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Summary 
Key Points 
• GARD remains generally disappointed with TW’s response to the 1st consultation.   It 

appears to have been a one-way flow of information from TW to stakeholders. 

• TW’s approach to climate change ignores the reality of the last 70 years of data which 
indicates deployable output has actually increased over time, by up to 200 Ml/d. 

• TW PCC assumptions and modelling are contradictory and above other’s calculations or 
reported levels.  More realistic PCC forecasts could reduce overall demand by 230 Ml/d. 

• The Teddington DRA option should be reintroduced.  Simple operating rules would limit 
temperature rise to 3 degrees, compliant with the WFD, and reducing DO by only 10%. 

• GARD shows how Affinity’s needs can be met quickly and cheaply through other means. 
Pressure on chalk streams would be removed within 5 years, 15 less than planned. 

• The Programme Appraisal and Selection Process remains not fit for purpose. Selective 
use, exclusion or fixing of input parameters compromises the optimisation. 

• Forcing a fixed, long-term project across multiple 5-year optimisation points in the 
adaptive pathway analysis, biases the process towards over-provision of large resources. 

• The plan-based population forecast remains unrealistically high, above even the ONS 
2016 high projection which is unrealistic.  This should be revisited. 

• Results seem uniformly biased toward lowest cost, which stakeholders have no chance 
to scrutinize as costs are withheld. What-if testing is incomplete and unconvincing. 

• To be credible, the optimisation should include all factors relating to Affinity as a fourth 
zone. Regardless, the optimization cannot be evaluated without provision of cost data. 

• Reservoir costs are split with Affinity, costs of the STT in the same circumstances are not. 

• The TW response to our, and others’, criticisms of the SEA is insufficient. 

• Proposed demand management and leakage targets achieve less than levels already met 
by 7 other water companies. 

• Inclusion of ‘Strategic’ in the reservoir’s new name is misleading and a sop to the NIC. 

• Ignoring inter-regional transfers for 60 years is effectively a rejection of the option. 

• TW’s own assessments show that the Abingdon site is unsuitable for a reservoir.  
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1. Lack of cost transparency  

 

Thames Water have failed to respond adequately to the requests by GARD, Ofwat 
and others for more transparency of cost estimates. The Appendix I to their 
Statement of Response, titled ‘Assessment of Option costs’ and supposedly 
addressing cost transparency provides no additional cost information, with barely a 
‘£’ sign in the entire document. 

16 

 
Until properly detailed cost estimates are provided and independently audited, 
GARD will have no confidence that the costings that Thames Water has used in the 
selection of Abingdon reservoir have been estimated correctly and without bias. 

19 

2. The need for Abingdon reservoir  

 
Thames Water have included Abingdon reservoir in their latest WRMP, despite the 
big reductions in leakage that they were required to make following consultation on 
the first draft plan.  

 

 
GARD’s analysis shows that Abingdon reservoir is likely to become a £2 billion white 
elephant, causing irreversible damage to the local community and the environment. 
The make-up of Thames Water’s revised forecast deficit for London is shown below: 

40 
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This diagram also shows Thames Water’s planned use of Abingdon reservoir up to 
the end of the 21st Century.  Even if their planned deficit of 742 Ml/d by 2099 
actually arises, which we think is very unlikely, only about half of their expected 
yield from Abingdon reservoir would be needed in London. There would be no need 
for Abingdon reservoir at all until 2045 and even that depends on Thames Water’s 
highly pessimistic allowance for climate change.  If the loss of deployable output 
from climate change is only half Thames Water’s allowance, Abingdon reservoir (or 
another significant new source) would not start to be needed until 2060. 

41 

 

The diagram above highlights the weakness of the case for Abingdon reservoir: 

1. The need for Abingdon reservoir to be operational by 2038 is driven entirely 
by Affinity’s possible supply deficit and the need to alleviate over-abstraction 
in Thames Valley chalk streams – said to be 100 Ml/d in total. 

55 

 

2. Affinity and chalk stream needs can be met at less cost and more quickly by 
making better use of water available from Thames Water’s improved leakage 
and demand management programmes in London.  

58 

 

3. About 75% of water required for Affinity and chalk streams will be returned 
via improved chalk stream flows and STW effluents to Thames Water’s 
intakes for the London reservoirs. Even if Affinity and chalkstream are 100 
Ml/d (which we doubt), about 75 Ml/d would still be available for London’s 
supplies from Abingdon reservoir. 

