel Mill.
Validation of the CSF lumped parameter model
Modelled and gauged GWLs and flows at Homeland Farm, Blackhorse Farm, Radwell Mill
and Malthouse Bridge are shown on Figure 32:
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Figure 32 - Validation of CSF modelling: modelled vs recorded historic data
The CSF model gives quite a reasonably good fit between gauged and modelled data. The
model is good at simulating the periods of no flow at Blackhorse Farm. The CSF model
validation is a lot better than the equivalent validation of EA’s model shown on Figure 26.
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Use of the CSF model for assessing abstraction impacts

Groundwater level mOD

CSF modelling of the historic impacts of abstraction is shown on Figure 33:
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Figure 33 - CSF modelled historic abstraction impacts
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The CSF modelling shows large historic impacts of abstraction in the Upper Ivel. It suggests
that groundwater levels at Homeland Farm have been reduced by about 2-4 m on average
and up to 5 m in droughts. The river would have naturally flowed at all times at Blackhorse
Farm, with a minimum flow of 2 Ml/d in most years. At Radwell Mill, the modelling suggests
minimum flows of about 10 Ml/d in most years.
As for the EA’s modelling, the CSF modelled natural flows shown in Figure 33 are consistent
with the historic evidence of river flows prior to the start of the major abstractions. The
modelled perennial flows at Blackhorse Farm are consistent with the presence of a
functioning water mill and water cress beds just upstream.
The CSF modelled flow durations at Radwell Mill, 1995 to 2021, under various scenarios are
shown in Figure 34:
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Figure 34 - CSF modelled flow durations at Radwell Mill
The CSF modelled recovery of the flow at Radwell Mill arising from a 14.8 Ml/d reduction in
abstraction would be 13.1 Ml/d at Q50 (median flow) and 8.3 Ml/d at Q99. These represent
flow recoveries of 88 % of the abstraction reduction at Q50 and 56% at Q99. The recovered
flows would increase the flows available at Offord for refilling Grafham Water reservoir, with
substantial additional flow still available in severe droughts.
Conclusions from the EA and CSF modelling
Both models show large reductions in groundwater levels and river flows due to historic
abstractions. The EA’s modelled reductions are lower, which is consistent with their
modelled under-estimation of recorded seasonal flow and GWL fluctuations. Both models
show that without abstraction the river at Blackhorse Farm would naturally flow at all times.
Both models show that flows without abstraction would have sustained water mills and
water cress beds near Blackhorse Farm. If present abstraction of about 13 Ml/d abstraction
was to stop, the CSF model shows that flows in the River Ouse would rise by about 11 Ml/d
on average (85% recovery) and about 6 Ml/d (45% recovery) in droughts.
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5. National Environment Programme Investigation of the River Ivel
5.1 Overall findings of the NEP investigation
In 2013, the Ivel headwaters were classified under the Water Framework Directive as being
‘Heavily modified’ and achieving only ‘Moderate ecological potential’. Consequently, Affinity
Water investigated the impact of abstraction on the flows and ecology of the River Ivel
headwaters as part of the Environment Agency’s National Environment Programme, reporting
in October 2017 24. The objective was to determine whether Affinity Water’s groundwater
abstractions reduced river flows, thereby contributing to ‘Moderate ecological potential’, and,
if so, to recommend measures to enable ‘Good ecological potential’ to be achieved. The overall
conclusion of the investigation, as stated on page 186 of the report was:
“Evidence suggests that abstraction is not likely to have a significant impact on flows in
the Ivel. As a result it is considered that the ecology is not impacted by abstraction and
therefore any reduction or cessation of abstraction is unlikely to improve the ecological
status of the Ivel.”
This conclusion is repeated in the report summary on page 3 which goes on to recommend
that no remedial actions are needed:
“it is recommended that the Ivel Headwaters should not be taken through to Options
Appraisal, as no significant impact has been identified of our abstractions on the flows
and ecology of the Ivel Headwaters.”
Affinity Water’s conclusion is contrary to the historic evidence of much higher flows and
groundwater levels before abstraction for public water supplies started in the early 20th
century, as presented in Section 2 of this report, and the results of groundwater modelling
as presented in Section 4 of this report, which show groundwater levels reduced by 3-6 m,
prolonged unnatural drying of the river and generally much reduced flows.
The following sections of this report examine the evidence used by Affinity Water to justify
their conclusion of no significant impacts on river flows or ecology.

5.2 Switch-off (‘signal’) tests
In 2015 and 2016, Affinity Water carried out ‘signal tests’ of the abstraction impacts by
separately switching off the Bowring, Baldock Road and Fullers abstractions, each for periods
of a few weeks as shown below:
•
•
•
24

Bowring, 5 Ml/d reduction from 21st September to 5th October 2015 – 14 days
Baldock Road, 4 Ml/d reduction from 5th September to 5th October 2016 – 30 days
Fuller, 5.5 Ml/d reduction for about 10 days total in August 2016, with several breaks

Ivel Headwaters NEP – Final Investigation Report (Official Sensitive) , October 2017, Affinity Water
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For each test, the other two boreholes continued pumping at their normal rates and there
was also continuous pumping of about 5-6 Ml/d from the Slip End borehole in the Cat Ditch
catchment.
Affinity Water’s interpretation of the switch-off tests focused on measured recovery of GWLs
within the cone of influence of each abstraction and on measured changes in spot flows,
during the period of the switch-offs. Changes in groundwater contours during the Baldock
Road and Bowring switch-offs were plotted as ‘cones of influence’ as in Figure 35 (the Fuller
switch-off was too short and interrupted by rain for the cone of influence to be plotted):

