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This report has had to be prepared on the very short timescale imposed by the
consultation process. Given this, and the quantity and complexity of the data, its
findings are preliminary and do not necessarily represent the final views of
Save Radley Lakes or the author.
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EVIDENCE OF GROUND- AND SURFACE-WATER POLLUTION DUE TO THE
DISPOSAL OF PULVERISED FUEL ASH IN WORKED-OUT GRAVEL PITS AT
RADLEY
A supplementary pollution report prepared by R M G Eeles BSc (hons) PhD.

SUMMARY
This report examines the impacts on local groundwater and surface waters due to the
disposal, in worked-out gravel pits at Radley, of pulverised fuel ash (PFA) from Didcot A
Power Station. The method of disposal involves mixing the PFA with water and pumping
the resulting slurry through an 8km pipeline from Didcot to Radley and into the voids left by
gravel extraction. The water is then decanted off into local water courses, leaving the PFA
to settle in and eventually fill up the gravel pits. Two types of operation have been carried
out at Radley since 1983. Those involving the Phase 1 ‘Lakes’, A-D, in which the lakes
were not sealed or bunded, allowing leachate to escape into groundwater; and those, filled
since c2000, in which the lake contents are supposedly sealed within a layer (of 1.25m
minimum thickness) of Kimmeridge Clay. These phase 2 ‘Lakes’ comprise bunded lakes J,
P, G and H/I to the west of the mainline Oxford to Didcot railway. The results of this survey
suggest that the massive amounts of PFA already stored at Radley, in excess of 4 million
tonnes, are giving rise to a growing pollution problem in the area, and that the phase 2
lakes, H/I in particular, far from being safely sealed up, are in fact leaking contamination
into local groundwater. The level of this pollution is sufficient to cause harm to wildlife.
Discharges are found to be frequently approaching or exceeding the levels set by the
Environmental Quality Standards for the receiving water courses, even though these are
set at the lowest possible standard for the area.
EXECUTIVE SUMMARY
There have been notable impacts on local groundwater and surface waters after the
unbunded ‘Lakes’ A-D and the bunded ‘Lakes’ J, P, G and H/I were drained and filled with
pulverised fuel ash (PFA) between 1983 and 2005.
1: Surface waters (the three streams, Thrupp Water, Bruney Water and the Pumney Ditch)
currently show signs of elevated levels of contaminants (measured as conductivity µS/cm)
and the contamination occurs in the immediate proximity of PFA ‘lakes’ (whether bunded
or not). This apparent contamination decreases statistically significantly with distance from
the PFA ‘lagoons’. Permanent or semi-permanent pools next to bunded and unbunded
PFA lagoons also have atypically high conductivity values, whereas surface waters of
shorter duration a little further away (certain rainwater fed pools) exhibit ‘normal’
conductivity levels. The origin of the contaminants in surface waters is, therefore, probably
the PFA lagoons themselves. The bunded PFA lagoons appear to be ineffective in
preventing surface water (stream and pond) contamination.
Effluent water discharged into the river Thames via the Pumney Ditch is carrying
increasingly higher loads of contaminants. Levels of arsenic, boron and chromium are
increasing and now exceed the maximum permitted amounts under the terms of RWE
Npower’s discharge consent, the terms of which are already set much too leniently
considering the Thames is a Salmonate river. Quantities of almost all other measured
contaminants are also increasing in the discharged effluent. The combined effect of these
contaminants has been to reduce the habitat quality and biodiversity of this watercourse.
RWE Npower is not able to exercise any control over the quantities of contaminants it
discharges in its effluent and it would be unwise to aggravate the situation by allowing
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them to dispose of an additional 500,000 tonnes of PFA and at least an additional
1,150,000 tonnes of contaminated water into the local ecosystem.
2: Groundwater (boreholes) around the PFA lagoons (bunded or unbunded) is
contaminated with elements originating from PFA. The contamination has the same
‘chemical signature’ such as high sulphate content as is found in PFA. Groundwater
‘upstream’, to the north, is much cleaner than it is around and ‘downstream’ of the PFA
lagoons. The elemental composition of the groundwater reflects levels of contaminants in
PFA such as high levels of sulphates, which are not a significant constituent of ‘normal’
groundwater in the area. The bunded PFA lagoons appear to be ineffective at preventing
groundwater contamination. Contaminant quantities increase significantly in groundwater
once bunded PFA lagoons are built and the contamination seems to originate from these
repositories and not elsewhere, again indicating failure of the bunds to prevent
contaminants escaping into the environment.
3: Areas around ‘Lakes’ H/I and J, P and G have ‘ponded-up’ and become waterlogged
since these bunded PFA repositories were created whereas the affected areas were never
waterlogged, as deeply or for such extended periods, in the past (pers. obs.). The origin of
this ‘ponded-up’ water is, in all probability, local groundwater (originating as rainfall) with a
flow that is now impeded by the Clay bunds surrounding these PFA lagoons. There is
evidence that this ‘ponded-up’ water is also contaminated where it lays next to bunded
PFA lagoons, but it is cleaner further away.
4: The effects described here are probable impacts on the waters around Lake E if the site
is bunded and filled with PFA and the environmental consequences are likely to be more
severe given the high conservation value of Lake E and that of Lake F (which would be
dewatered and subsequently contaminated) and surrounding terrestrial and aquatic
habitats including ponds used by protected species such as great crested newts, Triturus
cristata and otters, Lutra lutra. The loading of contaminants in the Pumney Ditch would be
increased as a consequence of another 500,000 tonnes of additional PFA (and the c. 1025,000 tonnes of contaminants contained in a minimum of 1,150,000,000 litres of effluent)
being dumped in Lake E, if planning permission is approved. The capacity of the
environment to accommodate the PFA and its associated contaminants has been grossly
exceeded.
5: No research has been commissioned or undertaken looking into the impacts of dumping
millions of tonnes of PFA and billions of litres of highly contaminated water (estimated to
be a minimum of 6,210,000,000 litres) in the Radley Lakes area. A limited investigation
was undertaken by Save Radley Lakes looking at the impact on the receiving watercourse
(Pumney Ditch) of PFA effluent. The environmental impacts of so much PFA disposed of
in a single locality are likely to be highly significant yet those impacts have not been
examined. These impacts are going to last for many decades and it would be advisable if
an independent body investigated the matter before RWE Npower were allowed to worsen
the situation. Ultimately OCC is responsible for the activities undertaken by RWE Npower
at Radley yet the latter has not provided the former with accurate information on the
environmental impacts in the Radley area. Information contained in its various
‘environmental’ documents is frequently misleading, inaccurate or is insufficiently detailed
such that a true assessment of the environmental threats can be made. It has taken an
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outside organisation (SRL) to (partially) decipher the information provided by RWE
Npower, as this organisation is prone to either presenting highly technical data that it does
not interpret or providing misleading interpretations of any information that it does..
INTRODUCTION
PFA has been discharged into lakes in the Radley Lakes area since 1983. Previous
‘Lakes’ (A-D) were not bunded (and hence there is nothing to prevent the escape of toxic
substances in the ash1) whereas more recent facilities are bunded with Kimmeridge Clay.
This ‘impermeable’ barrier is supposed to prevent potential pollutants such as arsenic,
cadmium and mercury from escaping into surrounding watercourses. The environmental
consequences of placing bunded PFA repositories on the floodplain are addressed to a
limited extent in the recent Environmental Statement (ENV/057/2006, hereafter the ES)
produced by RWE Npower in connection with their 2006 planning application to fill Lake E.
It concludes that there are no significant environmental consequences as far as effects on
local water bodies is concerned2. Evidence obtained by Save Radley Lakes indicates that
the reverse is in fact the case. There is evidence of ‘unexplained’ contamination in ground
and surface waters and that groundwater flow is impeded around the PFA lagoons on the
west side of the Oxford-Didcot railway line as well as the predictable and expected
groundwater and surface water contamination where bunds were not installed to the east.
Detailed analyses of groundwater (borehole data) and surface water (data on discharged
effluent) chemistry provided by RWE Npower are hampered by the fact that the data given
in their ES (or previous documents) do not, in most instances, specify the precise chemical
form of a potential contaminant. For example, quantities of arsenic are given as µg/l but
the environmental toxicity of the amounts of this substance depend on whether or not a
proportion (an unspecified proportion) is bound, e.g., in the anionic form H2AsO4- and/or
what the overall chemical composition of the effluent is as this would determine reactivity,
solubility and buffering capacity (e.g., water hardness). Arsenic toxicity3 can be reduced by
sulphates of zinc, iron and/or aluminium and it can become insoluble but data in the ES
are non-technical in nature and hence few conclusions or predictions can be drawn about
the environmental consequences of discharging large quantities of such potentially toxic
substances into the environment. Similarly the report does not specify in which form
sulphates occur in the leachate discharged into the Pumney Ditch or in the groundwater
(boreholes). The data are given as SO42- but it is likely that sulphate will be present in the
forms K2SO4 and Na2SO4 that have different toxic effects in the environment when present
in medium to large quantities, which is the situation at Radley. Do the given quantities of
sulphate identified in laboratory tests include all forms of this substance or are the figures
only referring to sulphate as SO42- and not in its other forms? The data are, therefore, not
of a sufficiently informative nature such that any potential environmental consequences of
the contaminants within the leachate and groundwater can be properly evaluated. Finally,
quantities of elements such as mercury in the discharged effluent and escaping into the
groundwater are effectively unquantified by RWE Npower (amounts of mercury are not
1

The Radley Lakes are situated within floodplain gravels. These are highly porous (hydraulic conductivity 3 x
-4
10 m/sec, Watts, S & Halliwell, L. Eds. (1996). Essential Environmental Science. Routledge, London) and
water percolates through these gravels in a north-south direction, subject to local groundwater impedance
mainly from PFA repositories.
2
This document fails to acknowledge that H/I is built on the floodplain and acted in January 2003 to reduce
floodplain capacity leading to likely increased flood levels elsewhere along the local Thames corridor.
3
Persistence of arsenic in the environment is ‘indefinite’ and it may, therefore, remain as a permanent
th
problem. Brady NC (1990). The nature and property of soils. 10 Edition. Macmillan, New York.
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given in the borehole data in ENV/057/2006 and amounts discharged into the Pumney
Ditch, given in the 2005 application to the Environment Agency for an IPPC4 permit to
operate the existing Radley Ash Fill Site (ENV/010/2005) invariably give amounts as, e.g.,
< 0.06 µg/l) and hence there is no possibility of assessing long-term trends or the actual
amounts at any given point in time of such dangerous bio-accumulative substances
discharged or released in other ways into the environment. Modern technological
developments should ensure greater accuracy in measuring trace amounts of elements
such as mercury in PFA and I am astonished that such inaccurate data are still being
provided.
The element beryllium, one of the most hazardous toxic elements, and a recognised
constituent of coal5, is not monitored at all in the groundwater and is only estimated in the
measurements of toxins in the effluent discharged into the Pumney Ditch!
The potentially toxic substance fluoride, highly dangerous in large quantities, is not
monitored in the effluent discharged into the Pumney Ditch. Amounts of this substance
calculated here (estimated to be 9,360 kg in 2.7 million tonnes of PFA) suggest that it
might be wise to monitor discharges of fluoride in the effluent.

4

Integrated Pollution Prevention and Control
Calow, P. (Ed.). (1998). The Encyclopaedia of Ecology and Environmental Management. Blackwell
Science, Oxford.

5
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SECTION 1: SURFACE WATERS
This section discusses surface water quality in the Radley Lakes environment and uses
conductivity data measured by Save Radley Lakes and water quality data given in the ES
(ENV/057/2006) and in the IPPC Application (ENV/010/2005).
1.1: CONDUCTIVITY ALONG THRUPP WATER AND BRUNEY WATER
A series of measurements of the electrical conductivity6 (µS/cm) of local surface waters
was carried out during 2005 and 2006. This work will continue for the foreseeable future.
The locations from which these samples were taken are given in Figure 1 (red dots) and
the raw data are provided in Appendix 1.

Figure 1: Locations where water samples (conductivity) were taken (red dots), plus the location of RWE
Npower’s boreholes (light blue dots) whose data they provide in ENV/057/2006. Orange dots are locations of
additional boreholes whose data are not provided in ENV/057/2006. (In a previous map J20115/A/02,
January 2001, produced by Innogy, borehole 6 is shown (there is still a capped borehole in this location) on
the south side of Lake F, west of its position in this illustration, which corresponds to that given in
ENV/057/2006). Borehole 16 is off the map on the north side of Lower Radley village.

