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Summary:  RWE Npower are proposing that the site occupied by Lake E at Radley be used for the dumping 
of PFA (Pulverised Fuel Ash) from Didcot A Power Station. This will be added to five lakes west of the main 
railway line already being filled with PFA slurry pumped from Didcot. 
To prevent contamination of surrounding groundwater with PFA leachate, current regulations governing the 
disposal of waste require that all of these lakes be sealed by a lining of Kimmeridge clay and surrounding by 
2 to 3 metre high clay bunds. The use of these bunds effectively removes the lakes from the floodplain. The 
increased flood risk due to loss of floodplain is unacceptable, particularly in the light of the mounting risks 
due to climate change. Recent local development, in the vicinity, includes the Quadrant Science Park and 
the Abingdon Leisure and Tennis Centre, both built on the floodplain. The associated buildings and hard 
surfaces have reduced available floodplain and reduced absorption into groundwater causing run-off, further 
escalating the flood threat. We provide quantitative evidence, based upon observational data, that both lakes 
E and F are part of the active flood plain. RWE Npower’s plans would result in the permanent removal of 12 
hectares from the floodplain, along with the potential to hold over 100,000 cubic metres of floodwater. This is 
in addition to the 32 hectares of the other five lakes, already removed.  The height of the bund surrounding 
Lake E would be 3.2 metres above the average level of the surrounding land, and the final restoration level 
of the whole area would be 2.8 metres above the average surrounding ground level. 
It is not feasible to mitigate for the exclusion of floodwater by the bunds and the subsequent infilling of this 
lake. The loss of floodplain is only part of the problem.   The flow of floodwater in the region is constricted by 
the bunds. This will cause floodwater to back-up further increasing flood risk upstream. 
The Environment Agency has been consistent in opposing the building of structures on the Thames 
floodplain, in accordance with PPG25 guidelines. For that reason, it is quite unacceptable to increase flood 
risk in the built up areas of Abingdon and Radley, by eliminating further large areas of floodplain, as 
proposed in RWE npower’s plan for Lake E. 
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EVALUATION OF INCREASED FLOOD RISK AS A CONSEQUENCE OF RWE 
NPOWER’S PROPOSAL TO DISPOSE OF PFA (PULVERISED FUEL ASH)  

IN LAKE E  AT RADLEY 
 

A summary report prepared by David Guyoncourt  Ph.D. and Basil Crowley D.Phil., C.Phys., F.Inst.P. with assistance from, Bob Eeles 
Ph.D. and acknowledgements to Lynda Pasquire and Jo Cartmell. 

SUMMARY 

RWE Npower are proposing that the site occupied by Lake E at Radley be used for the 
dumping of PFA (Pulverised Fuel Ash) from Didcot A Power Station. This will be added to 
five lakes west of the main railway line already being filled with PFA slurry pumped from 
Didcot. 
To prevent contamination of surrounding groundwater with PFA leachate, current 
regulations governing the disposal of waste require that all of these lakes be sealed by a 
lining of Kimmeridge clay and surrounding by 2 to 3 metre high clay bunds. The use of 
these bunds effectively removes the lakes from the floodplain. The increased flood risk 
due to loss of floodplain is unacceptable, particularly in the light of the mounting risks due 
to climate change. Recent local development, in the vicinity, includes the Quadrant 
Science Park and the Abingdon Leisure and Tennis Centre, both built on the floodplain. 
The associated buildings and hard surfaces have reduced available floodplain and 
reduced absorption into groundwater causing run-off, further escalating the flood threat. 
We provide quantitative evidence, based upon observational data, that both lakes E and F 
are part of the active flood plain. RWE Npower’s plans would result in the permanent 
removal of 12 hectares from the floodplain, along with the potential to hold over 100,000 
cubic metres of floodwater. This is in addition to the 32 hectares of the other five lakes, 
already removed.  The height of the bund surrounding Lake E would be 3.2 metres above 
the average level of the surrounding land, and the final restoration level of the whole area 
would be 2.8 metres above the average surrounding ground level. 
It is not feasible to mitigate for the exclusion of floodwater by the bunds and the 
subsequent infilling of this lake. The loss of floodplain is only part of the problem.   The 
flow of floodwater in the region is constricted by the bunds. This will cause floodwater to 
back-up further increasing flood risk upstream. 
The Environment Agency has been consistent in opposing the building of structures on the 
Thames floodplain, in accordance with PPG25 guidelines. For that reason, it is quite 
unacceptable to increase flood risk in the built up areas of Abingdon and Radley, by 
eliminating further large areas of floodplain, as proposed in RWE npower’s plan for Lake 
E. 
 

EXECUTIVE SUMMARY 

1. This report considers the flood risks associated with the January 2006 proposal by 
RWE Npower to fill an existing 11 hectare lake, referred to as Lake E, also known 
as Thrupp Lake, at Radley with pulverised fuel ash. This assessment is also 
relevant to the previous (2005) proposal to fill both Lakes E and the smaller Lake F 
(Bullfield) immediately to the south (See Figure 1).  

2. The proposal would create a plateau containing some 500,000m3 of PFA sealed 
within solid clay bunds raised approximately 3m above the average level of the 
surrounding ground, and extending down to the Kimmeridge clay substrate. The 
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resulting structure would therefore be totally impervious to groundwater and surface 
water in the surrounding environment. 

3. The scale of the proposed structure would grossly impede surface and ground 
water flows across a wide area. (Npower propose to mitigate this by proposed new 
land drainage alongside the by-way to the east of the Lake. The channelling of this 
water via another existing lake and the construction of new waterways will have 
consequences that have not been assessed.) 

4. The obstruction of water flows and displacement of floodplain volume are likely to 
give rise to local flooding and land drainage problems in the neighbouring area that 
could affect nearby residential and business properties, agricultural land, as well as 
roads and byways.  

5. The lakes are sinks for locally produced floodwaters, caused by exceptionally heavy 
periods of rainfall or rapid melting of snow for example, and, by reducing the flow of 
water into the Thames at such times, help to reduce the risk of flooding 
downstream. 

6. The construction of bunded PFA “lakes” in the floodplain would have several 
adverse consequences contributing to flood risk: These include reduction of the 
available floodplain area; restriction of the flow of floodwater causing backup of 
water upstream; increased speed of water flow in the constricted area of floodplain; 
reduction in volume available to groundwater; impedance of groundwater flows 
towards the river. 

7. Using recently commissioned surveys of ground levels on the site, we are able to 
demonstrate that these lakes are connected, via surface flows, to the Thames 
floodplain, during severe events, those achieving water levels in excess of 52.1m 
AOD. During such events, water will be able to flow over the old railway 
embankment that is currently the part of the National Cycleway, which runs E-W 
along the southern edge of Lake F. Connectivity is also provided, during lesser 
events, by large culverts passing through the embankment.  

8. Natural ground levels to the south of the embankment have also been surveyed 
and found to be at an average height of 52.0 m AOD. Much of this ground has 
recently been covered with spoil from the gravel excavations, raising it to around 
52.6 m AOD. This spoil should be removed when the site is restored, along with 
other “temporary” obstructions such as the bunds around Lake H/I and a large 
temporary earth stockpile containing spoil  from Lake M. All of these structures are 
currently obstructing the flood plain. However their presence should not be an 
acceptable argument why Lakes E and F are not in the flood plain.   

9. Using our survey data and a photographic record of the 2003 flood, we have 
determined the peak flood level of the 2003 event to have been in the range 52.15 
– 52.16 m AOD. 

10. At the peak of the 2003 flood event, floodwater was observed, by several 
independent witnesses, to have been flowing from south (riverside) to north 
(lakeside) both over and through the embankment, which is consistent with the 
determined levels. 

11. Using the historic flood data for the past 125 years, provided by the Environment 
Agency, a flood model has been developed for the site and calibrated using the 
2003 flood level. 
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12. This model, which is specific to this site, predicts a value of 52.43m AOD for floods 
with an average return rate of 1 per 100 years.  

13. In such an event, Lake E would be capable of absorbing up to 110,000 m3 of 
floodwater, which would enter the lake via Lake F to the south after flowing both 
over and through the embankment, and over the narrow low isthmus separating the 
two lakes. 

14. Lake E is therefore shown to be in the floodplain (or high probability flood zone) by 
virtue of connectivity, and its surface level, at 51.5m, AOD being substantially below 
any reasonable estimate of the 1/100 year flood level.  

15. The model also yields the peak flood level on the site during the 1947 flood event 
as being 52.43m AOD which is consistent with observations at that time. However, 
in 1947, neither lake existed, and the railway embankment would have been 
maintained above this flood level. However connectivity was still provided by the 
culverts through the embankment contributing to some flooding in the area of Lake 
F. The fact that the area now occupied by Lake E may not then have been flooded, 
due to the elevation of the surrounding land, is irrelevant to the current situation. 

16. As mitigation that allows the area to remain operational during floods would be 
impossible, the proposal is contrary to Planning Policy Guidance PPG25, which 
prohibits development in the floodplain that adds to risk of flooding. It is also 
contrary to Planning Policy Statement PPS25 which prohibits vulnerable or 
inappropriate (in terms of the Government’s sustainable communities policies) 
development in high-flood-risk zones or on floodplains. 

17. On the basis of all the information available to us, the Halcrow flood risk model 
determination of a flood level of 52.19m AOD for a one in 100 year event, provided 
by Jacobs in their Flood Risk Assessment (ENV/057/20062, page 330) is not 
credible and appears to be a gross under estimate. Also, the value of 52.04m AOD 
given for the 1947 peak flood level is certainly erroneous. Using the historic data, 
our own professionally obtained survey data, and photographic evidence, we can 
show, with certainty, that water levels at the site must have exceeded 52.32m AOD 
in 1947, which is some 13cm higher than stated in the Jacobs’ Flood Risk 
Assessment. The Flood Risk Assessment contained in the Environmental 
Statement contains errors and its conclusions should therefore not be accepted. 

18. The final restoration levels for Lakes H/I are an issue with regard to connectivity of 
Lakes E and F to the Thames floodplain. It seems generally agreed that the area 
south of the old railway embankment flooded in 1947, which places the natural 
ground level below whatever the 1947 flood level was, or is believed to have been.  
Aerial photographs (figure 3) show that most of this area would have flooded in 
2003, were it not for the presence of the bunds around Lakes H/I. The restoration 
levels for H/I proposed by Npower (ENV/057/20062, pp.330-, figure 5) would 
preserve the raised levels just to the south of the railway embankment and thereby 
obstruct connectivity with lakes E and F. This in itself is contrary to PPG25 and 
PPS25, and should not be permitted.   

19. Additional risks are posed by already permitted development that have not been 
adequately mitigated, and proposed new major developments such as the Oxford 
Flood Relief Channel. 

20. It is concluded that, on flood risk alone, the development should not be permitted 
and that the opportunity should be taken to improve, in accordance with PPS25 
principles, the protection from local severe flooding that these lakes provide. 



Evaluation of increased flood risk …                                                                                            Report No. SRL/FP/001.8a (14/06/2006) 
 
 

 
Page 6 of 44 

 
© SAVE RADLEY LAKES 2006 

 
 

  

INTRODUCTION 

RWE Npower produce some three to five hundred thousand tonnes of Pulverised Fuel Ash 
(PFA) each year from coal burning at Didcot A Power Station. Some of this material is 
recycled as a component of concrete and for other uses. However much of it is pumped as 
slurry via an 8 km long underground pipeline to Radley, filling the lakes there. These lakes 
have been excavated over a period of about 50 years to extract sand and gravel. 