BHs redacted
BHs redacted
From Affinity NEP Figure 107

a) Baldock Road 4 Ml/d switch-off

From Affinity NEP Figure 87

b) Bowring 5 Ml/d switch-off

Figure 35 - Cones of influence of Baldock Road and Bowring switch-off tests
Figure 35 shows the limited extent of the cones of influence of the switch-off abstraction
reductions, although the modelled influence of the Bowring reduction is a bit more than the
measured September 2015 cone of depression for all three boreholes shown on Figure 21.
The NEP report concluded that these plots demonstrated that the Baldock Road abstraction
has no impact on the Upper Ivel groundwater levels and that the Bowring and Fuller
abstractions have only the small impacts shown in Figure 36:
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From Affinity NEP Figure 159

Figure 36 - NEP report: Impacts of Bowring and Fuller abstractions on Upper Ivel GWLs
Affinity Water also measured Upper Ivel flows through intensive spot gaugings at various
locations during the short duration of the switch-offs, but detected virtually no perceptible
flow increases, despite the small groundwater level rises shown in Figure 36. The NEP report
explains the lack of perceptible flow increases during the shut-down tests by the confining
presence of putty chalk, combined with the short duration of the switch-offs.
The lack of recovery of groundwater levels outside the borehole cones of influence during
the switch-off tests appears to have been the main evidence that Affinity Water have used
to justify their conclusion of “no significant impact on flows and ecology”. However, this
conclusion is not supported by Affinity and EA’s groundwater modelling as shown in Section
5.3, nor by the lumped parameter modelling described in Section 5.4, which also
demonstrated that the durations of the switch-off tests were far too short for any significant
impact on groundwater levels or river flows.

5.3 Affinity Water’s modelling of impacts of switch-off tests
For the NEP report, the EA’s consultants, Amec, simulated the impact of the switch-offs of
the Bowring, Baldock Road and Fuller abstractions. It appears that the modelling simulated
the switch-offs for the full duration of the modelled period (1970-2015), rather than the
actual period of the short duration switch-offs in 2015 and 2016. The results under average,
wet and dry conditions are shown in the form of flow accretion plots in Figure 37:
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Figure 37 - Affinity Water modelled flow gains from switch-off tests
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The NEP does not state the amounts of the modelled switch-offs, but they are assumed to
be 4 Ml/d for Baldock Road and 5 Ml/d each for Bowring and Fuller, giving a total 14 Ml/d
continuous reduction (the modelling did not simulate the short duration switch-offs on their
actual dates). On the basis of long term abstraction reduction, the modelled 7 Ml/d flow
recovery under average conditions is only 50% of the 14 Ml/d total abstraction. This
modelled flow recovery seems on the low side and the NEP report does not explain what
happens to the remaining 7 Ml/d.
Nevertheless, the flow recovery shown by Affinity Water’s modelling is far more than
measured in the switch-off tests, which the NEP report says on page 89 “clearly do not show
any perceptible increase in flow along any of the reaches of the Ivel Headwaters”.
Affinity Water’s modelling also showed a lot more impact of the switch-offs on groundwater
levels, compared with what was measured in the switch-off tests, for example as shown in
Table 5 for dry conditions:

Notes: 1. Copied from NEP report Table 23 for dry conditions (in late summer 2015 and 2016, Lilley Bottom
GWLs were similar to those in September 1990, the example of dry conditions shown in NEP Figure 151).
2. Inferred drawdown is as measured in short switch-offs extrapolated by Affinity to 60 day duration.
3. Modelled drawdowns are for dry conditions assumed similar to conditions in switch-offs.

Table 5 - Comparison of Affinity modelled and measured impact of switch-offs on GWLs
The NEP report recognises that the modelling shows a lot more impact of the switch-offs on
GWLs and, especially, river flows, compared with the measured impacts during the tests.
The report explains the differences with hydro-geological reasoning, which is summarised on
page 162 as:
1. The durations of the switch-offs were too short for full recovery of flows and GWLs.
2. The groundwater levels at the time of the tests were too low for the recovered GWLs
to rise above the river bed (or the weir levels in impounded sections), so the higher
GWLs had no opportunity to increase spring flows.
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3. The abstracted water is being pumped from parts of the aquifer that are confined or
semi-confined by impermeable layers in the chalk, so GWLs near the surface and
river flows are not affected.
Affinity Water seem to have accepted the third of these explanations as the primary and
over-riding reason for the lack of the recovery of flows and GWLs during the switch-off tests,
leading to their conclusion that abstraction has no significant impact on river flows. It should
be noted that the historical evidence of higher flows and GWLs prior to the start of large
abstractions for public water supplies, as compiled in Section 2 of this report, was not readily
available to Affinity Water at the time of the NEP report.
Underlying the NEP report explanations, there appears to be an assumption that the impact
of the abstractions is caused solely by the cones of depression formed around the
boreholes. There seems to be no recognition of the long term impact of abstraction on the
seasonal rise and fall of the water table, leading to a general lowering of the water table
and, consequently, reduced river flows. This long term effect cannot be picked up by short
duration switch-off tests.
The lack of consideration of the long-term impacts of abstraction on the water table and
hence flows seems to be a weakness in the NEP report and its conclusion of “no significant
impact”. This conclusion is based on the lack of flow recovery from the switch-off tests and
the presence of impermeable layers in the chalk, which, it is argued, allow water to be
abstracted from deep in the chalk without affecting the upper water table or river flows.
The less permeable layers are no doubt present in the chalk, but Affinity Water themselves
describe them as ‘aquitards’25 allowing some connectivity between layers (for example NEP
report pages 74 and 78) and as ‘leaky’ (for example NEP report page 159). Therefore, even if
water is extracted from chalk under the aquitards, in time connectivity will probably resume
with the upper water table, springs and river flows.
Sections 5.4 and 5.5 of the report provide further explanation of the lack of flow recovery in
the switch-off tests, supported by modelling.