6

Electrical conductivity can be considered as a ‘spot-check’ measurement of the overall quantity of dissolved
substances (i.e., major ions such as calcium, sodium and potassium) in water and is a rough guide to water
quality (and see below), lower values being cleaner. Such measurements are not substitutes for water tests
on individual elements dissolved in water.
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Most waterbodies in the ‘Lake’ H/I area have conductivity levels in the low to medium
range (Lakes E and F are very clean) with values approximating the measurement in the
adjacent River Thames (c. 6-800 or lower), whereas all permanent waters sampled in the
immediate proximity of ‘Lake’ H/I have very high conductivities (+1,100 µS/cm). These
appear to indicate groundwater contamination in the vicinity of ‘Lake’ H/I. This is unlikely to
be attributable to surface water runoff as the larger ‘temporary’ rainwater fed pools along
the waterlogged east side of ‘Lake’ H/I (sample locations 35, 36 and 37 in Figure 1) have
significantly lower conductivity levels (respectively, 667, 636 and 597 µS/cm) than the
permanent pool at the southeast corner (1,148, data point 1 in Figure 1) or those along the
northern edge (1,148 µS/cm, data point 16: 2,235 µS/cm [!]7, data point 34, Figure 1).
Furthermore, the conductivity values decrease statistically significantly with distance away
from ‘Lake’ H/I along two streams (Bruney Water and Thrupp Water, Figure 1) flowing
from the east (next to and on the south side of H/I, location 2 in Figure 1) to the west
(water measurement points 3, 4, 5, 19 and 8, 22, 23, 24, 25 in Figure 1) indicating a likely
source of this contamination in the vicinity of ‘Lake’ H/I (Figure 2). There is no evidence
that contaminated water in other locations can account for these high values and borehole
data (6/6a and 8/8a, see below) indicate increasing contamination of groundwater on the
north and south side of ‘Lake’ H/I since this repository was built.

Figure 2: An apparent ‘plume’ of high conductivity (µS/cm units) in surface (stream) water increasing with
proximity to ‘Lake’ H/I and decreasing statistically significantly with distance from ‘Lake’ H/I. Data points 8
(upstream and on the northwest side of H/I) and 25 are not included in the correlation statistic for Thrupp
Water.

The relationship between conductivity values and distance from ‘source’ along the two
streams is statistically highly significant. Therefore, a reasonable explanation for the high
conductivity readings is that the bund is failing along the southern and northern sides of
H/I. This area was probably not geologically suitable for the creation of a Clay bund as the
material on site contained a great deal of shale and other coarse materials (the
Kimmeridge Clay on the southern and northeast sides of H/I was notable for enormous
quantities of the Jurassic oysters Nanogyra virgula and Deltoideum delta fragments) and
the base of the quarry is traversed by lower greensand and gravel-filled palaeo-channels
dating to the Early Devensian period (c. 70,000 years BP8). Photographic evidence (Plates
1 and 2) appears to show PFA being pumped directly onto a gravel base at H/I and no
evidence that the quarry base had been machined down to Kimmeridge Clay across much
7
8

The exceptionally high conductivity reading of 2,235 µS/cm (data point 34) is a possible cause for concern.
Uranium Series dating and faunal and floral composition.
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of the area. The palaeo-channels are, therefore, likely to still be in place as they run east
to west (left to right in Plate 1) across this image. (The main palaeo-channel underneath
H/I may be the same as the one being investigated by the author underneath Longmead
Lake to the west).

Plate 1: ‘Lake’ H/I being filled with PFA in 2002 (image taken from the northwest corner of H/I looking
south). The light-coloured material on the pit floor is gravel, apparently in-situ.

Plate 2: ‘Lake’ H/I being filled with PFA in 2002 (image taken from the northwest corner of H/I looking
east). The light-coloured material on the pit floor is gravel, apparently in-situ.
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The stream (Bruney Water) on the south side of ‘Lake’ H/I (flowing, in the distance,
between the far fence and the tree line in Plate 1) contains a large population of water
violets, Hottonia palustris, and the banks have loddon lilies, Leucojum aestivum, growing
upon them. These plants are of conservation interest and the latter is a Red Data Book
species. They may be under threat from elevated levels of the ions contributing to raised
conductivity (and groundwater contamination, see below) in this area. Recently this stream
has become stained with what may be sulfides of iron, which form in waterlogged, anoxic
soils9, as those along the south side of ‘Lake’ H/I have become since the bunds were built.
These can be toxic to plants if they remain in the unoxidised state (i.e., in the soil rather
than the oxidised (?) leachate escaping into the stream).
1.2: CONDUCTIVITY ALONG THE PUMNEY DITCH
Conductivity tests were undertaken on 9th March 2006 along the Pumney Ditch (sample
locations 26, 27, 28 and 29, Figure 1). Conductivity increases along this watercourse
(Figure 3) until it converges with the Radley Stream (conductivity = 805 µS/cm) at the PFA
effluent outfall pool (which at this time was no longer impeded as it had been for some
time: conductivity = 1,076 µS/cm). A small pool, next to but unconnected to the Pumney
Ditch (data point 32, Figure 1) had a high conductivity value of 1,090 µS/cm. Downstream
of the convergence between the Pumney Ditch and the PFA effluent outfall channel (NGR
SU 527974) conductivity was lower (869 µS/cm) as the two waters had time to mix and the
raised ion concentrations from the Pumney Ditch had been diluted. The conductivity value
in the Thames a little upstream of the confluence between it and the Pumney Ditch was
695. There is, therefore, a conductivity gradient along the Pumney Ditch with increasing
conductivity statistically significantly correlated with the length of the ‘contact-zone’ along
the south side of ‘Lakes’ A-D. Contaminants escaping through the groundwater are likely
to have been percolating into the Pumney Ditch through the underlying floodplain gravels
and it would be reasonable to expect increasing amounts of contaminants with increased
contact length and duration under these circumstances. The Pumney Ditch apparently
effectively intercepts contaminants before they reach the Thames as is indicated by the
low conductivity reading of 370 µS/cm in the small lake10 between A-D and the river (data
point 34 in Figure 1).

9

Soils in this area are composed of peat covered by alluvium.
This feature is not drawn in Figure 1 as the author only has oblique aerial photographs of it.

10
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Figure 3: Increasing conductivity (µS/cm) along the Pumney Ditch as it flows along the southern side of
‘Lakes’ A-D. Data points 18 (effluent outfall pool), 30 (Pumney Ditch) and 31 (Radley Stream) are not
included in the correlation statistic. Connectivity of watercourses is indicated by the dotted lines.

1.3: PUMNEY DITCH PFA EFFLUENT OUTFALL POOL
Data given in ENV/057/2006 and ENV/010/2005 indicate that levels of arsenic, boron and
chromium in the PFA effluent water discharged into the Pumney Ditch are above the,
respective, ‘trigger levels’ as determined by the Environment Agency (Figures 4, 5 and
6)11. ENV/057/2006 does not provide data for 2005 and these are to be found in
ENV/010/2005. Quantities of most contaminants tested are increasing and are now
exceeding the ‘trigger levels’, by a significant margin with respect to arsenic (by almost
250% - Figure 4). They also frequently exceed the Environmental Quality Standard (EQS
1 and 2) applied by the Environment Agency12 and often greatly exceed drinking water
standards/’screening values’.
In spite of claims by RWE Npower to the contrary, i.e., “The concentration of trace
elements in leachate from ash is typically similar to or lower than that found in drinking
water” (ENV/057/2006, page 12. section 1.4.2.) levels of trace elements are very high
(often alarmingly high) compared to Environmental Quality Standards (1 and 2), ‘trigger
levels’ and drinking water standards/’screening values’ (see Figures 7-14, below). This
statement is patently a falsehood (see above and below) and RWE Npower should be
castigated for making it.
With continual increases in quantities of PFA disposed of at Radley correspondingly more
contaminants arrive and are discharged into the same location, which has suffered a
marked decline in environmental quality and biodiversity as a direct result. It appears to be
the case that RWE Npower is not able to control the quantities of these substances it
releases into the environment. They produce a large amount of effluent, which they cannot
store indefinitely on site. This apparently increasingly ‘toxic brew’ can only be discharged
through the same outlet; the river Thames via the Pumney Ditch. The addition of an
estimated 500,000 tonnes more PFA and c. 1,150,000,000 more litres of contaminated
11

RWE Npower are obliged to inform the Environment Agency when trigger levels are breached but not
necessarily obliged to do anything about it.
12
Although these are stricter regulations than trigger levels no action is necessarily taken by either RWE
Npower of the Environment Agency if they are breached.
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water (in Lake E) can only increase the scale of the problem because the associated
effluent will also be discharged into the same location and more PFA will increase the
concentration of contaminants in the PFA repositories still further. The Radley Lakes
environment is saturated with a range of toxic materials emanating from PFA and RWE
Npower have already exceeded their capacity to deal with the problem.

Figure 4: Quantities of arsenic (µg/l) discharged into the Pumney Ditch and the river Thames between
2000 and 2005. The horizontal black line is the trigger level, i.e., the consented upper limit as determined by
the Environment Agency. The UK drinking water standard/’screening value’ maximum limit is 10 µg/l as
given in ENV/010/2005 and ENV/057/2006 but it is not possible to illustrate that here. The EQS 1&2
(Environmental Quality Standard) for 100–150 mg/CaCO3/l maximum limit for arsenic is drawn as the red
horizontal line. EQS 1: most sensitive aquatic life. EQS 2: less sensitive aquatic life.

Figure 5: Quantities of boron (µg/l) discharged into the Pumney Ditch and the river Thames between 2000
and 2005. The horizontal black line is the trigger level, as determined by the Environment Agency, given in
ENV/057/2006. The UK drinking water standard/’screening value’ maximum limit is 1000 µg/l as given in
ENV/010/2005 and ENV/057/2006. The EQS 1&2 (Environmental Quality Standard) for 100–150
mg/CaCO3/l maximum limit for boron is drawn as the red horizontal line. EQS 1: most sensitive aquatic life.
EQS 2: less sensitive aquatic life.
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Figure 6: Quantities of chromium (µg/l) discharged into the Pumney Ditch and the river Thames between
2000 and 2005. The horizontal black line is the trigger level, i.e., the consented upper limit as determined by
the Environment Agency, given in ENV/057/2006. The UK drinking water standard/’screening value’
maximum limit is 50 µg/l as given in ENV/010/2005 and ENV/057/2006. The EQS 1 and 2 (Environmental
Quality Standard) for 100–150 mg/CaCO3/l maximum limit for chromium are drawn as the red horizontal
lines. EQS 1: most sensitive aquatic life. EQS 2: less sensitive aquatic life.
The ‘background’ level of arsenic in river Thames water (as measured at Appleford) is <
0.8 µg/l and approximates < 15 µg/l in the local boreholes. For boron and chromium the
values from the Thames are, respectively, ~ 140.7 µg/l and ~ 0.73 µg/l (estimated means
from data given in Tables 7.2 and Appendix 7D; ENV/057/2006 but individual boreholes
are variable). The high levels of arsenic in the effluent discharged into the Pumney Brook
originates almost entirely from water in contact with PFA in the various lagoons at Radley.
Arsenic is one of a number of contaminants within this effluent water and the biological
consequences of such pollution need to be addressed on the basis that the effects on the
local biota are likely to be significantly magnified due to bioaccumulation in the
environment. Evidence exists (SRL/WE/002)13 for a significant reduction in biodiversity in
the PFA effluent outfall pool (see below). The environmental effects of these toxins should
be assessed in terms of their combined effects rather than on an individual element by
individual element basis. On three occasions discharge levels of arsenic have exceeded
‘trigger levels’ (Feb 2003, Jan 2004, Jan 2005) most spectacularly, in 2005, when 491 µg/l
were measured in the effluent discharged into the Pumney Ditch14. Boron has exceeded
‘trigger levels’ on three occasions and chromium on 11 occasions, these figures apply up
to January 2005, as RWE Npower do not provide more recent data in the recent ES, and
only included data up to 2004 (the 2005 data are to be found in the 2005 report. The
trends in the data indicate that continual increases in quantities of most contaminants can
be expected. Increasing quantities of elements such as arsenic are being disposed of with
the PFA at Radley. Larger quantities are arriving than are being discharged into the
Pumney Ditch (see below). The situation is analogous to turning the bath taps on full and
partially blocking the plughole.

13

Unusually, the alder, Alnus glutinosa, trees planted near ‘Lakes’ A-D by a local farming family died and this
might be explained by high levels of contaminants in the groundwater. An Npower employee explained these
deaths as probably being due to waterlogging (pers. comm. to D. Frearson), which is of course nonsense as
these trees thrive in very wet to waterlogged and are not found anywhere else. Hybrid poplar trees in the
same area appear to suffer from brittle wood as the tops of many broke off during high winds recently, yet
other plantation poplars further away suffered no such effects.
14
The results of laboratory analyses become available after the effluent has been released into the
environment. There are, therefore, no preventative measures in place, which could protect the environment
from the excessive quantities of toxins RWE Npower discharges into the Thames.
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Figure 7: Quantities of manganese (µg/l) discharged into the Pumney Ditch and the river Thames between
2000 and 2005. The horizontal line is the UK drinking water standard/’screening value’ maximum limit as
given in ENV/010/2005 and ENV/057/2006. The EQS 1 & 2 (Environmental Quality Standard) for 100–150
mg/CaCO3/l maximum limit for manganese is drawn as the red horizontal line. EQS 1: most sensitive
aquatic life. EQS 2: less sensitive aquatic life.