The filling of Radley Lakes with PFA commenced in the mid-1980’s and has continued 
ever since under conditional planning consent (SUT/RAD/5948) subsequently amended in 
February 2002 (SUT/RAD/5948/12-CM). The first lakes to be filled were east of the 
Didcot–to-Oxford railway line; four lakes with a total area of about 45 hectare were filled by 
2002 in the Phase I of the operation. These lakes were not lined, and the local 
groundwater was, and still is, therefore subject to contamination with PFA leachate.  Trees 
and shrubs bordering these lakes were mainly left intact.  Since 2000, the lakes west of 
the railway line have been filled in Phase II of the operation.  Five lakes: G, H, I, J (east) 
and P are already filled or partly filled. In 2005, RWE Npower submitted an application1, 
pursuant to SUT/RAD/5948/12-CM to fill lakes E and F, combining the two as a single pit. 
Following public protest at these plans, RWE Npower put this application into abeyance 
and have since submitted an entirely new stand-alone application2 to fill only the larger 
lake, Lake E. This application is supported by a voluntary Environmental Impact 
Assessment (EIA) and Environmental Statement2 (ES).    

The total lake area west of the main railway line (lakes G, H, I, P, J ‘east’, E and F) is 47 
ha, of which the, as yet unfilled, Lakes E and F together comprise 15 ha. The existing 
surface area Lake E is approximately 11 ha, and the proposed Lake E ash fill site would 
span approximately 12 ha within the outsides of the surrounding bunds.  In order to meet 
the disposal capacity within a smaller area, the bunds will be raised by a further metre. 

                                                
1
 RWE Npower, Radley Ash Disposal Scheme – Phase II Planning Application for Approval of Lakes E & F, 

ENV/019/2005 (June 2005). 
2
 RWE Npower, Radley Ash Disposal Scheme Lake E Environmental Statement ENV/057/2006 (January 2006) 
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FILLING OF RADLEY’S LAKES WITH 
PFA 

 Lakes A, B, C, D were filled in the period 
1984 to 2002 as Phase I.  Subsequently 
Lakes G, H, I, J (east) and P were filled or 
are still being filled with fly-ash. 

A condition on the consent for the Phase II 
operation, imposed by the Environment 
Agency, was that the lakes be lined with  
1.25 m of Kimmeridge clay to prevent 
contamination of local groundwater by the 
PFA, which is classified as ‘non-hazardous 
waste’.  To achieve this, and the required 
storage capacity of ~500,000 cubic metres, 
massive bunds, 3 to 4 m high and 40 m 
wide, are required to enclose the lake and 
seal it from the surrounding groundwater.  
Building these bunds involves the removal 
of virtually all trees and marginal 
vegetation.  To construct the bund around 
Lakes E, it is estimated that about3 220,000 
cubic metres of Kimmeridge clay needs to 
be excavated from the bottom of Lake E, 
and that more than 1000 trees between 25 
and 360 cm in girth would need to be cut 
down.   

A 3m high chain-link fence will be required 
to prevent public access to the lakes during filling and “restoration”. This is likely to be 
several decades (the projected restoration completion date is 2022 though the fences will 
remain as long as the site is designated a waste disposal site). Indeed there is some doubt 
that the PFA will ever be safe to walk on, since, in the clay lined lakes, Lakes G and H/I, 
PFA suffers so-called delayed consolidation, for reasons that are not fully understood, and 
has settled at a much lower density (less than 1.1 tonne/m3) than it did in the unlined lakes 
in Phase I.   Even on the Phase I site, some areas (particularly Lake D) are still unstable 
about 20 years after PFA deposition.   The ground surface still moves under foot, 
particularly in wet conditions. 

                                                
3
 The length of bund required is estimated at 1.3km and a typical cross-section area is 170m

2
. The bunds are 

larger on the south side of the lake, where the normal ground level is lower, than to the north. 

Figure 1  Radley Lakes, showing: 
- East of the railway line:  Phase I, PFA filled lakes A, 
B, C, D, which are without a clay lining. 
- West of the railway line: Phase II, clay lined lakes: G, 
H/I, J/P, which are filled or partially filled with PFA.  
- Lakes E and F are the lakes under threat 



Evaluation of increased flood risk …                                                                                            Report No. SRL/FP/001.8a (14/06/2006) 
 
 

 
Page 8 of 44 

 
© SAVE RADLEY LAKES 2006 

 
 

 

PLANNING POLICY GUIDANCE 25: DEVELOPMENT AND FLOOD RISK 

The Government’s guidance on development on the functional floodplain PPG25 states: 

“23. Floodplains are generally flat-lying areas adjacent to a watercourse, tidal lengths of a river or 

the sea where water flows in times of flood or would flow but for the presence of flood defences 

where they exist.  Functional floodplains are the unobstructed or active areas where water regularly 

flows in time of flood. Areas of floodplain that are defended are passive until such time as a flood 

greater than that for which the defences were designed occurs. In these functional flood plains, the 

Government considers that built development should be wholly exceptional and limited to essential 

transport and utilities infrastructure that has to be there. Such infrastructure should be designed 

and constructed so as to remain operational even at times of flood, to result in no net loss of 
floodplain storage, not to impede water flows and not to increase flood risk elsewhere.  Local 

planning authorities should give due weight to the need to avoid adding to the risk of flooding or 

restricting the ability of an operating authority to construct, operate and maintain flood control 

works.” 

 

PPG25 does allow floodplain development, in exceptional circumstances, provided that 
remediation measures are included to ensure that structures remain operational in times of 
flood. Such concerns did indeed lead to “remediation measures” being incorporated into 
the design of lakes H/I, in the form of flap valves incorporated in the bund, supposedly to 
allow water ingress into the lake during a flood. Unfortunately during the floods of January 
2003 these did not work (see Figures 3-5 below) apparently because the level of the water 
in the lake was above the level of the floodwater outside.  The valves are supposed to 
allow ingress of floodwater for floods exceeding 52.10m AOD (the height of the internal 
“weir wall”). The maximum operating level of the lake surface is specified as 52.20m AOD, 
which is higher than the operating level of the gates. At the nominal operating level of 
52.00m AOD (which is supposed to correspond to mean ground level) the capacity of lake 
H/I (15.5ha) in a 100 year flood (specified as 52.25m, see Table 1) is about 39,000 cubic 
metres. If however, the lake is at its maximum permitted operating level, this capacity 
reduces to a mere 8000 cubic metres. Given that lake levels will be raised by high rainfall 
and that discharges from the lake would be restricted at such times, it is likely that 
prevailing lake levels will be near maximum during times of flood. At such times, even if a 
flood were to exceed the level inside the lake, the additional available capacity would be 
too small to have any significant effect on flood levels or duration.  

Once filled with ash, the bunded lakes are solid structures that remove volume from the 
flood plain, both above and below ground level. There are no measures that can possibly 
remedy this simple fact. By any criteria, the construction of bunded lakes H/I is in 
contravention of PPG25. This makes it even more important that the criteria are applied 
rigorously to any further proposed development and that no further loss of flood plain 
capacity is permitted. 

The Flood plain in this area contains other “temporary structures” that are currently 
obstructing the floodplain. These include a large earth stockpile at NGR SU 520 972 and 
deposited spoil covering the most of the area north of H/I between the lake and the railway 
embankment, including land under the earth stockpile. Retention of these obstructions 
following restoration of the area would also be a contravention of PPG25. 
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ENVIRONMENT AGENCY’S FLOODPLAIN MAP 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is seen that practically all the lakes west of the railway line, apart from the now-raised 
surface of Lake G, are within the 1% per year flood risk zone, which is the area in which 
the chance of flooding  is 1 in 100 per year or greater. This floodplain map is available on 
the Environment Agency’s website: 

http://maps.environment-agency.gov.uk/wiyby/mapController 
 

 

Figure 2  The floodplain in the region east of Radley Lakes – taken 
from the Environment Agency website. 
dark blue: greater than 1% yearly risk.  
light blue: between  0.1% and 1% yearly risk. 
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PLANNING POLICY STATEMENT 25: DEVELOPMENT AND FLOOD RISK 

PPG25 is about to be replaced by PPS254. This applies risk-based principles to deciding 
whether development should be allowed in an area subject to flooding. The first stage is 
the so-called Sequential Test based upon the vulnerability of the development and the risk 
of flooding. According to table D2 of PPS 25, the current Radley Lakes proposal would fall 
into the “More Vulnerable” category. Lake E is arguably in one of 3 possible flood risk 
zones: Zone 2 (Medium Probability of flooding, ie between 1/100 and 1/1000 years) in 
which case the development can be permitted, subject to a Flood Risk Assessment; or 
Zone 3a (High Probability of flooding, ie, greater than 1 per 100 years) in which case the 
proposal should not be permitted unless it passes The Exception Test (see below); or it is 
in Zone 3b (the operational flood plain) in which case it should not be permitted at all.  

The Exception Test (D10) needs to be applied if this development, being in the “More 
Vulnerable” category, is in Zone 3a. The requirements for a development to pass this test 
are that: 

 

a) the development makes a positive contribution to sustainable communities, and to 
sustainable development objectives of the relevant LDD (having reached at least the 

‘submission’ stage of the Development Plan Document Process – see Figure 4 of PPS12: 

Local Development Frameworks); and 

b) the development is on developable brownfield land or where there are no reasonable 

alternative options on developable brownfield land; and 

c) a flood risk assessment demonstrates that the residual risks of flooding to people and 

property (including the likely effects of climate change) are acceptable and can be 

satisfactorily managed; and 

d) the development makes a positive contribution to reducing or managing flood risk. 

 

Moreover 

16. Departures from the sequential approach will only be justified in exceptional 

circumstances where it is necessary to meet the wider aims of sustainable development. If 

the Exception Test needs to be applied but cannot be satisfied, the development should not 

be permitted. 

 

The proposed development would fail this test on the grounds of failing to meet criteria a) 
and c). 

Therefore, if the development can be shown to be in Zone 3 (flood risk greater than one 
per 100 years) then, under PPS25, it should not be permitted. 

 

It is pertinent that Npower’s ash disposal facility at Lakes H/I, being clearly within Zone 3b, 
the operational flood plain, would not have been permitted under these criteria. 
Oxfordshire County Council should now be seeking ways to mitigate this blunder, rather 
than compound it. 

 

                                                
4
 www.odpm.gov.uk/pub/60/ConsultationonPlanningPolicyStatement25DevelopmentandFloodRisk806PDFKb_id1162060.pdf 
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On Climate Change, PPS25 gives the following guidance 

 

B9 In making an assessment of the impacts of climate change on flooding from rivers as 

part of a flood risk assessment, assuming increases in peak flow allowance of up to 20% for 

a given return period by 2050 and 30% by 2110 may provide an appropriate precautionary 

response to the uncertainty about climate change impacts on flood flows. 

 

B10 In making an assessment of the impacts of climate change on flooding from the land as 

part of a flood risk assessment, assuming increases in rainfall intensities of up to 10% for a 

given return period by 2050 and 15% by 2110 may provide an appropriate precautionary 

response to the uncertainty about climate change impacts on rainfall intensities. 

 

Lake E will remain in perpetuity and, under B9, flood risk must be assumed to be steadily 
increasing. Local Authorities should be adopting policies whereby the operational 
floodplain is not only maintained but extended, particularly where previous development, in 
this case Lake H/I, has already obstructed it. PPS25 is accompanied by a Practice Guide 
which encourages Local Authorities to seek ways of reducing flood risk. In this instance, 
Oxfordshire County Council should be looking at ways of using the Radley Lakes to 
reduce flood risk, rather than increase it, however marginally.  