5.4 Alternative explanation of lack of switch-off flow recovery
The CSF lumped parameter model of the Upper Ivel works on the principal that the main
effect of abstraction is on the seasonal rise and fall of the water table, linking the height of
the water table directly to river flows. This theoretical concept is explained in Section 3.1
and Figure 16 of this report, with more detail in Appendix A. Empirical evidence to support
the concept is given in the measured Upper Ivel flow-GWL relationships shown in Figure 19
and the validation plots for the CSF model shown in Figure 32.
25

Defined as ‘A rock with low values of hydraulic conductivity, which allows some movement of water through
it, but at rates of flow lower than those of adjacent aquifers.’
https://www.oxfordreference.com/view/10.1093/oi/authority.20110803095420789
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The CSF modelled impact of the Bowring and Baldock Road switch-off tests is shown on
Figure 38:

Impact of 5 Ml/d Bowring switch-off in Sep 2015 on Radwell Mill flows
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Impact of 4 Ml/d Baldock Road switch-off in Sep 2016 on Radwell Mill flows
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Figure 38 - CSF modelling of Bowring and Baldock Road switch-off tests
The modelling shows that overall water table levels at Homeland Farm (as opposed to the
levels within the cone of depression) would only have recovered by 8 cm and 15 cm
respectively by the end of the Bowring and Baldock Road tests. The corresponding flow
increases would have been only 0.21 Ml/d and 0.39 Ml/d by the end of each switch-off, as
shown in Figure 38. These flow differences would have been too small to be detectable by
the spot flow gauging. The CSF modelling shows similarly small flow increases at other
locations in the Ivel headwaters.
The conclusion from this modelling is that the switch-off tests were too short to give
measurable flow increases, casting doubt on the NEP report’s ‘no impact’ conclusions,
drawn from the switch-off tests.
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5.5 CSF modelling of speed of flow recovery
The CSF modelling shows that it would take many months, or even years, for regional
groundwater levels and river flows to recover after an abstraction reduction, even though
GWLs within the cone of depression recover within a few weeks. The speed of recovery is
dependent on the weather conditions following the shut-down – recovery is much faster if
the abstraction reduction is followed by a wet year, allowing GWLs to recover faster.
Figure 39 shows the CSF modelled impact of a permanent switch-off of 13 Ml/d of
abstraction, starting on 1st September 2016:
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Figure 39 - CSF modelled impact of 13 Ml/d reduction starting in September 2016
The modelled reduction shown In Figure 39 started at the end of a dry summer and was
followed by 3 more dry years. It would have taken about 18 months for groundwater levels
and river flows to recover to their natural levels.
If the 13 Ml/d switch-off was to have started on 1st September 2013, which was followed by
a wet winter, flows would recover much faster as shown in Figure 40:
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Figure 40 - CSF modelled flow recovery after 13 Ml/d reduction before a wet winter
If the reduction is followed by a wet winter, flow recovery would only take about 6 months.
However, even in these circumstances, the 14-day and 30-day switch off tests would have
been much too short to generate an appreciable flow recovery.
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6. Potential solutions to over-abstraction
6.1 Objectives for flow improvement
The Environment Agency uses Environmental Flow Indicators to “indicate where abstraction
pressure may start to cause an undesirable effect on river habitats and species” 26. The
allowable deviations from natural flows for various categories of river are shown in Table 6:

Copied from Reference 22 Table 2

Table 6 - EFIs: % acceptable abstraction from natural flows at different sensitivity bands
At present, the Environment Agency classification of chalk streams ranges through all three
‘sensitivity’ bands. For example the River Mimram and the Candover Brook are ASB3, the
Rivers Piddle, Chess and Beane are ASB2, and the River Nar and the Great Eau are ASB1.
The CaBA chalk stream strategy proposes that all chalk streams should be in the most
sensitive band, ASB3, unless there is evidence to support a lower band 27. ASB3 may not be
appropriate on the lower reaches of very big chalk catchments or highly modified systems,
for example the lower Colne or Lea, the lower Wey, Gade, Stort etc. Although the Upper Ivel
has been classified as ‘Heavily Modified’ by the Environment Agency, mainly on account of
the presence of several water mills with their associated leats and ponds, these are a
common feature of other chalk streams that have been rated ASB3. Therefore, it is proposed
that flow objective for the Upper Ivel should ideally also be ASB3, although it is recognised
that the extent of mills and channel alteration in the upper Ivel might justify ASB2.
An alternative objective would be limiting abstraction to 10% of average recharge, A10%R,
as described in Section 3.4. This would require annual average abstraction to be limited to
2.4 Ml/d, a reduction of 12.4 Ml/d from the current licensed abstraction of 14.8 Ml/d. The
lumped parameter modelling shows that this reduction would fall short of achieving ASB3 at
Malthouse Bridge, but would achieve ASB2, ie a flow reduction of less than 15% at Q95.