Figure 8: Quantities of calcium (µg/l) discharged into the Pumney Ditch and the river Thames between
2000 and 2005. The horizontal line is the UK drinking water standard/’screening value’ maximum limit (as
250 mg/l) given in ESID13, ENV/010/2005. ENV/057/2006 (Appendix 7E) states that there is no 2000
drinking water standard for calcium and that the 1989 DWS was 250,000 µg/l.

Figure 9: Quantities of magnesium (µg/l) discharged into the Pumney Ditch and the river Thames between
2000 and 2005 given (as mg/l) in ENV/010/2005 (ESID 13). The UK drinking water standard/’screening
value’ maximum limit is shown as the horizontal black line. ENV/057/2006 (Appendix 7E) states that there is
no 2000 drinking water standard for magnesium and that the 1989 DWS was 50,000 µg/l.
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Figure 10: Quantities of cadmium (µg/l) discharged into the Pumney Ditch and the river Thames between
2000 and 2005. The horizontal red and black line is the UK drinking water standard/’screening value’
maximum limit given in ENV/010/2005 and ENV/057/2006 and the EQS (Environmental Quality Standard) for
100–150 mg/CaCO3/l maximum limit for cadmium. EQS 1: most sensitive aquatic life. EQS 2: less sensitive
aquatic life.

Figure 11: Quantities of sulphate (mg/l) discharged into the Pumney Ditch and the river Thames between
2000 and 2005. The horizontal line is the UK drinking water standard/’screening value’ maximum limit as
given in ENV/010/2005 and ENV/057/2006.

Figure 12: Quantities of vanadium (µg/l) discharged into the Pumney Ditch and the river Thames between
2000 and 2005. The horizontal line is the UK drinking water standard/’screening value’ maximum limit as
given in ENV/010/2005. Data for vanadium are not given in ENV/057/2006. The EQS 1 & 2 (Environmental
Quality Standard) for 100–150 mg/CaCO3/l maximum limit for vanadium is drawn as the red horizontal line.
EQS 1: most sensitive aquatic life. EQS 2: less sensitive aquatic life.
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Figure 13: Quantities of potassium (µg/l) discharged into the Pumney Ditch and the river Thames between
2000 and 2005. The UK drinking water standard/’screening value’ maximum limit is given in ENV/010/2005
as 12 mg/l (horizontal black line). ENV/057/2006 (Appendix 7E) states that there is no 2000 drinking water
standard for potassium and that the 1989 DWS was 12,000 µg/l.

Figure 14: Quantities of molybdenum (µg/l) discharged into the Pumney Ditch and the river Thames
between 2000 and 2005. The horizontal line is the World Health Organisation drinking water standard as
given in ENV/010/2005. ENV/057/2006 states that there is no drinking water standard/’screening value’ for
molybdenum.

Figure 15: Quantities of sodium (µg/l) discharged into the Pumney Ditch and the river Thames between
2000 and 2005. These values are below the UK drinking water standard/’screening value’ maximum limit as
given in ENV/010/2005 (200 mg/l) and ENV/057/2006 (200,000 µg/l).
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Were there a dilution effect accounting for the varying amounts of contaminants in the
effluent discharged into the Pumney Ditch (i.e., lower values in the middle parts of each
data series’) one would expect all contaminants to vary (i.e., to be reduced with increasing
dilution in water) at the same times. This does not occur with respect to antimony, barium
and zinc (Figures 16, 17 and 18) and hence the variations are unlikely to be explained by
a dilution factor and that we are observing real trends in the data explainable by variations
in the amount of the elements themselves in the discharged effluent water, as derived
from PFA. There is indisputable evidence for increased amounts of sulphate in the PFA
produced at Didcot Power Station between 2000 and 2005 (see below) but data given in
Table HRA3 (ENV/010/2005) are too imprecise to spot trends in composition for most
contaminants.

Figure 16: Quantities of antimony (µg/l) discharged into the Pumney Ditch and the river Thames between
2000 and 2005. The horizontal line is the UK drinking water standard/’screening value’ maximum
limit as given in ENV/010/2005. Antimony is not listed in ENV/057/2006.

Figure 17: Quantities of barium (µg/l) discharged into the Pumney Ditch and the river Thames between
2000 and 2005. These values lie below the UK drinking water standard/’screening value’ maximum limit.
ENV/010/2005 gives the drinking water standard/’screening value’ to be 1,000 µg/l. Barium is not listed in
ENV/057/2006. The EQS 1 (Environmental Quality Standard) for 100–150 mg/CaCO3/l maximum limit for
barium is drawn as the red horizontal line. EQS 1: most sensitive aquatic life.
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Figure 18: Quantities of zinc (µg/l) discharged into the Pumney Ditch and the river Thames between 2000
and 2005. ENV/057/2006 states that there is no drinking water standard/’screening value’ for zinc in 2000
but that in 1989 the DWS was 5,000 µg/l. The EQS 1 (Environmental Quality Standard) for 100–150
mg/CaCO3/l maximum limit for zinc is drawn as the red horizontal line. EQS 1: most sensitive aquatic life.
1.4: THE ENVIRONMENTAL EFFECTS OF DISCHARGING PFA EFFLUENT INTO THE
PUMNEY DITCH OUTFALL POOL
Table 1 compares past and present biodiversity in the Pumney Ditch outfall pool. (This
matter is discussed in more detail in the report ‘The Condition of the Pumney Brook
Results of Sampling the Pumney Brook PFA effluent outfall pool; an assessment of
ecological status and water quality and comparisons with its condition in the past’,
commissioned by Save Radley Lakes). The reduction in water quality and biodiversity is
attributable to the fact that this watercourse is the receiving body of all effluent derived
from PFA disposed of in the Radley Lakes environment (apart from the part that escapes
into local groundwater). This site once had a ‘high conservation value’ whereas now it is
very degraded, almost certainly as a consequence of it being the receiving watercourse for
PFA effluent.
Table 1: Comparison of conservation ‘measurements’ at the outfall pool in July 1999 and on 25th August
2005. By using the same methods and analyses as Cresswell Associates it can be seen that there has been
a dramatic reduction in the quality of this habitat as measured by taxonomic groups (Families) present.
th
Outfall Pool. July 1999 Outfall Pool. 25 August 2005
Number of species (SR)

51

15

National Conservation Score (NCS)*

64

15

National Conservation Index (NCS/SR)

1.25

1.0 (lowest possible score)

Conservation Value**

High

Low

BMWP Score

252

46

6.3

4.2

40

11

ASPT***
Families)

Score

(BMWP/Scoring

Number of Scoring Families

* NCS scores species for degrees of rarity. Common species score a single point; Local species = 2, Notable
species are Notable (b) = 4 and Notable (a) = 8. An explanation of this system is available on the Pond
Conservation Trust’s website www.brookes.ac.uk/other/oldpondaction_250102/Assessment/Method.htm
** Conservation Value is based on the value of the National Conservation Index. Low = 1.0: Medium = 1.011.19; High = 1.20-1.49; Very High = ≥1.5
*** = Average Score Per Taxon
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The following (Table 2) has been taken from the pollution report issued by Save Radley
lakes in 2005 (SRL/FP/002). It is amended here to include estimated average discharge
amounts per year and potential quantities discharged in the six-year period 2000 to 2005
are extrapolated (note that this period contained 2 leap-years = 2 extra days). It is
apparent that large quantities of the substances listed in Table 2 have been released into
the Pumney Ditch. The potential effects on aquatic organisms of some of these
substances are discussed below. The quantities given in Table 2 represent only a small
proportion of the actual amounts of these substances present in a soluble form in PFA.
The whereabouts of the ‘missing’ substances is not known, but it is likely that they still
reside within the PFA stored at Radley and that these amounts will be released at some
indeterminate stage in the future (see below for a discussion on the amounts of these and
other substances contained in PFA).
Table 2: Estimated average daily, yearly and six-yearly discharge rates for some of the monitored
contaminants in effluent water pumped into the Pumney Ditch (NGR SU 527974). Calculated from data given
in ENV/010/2005
g/day
kg/year
Kg 2000-2005

Arsenic
67
24.5
147

Boron
5,800
2,120
12,700

Cadmium
2.6
0.95
5.7

Chromium
213
77.7
467

Copper
35
12.8
77

Iron
160
58.4
350

Lead
17
6.2
37

Nickel
51
18.6
112

Zinc
54
19.7
118

The following section has been taken from the pollution report, originally issued by Save
Radley lakes in 2005 ,(SRL/FP/002) with some additional information.

1.5 TOXICITY TO AQUATIC LIFE
Aluminium. Aluminium is not monitored in the effluent discharged into the Pumney Ditch
but it is a major constituent in PFA (estimated 20,160 kg, minimum, in PFA disposed of at
Radley, Figure B11, see below) and as aluminium hydroxide (Al(OH)3) it can cause
suffocation in fish by blocking their gills4.
Arsenic. Arsenic is highly toxic and carcinogenic in low doses. Arsenic in its metabolised
form (as arsenobetaine, CH3As+CH2C00-) appears not to be very toxic to fish (which
metabolise it into this form) but is highly toxic when present as arsenites (e.g., CuHAsO3)
and arsenates (e.g., H2AsO4-). Arsenic affects molluscs at quantities as low as 10 µg/l. It
is bio-accumulative in both fish and molluscs. Levels exceed 10 µg/l by a considerable
margin in the discharged effluent (Figure 4) and under these conditions arsenic poses a
potentially serious threat to wildlife. This watercourse was notable for the very low
numbers of molluscs except for pollution tolerant species in August 200515. Arsenic is a
List 2 Substance16, which means that its discharge into the environment is regulated.
Boron. Many fish appear to be tolerant of boron, but aquatic plants are less so. In high
concentrations boron is phytotoxic. Duckweed Lemna minor ‘population changes’ were
noted at concentrations between 0.2 – 20 µg/l. Waterweed Elodea canadensis has an
15

SRL/WE/002 (2006). Results of sampling the Pumney Ditch PFA effluent outfall pool; an assessment of
ecological status and water quality and comparisons with its condition in the past.
16
The EC Groundwater Directive (80/68/EEC) lists dangerous substances according to toxicity and
persistence, with List 1 containing the most dangerous substances.
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average toxic dose of 1,000 µg/l. Water milfoil Myriophyllum alterniflorum has an average
toxic dose of 2,000 –5,000 µg/l. Levels exceed 5,000 µg/l by a considerable margin in the
discharged effluent (see Figure 5). Boron is a List 2 Substance16, which means that its
discharge into the environment is regulated.
Cadmium. Cadmium is readily bio-accumulated by aquatic plants and animals17 such as,
and particularly, molluscs. Organic matter in soil also readily adsorbs it. As a result,
cadmium is highly persistent in the environment. Susceptibility to cadmium amongst
aquatic organisms is very variable, with freshwater organisms generally being more
susceptible than saltwater ones. Toxicity to animals depends upon amounts of zinc
present (that appears to be relatively low in the effluent, Figure 18), with elevated levels
generally providing some degree of protection. A concentration of 1 µg/l in freshwater, of
hardness above 100 mg/l CaCO3, is considered harmful to aquatic life by the US EBI (and
those levels are exceeded in the discharged effluent, see Figure 10). The LC50 for
rainbow trout is given as 30 µg/l. Because of its high toxicity, and environmental
persistence, more precise and sensitive monitoring of Cadmium is required than of most
other elements. Given that the principal source of Cadmium in the environment is from the
residues derived from the burning of fossil fuels, this would seem more than desirable in
this instance. Cadmium is a List 1 Substance16, which means that its discharge into the
environment must be prevented.
Chromium. Certain species of fish and aquatic invertebrates are sensitive to chromium18,
showing reduced survival or growth at Cr(VI) concentrations >10 µg/l. In general, aquatic
invertebrates are more susceptible to chromium than are fish19. The more toxic
hexavalent form of chromium Cr(VI), which is phytotoxic, is known to occur in PFA20 in
proportions of around 10%. Levels exceed >10 µg/l by a considerable margin in the
discharged effluent (Figure 6). Chromium is a List 2 Substance16, which means that its
discharge into the environment is regulated.
Copper. 1 µg/l of copper is sufficient to cause mortality of 6% of juvenile trout and 5 µg/l
caused 6 to 13% mortality of five species of toad8. Defects in juvenile trout are reported to
occur at concentrations between 1 and 5 µg/l. These quantities are frequently exceeded in
the discharged effluent water although specific quantities are frequently only estimated.
Boron is a List 2 Substance16, which means that its discharge into the environment is
regulated.
Mercury. Mercury is a significant threat to animals such as otters. Mercury poisoning is
the single most significant factor that caused the major decline in numbers of this species
since the 1950’s. Otters lie at the top of the food chain and have the consequent
disadvantage of accumulating several orders of magnitude more mercury than organisms
lower down the food chain. A lethal dose is something in the region of only 33 ppm (in the
livers) in otters21. Older otters are of course more vulnerable due to longer exposure time.
Despite the high toxicity of mercury, and the likelihood of its occurrence as a reactive
component of PFA, it is not effectively monitored as quantities given in, e.g., Table ESID11
(ENV/010/2005) give estimated amounts only. The lack of effective monitoring of this
17