 

The Draft Practice Guide for reducing flood risk, attached to PPS25, offers advice on how 
to use opportunities offered by new development to reduce flood risk to communities, 
including the formulation and adoption of: 

strategic planning benefits in combining flood mitigation measures with biodiversity 

objectives, improving liveability of new developments and highlighting the role of green 

infrastructure and public open space in providing space for flood waters which 

enhances local amenity, habitats and recreational opportunities. 
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Figure 4  Close-up of a portion of the aerial photograph shown in figure 3 showing the five 
flood relief gates in the SE sector of the bund of Lake H/I. The photograph, taken on taken 
on 6

th
 January 2003, shows that silt-laden flood water (brown, lower right) had not entered 

into the lake through the flap valves as there is no evidence of mixing with the clean water 
inside the bund (upper left) which remains clear blue-green. Also, the level of the water in 
the lake can be seen to be above the tops of the weir walls on the inside of each flood relief 
structure. The tops of these walls are designed to be at the level at which water can pass 
through the valves into the lake and should be exactly at 52.10m AOD. Photograph by 
Simmons Aerofilms, Copyright © Environment Agency 2005. 

Figure 3  Aerial photograph of Lake H/I taken at 10:51 UTC on 6
th
 January 2003 showing 

that flood water (brown) had not entered into the lake through the flap valves in the SE 
sector of the bund (lower right) as there is no evidence of mixing with the water inside the 
bund which remains blue-green. The white area on the west side is due to cenospheres 
(hollow ash spheres) floating on the lake surface. North is towards the top of the picture. 
Photograph by Simmons Aerofilms, Copyright © Environment Agency 2005. 
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Figure 5 ‘Ground-level’ photograph, 
looking eastwards, taken on 6th January 
2003, of the flooding around the ‘flood relief‘ 
valves in the bund surrounding Lake H/I. The 
water level inside the lake (left) was reported 
to have been higher than that outside. 
Copyright © R Faulkner 2003.  

FLOOD MODELLING 

The Environment Agency’s flood model 

 

The Environment Agency’s current flood 
model 1 for the area of Radley Lakes is 
summarised in Table 1. 

These data can be represented quite 
closely by the formula: 

 H = 0.106 ln(RP) + 51.77   (1) 

where H is flood height in metres AOD 
and RP is the return period in years.   

 

From the aerial photograph, taken on 6th 
January 2003 (Figure 3) the EA estimated 
a flood level of between 52.15m and 
52.25m AOD, implying, on the basis of the 
EA model, a return period between 35 
and 100 years. The EA admit that the 
estimate from the photograph may not be 
very accurate. However, a good indication 
of actual flood depth can be gained from 
the photograph at Figure 5.   From 
measurements of the flood inlet structure, 
the depth of the water can be quite 
accurately gauged to be 42cm above the base of the structure. In order to work properly, 
these structures have to be precisely at the design height. According to the engineering 
drawings5 the design height of the base at the outside of the structure is 51.80m AOD. 
Therefore, assuming that these have been constructed correctly, this yields a flood level of 
52.22m on the 6th of January, which is within the range estimated by the EA. According to 
their model, such a flood would have a return rate of 70years. However, before accepting 
this figure, a number of factors need to be considered.  When did the peak of the flood 
occur, and what was the level at that time; and what are the precise levels of the flood 
relief structures? Eye-witness accounts and reported river flow rates suggest that the peak 
flood level may have occurred a day or two earlier. These issues are addressed below. 

 

Table 1 Predictions of the Environment Agency’s flood model 

Return period 
years 

AOD 
m 

5 51.93 
20 52.12 
70 52.22 

100 52.25 
1000 52.50 

                                                
5
 Gibb Drawing No 20115/500/P/103 Rev.A, Flood Relief Structure, EA file reference: SU59NW/13/2, August 2001. 
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The model also appears to be significantly at variance with the published EA flood map, 
which indicates the 100 year return level to be about 53.0 m AOD. The latter figure is 
derived by comparing the EA flood map with a detailed survey of Lakes E and F carried 
out by National Power in 1992.  Hence the flood map appears to show a 100 year flood 
level 0.75 metres higher than that predicted by the model! Another inconsistency appears 
on the February 2001 drawings of the H/I flood relief valves, which give the level of the 
1947 flood as 52.5m AOD (1000 year return rate) leaving one to wonder if the mitigation 
was designed to accommodate floods much higher than were ever likely to occur.  The 
final drawings (October 2001) revise this figure downwards to 52.25m, but the indicated 
operating levels of the structures are unchanged.  

 

Historic data 

The Environment Agency have supplied flood heights at Abingdon and Sandford Locks for 
the 60 highest floods covering a period of 114 years since 1892.  The highest flood was in 
1894 and the second highest in 1947. A linear interpolation between the levels at 
Abingdon Lock (A) [NGR SU 505 972] and Sandford Lock (S) [NGR SP 531 013] was also 
provided to give the level at Nuneham Bridge (N) [NGR SU 526 970].  This linear 
interpolation is given by: 

HN = HA + KN (HS – HA)    (2) 

where KN = LAN/LAS and LAN is the distance between Abingdon Lock and to Nuneham 
Bridge (2225m) and LAS is the Abingdon Lock to Sandford Lock distance (7387 m), both 
measured along the course of the river. 

It was decided, on the basis of the 2003 measurement, that linear interpolation was 
probably over-estimating levels at the site, possibly because of the presence of Nuneham 
Railway Bridge and the associated railway embankment, which clearly has a choking 
effect on floodwater flow and which should be taken into account.  

A refinement to the formula was used therefore for locations downstream of Nuneham 
Bridge ( 0 < K < KN): 

H = HA + K (1  - dN) (HS – HA)   (3) 

where dN is a constant representing an assumed step change in height at Nuneham 
Bridge as a fraction of the total drop along the reach. For locations above Nuneham Bridge 
(1 > K > KN) the formula becomes 

H = HS - (1 - K ) (1 - dN) (HS - HA)   (4) 

The value of dN can be determined from a known flood height at Nuneham Bridge (or 
perhaps elsewhere, if dN does not vary with location).  Note that the value of the linear 
interpolation constant K varies between 0 and 1 with location between Abingdon and 
Sandford. 

It should be noted that, compared with simple linear interpolation, the correction is 
optimistic, ie it revises flood levels downwards, which tends to favour the applicant’s 
position.  
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Figure 6  Hydrograph of levels at Abingdon 
Lock between 30/12/02 and 10/01/03 

 

The 2003 flood 

For the January 2003 flood, there is 
good photographic evidence of the 
flood height on 6th Jan 2003, in 
particular, the photograph of the flood 
height in the region of the flood relief 
structures in Lake H/I, Figure 5.  This 
provides an opportunity to calibrate the 
above model of flood levels at 
Nuneham Bridge and in particular to 
determine the value of dN.  

From the photograph in Figure 5, it is 
inferred that the distance from the top 
concrete surface of the flood relief 
structure to the flood water surface is 
0.377 m (this was determined using 
the measured height of the steel rail 
(1.21 m) as a reference).   

The level of the concrete surface at 
the base of the inlet to the flood relief structure in the photograph was surveyed by 
Abingdon Archaeological Geophysics (see Appendix 2) and determined to be 51.695 m 
AOD, taken from the nearby OS Bench Mark at Nuneham Bridge.  (Incidentally, this 
concrete surface is 0.10 m lower than in the drawing5 approved by the OCC). The level of 
the top surface of the culvert was similarly determined to be 52.497 m AOD. Based on 
this, the floodwater level on 6/01/03 is inferred to be at 52.12 m AOD.  However, 
hydrograph measurements at Abingdon Lock show that the flood level was 0.026 m (HWL) 
higher on 5/01/03, Figure 6. Interpolation indicates that this would have corresponded to 
0.03 m just downstream of Nuneham Bridge.   Hence it is deduced that the peak flood 
height on 5/01/03 at Nuneham Bridge was approximately 52.15 m AOD.  This higher level 
on 5/01/03 appears to be witnessed by a water mark on the wall of the flood relief 
structure which is about 0.04 m above the water surface, suggesting a peak flood level of 
around 52.16 m AOD.  We are therefore able to put forward  52.15 m AOD as a quite 
precise lower bound to the peak level at Nuneham Bridge on the 5th January 2003. We 
note that this is at the lower end of the range determined by the EA from the aerial 
photograph.  

However there is a problem in that the Sandford Lock height gauge is unable to read 
above 53.32m due to the board having been lowered in 1973, so daily data covering the 
peak of the floods in 2000 and 2003 are unavailable. However the Environment Agency 
did survey the peak flood level for January 2003. This was found to be 53.677 m AOD. 
This can be correlated with the hydrographic measurement of the flood level at Abingdon 
Lock (HWL) on 5th January 2003.  

Figure 7 shows a plot of the measured drop between Sandford Lock (TWL) and Abingdon 
Lock (HWL) at the peak of each of the 61 worst floods to have occurred on this reach 
since 1892. The point corresponding to the 2003 flood is shown in red. This shows a 
smaller drop, by about 14cm, than might be expected from the historic data.   



Evaluation of increased flood risk …                                                                                            Report No. SRL/FP/001.8a (14/06/2006) 
 
 

 
Page 16 of 44 

 
© SAVE RADLEY LAKES 2006 

 
 

 

 

The data for the peak of the flood on 05/01/03 are as follows: 

 

Measured level at Abingdon Lock (HWL) : 51.613 m AOD 
Surveyed peak level at Sandford Lock (TWL) : 53.677 m AOD 
Estimated drop6 :       2.064 m 
Measured at Nuneham Bridge (TWL) = H/I: 52.150 m AOD 

 

Based on the above figures, the constant dN in equation (3) is determined as 0.146 and, 
using this value, the interpolated flood levels at Nuneham Bridge (more precisely, at H/I) 
can be determined for all the other recorded events. Since the model is calibrated to the 
measured flood level at the location of the H/I flood relief structures, which is just a few 
metres downstream of the bridge, predictions for this location are given with a high degree 
of confidence.  

                                                
6
 The time of the measurement at Abingdon does not necessarily coincide exactly with the time of peak flood level at 

Sandford.  However any timing discrepancy would only amount to a few millimetres at most in the drop along the 

reach. 

Figure 7  Sandford to Abingdon level drop versus flood height at Sandford Lock, deduced from 
historic flood data covering 125 years supplied by the EA. (The curve is a fitted trendline. It is not 
used in our current assessment.) 
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It is also of interest that equation (4) predicts7 the peak flood level, at Lower Radley, to 
have been 53.05 m AOD, in the region of the Radley Boathouse, which is consistent with 
witness statements and photographs of the track to the Boathouse taken on 6/01/038.  

The deduced flood heights at Nuneham Bridge obtained by applying equation (3) to the 
levels at Sandford and Abingdon Locks are detailed in Table 2. 

 

Table 2  Analysis of 125 years of flood data interpolated at Nuneham Bridge and derived by dividing flood 
levels into 0.04 m intervals and counting the events within each interval. 