6.2 EA and Affinity Water’s proposed flow augmentation of 0.4 Ml/d
The Environment Agency and Affinity Water have proposed a flow augmentation scheme for
the Upper Ivel titled ‘Ivel Springs AMP7 Scheme’ as described in a PowerPoint presentation
to RevIvel dated 20th October 2020 28. The proposal includes a 0.63 Ml/d reduction in the
26

Environmental Flow Indicator, what it is and what it does, Environment Agency, January 2013
CaBA Chalk Stream Strategy, Main Report, page 51. https://catchmentbasedapproach.org/wpcontent/uploads/2021/10/CaBA-CSRG-Strategy-MAIN-REPORT-FINAL-12.10.21-Low-Res.pdf
28
Slides in PDF file ‘AFFINITY WATER ENVIRONMENT AGENCY AMP& plan Ivel spring update Oct 2020.pdf’
27
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total Ivel licences from 14.77 to 14.14 Ml/d and flow augmentation of 0.55 Ml/d, which
would be triggered when the level in the Ivel Springs OBH drops below 54.2 mOD. The
location of the augmentation scheme and justification of the 0.55 Ml/d release are shown in
Figure 41:

Location map and justification
text are from Affinity Water
presentation to RevIvel on
20.10.2020

Ivel Springs

Figure 41 - Location and justification of proposed 0.55 Ml/d augmentation scheme
It is difficult to understand the EA’s justification of the original 0.4 Ml/d augmentation rate or
their statement “the groundwater model currently gives EFI Q95 as 0.54 Ml/d”. The value of
0.4 Ml/d appears to be an arbitrarily selection of a minimal amount of water flowing from
the spring, instead of it being completely dry. From the EA’s model output supplied to
RevIvel, the natural Q95 at Spring Drain is 1.1 Ml/d, so the EFI at Q95 would be 90% of the
natural Q95 – 1.0 Ml/d. Using the EA’s model output, EFI at Q95 rises quickly to 4.5 Ml/d at
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Radwell Lodge, 6.6 Ml/d at Radwell Mill and 8.9 at Ivel Mill.
The 0.4 Ml/d augmentation would be a small fraction of the Q95 EFI in the perennial part of
the river and would be negligible at higher flows, as shown by CSF modelling in Figure 42:
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Figure 42 - CSF modelling of 0.4 Ml/d augmentation in dry years 2016 to 2019
The modelling shows that the benefit of the 0.4 Ml/d augmentation would be negligible. The
augmentation would be triggered mostly when GWLs would be too low for the springs to
generate any flow at the discharge points. If the augmentation water is discharged into the
dry river, as GWLs continue to fall, it can be expected to sink quickly back into the river bed
and down to the water table below. Even if the augmented flow is retained within the river
channel, as assumed for the modelling shown in Figure 42, the augmented flows would still
be far below the required Environmental Flow Indicators and scarcely discernible.
The benefits of the proposed 0.4 Ml/d augmentation are far too small to be worthwhile.
Even if the augmentation was a lot more than 0.4 Ml/d, it can be expected to sink quickly
back down into the water table when it is discharged into the dry river. It is suggested that
the proposed 0.4 Ml/d augmentation scheme is abandoned.
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6.2 Augmentation from Letchworth STW effluent
The Letchworth sewage treatment works has a dry weather output of about 6-8 Ml/d of
treated effluent, rising to about 14 Ml/d in wet weather, as shown in Figure 43:

Copied from Ivel NEP report Figure 15

Figure 43 - 7-day rolling average discharges from Letchworth STW
The continuous discharge of in excess of 6 Ml/d of treated STW effluent into the Upper Ivel
would be a worthwhile increase in flow. It would have the benefit of returning water into the
catchment from which it was abstracted. However, if discharged into the dry river, the water
would quickly sink down to the water table, so the discharge would need to be at a point
where the river flows perennially under the current abstraction regime – downstream of the
Radwell Lodge spot gauging point and upstream of Radwell Mill.
Although the flow increase would be significant, achieving the EFI at Radwell Mill at most
times, in dry summers the flow in the river would be mainly sewage effluent with
questionable water quality and likely problems with algal growth, particularly if storm water
overflows discharge into the River Ivel instead of the Pix Brook as at present. The increased
flow would not re-create the natural chalk stream ecology.
If the ‘solution’ to Ivel over-abstraction was to be the diversion of Letchworth STW effluent,
it would probably preclude any future reduction in abstraction. Therefore, whilst not ruling
this option out, it would be better to focus on reducing abstraction as the preferred means
of re-creating a more natural chalk stream environment.
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6.3 Abstraction reduction
Achievement of the A%R target of reducing abstraction to 10% of recharge would require
licensed abstraction to be reduced from 148 Ml/d to 2.4 Ml/d. Figure 44 shows CSF
modelled compliance with EFI flows at Blackhorse Farm and Radwell Mill with total
abstraction reduced to 2.4 Ml/d:
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25

Flow Ml/d

20
15
10
5
0

Flow with abstraction reduced to 2.4 Ml/d

Historic flow

Natural flow

EFI for ASB3

Figure 44 - CSF modelled EFI flows compliance with total abstraction 2.4 Ml/d (A10%R)
The reduction of the total abstraction to 2.4 Ml/d would allow the EFI at Radwell Mill to be
met at all times. At Blackhorse Farm, the river would no longer dry up and the EFI would be
achieved at all times.

6.4 Flow recovery from abstraction reduction in 1933-34 drought
If the Upper Ivel abstractions are reduced, the increased River Ivel flows will make more
water available for abstraction from the River Ouse at Offord for filling Grafham Water
reservoir. This can increase the deployable output from the reservoir, offsetting the loss of
supply from the Upper Ivel.
Anglian Water’s latest drought plan states that their critical ‘reference drought’ for Grafham
Water reservoir is the historic drought of 1934, which is said to have a 1 in 200 year return
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period 29. The simulated operation of Grafham Water reservoir in this drought, copied from
Figure 4.2 in Appendix 4 to the Drought Plan, is shown in the upper plot in Figure 45.
Figure 45 also shows the CSF modelled flow increases in the River Ivel in the 1933-34
drought, if the licensed abstraction is reduced from 14.8 Ml/d to 2.4 Ml/d – a reduction to
10% of average recharge (A10%R), as described in Section 3.4. This version of the CSF model
uses the East Chilterns record of daily effective rain from 1920-2020. Details of validation of
this model version are in Appendix A.