Cherry, D.S, and Guthrie, R.K. Science of the Total Environment 13 (1979) 27. El-Mogazi, D. et al Science
of the Total Environment 74 (1988) 1. Mehra, A. et al Environmental Monitoring and Assessment 50 (1998)
15. Cordes, K.B. et al Environmental Geochemistry and Health 22 (2000), 297.
18
Outridge, P.M and, Scheuhammer, A.M. (1993). Bioaccumulation and toxicology of chromium: implications
for wildlife. Review of Environmental Contamination and Toxicology. 133: 31.
19
Cox, C. (1991). Journal of Pesticide Reform. 11: No 1
20
Kingston, H.M., Cain, R., Huo, D. and Mizanur Rahman,G.M., Journal of Environmental Monitoring,
(Advance Article, 2005) DOI: 10.1039/b504724b
21
Kruuk, H., Wild Otters: Predation and Populations (Oxford University Press, Oxford, 1995).
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substance is very worrying. The EQS 1&2 for mercury is 1 µg/l. In October 2004 RWE
Npower discharged an average of 2.7 µg/l. Mercury is a List 1 Substance, which means
that its discharge into the environment must be prevented.
Vanadium. The lethal concentration of vanadium (7day) to Rainbow Trout is reported22 to
be 2,400 to 5,600 µg/l but the threshold for chronic toxicity is judged to be 80 µg/l. For
very young fry of the American flagfish Jordanell floridae, the 28-day LC50 is given as 900
to 1,000µg/l. In chronic exposures of flagfish, the egg-fry stage was the most sensitive
one in the life cycle and mortality of such fry was the most obvious effect. At 170 µg/l of
vanadium, there were marginal effects on second-generation fry, but no observed sublethal effects on older fish. Quantities of vanadium frequently exceed the ‘chronic toxicity’
level of 80 µg/l and have been measured as high as 1,110 µg/l in the effluent discharged
into the Pumney Ditch (Figure 12). Boron is a List 2 Substance16, which means that its
discharge into the environment is regulated.
Sulphate. High concentrations are harmful to wildlife. Table 3 indicates the maximum
amounts that should reasonably safely be discharged into watercourses subject to water
hardness as this provides a buffering capacity. On only a single occasion have sulphate
quantities in the PFA effluent discharged into the Pumney Ditch been lower than the 400
mg/l as recommended for hard waters (Figure 11). In the majority of occasions levels have
exceeded ‘safety’ values by a considerable margin (maximum value 1,450 mg/l).

Table 3: Proposed maximum allowable sulphate discharge limits for the protection of aquatic life at
23
different receiving water hardness levels .

2-

Water hardness (as CaCO3)

Recommended maximum allowable discharge of SO4

Less than 50 mg/l
50 – 100 mg/l
More than 100 mg/l

200 mg/l
300 mg/l
400 mg/l

22

Sprague, J., Holdway, D., Stendhal. Acute and chronic toxicity of vanadium to fish, Environmental
Research Program Report No 41 (Alberta Oil Sands , 1978)
23
Sulphate toxicity to freshwater organisms and molybdenum toxicity to rainbow trout embryos/alevins T.D.
Davies et al., (2003). www.trcr.bc.ca/docs/2003-davies_etal.pdf
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SECTION 2: GROUNDWATER
This section discusses groundwater quality in the Radley Lakes environment and uses
borehole and other data given in the ES (ENV/057/2006) and in the previous report
(ENV/010/2005). Unhelpfully, data for boreholes 2, 4, 5, 7, 11a and 12 are not given in the
2006 ES.
2.1: CONTAMINANTS IN GROUNDWATER (BOREHOLES)
Statistical tests indicate that conductivity broadly correlates with quantities of other
elements such as sulphates (e.g., borehole 8/8a conductivity versus SO42-, r = 0.975, P <
0.001 and for borehole 13a r = 0.571, P < 0.02) and thus conductivity gives a reasonable
overall indication of water quality. It is often not possible to compare long-term trends in
the borehole data for many of its components due to the fact that frequently only
approximate values (i.e., < 10 µg/l etc) are given for ions such as iron, manganese and
zinc. Therefore, this section gives most emphasis to quantities of sulphate (of an
undefined form in both ENV/010/2005 and ENV/057/2006) and conductivity, except for
borehole 8/8a that is discussed in more detail. The source of most sulphate contaminating
groundwater in the Radley Lakes area is almost certainly the PFA in the various lagoons.
Batch leaching tests on Kimmeridge Clay (the underlying geological stratum at Radley)
show the levels that could be derived from this geological source (measured at 213 mg/l
after 24 hours dissolved in demineralised water, ENV/010/2005, Table ESID13) but the
Kimmeridge Clay is not in solution in the groundwater at Radley as it was in the laboratory
analyses and hence borehole quantities are unlikely to be derived from this source. There
is a very limited contact zone between the Kimmeridge Clay and groundwater in the gravel
(and sulphate levels are negligible ‘upstream’) and, therefore, a source of sulphates in
groundwater must originate elsewhere. Analyses undertaken by RWE Npower
(ENV/010/2005, Tables HRA3, HRA4, HRA5, ESID8, ESID9, ESID10) on PFA indicate
that this substance contains significant quantities of sulphates and that these readily
dissolve into solution (ranging between 156 mg/l and 509 mg/l under laboratory
conditions). The source of the sulphates contaminating the local groundwater is, therefore,
most likely to be the PFA.
2.1.1 BOREHOLE 1: THE CLEANEST GROUNDWATER
Some of the cleanest surface waters tested (conductivity) occur in Lakes E and F (see
section 1.1, Figure 1, above, and Appendix 1) but this is not surprising as the aquifer to the
north (borehole 1) that ‘feeds’ these lakes with water is very clean with, for example, very
low conductivity (Figure 19), consistently low quantities of sulphate (Figure 20) and a
mean of only 9.11 mg/l of sulphate24 in the groundwater (Table 4, Figure 21) in this
location (calculated from data given in ENV/057/2006).

24

Sulphate amounts in groundwater are indicative of general ion levels and loading of contaminants. They
are highest on the southern side of the unbunded PFA lagoons A-D (borehole 13a) and are likely to originate
from this source. Levels decrease with distance from the ‘Lakes’ A-D area and are lowest ‘upstream’ (north)
of ‘Lakes’ A-D. Levels have recently increased significantly in boreholes 6/6a and 8/8a which are located on
the south sides of ‘Lakes’ J, P, G and H/I, respectively indicating groundwater contamination probably
associated with and derived from these bunded features.
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Figure 19: Conductivity measurements (µS/cm) from borehole 1 between 2001 and 2005. No drinking
water value/’screening value’ for conductivity is given in ENV/010/2005 or ENV/057/2006. Conductivity was
not measured prior to May 2001.

Figure 20: Quantities of sulphate (mg/l) in groundwater borehole number 1 located on northwest corner of
Lake E. Note very low values compared to all other boreholes (see below) indicative of the quality of
groundwater originating from the aquifer to the north of the area before it enters the Radley Lakes
environment. The horizontal line indicates the drinking water standard/’screening value’ maximum limit for
sulphate as given in ENV/010/2005 and ENV/057/2006.

Table 4: Mean and min/max quantities of sulphate (as mg/l of SO42-) in groundwater from boreholes in the
Radley Lakes area between 1996 and 2005 and in the effluent being discharged into the outfall pool
between 2000 and 2005. Trends are indicated (from data given in ENV/057/2006).
2-

SULPHATES (SO4 )

Mean (mg/l)

Highest (mg/l)

Lowest (mg/l)

Trend

Borehole 1
Borehole 16
Borehole 6/6a
Borehole 10
Borehole 3a
Borehole 9
Borehole 8/8a
Borehole 14
Borehole 13a

9.11
52.9
90.2
91.0
91.7
131.8
218.0
295.7
397.2

90 (Aug 00)
150 (May 99)
250 (Apr 04)
215 (Oct 99)
145 (3 occasions)
375 (Jan 98)
619 (Jul 04)
640 (Jan 02)
825 (Jan 97)

1 (Apr 05)
40 (Nov 00)
58 (Jan 01)
8 (May 98)
73.4 (May 01)
88.8 (May 03)
33.5 (Nov 01)
141 (Oct 03)
183 (May 03)

Stable, very low
Stable, low
Increasing, medium
Decreasing, medium
Decreasing, low
Decreasing, medium
Increasing, high
Decreasing, high
Stable, very high

Effluent outfall pool

912.5

1,450 (Jan 02)

348 (May 03)

Increasing, extremely high
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Figure 21: Mean sulphate (mg/l) levels measured between 1996 and 2005 in boreholes 1 through to 16,
where given in ENV/057/2006. Bars are aligned with groundwater flow direction – approximately northwest to
southeast. The cleanest groundwater by a considerable margin is in the aquifer located on the northern
quadrant of the Radley Lakes area (borehole 1), on the northeast corner of Lake E. The clean water in this
aquifer is the major, if not the only, source of water infiltrating into Lakes E and F and accounts for the
exceptionally good quality of the water (conductivity) in these locations. The horizontal line indicates the
drinking water standard/‘screening value’ maximum limit for sulphate. The most contaminated is borehole
13a (see below).

Save Radley Lakes measured the conductivity of well water in the garden of Thrupp
Cottages on the northwest side of ‘Lake’ H/I. This conductivity reading of 806 (Appendix 1)
is in line with data from boreholes 1 and 3a confirming comparatively clean groundwater
‘upstream’ of PFA lagoons.

2.1.2 BOREHOLE 13A: THE MOST CONTAMINATED GROUNDWATER
Conductivity (Figure 22) is always high in this location and the highest mean concentration
of sulphates occurs in borehole 13a (Figure 21) and this is unsurprising given its proximity
to the unbunded ‘Lakes’ A-D (Table 4, Figure 23). Amounts of sulphate are always very
high in this location (Figure 22) and almost always exceed the ‘screening value’/drinking
water standard for sulphate (250 mg/l). ‘Lakes’ A-D have not received PFA since 1998 yet
groundwater ‘downstream’ of them still appears to be heavily contaminated judging by the
quantity of sulphates in this borehole and as implied by the conductivity data recorded
along the Pumney Ditch (see above).

Figure 22: Conductivity (µS/cm) measurements from borehole 13a between 2001 and 2005. No drinking
water standard/’screening value’ for conductivity is given in ENV/010/2005 or ENV/057/2006. Conductivity
was not measured prior to May 2001.
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Figure 23: Quantities of sulphate (mg/l) from borehole number 13a located on the southern edge of
unbunded PFA lagoons A-D. The horizontal line indicates the drinking water standard/’screening value’
maximum limit for sulphate as given in ENV/010/2005 and ENV/057/2006.

The reason for the recent rise in sulphates in this location is not known but the trend is
observable in other boreholes (see below). The effect is unlikely to be related to dilution of
sulphates by water because it would then be apparent in all boreholes and this is not the
case (see below). Unfortunately no data are provided for the period 1983 to 1996 which
was the period when most PFA was disposed of in the unbunded ‘Lakes’ A-D. The early
data series seem to suggest a decline in sulphate levels from a previous period with a
potentially much higher quantity of this substance.
2.1.3 CONDUCTIVITY AND SULPHATE IN OTHER BOREHOLES
The quantities of sulphate plus conductivity measurements, in numerical order, for the
remaining boreholes are discussed in this section.
Borehole 3a lies ‘upstream’ of the PFA lagoons, on the northeast side of ‘Lakes’ J, P and
G. Conductivity was a little on the high side but is decreasing (Figure 24) and quantities of
sulphate (Figure 25) are very low and comparable to the values measured in Borehole 1
(see above). Groundwater overall is clean in this location.