 

Flood height range AOD Average number  annual return 

Low 
(m) 

High 
(m) 

Height AOD 
(m) 

of events cumulative probability Period 
(years) 

52.44 52.48 52.46 1 1 0.008 125.00 

52.40 52.44 52.42 1 2 0.016 62.50 

52.36 52.40 52.38 0 2 0.016 62.50 

52.32 52.36 52.34 0 2 0.016 62.50 

52.28 52.32 52.30 0 2 0.016 62.50 

52.24 52.28 52.26 1 3 0.024 41.67 

52.20 52.24 52.22 0 3 0.024 41.67 

52.16 52.20 52.18 2 5 0.04 25.00 

52.12 52.16 52.14 4 9 0.072 13.89 

52.08 52.12 52.10 7 16 0.128 7.81 

52.04 52.08 52.06 4 20 0.16 6.25 

52.00 52.04 52.02 3 23 0.184 5.43 

51.96 52.00 51.98 12 35 0.28 3.57 

51.92 51.96 51.94 1 36 0.288 3.47 

51.88 51.92 51.90 6 42 0.336 2.98 

51.84 51.88 51.86 3 45 0.36 2.78 

51.80 51.84 51.82 7 52 0.416 2.40 

51.76 51.80 51.78 6 58 0.464 2.16 

51.72 51.76 51.74 4 62 0.496 2.02 

51.68 51.72 51.70 1 63 0.504 1.98 

 

The flood level (column 3) is plotted against return period in Figure 8. It is seen that the 
height can be quite closely represented by the equation:  

HN = 0.1531ln (RP) + 51.719   (5) 

which may be compared to equation (1). Table 3 shows the resultant flood heights as a 
function of return period.  In particular, the one in 100 year flood is predicted as 52.42 m 
AOD, which compares well with the estimated 1947 flood level at Nuneham Bridge of 
52.426 m AOD.   

This model also determines that the January 2003 flood has a return period of 17 years. 

 

 

                                                
7
 However, it should be noted that this prediction is dependent only on the interpretation of equations (3-4), and the 

assumption that dN is a constant, ie, does not vary with location. The adjustment at the specific location (N) could be 

caused by factors other than the railway embankment, in which case dN would vary with location and predictions at 

other locations would then no longer be obtainable. 
8
 Personal communications Lynda Pasquire & Basil Crowley 
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Table 3  Flood height versus return period based on equation (5) 

Return 
period years 

Flood height 
m AOD 

5 51.965 

10 52.072 

17 52.153 
30 52.240 

100 52.424 

1000 52.777 
 

 

 

Predictions of the Halcrow Flood Model 

The Jacobs Flood Risk Assessment 20069 uses the Halcrow model of flood flow on the 
Thames to predict flood levels at Nuneham Bridge.  In Table 2 of this assessment, the one 
in 100 year flood level is shown as 52.19 m AOD, and in the same Table, the 1947 flood 
event is shown as 52.04 m AOD! (It is presumed that this is a misprint. It is only 23cm 

                                                
9
 Jacobs Flood Risk assessment 2006, p330, RWE npower Environmental Statement, ENV/057/2006. 

Figure 8  Flood height at Nuneham Bridge versus return period deduced from historic flood data 
covering 125 years. (Data supplied by the EA) 
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above the recorded level at Abingdon Lock (see Appendix A) whereas, during the 2003, 
this differential was measured to be 54cm (see above). This is a serious discrepancy.  The 
flood levels given in this table are clearly at variance with the EA model, the EA Floodplain 
Map as well as the above model. 

The difference in the predictions for a 100 year flood provided by the Halcrow model and 
ours amounts to 0.24 m, and would, if true, have large consequences in terms of the 
extent of the floodplain. However, it is easy to check whether this prediction is consistent 
with the historic data. 

A direct illustration of this is provided by the 1947 flood data. During this event, which is 
generally acknowledged to be in the one per 100 year class, the peak flood level recorded 
at Abingdon Lock was 51.81m AOD, some 20cm higher than that achieved on 6th January 
2003. The increase in flood level, at any point between Nuneham Bridge and Abingdon 
Lock, would have been at least this value. Moreover, we have incontrovertible evidence 
(Figure 5) of a flood level of 52.12m AOD at Lake H/I on 6th January 2003. We can 
therefore say, with total certainty, that the flood level at this location in 1947 would have 
exceeded 52.32m AOD. On this basis alone, the Flood Risk Assessment submitted in the 
Environmental Statement is simply not credible. 

This discrepancy indicates a failure of the Halcrow model, as applied in this instance, to 
provide reasonable predictions of the levels of severe floods in the per 100 year return rate 
class on this reach of the river. It seems to be significantly underestimating flood heights 
with this return rate, which should not be too surprising given that little work has been 
done on refining or calibrating the modelling for this stretch of the river10. The assessment 
of the model by Jacobs9, in Npower’s ES, is presumably based upon the performance of 
the model on the reaches above Sandford, which have been subject to much more 
extensive study. (The lack of attention to getting good flood data from Sandford lock over 
the past 30 or more years is surely indicative of this.) At best, the discrepancy might be 
considered as being due to the range of prevailing modelling uncertainty. However, given 
the 2003 datum, the level of confidence in the suggested figure of 52.19m AOD for a one 
per 100 year event should be very low, since it clearly lies at (if not beyond) the lowest 
extremity of the modelling range. Whichever way, it follows that there is, contrary to 
Npower’s conclusions, sufficient connectivity between these lakes and the floodplain to 
pose a significant additional flood risk should either one of them be filled in. 

Of course, we realise that the condition of the river channel and surrounding flood plain 
may well have changed over the period time spanned by the historic data, and that 
detailed hydrological modelling would be needed to assess the effects of any such 
changes on the predicted flood risk in the present epoch. However, such models need to 
well validated, and shown to be consistent with recent flood data, if one is to rely heavily 
on their predictions, particularly if those predictions are strongly at variance with the 
historic data. Jacobs and Npower provide no evidence that their model has been so 
validated for this particular stretch of the river.  

Another consequence of the Halcrow model is that the flood relief structures in Lake H/I 
could only be effective in the event of extreme floods.  The weir wall is set at 52.10 m AOD 
and would, according to the Halcrow model, require a one in 47 year flood event to reach 
this level.  The flood would need to be even more severe to achieve significant flow into 
Lake H/I.  

 

                                                
10

 Environment Agency, private communication (March 2006) 
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EFFECTS ON FLOOD CAPACITY AND GROUNDWATER 

Ground levels around Lakes E & F 

A detailed survey of the land surrounding Lakes E and F is provided in figures 2-4 of RWE 
npower’s ‘Report on Landscape and Restoration Proposals’.  From this 1992 survey, the 
average ground elevation surrounding the lakes is estimated to be 53.0 m AOD, (Table 4). 

Table 4 Ground surface levels for Lakes E and F 

 
Side of site 

section of bund 
in site plan 

Indicated ground level 
in bund section 

m AOD 

Average ground level 
estimate from site survey 

m AOD 

North A-A  54.2* 53.4 
East B-B    53.5** 53.2 

South C-C 52.1 52.3 
South D-D (52.4)  
West E-E (53.4) 53.2 

Average   53.0 
Brackets ( ) indicate: scaled from section. 
* level of metalled surface of Thrupp Lane. 
** level of surface of Sustrans Cycle Track. 
 

In estimating levels from the site survey, the metalled surfaces of Thrupp Lane and the 
Cycle Track were not included as these probably are not at the original ground levels.  The 
values in the last column of Table 4 are averages of about eight surveyed levels along 
each side of the site. 

 

Bund profile 

A typical section of the bund can be seen in Figure 9 taken from Plan: J20155/EF/P/202 in 
the June 2005 application.   The main features of this structure are the 1.25 metre thick 
Kimmeridge clay lining (1) and the fill material (2) which can be up to 3 m in thickness.   
The top of the bund would be set to a height of 56.2 m AOD all around the perimeter.  This 
should be compared to the estimated average height of surrounding land of 53.0 m AOD.  
Hence the average bund height is 3.2m. The proposed final restoration level is 55.8 m, 2.8 
m above the average level of the surrounding land, which is part of the floodplain. 

Figure 9  Typical proposed bund profile showing two components of the Kimmeridge clay structure. 
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Lake Areas  

The areas of the lakes given in Table 5 are taken from RWE Npower’s reports (their recent 
application to the Environment Agency: EA/PPC/DP3832SB and the June 2005 
application: ENV/019/2005) with data for lake E estimated from Jacob’s drawing 
J20115/E/200(D) accompanying the January 2006 application. 

A detailed examination of the bund sections for Lakes E and F (Plans: J20155/EF/P/201-
2) show that the additional area of floodplain occupied by the bunds themselves is 1.4 ha 
which is approximately 10% of the lake area.  The same percentage of lake area has been 
assumed for the other three lakes in Table 5, column 3  (In fact, it is likely to be a higher 
percentage for the two smaller lakes: G and J/P) and for Lake E alone.  

 

Table 5   Areas of lakes and bunds 

 
Lake 

Existing lake  
area ha 

Estimated 
bund area† ha 

Bunded lake 
area ha 

G   9.1 0.9 10.0 
H/I 15.5  1.55   17.05 

J/P(east)  4.5  0.45    4.95 
Lake E 11.0 1.0  12.0 
Lake F 1.8 NA NA 

Total 41.9 3.9 44.0 
† In the case of Lake E, the bund area is defined to be the difference between the total bunded lake area 
measured from the plans and the existing lake area. In the case of the other lakes, the bund area is 
estimated at 10% of the enclosed lake area (See SRL/FP/001.3). 

 

The total lake surface area lost to PFA infilling, if only Lake E is filled, will be 40ha. These 
figures should be compared with the total floodplain area Nuneham Bridge [NGR SU 526 
970] and Abingdon Lock [NGR SU 505 972] – approximately 400 ha.  

 

Lake Water Levels 

The mean water level in both lakes is approximately 60cm below the ground level to the 
south (section C-C in table 4) resulting in an estimate of the surface water level of around 
51.5m AOD.  Thus, assuming connectivity, the surfaces of both lakes are effectively part 
of the flood plain and will be operational during floods with a return rate of 17 or more 
years. The capacity of the both lake voids to absorb floodwater, in a one in 100 year flood 
as per table 3, can be estimated to be around 110,000 cubic metres, of which 85% is due 
to the larger lake, Lake E. This amount of floodwater is equivalent to a square kilometre 
flooded to a depth of 11cm. 

We note that the drawing labelled Typical Section B-B in figure 5 of ENV/019/20051 
(drawing J20115/EF/P/201) gives the existing water level in Lake N as being 53.6m AOD. 
This cannot be correct, as this is over a metre higher than the level of the surrounding land 
(as per section C-C on the following page and the spot heights in figure 2 of 
ENV/019/2005, drawing UKP/DCD/0063/B)! 
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Lake Capacity  

The capacity of a water body is greatly reduced by infilling with a granular material, since 
water is displaced by the particles (e.g. gravel or sand) and only the voids between these 
particles are available for water storage.  Typically, in uncompacted granular materials, the 
particles occupy 50% of the available space, so an un-bunded lake filled with granular 
material to the level of the flood plain, will have its capacity reduced to half that of the 
original lake.  Hence the exclusion of a lake area from the floodplain will result in the loss 
of flood capacity of about twice that of an equal area of unexcavated flood plain.  If the 
present proposal were to be implemented, floodwater would be excluded entirely from the 
12 ha area of Lake E.  This is equivalent to the exclusion from 24 ha of un-excavated flood 
plain. This is likely to be a conservative estimate, since, if compacted material is 
considered, together with the effect of raising of the water table within permeable material 
by capillary action, this multiplication factor is increased. The fact that the ground 
surrounding Lake E is above the level of the putative floodplain does not change this 
argument, provided that the existing lake is connected to, and thus itself forms part of, the 
existing the floodplain. 