Critical drought duration
17 months from July
1933 to November 1934

From AWS Drought Plan Appendix 4, Figure 4.2
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Figure 45 - CSF modelled flow recovery for Grafham Water in drought of 1933-34
29

Anglian Water Drought Plan 2022, draft March 2021, Table 1.5 https://www.anglianwater.co.uk/aboutus/our-strategies-and-plans/drought-plan/

56

The CSF modelling shows that, with the licence reduction from 14.8 to 2.4 Ml/d, GWLs
would have been about 2-3 m higher and the River Ivel flows at Malthouse Bridge would
increase by an average of 7.9 Ml/d over the 17-month duration of the critical drought. This is
64% of the 12.4 Ml/d abstraction reduction. These increased flows could be available for
filling Grafham Water during the drought, although there could need to be a change in the
Offord licence to allow all the flow increase to be abstracted. The total 3915 Ml increased
inflow during the drought is equivalent to about 9% of Grafham Water useable storage
above the Level 4 emergency storage.
The CSF modelling shows that, if the total Ivel licences are reduced from 14.8 to 2.4 Ml/d, a
reduction of 12.4 Ml/d, the additional water available for refilling Grafham Water reservoir
could allow the deployable output of the reservoir to rise by 7.9 Ml/d, at net loss of
deployable output of 4.5 Ml/d. Looking at the water resources of East Anglia as a whole,
only 4.5 Ml/d of replacement source would be needed.

6.5 Replacement sources
Reduction of the Ivel licences from 14.8 Ml/d to 2.4 Ml/d would require a replacement
supply of 12.4 Ml/d throughout the year. This would appear to be reasonably
straightforward to achieve via Affinity Water’s strategic network shown in Figure 46 30:
Upper Ivel
abstractions

Sundon water
treatment works

Figure 46 - Affinity Water strategic network in Upper Ivel area
Affinity Water and Anglian Water plan an increased connection from Grafham Water into
Affinity Water’s strategic supply network via an enlarged Sundon water treatment works by
30

Diagram copied from Figure 5 in AFW, Securing Cost Efficiency, March 2019
https://www.affinitywater.co.uk/docs/corporate/plans/revised_business_plan/AFW_Securing_Cost_Efficiency_
Appendices.pdf
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2024. The purpose is primarily to supply about 25 Ml/d of water into Affinity Water’s
supplies to enable reduced abstraction from the chalk and improve flows in the Rivers
Misbourne, Chess, Ver, Upper Lea and Mimram. This would entail an export out of the Ouse
catchment and into the Thames catchment – a loss of 25 Ml/d from the Ouse catchment.
If 12.4 Ml/d of the water transferred from Grafham Water reservoir is used to replace the
reduction in abstraction from the Upper Ivel, CSF modelling shows that in critical droughts
an average 7.9 Ml/d would be returned to the Ouse and would be available for refilling
Grafham Water. As can be seen from Figure 46, there would be little additional pipework
required. The net supply loss of regional deployable output would be only 4.5 Ml/d. Water
Resources East are allowing for between 790 and 1325 Ml/d of Sustainability Reductions by
2050 in their draft regional plan 31, so it should be possible to accommodate a net 4.5 Ml/d
reduction for the Upper Ivel.

6.6 Conversion to a drought scheme (the WBGWS concept)
It is appreciated that there is uncertainty over the amount of flow recovery that would arise
in the River Ouse at Offord as a consequence of increased chalk stream flows from the
reduced Upper Ivel abstraction. Therefore, as an insurance against the flow recovery being
less than expected, it is suggested that consideration is given to a drought scheme that, in
addition to a 12.4 Ml/d reduction in the Upper Ivel licences, would allow the existing
boreholes to be used for river regulation releases in an extreme drought like 1933/34.
This would entail use of the Upper Ivel boreholes in the same way as the West Berkshire
Groundwater Scheme (WBGWS). The WBGWS pumps up to 120 Ml/d of chalk groundwater
from the Rivers Lambourn, Pang, Enborne and Loddon, discharging into the perennial
sections of these chalk streams during droughts, thereby increasing flows in the River
Thames to enhance London’s supplies. The scheme is designed to be used only about once
in 20 years, typically for about 7 months during the later part of critical droughts, when
triggered by low storage in the London reservoirs. The scheme provides about 75 Ml/d of
additional deployable output for London’s supplies.
An equivalent scheme for the Upper Ivel could entail:

31

•

Reduction of use of Ivel boreholes to 2.4 Ml/d for normal continuous supply, as
proposed in Section 6.3

•

Replacement supplies through 12.4 Ml/d of transfer from Grafham Water

•

Use of existing boreholes to pump, say, 15 Ml/d of regulation release into the Upper
Ivel in severe droughts for a maximum of 7 months, triggered when Grafham Water
storage drops below the Level 2 control line (refer to upper plot in Figure 45).