Figure 24: Conductivity measurements (µS/cm) from borehole 3a between 2001 and 2005. No drinking
water value/’screening value’ for conductivity is given in ENV/010/2005 or ENV/057/2006. Conductivity was
not measured prior to May 2001.
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Figure 25: Quantities of sulphate (mg/l) in borehole number 3a located on the north edge of ‘Lakes’ J, P
and G and northeast of Lake E. The horizontal line indicates the drinking water standard/’screening value’
maximum limit for sulphate as given in ENV/010/2005 and ENV/057/2006.

Borehole 6/6a is situated between the bunded ‘Lakes’ J, P and G and ‘Lake’ H/I.
Conductivity is in the medium range (Figure 26). Quantities of sulphates were not recorded
for a two-year period but when measurements were retaken sulphate levels had risen
markedly (Figure 27). This increase coincides with the creation of ‘Lake’ H/I and J and P in
2002 and may be explained by a contamination from these sources. The increase in
sulphates in the groundwater in this location is less marked than for borehole 8/8a (see
below) but nonetheless it is notable and potentially a concern.

Figure 26: Conductivity measurements (µS/cm) from borehole 6/6a between 2003 and 2005. No drinking
water standard/’screening value’ for conductivity is given in ENV/010/2005 or ENV/057/2006. Conductivity
was not measured prior to October 2003.

Figure 27: Quantities of sulphate (mg/l) from borehole number 6/6a located between the south side of
bunded ‘Lakes’ J, P and G and the northern side of ‘Lake’ H/I. The horizontal line indicates the drinking water
standard/’screening value’ maximum limit for sulphate as given in ENV/010/2005 and ENV/057/2006.
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Borehole 8/8a on the south side of ‘Lake’ H/I is exhibiting an increase in conductivity
(Figure 28) and the increasing amounts of sulphate (Figure 29), sodium (Figure 30), iron
(Figure 31), manganese (Figure 32) and calcium (Figure 33) in this groundwater,
commencing when H/I was built in 2002 (and not prior to this period) are likely to be
related to this construction (data given in ENV/057/2006). Quantities of sulphates are
almost as high as they are next to the unbunded ‘Lakes’ A-D (borehole 13a) and are
approaching the heavily contaminated condition of the Pumney Ditch PFA effluent outfall
pool (see above). Measurements increase after ‘Lake’ H/I was created and are lower prior
to this event. Increasing conductivity is a feature of the 8/8a borehole (and no others
except perhaps 6/6a but data are limited) and this trend is statistically significant (r =
0.938; P < 0.001). Other borehole data indicate no general increases in conductivity (most
trend lines, whether high or low, are approximately horizontal throughout the 1996-2005
period) and measurements from boreholes 10, 14 and 16 (situated, respectively, north of
A-D, southeast of A-D and north of A-D, Figure 1) indicate an overall reduction in
conductivity in the same period. Of all boreholes 8/8a is exhibiting atypical patterns that
can most reasonably be explained by proximity to ‘Lakes’ H/I. Water is much cleaner in
borehole 9, a little to the east of 8/8a (see Figure 1) indicating the source of the
groundwater contamination is not from this area. Likewise, borehole 14 to the east is also
clean, in fact, increasingly so. Surface water analyses conducted along the streams and
pools in the immediate ‘Lake’ H/I locality (see section 1, above and section 3 below)
confirm contamination (measured as conductivity) originating from this area and not to the
north, or west. On the basis of these combined indicators it is, therefore, a distinct
likelihood that the bund surrounding ‘Lake’ H/I is failing in some locations and that
contaminants are escaping from this lagoon and polluting local groundwater and surface
waters. This occurrence may have more to do with assumptions made by engineering
contractors about the impermeability of Kimmeridge Clay and the (associated) local
composition of this material (see above) than to any engineering failure of the bunds. The
Kimmeridge Clay in this location was not pure, but highly fossiliferous and contained a
great deal of shale and palaeo-channels incised into the quarry base.

Figure 28: Conductivity measurements (µS/cm) from borehole 8/8a between 2001 and 2005. No drinking
water standard/’screening value’ for conductivity is given in ENV/010/2005 or ENV/057/2006. Conductivity
was not measured prior to May 2001.

Page 28 of 55
© SAVE RADLEY LAKES 2006

Evidence of Pollution …

Report No. SRL/FP/003.1 (12/04/2006)

Figure 29: Increase in amounts of sulphate (mg/l) occurring in groundwater borehole 8/8a located on the
south side of bunded ‘Lake’ H/I. The horizontal line indicates the drinking water standard/’screening value’
maximum limit for sulphate as given in ENV/010/2005 and ENV/057/2006.

Figure 30: Increases in amounts of sodium (µg/l) occurring in groundwater (borehole 8/8a) since PFA
lagoon H/I was constructed. Values are below the drinking water standard/screening value.

Figure 31: Increasing amounts of iron (µg/l) in groundwater from borehole 8/8a. The drinking water
standard/’screening value’ maximum limit for iron is 200 µg/l as given in ENV/010/2005 and ENV/057/2006
but it is not possible to illustrate this here. There is, apparently, no trigger level for iron. The EQS 1 & 2
(Environmental Quality Standard) for 100–150 mg/CaCO3/l maximum limit for iron is drawn as the red
horizontal line. EQS 1: most sensitive aquatic life. EQS 2: less sensitive aquatic life.
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Figure 32: Increases in amounts of manganese (µg/l) occurring in groundwater (borehole 8/8a) since PFA
lagoon H/I was constructed. The drinking water standard/’screening value’ maximum value for manganese is
50 µg/l (horizontal black line) as given in ENV/010/2005 and ENV/057/2006. The EQS 1 & 2 (Environmental
Quality Standard) for 100–150 mg/CaCO3/l maximum limit for manganese is drawn as the red horizontal
line. EQS 1: most sensitive aquatic life. EQS 2: less sensitive aquatic life.

Figure 33: Increases in amounts of calcium (µg/l) occurring in groundwater (borehole 8/8a) since PFA
lagoon H/I was constructed. The drinking water standard/’screening value’ for calcium is given as 250 mg/l in
ENV/010/2005 and ENV/057/2006 states that there is no (2000) DWS but that the value was 250,000 µg/l in
1989.

If a (reducing) dilution effect accounted for the recent increases in contaminants in
borehole 8/8a one might reasonably expect all substances to be diluted to the same extent
and for all trends to be approximately the same. This does not occur for all contaminants
as is apparent for magnesium (Figure 34). The trend is, however, currently increasing after
a period in which magnesium levels ‘bucked-the-trend’ for other contaminants and
exhibited an increase during the period when others decreased. There is no simple trend
being exhibited by all contaminants and it is not likely that dilution is a major influence on
these observed trends.
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Figure 34: Amounts of magnesium (µg/l) occurring in groundwater borehole 8/8a. The drinking water
standard/’screening value’ maximum limit for magnesium is 50 mg/l as given in ENV/010/2005 but
ENV/057/2006 states that there is no DWS for magnesium.

Borehole 9 is located south of ‘Lakes’ H/I and has medium to high and decreasing
conductivity (Figure 35) and low and decreasing amounts of sulphate (Figure 36). The
source of the sulphate contamination occurring in borehole 8/8a is not originating in the
location of borehole 9.

Figure 35: Conductivity measurements (µS/cm) from borehole 9 between 2001 and 2005. No drinking
water standard/screening value for conductivity is given in ENV/010/2005 or ENV/057/2006. Conductivity
was not measured prior to May 2001.

Figure 36: Decrease in amounts of sulphate (mg/l) occurring in groundwater borehole 9 located on the
southeast side of bunded ‘Lake’ H/I. The horizontal line indicates the drinking water
standard/’screening value’ maximum limit for sulphate as given in ENV/010/2005 and ENV/057/2006.
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Borehole 10 is located on the northern side of ‘Lakes’ A-D. Initially exhibiting very high
conductivity (Figure 37), perhaps due to impeded and contaminated water originating from
‘Lakes’ A-D, levels are now declining. Levels of sulphate (Figure 38) were also a little
elevated compared to latterly, but not markedly so and now exhibit the general trend of
being low on the north side of PFA facilities, presumably returning to ‘normal’ quantities of
such substances in the local groundwater.

Figure 37: Conductivity measurements (µS/cm) from borehole 10 between 2001 and 2005. No drinking
water value/screening value for conductivity is given in ENV/010/2005 or ENV/057/2006. Conductivity was
not measured prior to May 2001.

Figure 38: Quantities of sulphate (mg/l) from borehole number 10 located north of unbunded PFA lagoons
A-D. The horizontal line indicates the drinking water standard/’screening value’ maximum limit for sulphate
as given in ENV/010/2005 and ENV/057/2006.

Borehole 14 southwest of ‘Lakes’ A-D initially exhibited high conductivity (Figure 39),
presumably as a consequence of its proximity to these unbunded ‘Lakes’ but this has
fallen to approximately ‘normal’ levels recently. This location lies next to the Oxford-Didcot
railway line and it is separated from the ‘Lakes’ A-D area by the Pumney Ditch and the
Radley Brook. It is possible that contamination in borehole 14 is reduced by the fact that
these watercourses are intercepting many of the contaminants before they reach this
borehole. Borehole 14 has also exhibited a marked reduction in sulphates (Figure 40)
recently to levels approaching ‘normal’ background quantities.

Page 32 of 55
© SAVE RADLEY LAKES 2006

Evidence of Pollution …

Report No. SRL/FP/003.1 (12/04/2006)

Figure 39: Conductivity measurements (µS/cm) from borehole 14 between 2001 and 2005. No drinking
water value/screening value for conductivity is given in ENV/010/2005 or ENV/057/2006. Conductivity was
not measured prior to May 2001.

Figure 40: Quantities of sulphate (mg/l) from borehole number 14 located south of unbunded PFA lagoons
A-D and next to the Oxford-Didcot railway line. The horizontal line indicates the drinking water
standard/’screening value’ maximum limit for sulphate as given in ENV/010/2005 and ENV/057/2006.

Borehole 16 is located ‘upstream’ of the Radley Lakes Complex. Conductivity is variable
and decreasing but approximates the ‘average’ for local uncontaminated groundwater
(Figure 41). Sulphate quantities (Figure 42) are in line with the cleaner groundwater
occurring in the ‘upstream’ boreholes numbered 1, 3a and 10. Borehole 16 water quality
could be viewed as ‘normal’ for the locality and could be used as a basis for comparison
with other borehole data ‘downstream’ of this location.

Figure 41: Conductivity measurements (µS/cm) from borehole 16 between 2001 and 2005. No drinking
water standard/screening value for conductivity is given in ENV/010/2005 or ENV/057/2006. Conductivity
was not measured prior to May 2001.
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Figure 42: Quantities of sulphate (mg/l) from borehole number 16 located northeast of unbunded PFA
lagoons A-D. The horizontal line indicates the drinking water standard/’screening value’ maximum limit for
sulphate as given in ENV/010/2005 and ENV/057/2006.

The data given above show, to a reasonable degree of certainty, that groundwater in the
Radley Lakes area is heavily contaminated with substances probably derived from PFA
and the situation is not improving with time. Surface waters too are showing signs of
contamination and this probably originates from PFA as well. The worrying evidence from
borehole 8/8a appears to indicate that the Kimmeridge Clay bund around ‘Lake’ H/I is
ineffective. There is the possibility that a similar phenomenon is occurring in groundwater
between ‘Lakes’ J, P and G and ‘Lake’ H/I (borehole 6/6a) but the data series is not as
long and the increases in contaminants are currently not as dramatic as they are for
borehole 8/8a.
2.1.4 SULPHATE QUANTITIES IN THE COAL BURNED AT DIDCOT POWER STATION
A year on year increase in the amounts of sulphates in PFA produced at Didcot Power
Station is evident (Figure 43) but why this is occurring is not obvious. One possible
explanation is that the coal being used is increasingly richer in sulphates although it is
equally possible that smaller quantities of sulphates are being expelled with the
combustion gasses at the power station and hence remaining in the PFA. If the annual
quantity of sulphates in the PFA obtained under laboratory conditions (Table HRA3 in
ENV/010/2005) is compared with the mean annual amounts being discharged into the
Pumney Ditch (Table ESID11 in ENV/010/2005) a positive correlation (r = 0.824, P < 0.1)
is apparent, i.e., an increase in one corresponds with a proportional increase in the other.
Due to the fact that information is omitted from both data series it is not possible to make
statistically more robust comparisons and all that is possible using the data provided by
RWE Npower is to make the observation that there appears to be a linear relationship
between the two amounts but more data would be required to be certain of this. There is
obviously a time lag between batches of PFA being produced (and tested) and the water
in contact with it being piped to Radley and subsequently discharged into the Pumney
Ditch so the apparent ‘relationship’ may be artefactual. However, this observation does
provide some support for a hypothesis that quantities in the effluent reflect quantities in
PFA over time.
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Figure 43: Concentration (mg/l) of SO42- in PFA obtained under laboratory conditions (demineralised
water and PFA at a ratio of 10:1 for 24 hours) between 2000 and 2005 (2002 data are not provided and data
for 2000 are approximate. Source ENV/010/2005).