The most severe flooding to have affected the area within living memory was in 1947. This 
event was principally due to rapidly melting deep snow and enhanced surface run-off over 
frozen ground. In such circumstances, the presence of lakes high up in the flood zone is 
particularly valuable, due to the likely availability of a significant proportion of their 
maximum capacity at such times. Thus lakes E and F would provide significant mitigation 
of a repeat of the 1947 flood circumstances and therefore offer some additional protection 
to South Abingdon against flooding.  If a substantial proportion of this void were bunded as 
proposed, this would remove this positive protection while adding to the risk due to the 
reduction in the putative flood plain. Moreover the outer shoulders of the impervious clay 
bunds, with a total area (Table 5) of about 4 ha, including Lake E, are already sources of 
rapid rainwater runoff onto the surrounding floodplain.  Post-restoration, the entire raised 
upper surfaces of these PFA ‘lakes’ are likely to become sources of rain- and melt-water 
runoff, adding considerably to local flood risks. 

These arguments demonstrate that it is the water level in the lakes and flood plain 
connectivity that determines whether these lakes are part of the operational flood plain, not 
the levels of the surrounding land.  The exclusion of the smaller lake, Lake F from 
Npower’s operations, as has been proposed, would have a minimal effect on reducing the 
flood risk, as this lake represents less than 15% of the total capacity of both lakes. 

 

Effects on Groundwater 

Lining of the lakes with clay isolates them from surrounding groundwater altering the levels 
and the flow of groundwater in the surrounding area.  The effects of the isolation of Lakes 
G, J/P, H/I and E, a total of 44 ha within a circumscribed area of 60 to 70 ha will have a 
dramatic effect on ground water flow.  This is already evident in the area below the 
southeast corner of Lakes G and at the southwest corner of Lake I, where surface water 
has become more prevalent even in a prolonged period of low rainfall (e.g. spring/summer 
2005).  
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A particular area of concern is the Byway (BOAT No 9) between Lakes E and N, which 
runs very close to the east side of Lake E.  The bund around Lake E will be immediately 
adjacent to this track, rising to a height of 3.2 m above it.   

Groundwater channelled into the gap between Lakes G and E will make this area more 
susceptible to flooding.   Surface water, flowing down from the tops of the clay bunds on 
east and west sides of  the BOAT will further increase the local flood risk despite the 
provision of a ditch running along the east side of the track.   

Npower propose to mitigate this by increasing the capacity of this drainage by channelling 
it under the cycleway and then westwards and into Lake M. A further channel will be 
constructed to take this water into the Thames. While necessary to the scheme, this 
proposal has the disadvantage of channelling potentially polluted silt-laden water into Lake 
M, which is currently groundwater fed, and generally very shallow. This will alter the 
character of this lake. Moreover the construction of the waterways will inflict unacceptable 
damage to the surroundings of this beautiful lake, one which Npower and their 
predecessors have already promised to “leave alone”. 

 

FLOODPLAIN CONNECTIVITY WITH LAKES E AND F 

The natural flood plain in this area is impeded by several manmade structures, of ‘recent’ 
origin, some permanent, some temporary and some ad hoc, so the issue of connectivity is 
somewhat confused. This ultimately 
depends upon which structures are 
eventually removed and what the final 
restoration levels will be. 

The embankment of the former branch 
line to Abingdon, also known as the 
Bunk Line, part of which now comprises 
a section of the National (Sustrans) 
Cycleway, acts as a partial barrier to 
flood water, which would otherwise 
enter areas around Lakes E and F. 
However the level of the cycleway along 
the south side of Lake F is at a mean 
level11 of 51.75m AOD so there is a 
likelihood of water flowing over the top 
of the embankment during severe flood 
events. Indeed, in January 2003, flood 
water was reported12, flowing northwards over the Sustrans cycle-way at several places, 
and on into Lake F13. 

However, the floodplain north and south of this barrier is connected by culverts under the 
Bunk line.  Figure 10 shows one of these culverts, 1.5m diameter, whose base at 51.33 m 
AOD, which currently is partially blocked (apparently intentionally) by a bank of gravel. If 

                                                
11

 As defined by equation (6). 
12

 Bob Eeles, Karen Hughes and Jo Cartmell, private communications. 
13

 Although it is acknowledged that, owing to prevailing lack of connectivity due to Lake H/I, this water probably 

represented surface water flowing from the north and east along the north edge of H/I and may not have originated from 

the river Thames  

Figure 10 Culvert under the former branch 
line, viewed from south side 
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fully cleared, this culvert could deliver of the order of 5,000 m3/h of floodwater, which 
would cause a rate of rise of 25mm/h over a 20ha area. There are other culverts, which 
would supplement this flow. 

Even if this were not sufficient, additional connectivity would be provided by the proposed 
drainage system14 that would connect land just to the east of Lakes E and F with Lake M, 
which is south of the railway embankment. This would traverse the embankment via a new 
culvert near the south east corner of Lake F. 

The argument in the Flood Risk Assessment, Appendix 7 in Npower’s Environmental 
Statement, relies heavily on the statement  that “the site did not flood in 1947”. This 
statement, while not necessarily false, is highly misleading. Two important things were 
different in 1947 (i) Lakes E and F did not exist and (ii) the branch-line railway was in use 
and the embankment would have been maintained at its full height (believed to be above 
52.5 m AOD, probably around 52.7 m ) so floodwater should not have been able to flow 
over it. Whilst it is possible that the site currently occupied by Lake E did not flood in 1947, 
as the land here rises above 52.4 m AOD, it is known that the area currently occupied by 
Lake F would have suffered some flooding in 194715, due to connectivity with the 
floodplain provided by older culverts passing through the embankment. Since that time, 
the railway has fallen into disuse and the embankment has become eroded to below 
52.2 m AOD in many places, and as low as 51.5 m. Thus water would now be able to flow 
over it in times of severe flood, as indeed it is reported to have in 200312 as well as through 
the culverts, including the large one shown in Figure 10, which was constructed after 
1947, thus providing connectivity and allowing floodwater to access the whole area 
currently occupied by both lakes.  The argument therefore has little validity.  

Npower’s Flood Risk Assessment refers (appendix 7, section 2.2.1) to a raised track 
beneath the temporary earth stockpile to the north of Lake H/I  (see Figure 12) as a reason 
why river flood water cannot now reach the railway embankment. This argument is 
disingenuous, not least because the ground level beneath the stockpile cannot be 
checked, but also because that track, as it approaches the level at the western end of the 
Bullfield area, rises to 52.78m AOD, so its height could be quoted as having value 
between this figure and the natural level of the flood plain.  Npower quote a height of 
between 52.5m and 53.0m AOD for this track.  However we note that Gibb drawing 
number 20115/500/P/102 Rev.0, accompanying the 2001 planning application by Innogy 
to fill Lakes H/I, shows the level of this track as being 52.40 m AOD at section EE across 
the NW edge of Lake I, thus contradicting the figures given in the ES, and indicating a 
level that is within the 100 year + 20% extreme flood range. At the eastern end of the 
stockpile, the track remerges, but is not raised above the surrounding land, and continues 
part of the way across Lake H/I. It could therefore, on its own, never have provided a 
complete barrier to floodwater, which could bypass it to the east. However, we note that 
much of the ground just to the south of the Bunk Line along the river frontage of Lakes E 
and F has been raised to around 52.6m AOD, as a result of spoil being deposited there 
when Lakes H and I were excavated16. Part of the so called “raised track” runs across this 
spoil. We would argue that this spoil, which is of recent origin, these gravel excavations 
being contemporaneous with the operation of the Ash Fill Site, is obstructing the natural 
flood plain and should therefore be removed as part of the overall restoration of the area. 
Assuming that H/I is restored to natural ground level, as originally proposed, this will allow 
river floodwater to reach the Bunk Line, whereupon it will be able to flow on into Lakes E 

                                                
14

 New Ditch Draining via Lake M, RWE npower Environmental Statement, ENV/057/2006, section 3.4.6, page 39, and 

figure 3.7. 
15 Ray Faulkner, private communication. 
16

 The spreading of this spoil, which occurred subsequent to 1982, was witnessed by several people. 
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and F beyond. We know this because aerial photographs17 and indeed Npower’s own 
flood map (ES Appendix 7, figure 7) show that, in 1947, floodwater approached the railway 
embankment more-or-less along its entire length in this area, and that land to the south 
was, at that time, insufficiently high to prevent this. We have also confirmed this by means 
of recent levels surveys (see below) which show the natural ground levels to be around 
52.0m AOD. Therefore, considering the current state of the floodplain in the absence of 
temporary structures (ie, the bunds around H/I, the earth stockpile, and spoil from gravel 
extraction) we conclude that these lakes are in the floodplain (PPS25 flood-risk Zone 3) as 
defined by the 1 per 100 year criterion.  

 

During March, April and May 2006, levels surveys of the area, with an overall height 
accuracy of within 0.05m (see Appendix C)  using conventional land-based techniques 
and GPS location, were carried out on behalf of Save Radley Lakes by Abingdon 
Archaeological Geophysics. The raw data from these surveys are given in Appendix B, 
and the results are analysed below. First, we have made a compilation of the data from all 
three surveys for the area immediately to the south and southwest of Lakes E and F, as 
shown in Figure 11. These data are tabulated in Appendix C, where they are grouped into 
a number of distinct zones representing various possible barriers to connectivity. Figure 11 
shows the data plotted over part of the aerial photograph taken during the 2003 flood 
(Figure 3). (This photo shows the lie of the land far better than any map.)The different 
“barrier zones” are identified by marker symbols as defined in Table 6.  For each zone, the 
connectivity is assessed by the following means: (i) The percentage of points in each zone 
below the maximum flood level, which we take to be 52.4m AOD, (ii) The average height 
of the zone calculated as an arithmetic mean and (ii) the “Mean Height” of the zone 
calculated according to the following formula 

 

Mean({H}) = H0 + HarmonicMean({H-H0})                   (6) 

 

in which the baseline height H0  is taken to be the height of the lake surfaces (51.5 m 

AOD). The harmonic mean18 of a set of altitudes along a linear barrier is generally 
considered to be a better indicator of connectivity, than the normal (linear) arithmetic 
mean, since it is more biased towards lower heights where flow can occur and is relatively 
unaffected by localised high points that would have little affect on connectivity. Unlike 
arithmetic means, harmonic means need to be referred to an appropriate baseline, which, 
in this case is taken to be the lake water level, this being presumed to be close to or at the 
level of the local water table. Levels below this baseline will naturally flood, irrespective of 

connectivity. (The formula is inapplicable if any data fall below H0, which is the case for 
the section of BOAT (Byway Open to All Traffic) No.9, SW of Lake F.) 

Mean heights and average heights thus defined are compared in Table 6, where it is seen 
that differences are not so large that defining connectivity in terms of arithmetic means 
would change the conclusions. 

Figure 12 identifies the various regions affecting the connectivity and labels each 
according to its Mean Height as defined by equation (6). The results of the analysis are 
shown in Table 6. In this table, red figures show where there is impeded connectivity, and 
green where connectivity would be expected.  From this table, and from Figures 11-12, it 

                                                
17 Aerial Photograph ref: C.P.E./UK/1953.25 March 47.F.L.20”//MULTI(4) 58 59DN, frame number 1009. 
18

 HarmonicMean({X}) = 1/ArithmeticMean({1/X}) 
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should be clear that the only significant issues for floodplain connectivity are the bunds 
around Lakes H/I and the land immediately to the north of Lakes H/I, in particular, the 
temporary earth stockpile which (conveniently) blocks access by floodwater from the 
southwest, and the region of levelled spoil at a Mean Height of 52.59m AOD to the east. If 
these levels were to be preserved, by the restoration of Lakes H/I, across the whole area 
to the north of H/I, then there is (probably) no connectivity. However, we would argue that 
these levels are artificial and should be restored to those representative of the natural 
landscape, one indication of which, we suggest, is the remains of an old trackway running 
between lakes H and I, which is at a mean height of 52.0m.  Such a restoration would 
restore connectivity, subject to Lakes H/I being eventually put back in the floodplain, and 
make available a huge volume to floodwater retention.  