Water Resources East, draft regional plan, January 2022, Table 5.1
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•

Abstraction of 15 Ml/d release at Offord on a ‘put-and-take’ basis for filling Grafham
Water reservoir

CSF modelling of the impact on Ivel flows in the drought of 1933-34 of 15 Ml/d drought support
in combination with a reduction of normal abstraction to 2.4 Ml/d is shown in Figure 47:
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Figure 47 - CSF modelling of Ivel flow with 2.4 Ml/d abstraction + 15 Ml/d drought support
The abstraction of 15 Ml/d of drought support water from the existing boreholes for 7 months
would put an additional 3150 Ml of water into Grafham Water reservoir during the 17-month
critical drought, increasing the deployable output of the reservoir by about 6.3 Ml/d. This
would more than offset the estimated 4.5 Ml/d net loss of regional deployable output due to
the 12.4 Ml/d reduction in abstraction in the Upper Ivel and its replacement from Grafham
Water.
Figure 47 shows that, even with the abstraction of 15 Ml/d for 7 months during the height of
the drought, flows in the Ivel would still be far more than with full use of the existing 14.8
Ml/d licences. The river would dry up for about 3 months at Malthouse Bridge, but this
would be far less than the 20 months of no flow that would occur with full use of existing
licences in this 1:200 year drought. After stopping the drought support releases, flows would
recover in about 9 months.
It is suggested that this scheme should be worked up as part of the proposed Anglian Water
to Affinity Water transfer which is being considered in the current strategic water resource
option investigations. The aim should be to implement this scheme within the next 5 years,
including the Upper Ivel abstraction reduction to 2.4 Ml/d and facilities for the drought
support releases. This would allow a relatively low cost and low risk full-scale trial of a large
abstraction reduction to determine whether flows recover to the extent estimated by the
CSF modelling.
59

7. Conclusions and recommendations
7.1 Conclusions
Evidence of abstraction impacts
Recent actual abstraction of about 13 Ml/d in the Upper Ivel catchment is about 50% of the
average catchment recharge, putting it amongst the most heavily abstracted chalk streams
in the country.
There is strong historic evidence of changes to the Upper River Ivel since the 19th century:
1. The data from the Royal Commission into Metropolitan Water Supplies in 1893
suggest that groundwater levels at that time were about 3 to 6m higher than recent
groundwater levels.
2. The existence of 19th century functioning water mills at Blackhorse Mill and Norton
Mill, the commercial water cress beds at Baldock and the trout hatchery and fishery
at Norton show that the Ivel Springs and Nortonbury Springs would have flowed
perennially, with river flows probably in excess of 5 Ml/d at most times.
3. From Radwell Mill down, the presence of commercially viable water mills suggests
that river flows must have exceeded 10 Ml/d at most times up to the end of the 19th
century.
4. The long term records of effective rain and rainfall show that changes in river flows
and groundwater levels have not been caused by climate change, so they are
consistent with the increase in abstraction of groundwater for public water supplies.
The Environment Agency’s 2019 Water Framework Directive classification of the Ivel (US
Henlow) water body as being heavily modified and having good ecological status is not
consistent with either the EA’s own groundwater modelling or the historic evidence of large
flow reductions and drying of the river.
Interpretation of aquifer behaviour
The recorded data on river flows and GWLs show that flows in the Upper Ivel rise, fall and
dry up with the fluctuations in regional groundwater levels, following the clearly defined
relationships seen in all chalk streams. The groundwater level rises as winter effective rain
accumulates and falls when effective rain is low and river outflows continue to drain the
aquifer storage. With the aquifer acting as a storage reservoir, abstraction slows the rise in
groundwater levels during periods of recharge and accelerates the decline in storage during
dry periods, leading to an overall drop in GWLs. The main impact of abstraction on flows
comes through its effect on regional water table fluctuations, rather than the localised
impacts of cones of depression.
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Modelling of abstraction impacts
This interpretation of chalk stream behaviour has been used in a lumped parameter model
which simulates GWLs and flows, giving a better fit between recorded and modelled data
than for the Environment Agency’s Cam and Bedford Ouse groundwater model, which has
not yet been re-calibrated to take account of the spot flow gaugings and GWL records from
Affinity’s post-2015 Ivel headwaters investigations.
Both models show large reductions in groundwater levels and river flows due to historic
abstractions. The EA’s modelled reductions are lower, which is consistent with their
modelled under-estimation of recorded seasonal flow and GWL fluctuations. Both models
show that without abstraction the river at Blackhorse Farm would flow at all times. Both
models show that flows without abstraction would have sustained water mills and water
cress beds near Blackhorse Farm. If the present abstraction of about 13 Ml/d abstraction
was to stop, the lumped parameter model shows that flows in the River Ouse would rise by
about 11 Ml/d on average (85% recovery) and about 6 Ml/d (45% recovery) at the peak of
droughts.
Affinity Water’s Upper Ivel investigation for the NEP
Affinity Water’s report on the Upper Ivel Headwaters Investigation concluded that:
“Evidence suggests that abstraction is not likely to have a significant impact on flows in
the Ivel. As a result it is considered that the ecology is not impacted by abstraction and
therefore any reduction or cessation of abstraction is unlikely to improve the ecological
status of the Ivel.”
This conclusion was contrary to Affinity Water’s modelling of the switch-offs and all the
historic evidence of abstraction impacts, which had not been compiled at the time of the
NEP report. The evidence used to justify the conclusion was switch-off tests of the water
supply boreholes in late summer 2015 and 2016 – both dry years. These tests showed no
perceptible changes in river flows and GWLs, but the pumps were only switched off for a
month or less. Lumped parameter modelling shows that the duration of the tests was far too
short to register perceptible flow or GWL changes. The modelling shows that full flow and
GWL recovery would have required about 18 months of continuous switch-off.
Objectives for flow improvements
The CaBA chalk stream strategy proposes that all chalk streams should be in the most
sensitive band for acceptable flow reductions, ASB3, unless there is evidence to support a
lower band 32. ASB3 may not be appropriate on heavily modified rivers. Although the Upper
32