Trends over time in the quantities of other constituents that are part of PFA exhibit
different trends than sulphate does. This would be expected in view of the fact that coal
from different origins is being used at the power station. Boron, chromium, molybdenum,
aluminium and calcium fall then rise between 2000 and 2005 and sodium, potassium and
silicon rise then fall. These are illustrated in Appendix 2 (Figures A1-A8). The trends of
individual constituents do not match the amounts discharged into the Pumney Ditch
statistically significantly and often exhibit an inverse relationship. It seems that in many
instances there is no simple association between the amounts of an individual substance
in PFA and the amounts of that substance discharged into the Pumney Ditch. A possible
explanation for these variations is discussed in the following section.
2.1.5. CONTAMINANTS IN PFA
It is possible to produce estimates (not absolute measurements) of quantities of a range of
contaminants in PFA based on data obtained during laboratory analyses. For example,
‘repeated batch leaching’ tests were undertaken on PFA produced at Didcot Power Station
in 1994 and these data are given in Table HRA5 (ENV/010/2005). These tests measured
concentrations of elements released from PFA into demineralised water at a ratio of 1:10
after 24, 48 and 72 hours. The ‘release-rate’ of these substances can be estimated to the
point where no more of them pass into solution in the water, i.e., beyond the 72-hour
period when the batch leaching tests were terminated, for certain substances. For some,
such as sodium and potassium the amount passing into solution in demineralised water
falls rapidly, reaching zero after approximately 72 hours. This means that almost all of
these substances are dissolved very rapidly and that little (soluble) sodium and potassium
remains in the PFA under the stated laboratory regime. These could be termed ‘fastrelease’ substances. For others such as arsenic, silicon, vanadium, chromium, calcium
and aluminium the rate at which they pass into solution is much slower and hence large
quantities appear to remain in the PFA beyond the 72-hour test limit. These could be
termed ‘slow-release’ substances. The implication of this is that such substances have
longer ‘residence times’ in PFA in contact with water (i.e., they pass into solution much
less readily), which if not moving would be quickly saturated to ‘equilibrium’, once
concentrations approximated the same levels in both materials, and hence they pose a
potentially greater long-term environmental threat than is apparently the case for the more
rapidly dissolving, and potentially more quickly dispersing, elements such as sodium
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(which is not to dismiss any potential problems of toxicity in these cases). It might be
notable that of the substances being discharged into the Pumney Ditch that are being
monitored in increasingly higher quantities, such as arsenic, the majority are ‘slow-release’
substances that are present in PFA in large amounts (see below).
A series of analyses are undertaken here in order to ascertain the rates at which each
given substance present in PFA (where possible to determine, with the limited data
provided) dissolve in water, until no more such soluble substances pass into solution. The
end-point (zero soluble substances) being estimated by extending the trend-line of the
graphs from the three known data points (24, 48 and 72 hours) until the x-axis is
intercepted at zero. Extrapolations made here, derived from the data in ENV/010/2005,
assume monotonic exponential-like decay, based on the three previous data points (24, 48
and 72 hours). If they do not follow such a curve errors are, of course, possible. If anything
the decay curves have been drawn conservatively. Similarly, the elemental composition of
PFA is variable and may not (in the period 2000 to 2005) necessarily reflect the quantities
of contaminants present in the PFA that was tested in 1994. For example, Figure 43
(above) indicates an increasing quantity of sulphate in PFA and the type of coal being
burned, which varies, and the conditions under which it is burned at a power station will
determine the precise quantities of any given substance. In addition, the behaviour of one
litre of PFA in 10 litres of demineralised water for 24, 48 and 72 hours may not be the
same as for PFA pumped to Radley in an underground pipeline with a PFA to (river) water
ratio of approximately 1:2.325, at an unknown temperature, for an unknown period of time
until being discharged subsequently into the river Thames via the Pumney Ditch.
The data in ENV/010/2005 give quantities of dissolved substances in the water per litre of
PFA, over ‘three cycles’ (in effect three 24 hour periods). Because information on the
amount of PFA disposed of at Radley is available it is possible to multiply the total amount
of PFA (converted to litres) by the amounts of certain substances estimated to be
dissolved in water in contact with PFA under laboratory conditions. These can be
compared to quantities of the same substances estimated to have been discharged into
the Pumney Ditch. The discrepancies between these data would indicate quantities
potentially still present in the PFA lagoons at Radley. The following quantities (Table 5) are
obtained by multiplying the estimated quantities derived from the graphs (as the sum of
the estimated quantities at the end of each 24 hour period) drawn from data in Table
HRA5 and extrapolated to zero (Appendix 3, Figures B1-B12), by the number of litres of
PFA. This is calculated to be 2.4 million m3 of PFA x 1,000 = 2,400,000,000 litres of PFA.
The middle data column is multiplied by the number of litres of PFA giving the result in the
right column (adjusted from mg to kg). The closer the numbers are in the left and middle
columns (potassium, chloride, sodium, sulphate and fluoride) the more readily are these
substances dissolved in water.

Table 5: Quantities of substances obtained by diluting PFA in water. Quantities are after three 24-hour
cycles in demineralised water; estimated final quantities extrapolated from trend lines, and
estimated total quantities of substances derivable from all PFA disposed of at Radley.
25

The point of equilibrium is likely to be reached more quickly if the PFA to water ratio were 1:2.3 than it
would be at a ratio of 1:10 and hence release into solution would take longer under the conditions in which
PFA is pumped via the pipeline and disposed of in PFA lagoons (bunded or unbunded). There is no clear
trend, however, as each substance would react differently.
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Calcium
Aluminium
Chloride
Vanadium
Silicon
Sodium
Boron
Sulphate
Fluoride
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Total quantities (mg/l) in solution after 3 x
24 hours in demineralised water. Data in
HRA5 (ENV/010/2005)
0.13
0.29
37.0
538.0
8.4
25.0
0.65
14.1
50.0
1.72
499.0
3.8

Estimated total quantities (mg/l) in
solution extrapolating data trend to
intercept zero on x-axis
0.3825
0.413
37.0
775.0
Unknown
28.75
Unknown
27.45
50.0
Unknown
519.0
3.9

Quantities (kg) in 2.4
million m3 (2,400,000,000
litres) of PFA
918.0
991.2
88,800
1,860,000
20,160 (minimum)
69,000
1,560 (minimum)
65,880
120,000
4,128 (minimum)
1,245,600
9,360

Note that the quantities of PFA dumped at Radley may be significantly greater than the 2.4
million cubic metres declared by RWE Npower and these figures do not include estimates
for the amounts that they wish to dump in Lake E under the current application.
It was not possible to estimate total quantities of aluminium, vanadium or boron (Appendix
3, Figures B10-B12) in PFA because the trend-lines exhibit continual increases after each
24-hour cycle. Presumably quantities of these substances fall but it is not possible to
calculate when they do and hence, estimate when they intercept zero on the x-axis. The
discharging of significant quantities of boron into the Pumney Ditch (a minimum of
12,716.6 kg, see Table 3), above the quantities calculated in Table 5, as being a
constituent of 2.7 million tonnes of PFA would suggest the release rate of boron into water
is a prolonged process and that significant quantities of this element still remain in the
PFA. The same is likely to be the case for elements such as arsenic, chromium, calcium
and silicon, all ‘slow-release’ substances.
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SECTION 3. WATERLOGGING
Since ‘Lake’ H/I was constructed I have observed an increase in surface water levels
surrounding this lagoon (marked red in Figure 44). Locations along the entire north side of
H/I are waterlogged for much of the year, to some depth in places, and those along the
south and east sides for lengthy periods too. The northern flooding has been notably high
recently (2005 to 2006).

Figure 44: Areas (red) that are prone to waterlogging for lengthy periods, even during extended dry
periods, which were never to the author’s knowledge flooded before H/I was constructed.

This water remains even during prolonged dry periods. I have been monitoring the badger
colony on the north side of H/I for over 20 years and only in the last three has water risen
to such an extent that the continued existence of the badger sett is in question due to the
increasing likelihood of it being flooded completely. A blockage in the drain running
beneath the drove road in this location (and connecting to the Pumney Ditch) would result
in increased flooding around the badger sett. In over 25 years of visiting the H/I area I
have never observed waterlogging along the southern border of this facility whereas now it
is almost permanently waterlogged for much of the year, even during prolonged dry
periods. The peaty soils, rich in organic matter, along the southern edge of H/I are
leaching what appear to be iron compounds (sulfides?) into the adjacent stream containing
rare plants26 and this may be related to waterlogging and/or decay under anoxic conditions
of the peat. This may be a consequence of an altered soil moisture regime arising from
impeded groundwater flow due to the presence of the Clay bund. Waterlogging can result
in changes in soil chemistry, especially in the absence of air. For example, in the presence
26

Water violets, Hottonia palustris, and loddon lilies, Leucojum aestivum.
Page 38 of 55
© SAVE RADLEY LAKES 2006

Evidence of Pollution …

Report No. SRL/FP/003.1 (12/04/2006)

of sulphates (ferrous) iron can form reduced compounds (ferrous sulphide) that are
harmful to plants. Sulphates are high and increasing in the groundwater along the
southern side of H/I.
CONCLUSIONS
The combined weight of evidence indicates that the creation of the ‘Lake’ H/I PFA lagoon,
and possibly those to the north of H/I, has led to apparent contamination of surrounding
surface and groundwater and that adjacent land is now prone to waterlogging.
Possible explanations for the elevated contamination levels in the ‘Lake’ H/I area are:1: Another source of pollution, other than H/I, is causing the phenomenon. Boreholes
9 and 14 data (Figure 1) show that the source of contamination is not from the east or
southeast as conductivity in 14 (east) is decreasing over time and in the nearest borehole
(9; southeast) conductivity is lower than in surrounding waterbodies and comparatively
stable over time. Surface water data along the two east-west flowing streams (Thrupp and
Bruney Waters, Figure 1) indicate cleaner water occurs with distance away from H/I and
that the source is, therefore, unlikely to be from the west. The Thames to the south is
cleaner than water from the H/I vicinity so a southern route is unlikely (borehole 9 data
also support this argument). A source north of borehole 8/8a (the location of ‘Lake’ H/I) is,
therefore, most likely.
2: Contaminated water is escaping through the bund around H/I. PFA was piped on to
the gravel pit floor and in large areas the gravel was evidently not machined down to
Kimmeridge Clay (Plates 1 and 2, above). A palaeo-channel crosses the floor of ‘Lake’ H/I
(east to west and there are unconfirmed others running north to south) and this/these may
still remain in place. Contaminated water could thus be travelling along this/these features,
escaping underneath the bund and connecting with surrounding groundwater. There could
be a more direct escape route for contaminants through the highly fossiliferous
Kimmeridge Clay along the southern edge of H/I (see above).
3: Failure of the Clay bund. a, The bund appears to be badly eroding along the entire
eastern side. Prevailing wind direction means that for approximately 65% of the year
waves lap against the eastern ‘shore’ of H/I. b, Apparent perfectly circular swallow holes
exist along the southern edge of H/I and these are invariably in the same locations as
where the trackway is waterlogged (Plate 3).
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Plate 3: An apparent swallow hole on the southern edge of H/I. This feature collapses when water levels
fall in this lagoon towards late summer and reforms when water levels rise again.