60 

 

4. Using Thames Water’s figures for demands and climate change, London’s 
need for water from Abingdon (or another major scheme) does not arise 
until 2045. However,  

• More credible population and per capita demand assumptions would 
reduce Thames Water’s deficit in 2045 by 83 Ml/d 

 
 
 

22 

 

• The evidence of impact of climate change since the 1940s appears to 
have been to increase the deployable output of London’s supplies. 
Therefore, TW’s assumed DO loss of about 120 Ml/d by 2045 looks to 
be an improbable worst case, rather than a best estimate. 

36 

 

5. With more credible assumptions, the deficit in 2045 would be reduced by 
200 Ml/d and the need for any additional water from Abingdon (or other 
major new source) would be pushed back by 60 years. 

41 

 

6. Even with Thames Water’s figures, only about 150 Ml/d of a major new 
source like Abingdon reservoir would be needed by 2100, by which time. TW 
have allowed for 250 Ml/d loss of DO for climate change. 
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7. Therefore, the eventual need for Abingdon reservoir (or another major 
source) is entirely driven by TW’s assumptions for climate change, without 
which there would be no need at all for Abingdon reservoir, even by 2100. 

43 

 

In our opinion, the failure to plan for the forecast deficit not materialising is a major 
weakness of the revised dWRMP. Therefore, the plan as it stands is likely to produce 
a £2 billion stranded asset and white elephant like Kielder reservoir. 

 

3. Thames Water’s plans for leakage control and demand 
management  

 

GARD welcomes TW plan to reduce leakage by 15% by 2025 and to halve 2016 
leakage by 2050 in line with the NIC proposals. However, to put this in context, 
there are already 7 water companies with lower unit leakages. TW targets should be 
more ambitious.. 

45 

 

In past WRMPs, Thames Water have a history of over-estimation of per capita 
consumption for London, setting unambitious which are then surpassed. We think 
this is the case for the current plan. TW should aim to reinvigorate existing demand 
reduction initiatives and develop new ones to maximize efficiency 

32 

 

In London, TW plan to meter 73% of individual households and bulk meter the flats, 
whilst metering 90% of Thames Valley households, all with smart meters by 2040. 
The total is less than the industry average for all households. Metering should be 
accelerated as the first step in improving water efficiency in accordance with the 
spirit of NIC guidance. 

48 

4.  Meeting needs of Affinity and chalk streams  

 

Having been obliged to adopt more ambitious leakage and metering programmes, 
Thames Water’s have seized upon the needs of Affinity and chalk streams to rescue 
their ambitions for a reservoir. Abingdon reservoir has been re-branded as the 
South East Strategic Reservoir Option. This is a misrepresentation of its function and 
capabilities. In view of the reservoir’s almost non-existent refill in 18-month 
droughts, the “Abingdon tank” would be a more accurate description. 

54 

 

Affinity (with its over-abstracted chalkstreams) is the only Thames Valley water 
company with a need for more water from the Upper Thames. Their needs have 
been over-stated by Thames Water as being 100 Ml/d, required in full by 2039. 
Based on Affinity’s own figures for their more ambitious ‘Alternative Plan’ in their 
first draft WRMP, the deficit would still not arise until 2057 and be only 60 Ml/d at 
their 2080 planning horizon. 

56 

 The Abingdon reservoir, with TW’s estimated yield of about 290 Ml/d, is much too 61 



5 
 

  Refer to 
page no. 

large for Affinity’s needs. It should not be the solution for Affinity, if not already 
needed for London. 

 

The Oxford Canal transfer and Didcot power station licence reallocation, both 
already in Thames Water’s revised plan, would provide 29 Ml/d of the 60 Ml/d that 
Affinity ultimately need. They would both be implemented by 2026 and would 
enable most of Affinity’s planned 36 Ml/d of chalkstream sustainability reductions 
(although the Didcot power station reallocation would need to continue beyond its 
currently planned 2025 end date). 

60 

 

A bulk supply by Thames Water to Affinity at Sunnymeads, via reallocation of 31 
Ml/d of Thames Water’s London licence allocation, would be a better way of 
meeting any remaining Affinity need. There would be no violation of the “no water 
available”, classification in EA’s CAMS for the River Thames.  

62 

 

The availability of the Sunnymeads bulk supply option should be properly 
communicated to stakeholders with chalk stream interests, rather than implying 
that the only way of alleviating the undoubted over-abstraction of chalkstreams is 
the early construction of Abingdon reservoir. 

 

5.  The Teddington DRA scheme  

 

Thames Water has failed to justify its decision to remove the Teddington DRA 
scheme from the feasible options and its preferred programme. They have not 
completed their investigation of temperature impacts, or their mitigation. The high 
temperature rises from the DRA option without mitigation, as included in the first 
draft WRMP, are the consequence of Thames Water’s failure to address the 
Environment Agency’s warning about this potential problem in 2016. 