CaBA Chalk Stream Strategy, Main Report, pages 41 and 51. https://catchmentbasedapproach.org/wpcontent/uploads/2021/10/CaBA-CSRG-Strategy-MAIN-REPORT-FINAL-12.10.21-Low-Res.pdf
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Ivel has been classified as ‘Heavily Modified’ by the Environment Agency, mainly on account
of the presence of several water mills with their associated leats and ponds, these are a
common feature of other chalk streams that have been rated ASB3. Therefore, it is proposed
that flow objective for the Upper Ivel should ideally also be ASB3, although it is recognised
that the extent of mills and channel alteration in the upper Ivel might justify the moderately
sensitive band, ASB2.
An alternative objective would be limiting abstraction to 10% of average recharge, A10%R,
as also put forward in the CaBA chalk stream strategy1. This would require annual average
abstraction to be limited to 2.4 Ml/d, a reduction of 12.4 Ml/d from the current licensed
abstraction of 14.8 Ml/d. The lumped parameter modelling shows that this reduction would
fall short of achieving ASB3 at Malthouse Bridge, but would achieve ASB2, ie a dry weather
flow reduction of less than 15% (at Q95).
Options for alleviating abstraction impacts
Affinity Water and the Environment Agency have proposed a scheme to augment river flows
by pumping 0.4 Ml/d from the aquifer into the river, when the groundwater levels are at late
summer levels. Modelling shows that this scheme would provide negligible flow
improvement, even if the water did not leak into a dry river bed, as seems likely.
Diversion of Letchworth sewage works treated effluent into the Upper Ivel instead of the Pix
Brook would give a substantial flow improvement, but with the likelihood of adverse water
quality and algal blooms. This option should not be considered further unless abstraction
reduction measures are not possible.
Reduction of abstraction to 2.4 Ml/d would allow flows to achieve the Environmental Flow
Indicators. Replacement water for Affinity’s supplies could come from Grafham Water using
the improvements to the pipe network and Sundon water treatment works which are due by
2024.
Modelling shows that if the total Ivel licences are reduced from 14.8 to 2.4 Ml/d, a reduction
of 12.4 Ml/d, the additional water available for refilling Grafham Water from increased River
Ivel flows in the critical 1933-34 drought would increase the deployable output of the
reservoir by 7.9 Ml/d. Looking at the water resources of East Anglia as a whole, only 4.5
Ml/d of replacement source would be needed. The concept behind this option is the same
as the ‘Chalk Streams First’ proposal which is currently being investigated as part of the
Thames to Affinity strategic resource option.
Recognising the uncertainty in flow recovery, as an insurance against the flow recovery being
less than expected, it is suggested that consideration is given to a drought scheme that, in
addition to a 12.4 Ml/d reduction in the Upper Ivel licences, would allow the existing
boreholes to be used for about 15 Ml/d of river regulation releases in an extreme drought
like 1933/34. This would entail use of the Upper Ivel boreholes in the same way as the
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existing West Berkshire Groundwater Scheme (WBGWS), which provides a substantial
enhancement to London’s supplies in droughts.

7.2 Recommendations
The proposed 0.4 Ml/d augmentation scheme for the Upper Ivel should be abandoned.
A near-natural flow regime for the Upper Ivel should be achieved by:
•

Reduction of use of Ivel boreholes to 2.4 Ml/d for normal continuous supply

•

Replacement supplies through 12.4 Ml/d of transfer from Grafham Water reservoir

•

Use of existing boreholes to pump, say, 15 Ml/d of regulation release into the Upper
Ivel in severe droughts for a maximum of 7 months, triggered when Grafham storage
drops to near-drought level.

•

Abstraction of 15 Ml/d release at Offord on a ‘put-and-take’ basis for filling Grafham
Water

This scheme should be worked up as part of the proposed Anglian Water to Affinity Water
transfer which is being considered in the current strategic water resource option
investigations. The aim should be to implement this scheme within the next 5 years. This
would allow a relatively low cost and low risk full-scale trial of a large abstraction reduction
to determine whether flows recover to the extent estimated by the modelling.
It is recommended that the Environment Agency’s CBO model is re-calibrated to take
account of the spot flow gaugings and GWL records from Affinity’s post-2015 Ivel
headwaters investigations. The recalibrated model should be used to assess abstraction
reduction needed to achieve the Environmental Flow Indicator targets. The required
reduction should be included in the Sustainability Reductions currently being considered in
Water Resources East’s regional plan.
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Appendix A – The CSF lumped parameter model
Hydrological and hydraulic principles
The Upper River Ivel catchment lies mostly within the chalk outcrop and the river responds
to rainfall as illustrated conceptually in Figure A-1:

Simplified diagram of a chalk valley

Principle underlying the CSF model:
In theory, the river flow (Q) is related to the height (h) of the groundwater level above the river bed, so
that Q = ahb, where (a) and (b) are constants determined by the shape of the valley and properties of
the chalk. For a V-shaped valley with a constant river bed gradient:
If (h) is the average head of the groundwater table above river bed, elementary hydraulics shows
the velocity flow (v) from the spring sources is proportional to h0.5
Assuming a V-shaped valley, the area of the exposed fissures is proportional to h2, so the baseflow
(Q) in the river from the springs upstream is proportional to h2.5 (ie h0.5 x h2), so Q = ah2.5.
If the valley is U-shaped, as typically the case for chalk streams, the area of exposed fissures is less
than for a V-shaped valley, so the equation becomes Q = ahb, where b is typically between 2 and 2.5.
Figure A-1 – Concept of how groundwater level drives river flow in a chalk valley
The diagram represents a simplified ‘typical’ chalk-stream valley, and shows how a chalk
stream flows within the saturated zone of the valley floor. The upper boundary of that zone,
commonly called the “spring-line”, moves up and down the valley according to groundwater
levels – the level to which the ground is saturated with water. Simply put, above the
groundwater level the valley is dry and the river does not flow; below it, the valley is
saturated and the river flows.
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The level of the groundwater, therefore, determines both the length of the river (the
saturated zone extends higher up the valley as the groundwater height increases) and the
gathering intensity of the flow (Q). This principle is used in the CSF model.
Relationship between observed groundwater levels and river flows
As with all chalkstreams, there is a strong relationship between observed groundwater levels
and river flows in the Upper Ivel valley, as illustrated in Figure A-2.