These swallow holes, that may initially be formed when PFA is piped into H/I, collapse and
become irregular sided during prolonged dry spells and reform during wetter periods. I
have seen a slow rotation on the surface of these on occasion although this is not usually
obvious. c, During dry weather large, deep and wide cracks form in the Clay bund along
the eastern and southern sides. d, The Kimmeridge Clay in this location is highly
fossiliferous, with a large amount of ‘siltstones’, shale and other large particles. e, This
Clay can also be crumbled into dust in the hand when dry. It is, therefore, an impure Clay
bund and as such it would not be expected to have the same properties of impermeability,
as would a pure Clay bund.
4: Some component in Kimmeridge Clay, being carried into ground- and surface
waters, is causing the problem. There is no evidence that Kimmeridge Clay (or any
other local rock) contains sufficiently high amounts of potential contaminants to result in
groundwater and surface water pollution. Batch leaching tests on Kimmeridge Clay
undertaken by RWE Npower (Table ESID13, ENV/010/2005) indicate very low quantities
of ions; well below drinking water standards and well below the values measured in the
borehole data (ENV/057/2006). The entire Radley Lakes area lies on Kimmeridge Clay
and none of the waterbodies including gravel pits in direct contact with it in the locality
(Figure 1 and Appendix 1) and elsewhere in the district such as the gravel lakes south of
Abingdon show signs of elevated conductivity and the batch leaching tests on Kimmeridge
Clay indicate very low conductivity values arise under experimental conditions.
Kimmeridge Clay is not in solution in the groundwater at Radley and hence is unlikely to
be the source of the problem.
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5: The one-way flap valves built into the southeast corner of the bund are leaking.
Save Radley Lakes reported to the Environment Agency (incident number 372277, 22nd
January 2006) an occurrence where PFA effluent and cenospheres were observed leaking
through the ‘one-way’ flap valves into the area of sampling point 1 (Figure 1) and to the
east of sampling point 2. If this has been an ongoing problem, as seems likely, it might
partly explain the apparent ground- and surface water problem along the south side of H/I,
but not that recorded around the northern side of H/I. On 7th April 2006, this leakage was
still in progress. The fact that these structures allow little ingress of water during floods,
and did not operate at all in January 2003 (SRL/FP/001) means that they could probably
be dispensed with (sealed up) with little deleterious effect.
All lines of evidence discussed here indicate that H/I is the cause of the local groundwater
and surface water contamination problem on the western side of the main railway line, and
is responsible for waterlogging in this area.
Groundwater ‘upstream’ of PFA lagoons in the Radley Lakes area is considerably cleaner
than it is downstream of them. This is true both for the bunded and unbunded PFA
lagoons. The understandable conclusion to be drawn from these observations is that
bunded lagoons do not prevent groundwater or surface water contamination.
RWE Npower proposes to create another PFA facility at Lake E. It would be reasonable to
expect similar problems (to those associated with H/I) occurring if another PFA lagoon
were created at Lake E. The same problems, discussed here with respect to other PFA
lagoons, will in all likelihood result in contamination of ground- and surface waters and
result in significant ‘ponding-up’ of groundwater surrounding the proposed Lake E
repository. In ecological terms the creation of a bunded Lake E would almost certainly
result in a significant contamination problem for the adjacent Lake F and surrounding
waterbodies and groundwater. Lake F is notable for being exceptionally clean and full of
species very susceptible to pollution (e.g., the stonewort Chara contraria var. hispidula),
many of which are legally protected or possessed of an elevated conservation status. On
the combined weight of evidence of problems associated with ‘Lake’ H/I, and ‘Lake’ G, J
and P, RWE Npower cannot guarantee that a bunded Lake E will not cause contamination
to local waterbodies, and a likely consequence of the creation of a bunded Lake E will be a
serious degradation of the adjacent wildlife-rich Lake F and groundwater contamination in
the Thrupp area. On these bases, there can be no environmentally safe way in which this
proposal can be undertaken. Remedial measures to counter the existing pollution
problems, and not magnification of the current situation by allowing more PFA and
associated toxins, would be sensible given the current contamination problems in the area.
Compelling evidence exists for increased pollution in the Radley Lakes environment and it
is probable that the infilling of Lake E with PFA will worsen the situation. Given that this
area is a biodiversity hotspot of regional importance to wildlife increased pollution and
environmental damage by the current proposal is not acceptable. The situation is such that
the ‘threshold’ of sustainability has been exceeded to a significant extent. Further
problems must not be allowed to compound the current situation. Future generations will
still be dealing with the environmental problems caused by the creation of PFA lagoons by
RWE Npower in the Radley Lakes area and they will not thank us for such short-sighted
use of increasingly valuable resources such as water and the surviving fragments of
countryside.
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APPENDIX 1:

Water Quality Measurements

Basic water quality measurements from waterbodies in the vicinity of, and including, the
Radley Lakes, plus tapwater, in August and November 2005 and January to March 2006.
Longmead Lake is a feature currently being created. Numbers are sampling positions
shown in Figure 1. Smaller sample sizes taken later were done because it was found that
there were no significant differences between multiple readings.
ppm/TDS = parts per million/Total Dissolved Solids
pH 1.0-5.9 = acid water

pH 6.0-8.0 = circumneutral water

15 LAKE F (NGR SU 522974)
Sample number

pH 8.1-14.0 = alkaline water

th

30 AUGUST 2005

1

2

3

4

5

6

7

8

9

10

Mean

SD

Conductivity (µS/cm)

350

351

360

358

342

334

359

340

346

354

349.4

8.78

ppm/TDS

182

182

181

182

182

181

182

182

181

182

181.7

0.48

pH

9.0

8.7

7.4

8.7

8.6

7.9

7.8

9.2

9.0

10.3

8.66

0.82

th

15 LAKE F (NGR SU 522974)
Sample number

5 NOVEMBER 2005

1

2

3

4

5

6

7

8

9

10

Mean

SD

Conductivity (µS/cm)

395

385

380

379

378

381

379

379

380

378

381.4

5.19

ppm/TDS

189

188

188

189

188

188

187

189

188

189

188.3

0.67

pH

9.0

9.1

9.1

9.1

9.1

9.1

9.1

9.1

9.1

9.1

9.09

0.03

th

15 LAKE F (NGR SU 522974)
Sample number

13 JANUARY 2006

1

2

3

4

5

6

7

8

9

10

Mean

SD

Conductivity (µS/cm)

452

426

418

416

417

415

415

414

417

414

420.4

11.64

ppm/TDS

228

212

208

207

210

208

206

206

208

207

210

6.58

pH

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

7.5

0.01

th

15 LAKE F (NGR SU 522974)
Sample number
Conductivity (µS/cm)

6 FEBRUARY 2006

1
435

ppm/TDS

218

pH

7.98
th

15 LAKE F (NGR SU 522974)
Sample number

12 MARCH 2006

1

Conductivity (µS/cm)

471

ppm/TDS

229

pH

8.37
st

15 LAKE F (NGR SU 522974)
Sample number

31 MARCH 2006

1

Conductivity (µS/cm)

452

ppm/TDS

221

pH

8.46
th

14 LAKE E (NGR SU 522975)
Sample number

5 NOVEMBER 2005

1

2

3

4

5

6

7

8

9

10

Mean

SD

Conductivity (µS/cm)

473

474

471

472

471

469

468

476

472

467

471.3

2.75

ppm/TDS

236

236

236

235

236

235

237

236

236

235

235.8

0.63

pH

8.5

8.6

8.7

8.6

8.7

8.7

8.7

8.4

8.4

8.7

8.6

0.12

th

12 LAKE E (NGR SU 520977)
Sample number

5 NOVEMBER 2005

1

2

3

4

5

6

7

8

9

10

Mean

SD

Conductivity (µS/cm)

484

478

478

477

477

475

475

476

476

476

477.2

2.62

ppm/TDS

238

238

238

239

238

239

238

238

239

239

238.4

0.52

pH

8.4

8.3

8.3

8.3

8.3

8.3

8.3

8.2

8.3

8.2

8.29

0.06
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th

14 LAKE E (NGR SU 522975)
Sample number

13 JANUARY 2006

1

2

3

4

5

6

7

8

9

10

Mean

SD

Conductivity (µS/cm)

533

538

536

535

536

536

536

536

535

535

535.6

1.26

ppm/TDS

267

269

268

267

268

268

268

268

267

268

267.8

0.63

pH

7.7

7.7

7.9

7.9

7.9

7.8

7.8

7.8

7.8

7.8

7.8

0.07

th

13 LAKE E (NGR SU 518974)
Sample number
Conductivity (µS/cm)

6 FEBRUARY 2006

1
565

ppm/TDS

285

pH

7.93
th

14 LAKE E (NGR SU 522975)
Sample number
Conductivity (µS/cm)

6 FEBRUARY 2006

1
593

ppm/TDS

283

pH

7.95
th

14 LAKE E (NGR SU 522975)
Sample number

12 MARCH 2006

1

Conductivity (µS/cm)

570

ppm/TDS

285

pH

8.11
st

14 LAKE E (NGR SU 522975)
Sample number

31 MARCH 2006

1

Conductivity (µS/cm)

554

ppm/TDS

276

pH

8.64
th

11 LONGMEAD LAKE (NGR SU 513972)
Sample number

5 NOVEMBER 2005

1

2

3

4

5

6

7

8

9

10

Mean

SD

Conductivity (µS/cm)

789

792

789

792

788

789

789

791

788

787

789.4

1.71

ppm/TDS

395

398

395

397

396

395

395

397

398

398

396.4

1.35

pH

8.2

8.2

8.2

8.3

8.2

8.2

8.2

8.2

8.2

8.3

8.22

0.04

th

11 LONGMEAD LAKE (NGR SU 513972)
Sample number

6 FEBRUARY 2006

1

Conductivity (µS/cm)

821

ppm/TDS

407

pH

8.19
th

20 LONGMEAD POND (NGR SU 512973)
Sample number
Conductivity (µS/cm)

10 FEBRUARY 2006

1
388

ppm/TDS

212

pH

8.12

NOT ON MAP TAP WATER. 69 Alexander
Close, Abingdon
Sample number

th

4 NOVEMBER 2005

1

2

3

4

5

6

7

8

9

10

Mean

SD

Conductivity (µS/cm)

603

607

603

607

614

611

610

604

605

604

606.8

3.77

ppm/TDS

305

304

304

305

305

304

304

304

305

304

304.4

0.52

pH

7.7

7.6

7.6

7.6

7.6

7.6

7.6

7.6

7.6

7.6

7.61

0.03
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18 PUMNEY BROOK. PFA effluent outfall.
(NGR SU 527973)
Sample number
Conductivity (µS/cm)

1

2

3

4

th

6 NOVEMBER 2005
5

6

7

8

9

1,206 1,209 1,256 1,248 1,257 1,247 1,252 1,241 1,247

10

Mean

SD

1,250

1,241

18.42

ppm/TDS

619

623

629

604

626

627

628

627

622

629

623.4

7.56

pH

8.1

8.4

8.1

8.0

8.0

7.9

7.9

8.0

8.0

7.9

8.03

0.15

18 PUMNEY BROOK. PFA effluent outfall.
(NGR SU 527973)
Sample number
Conductivity (µS/cm)

th

6 FEBRUARY 2006

1
1,228

ppm/TDS

615

pH

8.84

18 PUMNEY BROOK. PFA effluent outfall.
(NGR SU 527973)
Sample number
Conductivity (µS/cm)
ppm/TDS
pH

th

8 MARCH 2006

1
1076
520
10.24

18 PUMNEY BROOK. PFA effluent outfall.
(NGR SU 527973)
Sample number
Conductivity (µS/cm)

th

12 MARCH 2006

1
1145

ppm/TDS

566

pH

9.63

17 RIVER THAMES. 50 m upstream of
confluence with Pumney Brook. (NGR SU
528971)
Sample number

th

6 NOVEMBER 2005

1

2

3

4

5

6

7

8

9

10

Mean

SD

Conductivity (µS/cm)

693

676

675

676

673

673

675

673

673

675

676.2

6.03

ppm/TDS

346

336

338

338

337

338

340

339

338

337

338.7

2.79

8.3

8.28

0.04

10

Mean

SD
1.84

pH

8.2

8.3

8.3

8.2

8.3

17 RIVER THAMES. 50 m upstream of
confluence with Pumney Brook. (NGR SU
528971)
Sample number

8.3

8.3

8.3

8.3

th

8 MARCH 2006

1

Conductivity (µS/cm)

695

ppm/TDS

344

pH
8.47
NOT ON MAP RIVER THAMES. Abingdon Weir
th
pool (NGR SU 505972)
6 FEBRUARY 2006
Sample number

1

Conductivity (µS/cm)

719

ppm/TDS

369

pH

8.23
th

6 CALFREYS POND (NGR SU 520970)
Sample number

1

2

3

6 NOVEMBER 2005
4

5

6

7

8

9

Conductivity (µS/cm)

764

759

761

759

759

759

758

759

758

758

759.4

ppm/TDS

379

379

379

382

379

378

378

379

379

378

379

1.15

pH

8.1

8.1

8.1

8.1

8.1

8.1

8.1

8.1

8.1

8.1

8.1

0

Page 44 of 55
© SAVE RADLEY LAKES 2006

Evidence of Pollution …

Report No. SRL/FP/003.1 (12/04/2006)

th

6 CALFREYS POND (NGR SU 520970)
Sample number
Conductivity (µS/cm)

6 FEBRUARY 2006

1
878

ppm/TDS

436

pH

8.05

1 MAN-MADE POND SE corner of ‘Lakes’ H/I
(NGR SU 525972)
Sample number
Conductivity (µS/cm)

th

6 FEBRUARY 2006

1
1,148

ppm/TDS

575

pH

7.50

1 MAN-MADE POND SE corner of ‘Lakes’ H/I
th

(NGR SU 525972)
Sample number
Conductivity (µS/cm)