The use of 52.4 m AOD as the maximum flood height criterion (approximately 1 per 100 
year, according to our assessment) agrees with the figure used by Jacobs’ in the Npower 
FRA, which uses the 1/100year +20% extreme flood criterion. Were we to include the 20% 
flow increase on top of our figure, then the maximum flood height could be as high as 
52.6m AOD, under which circumstances connectivity across even the raised spoil area 
becomes a possibility.   

 

Table 6 Connectivity data for barrier zones (See Figures 11 and 12) 

Barrier 

Zone 

Map 
symbol 

Connectivity 

% 

Average 
Height 

m AOD 

Mean 
Height 

m AOD 

BOAT, SW of Lake F ♦ 100% 51.641 - 

BOAT, south of Lake F ♦ 100% 51.898 51.758 

Land south of Lake F ■ 100% 52.133 52.126 

West Bullfield  

(Land west of Lake F)  
▲ 75% 52.179 52.094 

Isthmus ■ 89% 52.107 52.062 

BOAT, east of Lake F ▲ 50% 52.401 52.367 

Levelled spoil area ■ 10% 52.596 52.589 

Old track between Lakes H 
and I ● 100% 52.030 51.993 

Cycleway south of Lake F ▲ 100% 52.000 51.750 

Cycleway SW of Lake F ▲ 83% 52.251 52.202 

 

 

 

 

Figure 11: (On following page) Results of topological surveys commissioned by Save Radley Lakes. 
Surveyed levels, in metres AOD, from Appendix C  are plotted over part of the aerial photograph shown at 
Figure 3, showing the area to the south of Lake E. The marker symbols are as defined in Table 6. The 
following figure, Figure 12 provides descriptions of the various features and barrier zones, and should be 
used for orientation. 
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Figure 12: Part of the aerial photograph (Figure 3) showing topological features, “barrier zones” and levels 
survey points (as labelled in Figure 11) used for the assessment, in Table 6, of the connectivity between 
Lakes E and F and the Thames floodplain to the south. Levels assigned to barrier zones are Mean Heights 
calculated from the survey data using equation (6). North is towards the top of the picture. 

 

 

 

To summarise, it would appear, from the data, that natural ground levels to the south of 
the Lakes, as far as can be ascertained, are generally in the region of 52.0 m AOD and, 
with the exception of locally raised areas of levelled spoil and earth stockpiling from 
contemporary excavations, and the bunds around Lake H/I, would not prevent connectivity 
for flood levels above ~52.2 m AOD.   

Therefore, subject only to the restoration levels of Lake H/I and its surroundings being to 
those of the original (1947) landscape, there is connectivity between Lakes E and F and 
the Thames Flood Plain, for floods in the 1 or more per 100 year category, thus supporting 
our contention that allowing these lakes to be filled in would remove significant potential 
capacity from the floodplain and would thus be in contravention of both PPG25 and 
PPS25. 

Figure 5 of Appendix 7 of the ES (ENV/057/2006) refers to the restoration proposal 
submitted with the February 2001 planning application, pursuant to the 1982 Conditional 
Consent SUT/RAD/5948, for the filling of Lakes H and I. Under the terms of clause 13 of 
that consent, the restoration scheme is subject to review "at least every two years". 
Therefore any implicit consent that Oxfordshire County Council might have given to these 
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restoration plans is provisional and should not be irreversible. Indeed the levels shown on 
this plan are substantially different from the original terrain and should not be approved 
because they would involve raising the floodplain over an area that is known to have 
flooded in 1947 (ES, Appendix 7, Figure 7) and would therefore be in contravention of 
PPG25. 
 

EFFECTS ON THE FLOODPLAIN 

The effects of the construction of bunds surrounding the lakes on surface water are 
fourfold: 

 

• A reduction of the available floodplain area 

• Restriction of the flow of floodwater causing backup of water upstream 

• Increased speed of water flow in the constricted area of floodplain 
 
In January 2003, the land around lake H/I was flooded and there is photographic evidence, 
figures 3-5, that the flap valves, which should have allowed floodwater to enter the lake, 
did not operate as the water level in the lake was higher than the surrounding flood.  An 
aerial photograph, figures 3-4, of the area taken on 6 January 2003 shows that there was 
no mixing of the brown floodwater with the blue coloured water within the bund.  As a 
consequence, an estimated 40,000 - 70,000 cubic metres of floodwater was displaced 
elsewhere on the remaining floodplain. 

South of the Thames, there is a 30 m high Lower Greensand escarpment 200 m from the 
river bank which restricts the floodplain width on the south bank.  The bunds already 
constructed around Lake H/I considerably reduce the width of the floodplain on the north 
bank.  Prior to the construction of these bunds, the total floodplain width (south plus north) 
was about 1200 m.  With the bunds in place, the floodplain is reduced to 400 m width for a 
length of about 600 m.  This 67% reduction will choke flood water flow, resulting in 
increased risk of flooding upstream.  The loss of 47 ha of floodplain is likely to increase 
significantly the flood risk in the locality, particularly in Abingdon and Lower Radley. 

In addition, since the clay bunds extend down to the Kimmeridge clay substratum, 
groundwater is also affected in that 

 

• There is a reduction in volume available to groundwater. 

• Groundwater flows towards the river are impeded. 
 

This loss of groundwater capacity will result in increased amounts of surface water in 
times of flood. 

 

Mitigation Measures 

As a flood mitigation measure for Lake H/I, flap valves were provided in the bunds 
supposedly to allow floodwater into the lake area.  Presently, PFA within the bunded area 
is about 1.5 m above surrounding ground level.  Floodwater, if let in by the flap valves 
would need to permeate the PFA, assuming this was not already saturated with water.  
Permeation, through such a fine powder (10 – 100 µm particle size) would be at such a 
slow rate it would render the mitigation completely ineffective. (The hydraulic 
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conductivity/permeability of compacted PFA is given19 as 10-7m/s.) In any case, 
observations of Lake H/I, over the past three years, have shown that it has a much higher 
groundwater level than the surrounding land because of the sealing effect of the 
Kimmeridge clay lining.  This is witnessed by the presence of surface standing water 
inside the bund throughout the year. 

Since the final PFA level in Lake E is planned to be 2.8 m above average ground level, 
proposed mitigation in the form used for Lake H/I, would not be possible.   

Rather than seeking to mitigate only the effects of the proposed filling in of Lake E, the 
authorities should be seeking to mitigate, and certainly not add to, the consequences of 
previous fillings, especially that of H/I.  

 

LOCAL FLOODING ISSUES 

The obstruction of water flows and displacement of floodplain volume are likely to give rise 
to local flooding and land drainage problems in the neighbouring area that could affect 
nearby residential and business properties, agricultural land, as well as roads and byways.  

The lakes are sinks for locally produced floodwaters, caused by exceptionally heavy 
periods of rainfall or rapid melting of snow for example, and, by reducing the flow of water 
into the Thames at such times, help to reduce the risk of flooding downstream. 

Flooding upstream of Lake H/I in January 2003 was exceptionally severe, the worst in 
living memory in Lower Radley, with local opinion therefore ranking it higher than the 1 in 
20 year event that the data would suggest. This is particularly curious in the light of the 
unexpectedly low value for the Sandford Lock tailwater level (Figure 7) and there has been 
speculation that obstruction of the floodplain by this bunded lake was a contributory factor 
in exacerbating a local flooding problem.  

 

INCREASING FLOOD RISK FROM OTHER SOURCES 

Local developments in recent years in the vicinity of Radley Lakes include the Quadrant 
Science Park and the Abingdon Leisure and Tennis Centre both built on the floodplain.  
The associated buildings and hard surfaces have reduced the available floodplain area, 
reduced absorption into groundwater causing run-off, thereby increasing flood risk in an 
area very close to Lakes E and F.  

Flooding risk is increasing everywhere due to more extreme weather events resulting from 
climate change. 

Two proposed schemes will also increase flood risk in this area of the Thames Valley: 

The Environment Agency is proposing to provide a ‘Flood Relief Channel’ around 
Oxford. This will speed the flow of water around Oxford into downstream areas increasing 
their flooding risk.  A similar flood relief channel around Maidenhead, opened in 2003, is 
blamed for flooding downstream at Staines and Chertsey in the same year. 

                                                
19

 Assessment of the Leaching Risk to the Environment from the use of Pulverised Fuel Ash (PFA), UK Quality Ash 

Association (January 2003) 

www.ukqaa.org.uk/Environment/Environmental%20Risk%20Assessment%20January%202003.pdf 
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The Environment Agency has been consistent in opposing the building of structures on the 
floodplain in accordance with PPG25 guidelines.  It is quite unacceptable to further 
increase flood risk in the built up areas of Abingdon and Radley, by removing further large 
areas of floodplain as will occur if the plan to construct massive bunds around Lakes E 
and/or F is approved. 

 

RECOMMENDATIONS 

An independent detailed hydrological study of surface and groundwater should be carried 
out to model river flow in times of flood taking account of: 

• The bunded lakes at Radley 

• Local building developments on the floodplain in the vicinity 

• The Oxford Flood Relief Channel 

• More extreme rainfall conditions than have been experienced hitherto 

• The filling of either or both of Lakes E and F as proposed by RWE Npower. 

• The additional flood risk from the combined effect of the above factors. 

• The effects, on local groundwater dispersion of the four lakes sealed off by clay 
bunds, in the whole area west of the main railway line. 

• The associated effects on drainage of the surrounding land, with the impact of 
an additional bunded lake on the site of E, and associated land reprofiling, 
included. 

• The potential benefits offered by the existing Lakes by way of protection during 
times of flooding.  

 

The hydrological connectivity between areas to the north and south of the bunk line should 
be maintained as a means of enhancing flood mitigation and protection provided by the 
lakes. The existing drainage culverts should be cleared of blockages, and obstructions on 
the floodplain removed. In this way, the Lakes should be made part of the operational 
flood plain and thereby provide flood-risk mitigation for the area. 

The final restoration levels for Lake H/I should be reviewed against PPG25 and PPS25 
criteria and modified to allow the connectivity that would otherwise now exist with land to 
the north. 

 

CONCLUSIONS 

It is concluded that there is a significantly increased long-term flood risk caused by (i) the 
removal of either or both of the existing lakes, E and F, whose surfaces are manifestly in 
the natural flood plain, and (ii) the construction of a huge (12 ha) raised impermeable 
structure to serve as a disposal site for PFA. This is unacceptable, particularly in the light 
of the ever increasing risk due to climate change and additional future risks due to 
proposed large-scale hydraulic engineering projects, which will affect the Thames in this 
region, and is contrary to Government Planning Policy Guideline PPG25.  
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Also, since we have concluded that the development is in Zone 3, as defined by Planning 
Policy Statement 25, subject to the development (ie future restoration) at Lake H/I being 
made compliant with PPG25 and PPS25.  