River Ivel at Radwell Mill spotflow v Homeland
Farm GWL 2015 - 2021

40

Flow =0.1x(GWL - 52)^2.5

Spot flow Ml/d

35
30
25
20
15
10
5
0

52

58

60

62

Homeland Farm GWL mOD
Gauge spot flow v recorded GWL
Flow from GWL and equation

64

River Ivel at Blackhorse Farm spotflow v
Homeland Farm GWL 2015 - 2021
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1. Base flows derived from gauged river flows using IoH software
2. Locations shown on Figure 17 in main report

Figure A-2 - Relationship between observed river flows and groundwater levels
The relationship between Homeland Farm groundwater levels and flows at Radwell Mill and
Blackhorse Farm follow the form Q = ahb, as illustrated in Figure A-1, where h is the water
table level over a datum and a and b are constants. When the Homeland Farm GWL falls
below about 56.5 mOD, the river is dry at Blackhorse Farm.
When the Homeland Farm GWL falls below about 54 mOD, the river would be dry at Radwell
Mill, but this did not occur during the limited period of spot flow and GWL recordings, 2015
to 2021. The lowest recorded Radwell Mill flow was 1.2 Ml/d in October 2019, when the
groundwater level at Homeland Farm was 54.3 mOD.
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The relationships shown by the red dashed lines in Figure A-2 have been used in the CSF
model to simulate river flows from modelled groundwater levels. The values for the
constants in the equations were fixed by trial and error to fit the recorded GWL-flow data.
Computation process in the CSF model
The CSF model is an Excel spreadsheet of about 23 Mb, including all the graph plotting and
analysis routines. The model uses the weekly Morecs 151 effective rain data (as supplied by
Affinity Water) to simulate daily groundwater levels at the Homeland Farm observation
borehole and daily river flows at the Blackhorse Farm, Radwell Mill and Malthouse Bridge
spot flow locations. The models cover the period January 1995 to December 2021.
For each day, the model calculates GWLs and river flows as follows:
Step 1: Change in aquifer storage = (Er x A) – Qr – Qu - Qa
Where Er is effective rainfall, A is catchment area (so recharge is Er x A), Qr is river
flow, Qu is underflow in the aquifer below the river bed and Qa is abstraction.
Qa, the abstraction, is taken as the total upper Ivel abstraction, including the
Baldock Road abstraction. It is appreciated that it is arguable whether the Baldock
Road abstraction, which lies just outside the Upper Ivel topographic catchment
boundary, affects flows in the Upper Ivel or Pix Brook, or both. However, even if the
Baldock Road abstraction only affects the Pix Brook, it would still cause severe
depletion of the Pix Brook flows and reduction in its abstraction would still increase
flows available for refilling Grafham Water reservoir. Therefore, the conclusions to
this report would not be affected.
Qr, the river flow, is calculated from the groundwater level the previous day and
using the relationships between groundwater level and river flow shown on
Figure A-2.
Qu, the underflow, is calculated by the empirical formula Qu = a x (GWL- b) where
a and b are constants obtained by trial and error as part of the process of
calibrating the model. The linear relationship between flow and excess head is
consistent with Darcy’s formula for subsurface flow.
Step 2: Change in groundwater level = Change in aquifer storage ÷A ÷ S
Where A is the catchment area and S is the average specific yield for the catchment.
The catchment area is assumed to be 31 km2, as quoted by the Affinity NEP report
for the catchment to the Cat Ditch confluence. Variations in the assumed catchment
area were tried as part of the model calibration process and a 31 km2 area gave the
best fit to recorded groundwater level fluctuations.
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The specific yield of 2.9% was found to give best fit to recorded groundwater
levels and river flows when modelled with historic abstraction. This specific yield
is a little higher that the specific yield of 2% for the unconfined aquifer quoted in
Affinity Water’s NEP report 33.
Step 3: Calculate new groundwater level and river flows
The new groundwater level for the day is the previous day’s level plus the
increment from Step 2.The new river flows for the day is calculated from the new
groundwater level using the formulae shown in Figure A-2.
Validation of the CSF model
Figure A-3 shows validation plots for river flows and GWLs:

33

Ivel Headwaters NEP – Final Investigation Report, page 156/157
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Homeland Farm observed and CSF modelled historic GWLs
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Figure A-3 – Comparison of observed and modelled GWLs and river flows
The fit between modelled and recorded GWLs and flows is reasonably good. It should be
noted that in March 2020, when the modelled flows appear to substantially exceed gauged
flows, there were no spot flow recorded during the time when measured GWLs were at their
highest.
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Some additional validation can be seen in the plot of Hansteads flows from 1970 to 1992,
before the availability of observed records at Kinsbourne Green or Redbourn:
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Homeland Farm observed and CSF modelled historic GWLs
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For simulation of flow recovery in the 1933-34 drought, the model used effective rain data
for the East Colne 1920-2020, Station Number 6140TH, as provided by the Environment
Agency. Model parameters were unchanged from the model version using the Moerecs 151
effective rain. This gave a similar validation to the model version using the Morecs 151
effective rain data:
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Figure A-4 – Validation of model version using East Colne effective rain data 1920-2020
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