12 MARCH 2006
1
1,131

ppm/TDS

562

pH

7.73

19 BARTON FIELDS Stream (NGR SU 507972)
Sample number
Conductivity (µS/cm)

1
767

ppm/TDS

384

pH

7.56

7 THRUPP COTTAGES Well Water (NGR SU
518973)
Sample number

806

ppm/TDS

410

pH

7.67

8 THRUPP COTTAGES Stream (NGR SU
518972)
601

ppm/TDS

298

pH

7.74

16 POOL North edge of H/I East end
(NGR SU 523974)
Conductivity (µS/cm)

1
703

pH

7.86

16 POOL North edge of H/I East end
(NGR SU 523974)
Conductivity (µS/cm)

th

7 FEBRUARY 2006

1436

ppm/TDS

Sample number

th

7 FEBRUARY 2006

1

Conductivity (µS/cm)

Sample number

th

7 FEBRUARY 2006

1

Conductivity (µS/cm)

Sample number

th

6 FEBRUARY 2006

th

12 MARCH 2006

1
1283

ppm/TDS

642

pH

8.18
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38 POOL North edge of H/I West end
(NGR SU 525974)
Sample number
Conductivity (µS/cm)

th

12 MARCH 2006

1
1283

ppm/TDS

636

pH

7.94

35 Waterlogged area Southeast edge of H/I
(NGR SU 525972)
Sample number

1

Conductivity (µS/cm)

667

ppm/TDS

333

pH

7.79

36 Waterlogged area East edge of H/I
(NGR SU 525973)
Sample number

th

12 MARCH 2006

1

Conductivity (µS/cm)

636

ppm/TDS

317

pH

8.4

37 Waterlogged area Northeast edge of H/I
(NGR SU 525974)
Sample number
Conductivity (µS/cm)

th

12 MARCH 2006

1
597

ppm/TDS

298

pH

7.93

34 SEPARATE POOL Northern edge of H/I
(NGR SU 524973)
Sample number

th

12 MARCH 2006

th

12 MARCH 2006

1

Conductivity (µS/cm)

2235

ppm/TDS

1109

pH

7.97

9 Great Crested Newt Pond west side of Lake E
th
(NGR SU 517975)
7 FEBRUARY 2006
Sample number
Conductivity (µS/cm)

1
774

ppm/TDS

388

pH

8.13

10 POND North Side of Thrupp Cottages
(NGR SU 516974)
Sample number
Conductivity (µS/cm)

1
726

ppm/TDS

361

pH

7.96

5 ‘BRUNEY’ Stream West End (NGR SU
514970)
Sample number

th

7 FEBRUARY 2006

th

7 FEBRUARY 2006

1

Conductivity (µS/cm)

858

ppm/TDS

426

pH

7.34
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4 ‘BRUNEY’ Stream Middle Part (NGR
SU515970)
Sample number
Conductivity (µS/cm)

th

7 FEBRUARY 2006

1
906

ppm/TDS

451

pH

7.45

3 ‘BRUNEY’ Stream East End (NGR SU 517970) 7th FEBRUARY 2006
Sample number

1

Conductivity (µS/cm)

984

ppm/TDS

496

pH

7.45

2 ‘BRUNEY’ Stream Southern Edge of
‘Lakes’ H/I (NGR SU 523970)
Sample number
Conductivity (µS/cm)

th

6 FEBRUARY 2006

1
1174

ppm/TDS

588

pH

7.48

23 ‘THRUPP’ Stream East end (NGR SU
517972)
Sample number
Conductivity (µS/cm)

1
753

ppm/TDS

372

pH

7.42

24 ‘THRUPP’ Stream Middle Part
(NGR SU 515972)
Sample number

714

ppm/TDS

370

pH

7.32

25 ‘THRUPP’ Stream West End
(NGR SU 513972)
Conductivity (µS/cm)

th

12 FEBRUARY 2006

1

Conductivity (µS/cm)

Sample number

th

12 FEBRUARY 2006

th

12 FEBRUARY 2006

1
805

ppm/TDS

403

pH

7.34

22 Connecting Stream between ‘THRUPP’ and
th
12 FEBRUARY 2006
‘BRUNEY’ Streams (NGR SU 517971)
Sample number
Conductivity (µS/cm)

1
841

ppm/TDS

420

pH

7.38

21 ABBEY FISHPONDS Stream
(NGR SU 514975)
Sample number

th

12 FEBRUARY 2006

1

Conductivity (µS/cm)

783

ppm/TDS

379

pH

7.76

26 Pumney Ditch Northern end near boathouse
th
(NGR SU 535987)
8 MARCH 2006
Sample number
Conductivity (µS/cm)

1
895

ppm/TDS

428

pH

8.09
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27 Pumney Ditch ‘Dog House’ (NGR SU
534982)
Sample number
Conductivity (µS/cm)

1
941

ppm/TDS

458

pH

8.02

28 Pumney Ditch Pumney Farm (NGR SU
533977)
Sample number
Conductivity (µS/cm)

1
471

pH

7.66

29 Pumney Ditch ‘Pheasant feeder’ station
(NGR SU 529975)
1012

ppm/TDS

451

pH

7.58

30 Pumney Ditch near Thames confluence
(NGR SU 527972)
869

ppm/TDS

435

pH

7.68

32 Pumney Ditch. A pool near ‘Pheasant
feeder’ station (NGR SU 529975)
Conductivity (µS/cm)

1
552

pH

7.61
th

31 Radley Stream (NGR SU 525975)
Conductivity (µS/cm)

th

8 MARCH 2006

1090

ppm/TDS

Sample number

th

8 MARCH 2006

1

Conductivity (µS/cm)

Sample number

th

8 MARCH 2006

1

Conductivity (µS/cm)

Sample number

th

8 MARCH 2006

973

ppm/TDS

Sample number

th

8 MARCH 2006

8 MARCH 2006

1
805

ppm/TDS

401

pH

7.73

33 Mr Attia’s pond, Stockey (NGR SU 525975) 12th MARCH 2006
Sample number
Conductivity (µS/cm)

1
370

ppm/TDS

186

pH

8.45

NOT ON MAP (A gravel pit, Peep O’day Lane
(NGR SU 495950)
Sample number

1

Conductivity (µS/cm)

432

ppm/TDS

212

pH

8.72

NOT ON MAP (A gravel pit, Peep O’day Lane
(NGR SU 495952)
Sample number
Conductivity (µS/cm)

th

14 MARCH 2006

th

14 MARCH 2006

1
485

ppm/TDS

240

pH

8.53
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NOT ON MAP (A gravel pit, Peep O’day Lane
(NGR SU 496955)
Sample number

1

Conductivity (µS/cm)

388

ppm/TDS

192

pH

8.55

NOT ON MAP Abingdon Sewage Farm outfall
stream (NGR SU 495953)
Sample number
Conductivity (µS/cm)

th

14 MARCH 2006

1
942

ppm/TDS

470

pH

8.14

APPENDIX 2:

th

14 MARCH 2006

Quantities of substances measured annually in PFA.

Figure A1: Concentration (mg/l) of boron in PFA obtained under laboratory conditions (demineralised
water and PFA at a ratio of 10:1 for 24 hours) between 2000 and 2005 (2002 data are not provided. Source
ENV/010/2005).

Figure A2: Concentration (mg/l) of chromium in PFA obtained under laboratory conditions (demineralised
water and PFA at a ratio of 10:1 for 24 hours) between 2000 and 2005 (2002 data are not provided. Source
ENV/010/2005).
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Figure A3: Concentration (mg/l) of molybdenum in PFA obtained under laboratory conditions
(demineralised water and PFA at a ratio of 10:1 for 24 hours) between 2000 and 2005 (2002 data are not
provided. Source ENV/010/2005).

Figure A4: Concentration (mg/l) of aluminium in PFA obtained under laboratory conditions (demineralised
water and PFA at a ratio of 10:1 for 24 hours) between 2000 and 2005 (2002 data are not provided. Source
ENV/010/2005).

Figure A5: Concentration (mg/l) of calcium in PFA obtained under laboratory conditions (demineralised
water and PFA at a ratio of 10:1 for 24 hours) between 2000 and 2005 (2002 data are not provided. Source
ENV/010/2005).
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Figure A6: Concentration (mg/l) of sodium in PFA obtained under laboratory conditions (demineralised
water and PFA at a ratio of 10:1 for 24 hours) between 2000 and 2005 (2002 data are not provided. Source
ENV/010/2005).

Figure A7: Concentration (mg/l) of potassium in PFA obtained under laboratory conditions (demineralised
water and PFA at a ratio of 10:1 for 24 hours) between 2000 and 2005 (2002 data are not provided. Source
ENV/010/2005).

Figure A8: Concentration (mg/l) of silicon in PFA obtained under laboratory conditions (demineralised
water and PFA at a ratio of 10:1 for 24 hours) between 2000 and 2005 (2002 data are not provided. Source
ENV/010/2005).
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APPENDIX 3:
Measured quantities and estimated final yields of substances
dissolved in a solution of PFA and water.
Note that Figures B10, B11 and B12 are cumulative quantities over three days.

Figure B1: Measured quantities of arsenic (mg/l) passing into solution in demineralised water after 24, 48
and 72 hours (data given in Table ESID10 in ENV/010/2005). Subsequent data points are extrapolated from
the continuance of the trend line, which has been extended from the known data series, until intercepting
at zero on the x-axis. The ‘Yield’ is the sum of all daily values of arsenic.

Figure B2: Measured quantities of silicon (mg/l) passing into solution in demineralised water after 24, 48
and 72 hours (data given in Table ESID10 in ENV/010/2005). Subsequent data points are extrapolated from
the continuance of the trend line, which has been extended from the known data series, until intercepting at
zero on the x-axis. The ‘Yield’ is the sum of all daily values of silicon.

Figure B3: Measured quantities of chromium (mg/l) passing into solution in demineralised water after 24,
48 and 72 hours (data given in Table ESID10 in ENV/010/2005). Subsequent data points are extrapolated
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from the continuance of the trend line, which has been extended from the known data series, until
intercepting at zero on the x-axis. The ‘Yield’ is the sum of all daily values of chromium.

Figure B4: Measured quantities of calcium (mg/l) passing into solution in demineralised water after 24, 48
and 72 hours (data given in Table ESID10 in ENV/010/2005). Subsequent data points are extrapolated from
the continuance of the trend line, which has been extended from the known data series, until intercepting at
zero on the x-axis. The ‘Yield’ is the sum of all daily values of calcium.

Figure B5: Measured quantities of chloride (mg/l) passing into solution in demineralised water after 24, 48
and 72 hours (data given in Table ESID10 in ENV/010/2005). Subsequent data points are extrapolated from
the continuance of the trend line, which has been extended from the known data series, until intercepting at
zero on the x-axis. The ‘Yield’ is the sum of all daily values of chloride.

Figure B6: Measured quantities of sulphate (mg/l) passing into solution in demineralised water after 24,
48 and 72 hours (data given in Table ESID10 in ENV/010/2005). Subsequent data points are extrapolated
from the continuance of the trend line, which has been extended from the known data series, until
intercepting at zero on the x-axis. The ‘Yield’ is the sum of all daily values of sulphate.
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Figure B7: Measured quantities of fluoride (mg/l) passing into solution in demineralised water after 24, 48
and 72 hours (data given in Table ESID10 in ENV/010/2005). Subsequent data points are extrapolated from
the continuance of the trend line, which has been extended from the known data series, until intercepting at
zero on the x-axis. The ‘Yield’ is the sum of all daily values of fluoride.

Figure B8: Measured quantities of sodium (mg/l) passing into solution in demineralised water after 24, 48
and 72 hours (data given in Table ESID10 in ENV/010/2005). Subsequent data points are extrapolated from
the continuance of the trend line, which has been extended from the known data series, until intercepting at
zero on the x-axis. The ‘Yield’ is the sum of all daily values of sodium.

Figure B9: Measured quantities of potassium (mg/l) passing into solution in demineralised water after 24,
48 and 72 hours (data given in Table ESID10 in ENV/010/2005). Subsequent data points are extrapolated
from the continuance of the trend line, which has been extended from the known data series, until
intercepting at zero on the x-axis. The ‘Yield’ is the sum of all daily values of potassium.
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Figure B10: Cumulative quantities of vanadium (mg/l) passing into solution in demineralised water after
24, 48 and 72 hours (data given in Table ESID10 in ENV/010/2005). The ‘Yield’ is the sum of all daily values
of vanadium.

Figure B11: Cumulative quantities of aluminium (mg/l) passing into solution in demineralised water after
24, 48 and 72 hours (data given in Table ESID10 in ENV/010/2005). The ‘Yield’ is the sum of all daily values
of aluminium.

Figure B12: Cumulative quantities of boron (mg/l) passing into solution in demineralised water after 24,
48 and 72 hours (data given in Table ESID10 in ENV/010/2005). The ‘Yield’ is the sum of all daily values of
boron.
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