65 

 

Although the Environment Agency’s concerns about a 9oC temperature rise are 
understandable, there is no justification for the zero-temperature increase criterion 
suggested by the EA and accepted by Thames Water, apparently without question. 

67 

 

In the first instance, the WFD standard of a 3oC temperature rise should be the 
design standard for mitigation measures, unless ecological investigations show this 
would give rise to significant impacts and WFD deterioration. 

70 

 

With use of up to 400 Ml/d effluent from Mogden, but seasonal restrictions on 
usage and a more efficient trigger rule, temperature rises from the DRA scheme can 
be restricted to 3oC with only a 10%loss in deployable output to 241 Ml/d. In 
assessing deployable output of the DRA options, Thames Water should assume an 
improved trigger rule and there should be no allowance for additional emergency 
storage in the London reservoirs. 

69 

 Thames Water should reinstate the Teddington DRA scheme as a feasible option and 78 
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in the preferred programme in the draft WRMP. As for any other option, it can be 
rejected if the next phase of scheme development shows that the ecological impacts 
are unacceptable after inclusion of affordable mitigation measures. 

6.  Effluent reuse schemes  

 

GARD welcomes, the inclusion of the Deephams 45 Ml/d in the preferred plan, 
giving the opportunity to learn from experience of an option type with great 
potential for London. However, despite inclusion in the least cost plan, Beckton 
reuse 95 Ml/d has been excluded from the preferred plan, losing the opportunity to 
learn from the Deephams experience.  This should be revisited. 

81 

 

For Beckton reuse, scheme capacity up to 150 Ml/d could be implemented without 
the need for costly reverse osmosis treatment. When appraising phased 
development of reuse options, TW should not assume a worst case of RO for all 
subsequent phases, but instead adopt an ‘adaptive management’ approach. 

83 

 

About 80% of water abstracted returns to a sewage treatment works and ends as 
freshwater discharge to the Middle Tideway. Tideway brine discharges would have 
minor to negligible local salinity impacts for individual schemes. Beckton reuse 
schemes of up to 275 Ml/d should be considered acceptable in terms of impact on 
the tideway. This should keep the Beckton reuse scheme in the preferred 
programme. 

82 

7. Inter-regional transfers  

 

Thames Water have only paid lip service to the concept of strategic inter-regional 
transfers – the investigations of Severn-Thames transfer options have largely 
focused on reasons not to develop them, rather than finding ways to overcome any 
problems identified. TW have not addressed the national strategic need to bring 
new water into the South East. 

85 

 

Thames Water appear to have included STT options late in their preferred plan, over 
60 years from now, merely as a sop to show they are following the findings of NIC 
and Water UK, who both supported the strategic need for transfers. 

 

 

By proposing the Abingdon reservoir in their preferred plan, before completing key 
investigations of STT options, TW have failed to follow one of the primary outcomes 
of the 2010 Public Inquiry. The investigations that were identified as urgent at the 
Public Inquiry in 2010, are incomplete and are being undertaken, slowly and 
inadequately: 

85 

 
• The stochastically generated River Severn flow data used in option appraisal are 

a poor fit with gauged records, underestimating available flows. They are not fit 
86 
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for the purpose of assessing deployable outputs of STT options. Historic flow 
records should be used in appraising these options, with realistic allowance for 
climate change loss, ie 5-10% as per other water companies dependent on River 
Severn Flows. 

• The allowance of 20% losses in water transferred down the River Severn is not 
justified by the historic flow records; the allowance should be 10% for option 
appraisal. 

 
 
 

91 

 

• The recently set up strategic steering group, with members from the relevant 
water companies an regulators, should have been set up immediately after the 
Public Inquiry to ensure adequate planning and execution of the investigations. 

 

 

The STT options should be reappraised with GARD’s proposed assumptions for 
losses and river flows, with a first phase specifically designed to meet the needs of 
Affinity and chalkstreams, if still required. 

108 

 

The first stage should include only about 50-100 Ml/d of support to meet the all-
year needs of Affinity and chalkstreams; such an option would also provide about 
200 Ml/d for London. Subsequent stages of phased development of the STT should 
have a capacity increased to at least 400 Ml/d, with the capability of providing well 
in excess of 300 Ml/d for London, if needed.  

 

 

Once the Severn-Thames link has been built, subsequent, phases of support can be 
added quickly if or when the need arises. This would avoid unnecessary costs and 
irreversible impacts of a huge single-phase scheme like Abingdon reservoir  

 

 

TW’s proposal for multiple support sources from United Utilities and Welsh Water is 
unnecessarily complex and costly; instead, the primary source of support should be 
at least 300 Ml/d from Vyrnwy reservoir, with replacement of United Utilities lost 
supplies selected from their many feasible options that have AIC costs that are much 
lower than any of TW’s. 