We therefore present these as reasons for objection to the current planning applications 
by RWE NPower to fill either or both lakes ‘E’ and ‘F’ with PFA.  
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APPENDIX A Historic Flood Levels at Abingdon and Sandford Locks 

Table A1  Peak flood levels supplied by the Environment Agency, with additional data for 1979, 1994, 
2000 and 2003 included. 

 
Down Peak 

Date 
Down Read 

m 
Up  

Read m 
Site 

Rank 
16/11/1894 51.84 54.258 1 

18/03/1947 51.81 54.178 2 

12/12/1929 51.64 53.948 3 

18/02/1900 51.58 53.898 4 

01/03/1933 51.58 53.848 5 

04/01/1926 51.56 53.828 6 

05/01/2003 51.613 53.677 7 

09/02/1940 51.56 53.798 8 

19/06/1903 51.48 53.948 9 

21/01/1918 51.53 53.798 10 

02/01/1915 51.51 53.828 11 

11/02/1904 51.48 53.878 12 

18/12/1910 51.48 53.848 13 

04/01/1925 51.51 53.748 14 

05/01/1928 51.51 53.748 14 

29/01/1939 51.51 53.728 16 

08/12/1960 51.53 53.648 17 

24/01/1959 51.51 53.698 18 

01/12/1954 51.51 53.668 19 

02/04/1916 51.46 53.748 20 

21/11/1935 51.46 53.648 21 

30/12/1935 51.46 53.648 21 

30/11/1946 51.46 53.648 21 

15/12/2000 51.44 53.588 24 

23/01/1912 51.41 53.668 25 

23/03/1919 51.43 53.598 26 

03/02/1904 51.33 53.878 27 

15/12/1979 51.43 53.57 28 

12/04/1920 51.41 53.618 29 

12/12/1954 51.43 53.548 30 

15/12/1907 51.38 53.648 31 

26/01/1960 51.43 53.498 32 

04/02/1943 51.41 53.548 33 

05/01/1951 51.43 53.468 34 

20/02/1915 51.38 53.598 35 

26/12/1916 51.43 53.398 36 

29/01/1958 51.48 53.118 37 

25/10/1960 51.38 53.368 38 

13/02/1950 51.36 53.418 39 

24/02/1919 51.33 53.498 40 

01/03/1937 51.33 53.498 40 

03/11/1958 51.48 53.068 42 

11/07/1968 51.36 53.318 43 

27/02/1977 51.33 53.39 44 

21/12/1965 51.36 53.268 45 

12/11/1950 51.36 53.188 46 

15/12/1936 51.43 52.938 47 

29/01/1961 51.46 52.838 48 

17/02/1951 51.41 52.958 49 

21/12/1952 51.36 53.068 50 

08/01/1994 51.345 53.103 51 

12/01/1961 51.33 53.138 52 

23/03/1951 51.33 53.088 53 

03/11/1924 51.41 52.858 54 

22/01/1962 51.36 52.988 55 

25/11/1939 51.33 53.068 56 

14/03/1951 51.41 52.808 57 

18/03/1951 51.41 52.758 58 

10/03/1952 51.36 52.808 59 

01/01/1892 51.36 52.758 60 

26/02/1961 51.36 52.758 60 

29/01/1940 51.31 52.888 62 

20/12/1958 51.33 52.788 63 
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APPENDIX B Levels Survey Reports 

RADLEY LAKES GROUND LEVEL SURVEY 10 APRIL 2006 

Report on the First Survey 

ABINGDON ARCHAEOLOGICAL GEOPHYSICS 
4 Sutton Close, Abingdon, Oxon OX14 1ER 

tel. 01235 529720 website www.archaeologicalgeophysics.co.uk 

 

 

Radley Lakes – levels 

 

I have been asked to ascertain the levels of the surface of the cycle route which follows the line of 

the old railway line in this area. I have also been asked to find the levels of the drainage culverts 

which drain a raised ash settling area and of the culverts which go under the former railway line. 

 

I used an automatic level and carried out the surveys on 2nd and 5th March 2006.  

 

The levels in metres above the Ordnance Survey datum in Newlyn, taken from the bench mark on 

the abutment of the railway bridge over the Thames, were:- 

 

1. River bank under bridge    51.587 

2. River bank approx 10m west of bridge 51.957 

3. Bottom of west culvert    51.695   

3. Top of west culvert    52.497   

4. Bottom of east culvert   51.670   

4. Top of east culvert    52.490   

5. Concrete surface of railway crossing 52.784  

6. Track surface E of crossing 52.151   

7. Culvert S side bottom 50.795   

7. Culvert S side top    51.580   

8. Culvert N side bottom   51.333   

8. Culvert N side top    51.602   

9. Second culvert S side top underside 51.438      

10. Track surface 52.155   

11. Track surface    52.103   

12. TBM east barrier    52.363   

13. Track surface W of crossing 52.383   

14. TBM on gatepost S of track 52.143   

15. Track surface    52.306   

16. Track surface 52.270   

17. Track surface 52.141    

18. TBM on west barrier   52.705   

 

I trust that this is adequate for your needs and that you will let me know if you need more details. 

 

Roger Ainslie 

Abingdon Archaeological Geophysics 

6 March 2006 
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LEVELS SURVEY IN THE REGION OF THE BUNK LINE CARRIED OUT ON 2ND AND  
5TH MARCH 2006 

 

 
 

 

 

Figure 13  Locations of the 18 locations at which levels were surveyed in March 2006 
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RADLEY LAKES GROUND LEVEL SURVEY 10 APRIL 2006 

Preliminary Report on the Second Survey 

 
Notes:  

1. Survey methodology as described above. 
2. Dr Bob Eeles and Dr Basil Crowley assisted in the survey. 
3. Location data convert to SU grid references by removal of first digit from the coordinates. 

 
Location    height AOD (m) 
 
Along raised motor cycle/abandoned car area 
 

E 452225.3 
N 197295.5   52.400 

 
E 452232.8 
N 197285.8   52.548 

 
  452187.2 

N 197280.0   52.583 
 

E 452192.6 
N 197269.3   52.593 

 
E 452166.8 
N 197260.3   52.689 

 
E 452160.7 
N 197270.5   52.543 
 
E 452132.7 
N 197259.3   52.719 
 
E 452136.4 
N 197249.4   52.665 
 
E 452107.2 
N 197238.4   52.627 
 
E 452104.7 
N 197248.5   52.596 

Down between lake and pond 
 
E 452118.1 
N 197227.3   52.245 
 
E 452162.7 
N 197202.2   52.051 
 
(TBM on fence     52.852) 
 
E 452189.7 
N 197185.0   51.855 
E 452178.0 
N 197200.3   51.969 
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West along Sustrans path 
 
E 452049.4 
N 197247.1   52.078 
 
E 452020.9 
N 197240.3   52.110 
 
E 452000.9 
N ?197238?   52.007     (GPS shaded by trees) 
 
E 451971.3 
N 197227.0   52.136 
 
E 451950.0 
N 197225.7   52.117 
 
E 451919.7 
N 197218.1   52.126 
 
E 451909.3 
N 197214.6   52.191 
 
(stone block TBM 53.013 compares with expected 53.051 indicating 38mm error in approx 45 
readings to do the circle – ie approx 0.8mm per reading) 

 
 
Roger Ainslie 
11 April 2006 
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RADLEY LAKES GROUND LEVEL SURVEY 29 APRIL / 1 MAY 2006 

Preliminary Report of Third Survey20 

 
Notes:  

1. Surveys carried out on 29
th
 April and 1

st
 May 2006 

2. Survey methodology as described above. 
3. Dr Bob Eeles assisted with the Survey. 
4. GPS location data given as national grid references in SU square. 
5. Map referred to is Figure 13 above. 
6. Locations marked * are not at ground level. 

 
Location     height AOD (m) 
 
1. Proceeding in an easterly direction along BOAT No 9 (Old Drove Road) south of Lake F to north of the 

old railway embankment, now Sustrans cycle track. 
  
*TBM stone block (point 13 on map)  53.051 
 

E 51907.1 
N 97221.9   51.470 

 
E  51972.0 
N 97232.5   51.812 

 
E 52030 
N 97249    51.631 

 
E 52087 
N 97268    52.017 

 
60m along    51.721 

 
15m from end    52.223 

 
*TBM at end (point 12 on Map)  52.382 (compares with previous 52.363 

       ie 0.019m difference) 
 
2. Ground levels in grounds of Thrupp cottages 
 

Garden     52.166 
Near house    52.324 

 
3. Various points along southern side of Lake F to north of BOAT 
 
*TBM eastern end of track (12)   52.363 
 

E 52211.4 
N 97327.3   52.174 
 
E 52191.6 
N 97344.5   52.169 
 
E 52191.6 
N 97344.3 bank   52.048 
.. ..  water surface   51.498 
 

                                                
20

 with one earlier typographical error, concerning point at W end of isthmus, corrected. 
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E 52197.6 
N 97320.2   52.224 
 
E 52169. 
N 97307.0   52.063 
 
E 52123.8 
N 97291.9   52.210 
 
E 52067.2 
N 97270.7   52.131 
 
E 52037.8 
N 97266.8   52.040 
.. ..  water surface   51.502 
 
E 52018.6 
N 97261.5   52.138 
 
E 51976.3 
N 97271.3   51.915 
 
E 51980.0 
N 97278.7   51.894 
 
E 51954.9 
N 97271.3   52.124 
 
E 51920.0 
N 97248.7   52.241 
 
E 51874.6 
N 97236.0   52.680 
 
TBM stone block (13)   53.030 (compares with expected 53.051 
       ie   0.021m difference) 

 
4. Levels at various points proceeding clockwise around Lake F from TBM (point 13) along western side of 

Lake F and then along isthmus between lakes and down eastern side to TBM at point 12. 
 

*TBM stone block (13)   53.051 
 

E 51885.5 
N 97242.2   52.421 
 
E 51933.2 
N 97276.6   52.21 
 
E 51976.8 
N 97305.3   51.949 
 
(W end of isthmus) 
E 51995.8 
N 97327.8   51.968 
.. ..  water surface   51.525 
 
water level, Lake F   51.518 
 
water level, Lake E   51.554 
 
E 51994.3 
N 97355.8   51.897 
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water level, Lake F   51.524 
 
E 52026.0 
N 97369.1   51.955 
 
E 52055.6 
N 97375.0   52.198 
 
E 52076.7 
N 97385.3   52.268 
 
E 52094.8 
N 97385.7   52.051 
 
E 52129.1 
N 97401.6   52.075 
water level, Lake F   51.475 
 
 
 
 
E 52161.4 
N 97413.5   52.028 
 
(E end of isthmus) 
E 52189.3 
N 97402.1   52.521 
 
(On BOAT (N-S)) 
E 52209.4 
N 97373.4   52.576 
 
E 52216.8 
N 97326.4   52.226 
 
*TBM east end of track (12)  52.322 (compares with expected 52.363 
       ie  0.041m difference – water levels 
       could help resolve errors) 
 

 
 
Roger Ainslie 
4 May 2006 
 



Evaluation of increased flood risk …                                                                                            Report No. SRL/FP/001.8a (14/06/2006) 
 
 

 
Page 41 of 44 

 
© SAVE RADLEY LAKES 2006 

 
 

APPENDIX C Notes on Survey Methodologies 

 

Benchmarking. 

All the surveys commissioned by Save Radley Lakes and carried out by Abingdon Archaeological 
Geophysics (AAG) used conventional levelling techniques, rather than using a satellite-based system, and 
are referred to the OS benchmark at Nuneham Bridge. Whilst the Ordnance Survey no longer maintains 
benchmarks, it is considered unlikely that this one will have moved, as otherwise the railway trains running 
over the Nuneham bridge and embankment will have noticed it.  
  
Using a benchmark near the site has the advantage that, for the issue of large-scale geological movement, 
tilting of the British Isles and continental drift, such movement will have affected the river system and the 
benchmark more or less equally, as they are in close relative proximity. 
   
Historic flood level data would have been recorded according to the OS benchmarks, using conventional 
methods. Therefore, provided that the benchmarks have not moved, this cuts out the steps and potential 
errors of relating satellite information to the OS Newlyn base. It also removes additional sources of error 
which could occur if an airborne data collection system is used.  
  
We have asked the applicants for details of how they obtained their levels data and have offered to carry out 
a joint survey with them to resolve any discrepancies or uncertainties, but a response has not yet been 
received. We would, of course, be willing to assist the County Council’s surveyors should they wish to carry 
out a check survey to resolve any conflicts.  
 

 

Survey Techniques and Levelling Accuracy 

An automatic level with a 30x magnification was used together with a GPS system, a Trimble Pathfinder 
proXR with a Recon handheld computer running Pocket Fastmap. This obtains readings from satellites and 
then uses an adjustment provided by radio beacons to improve accuracy to sub-metre levels, and then 
transforms them onto OS national grid co-ordinates and heights. 
 
Each step along a traverse consists of a foresight reading and a backsight reading between two successive 
locations of the staff. The main sources of error are (i) instrument levelling error and (ii) sighting errors and 
(iii) staff verticality. Sighting and instrumental levelling errors are proportional to the sighting distance, which 
is generally chosen to try to limit such errors to less than ~2 mm per reading. A 30x magnification theodolite 
was used. This gives smaller sighting errors per unit distance than might normally be the case. Instrument 
levelling errors are presumed to be small and will tend to cancel out. The third source of error is due to not 
holding the staff precisely vertical. A deviation of 5° from vertical represents an increase of 6mm in the 
measured height at 1.5m from the ground. This translates to an overall systematic error on a traverse of   

-½<θ
2
>∆h  where  <θ

2
> is the mean square deviation from vertical (with the angle measured in radians) and 

∆h is the rise over the traverse. This is estimated to be typically < ~ 0.5% of any height change, and so can 

be safely ignored when surveying reasonably level ground, as at the Radley Lakes. Since the height 
variation is 1 metre overall, the maximum error is < 5 mm. There is also a random component of this error 

whose variance is equal to  ½L2
VAR(θ

2
) = ½L2

(<θ
4
> -<θ

2
>

2
)  where L  is the working height of the 

theodolite. For L  = 1.5m, this would represent a standard error of between 2 mm and 11 mm per step, 

corresponding to  [VAR(θ
2
)]

1/4
  between 2° and 5°. The ability to hold the staff vertical, unaided, depends 

partly upon visual cues, such as the presence of visible vertical or horizontal structures. In the absence of 
these, or when among trees, for example, that are growing at various angles, the errors will be greater.  This 
is a possible explanation of why the errors increased on the traverse around the isthmus (41mm in 15 steps) 
an area of uneven ground, which is largely populated by crack willows growing at a variety of angles, and 
where views of the horizon would have been obscured. If such errors are random, ie as likely to be too low 
as too high, then the errors add quadratically, and the likely error along a traverse increases with the square 
root of the number of steps.  
 

The standard error along a traverse of N steps is therefore √{N(½L2
 VAR(θ

2
)+ s 2

<d2
>)} where s  is the 

sighting error per unit distance and  <d2
> is the mean square sighting distance. 
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The height of the western TBM (Figure 13, point 13) is determined, by means of a closed traverse, to be 
placed to an accuracy probably within 2cm relative to the permanent OS benchmark. Other levels, along the 
lakeside paths, between this and the western benchmark (Figure 13, point 12) are determined within 2 cm of 
this, giving a typical standard error of between 3 cm and 3.5 cm; and the largest error on a traverse was 
around the isthmus (4 cm) though these particular data could be corrected by referring to the lake water 
levels, which were measured at intervals. The maximum standard error on any measured height is thus 
estimated to be 4.5 cm. 
 
Using the GPS system, for approximately 5 minutes, on the railway benchmark, gave a range of vertical 
heights of some 3.6 metres, using signals from 6 satellites and an Hdop

21
 of 1.3. During this period, the 

apparent horizontal movement, as different satellites were viewed, was less than 0.2m. Looking at the most 
frequent readings and correcting for the height of the pole carrying the receiver, gave a height of 51.9m ODN 
compared with the known 53.65m.  
 
The portable GPS system is therefore considered useful for horizontal location, but less good for determining 
heights, indeed quite unsuitable for our present purposes, for which centimetre accuracy is required. 
 
Whilst we suspect there may be methods of getting good height readings from satellites, we suspect that 
they will involve complex kit and having a receiver in a single position for a long time. 
 
However we doubt if the benchmark on the railway abutment has moved much relative to the adjoining river, 
since it was put in place, and we understand that here we are looking at the relationship of the height of the 
river flood on adjoining land so factors such as the tilting of the UK since the last Ice Age and the continental 
drift do not concern us in this limited area 
. 
We have no great knowledge of airborne topological survey methods, eg, as apparently used by the 
Applicant, but would have thought that for a levels survey needing readings to, say, 10cm accuracy, one 
would need to know the absolute height of the aircraft to within 0.1m as each reading is made; or be able to 
use reference points on the ground of known heights at fairly frequent intervals – how these are established 
is another matter. 
 
Airborne LIDAR, the method we suspect was employed by the Applicant, is typically quoted as being 
accurate to  ±150mm and is susceptible to additional errors due to varying groundcover, vegetation etc. It is 
difficult to understand how such data can be considered preferable to ours, especially as these data also 
appear to be quite old, with some traceable back to 1991. 

                                                
21

 A measure of the usefulness of the spacing of the satellites – low is good and above 4 is unacceptable. 
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APPENDIX D Compilation of Levels Survey Data for Area to South of Lake E. 

 

Table C1: The following table is a compilation of all the survey data (from Appendix B) for 
the area immediately to the south and southwest of Lake E. 

Survey 
Ref

22
 

Point 
# 

SU National Grid 
Reference 

Height Data group (barrier zone) Comments 

  E N 
AOD 
(m) 

  

3rd/1 1 51.9071 97.2219 51.47 BOAT SW of Lake F W end 

3rd/1 2 51.972 97.2325 51.812 BOAT SW of Lake F  

3rd/1 3 52.03 97.249 51.631 BOAT S of Lake F  

3rd/1 4 52.087 97.268 52.017 BOAT S of Lake F  

3rd/1 5   51.721 BOAT S of Lake F 60m along 

3rd/1 6   52.223 BOAT S of Lake F 15m from E end 

3rd/3 7 52.2114 97.3273 52.174 Land S of Lake F E end 

3rd/3 8 52.1916 97.3445 52.169 Land S of Lake F  

3rd/3 9 52.1916 97.3443 52.048 Land S of Lake F bank 

3rd/3 10 52.1976 97.3202 52.224 Land S of Lake F  

3rd/3 11 52.1694 97.307 52.063 Land S of Lake F  

3rd/3 12 52.1238 97.2919 52.21 Land S of Lake F  

3rd/3 13 52.0672 97.2707 52.131 Land S of Lake F  

3rd/3 14 52.0378 97.2668 52.04 Land S of Lake F  

3rd/3 15 52.0186 97.2615 52.138 Land S of Lake F W end 

3rd/3 16 51.9763 97.2713 51.915 Land W of Lake F  

3rd/3 17 51.98 97.2787 51.894 Land W of Lake F  

3rd/3 18 51.9549 97.2713 52.124 Land W of Lake F  

3rd/3 19 51.92 97.2487 52.241 Land W of Lake F  

3rd/4 20 51.8746 97.236 52.68 Land W of Lake F  

3rd/4 21 51.8855 97.2422 52.421 Land W of Lake F  

3rd/4 22 51.9332 97.2766 52.21 Land W of Lake F  

3rd/4 23 51.9768 97.3053 51.949 Land W of Lake F  

3rd/4 24 51.9958 97.3278 51.968 Isthmus W end of isthmus 

3rd/4 25 51.9943 97.3558 51.897 Isthmus  

3rd/4 26 52.026 97.3691 51.955 Isthmus  

3rd/4 27 52.0556 97.375 52.198 Isthmus  

3rd/4 28 52.0767 97.3853 52.268 Isthmus  

3rd/4 29 52.0948 97.3857 52.051 Isthmus  

                                                
22

 Survey reference: 1st denotes the survey carried out on 2 & 5 April 2006; 2
nd

 survey is that carried out on 10
th

 April 

2006; and 3rd that carried out on 29th April and 1st May 2006. Subsequent number denotes a section or datum point 

within each survey report (Appendix B).  
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Survey 
Ref

22
 

Point 
# 

SU National Grid 
Reference 

Height Data group (barrier zone) Comments 

  E N 
AOD 
(m) 

  

3rd/4 30 52.1291 97.4016 52.075 Isthmus  

3rd/4 31 52.1614 97.4135 52.028 Isthmus  

3rd/4 32 52.1893 97.4021 52.521 Isthmus E end of isthmus 

3rd/4 33 52.2094 97.3734 52.576 BOAT E of Lake F N end 

3rd/4 34 52.2168 97.3264 52.226 BOAT E of Lake F S end 

2nd 35 52.2253 97.2955 52.4 Raised area S of cycleway  

2nd 36 52.2328 97.2858 52.548 Raised area S of cycleway  

2nd 37 52.1872 97.28 52.583 Raised area S of cycleway  

2nd 38 52.1926 97.2693 52.593 Raised area S of cycleway  

2nd 39 52.1668 97.2603 52.689 Raised area S of cycleway  

2nd 40 52.1607 97.2705 52.543 Raised area S of cycleway  

2nd 41 52.1327 97.2593 52.719 Raised area S of cycleway  

2nd 42 52.1364 97.2494 52.665 Raised area S of cycleway  

2nd 43 52.1072 97.2384 52.627 Raised area S of cycleway  

2nd 44 52.1047 97.2485 52.596 Raised area S of cycleway  

2nd 45 52.1181 97.2273 52.245 Old track between H and I N end 

2nd 46 52.1627 97.2022 52.051 Old track between H and I  

2nd 47 52.1897 97.185 51.855 Old track between H and I S end 

2nd 48 52.178 97.2003 51.969 Old track between H and I  

1st/12 53   52.363 Cycleway S of Lake F TBM E end 

1st/11 52   52.103 Cycleway S of Lake F No accurate location 

1st/10 51   52.155 Cycleway S of Lake F No accurate location 

1st/8 50   51.602 Cycleway S of Lake F Culvert top, N side 

1st/7 49   51.58 Cycleway S of Lake F Culvert top, S side 

2nd 54 52.0494 97.2471 52.078 Cycleway S of Lake F  

2nd 55 52.0209 97.2403 52.11 Cycleway S of Lake F  

2nd 56 52.0009 97.238 52.007 Cycleway S of Lake F GPS shaded by trees 

2nd 57 51.9713 97.227 52.136 Cycleway SW of Lake F  

2nd 58 51.95 97.2257 52.117 Cycleway SW of Lake F  

2nd 59 51.9197 97.2181 52.126 Cycleway SW of Lake F  

2nd 60 51.9093 97.2146 52.191 Cycleway SW of Lake F  

1st/6 61   52.151 Cycleway SW of Lake F No accurate location 

1st/5 62   52.784 Cycleway SW of Lake F Level crossing at W end 

 