103 

 

TW have still provided no transparency of their STT option costs; until properly 
detailed cost breakdowns are supplied, GARD will have no confidence that selection 
of Abingdon reservoir ahead of the STT has been done fairly and without bias. 

106 

8.  The Abingdon reservoir option  

 

In GARD’s response to the first draft WRMP, we criticised Thames Water’s 
assessment of the resilience of Abingdon reservoir to long duration droughts. Our 
criticism has been addressed by a further study by Atkins, but using a methodology 
that was not agreed by GARD, either at a stakeholder meeting in January 2018 or 
subsequently in writing.  
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On the basis of a  quick examination of Atkins’ recent resilience work and data 
received less than 3 weeks before the consultation deadline, GARD concludes that: 

 

• The selection of droughts in the latest study was biased in favour of 
“proving” the resilience of Abingdon reservoir;  

• Despite the failings of the drought selection process, Atkins have identified 
three droughts out of 60 that would cause catastrophic failure and 9 
droughts out of 60 that would provide yield gains of less than 250 Ml/d. 

• The concept of averaging the yields in all droughts  is meaningless and 
disguises the catastrophic failures that Atkins latest work has identified. 

• Abingdon reservoir would provide little true resilience to droughts in the 
sense of the ability to adjust to or recover from droughts more severe than 
the 1:200 year design standard. The true resilience of Abingdon reservoir to 
severe droughts is much less than any of the other option types available to 
Thames Water. 

 
 
 
 
 

116 
 
 

112 
 
 

 

In view of the late provision of Atkins latest report and late receipt of detailed 
resilience modelling data, it has not been possible for GARD to undertake a 
thorough analysis. We reserve the right to make a further submission on this subject 
after the deadline for consultation responses. Our findings will be made available to 
the Environment Agency, DEFRA and Ofwat in the post-consultation period. 

 

 
Thames Water has failed to complete adequate investigations of the impact of 
constructing the reservoir partially on the flood plain that protects local villages:  

 

• The increased flood risk remains a key concern for residents. The proposed 
Abingdon Flood Relief scheme makes non-interference with the floodplain 
even more important. Planning guidance rules out development over 
functional floodplain, since this must be expanded and enhanced. 

• The TW flood alleviation plan makes no assessment of the potential effects 
of climate change and how this might increase future flood risk; it removes 
any future ability to develop additional flood relief schemes that may be 
needed in the area due to climate change. 

• TW’s own assessments show that the area would be unable to meet 
statutory requirements to reduce flood risk, create sufficient space for flood 
storage, expand, and enhance the floodplain. 

• Flood alleviation measures would require access to space outside the 
reserved area.TW has failed to appreciate how recent housing developments 
have affected the reserved area, leaving no room for proposed buffers, 

117 
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landscaping and flood alleviation. 

 

• GARD stands by all the comments made on the SEA following the first 
consultation and do not believe they have been adequately addressed. 

• GARD supports Historic England's report, noting that it preferred the transfer 
scheme to the reservoir, due to the advantages of the transitory effects of the 
former over the permanent effects of the latter. GARD does not believe that 
TW have adequately addressed Historic England's point about its preference 
for a transfer scheme. 

• The SEA fails to adequately highlight the issue of flood plain encroachment, 
which is not permitted under national planning guidelines and which should 
have led to the Abingdon reservoir option being ruled out during the 
screening process. 

• Despite claiming to have made changes to its SEA, TW provided much less 
information on the underlying processes behind the SEA narrative than last 
time.  GARD has asked for the supporting sub-appendices but these have not 
yet been delivered as they are going through a redaction process.  These 
should have been made available to all stakeholders at the start of the 
consultation. 

• Since we have been unable to fully analyse changes to the SEA due to the lack 
of information provided, GARD will address its further concerns, as they arise, 
to Affinity Water during their January consultation, as they are now co-
sponsors of the reservoir option. 

 
 
 

123 
 
 
 
 
 
 
 
 

124 
 
 
 
 
 
 
 
 
 

9.  Thames Valley zones  

 GARD welcomes Thames Water’s much reduced reduction in SWA zone demands, 
but we query whether the SWOX zone demands should be similarly reduced. 

We also welcome the improved leakage and demand management in SWOX zone 
which has eliminated the need for new SWOX resources to meet a local deficit 

If flows in Oxford water courses need to be enhanced, this could be achieved by 
GARD’s proposed DRA scheme at a tiny fraction of the cost of Abingdon reservoir 
(one of Thames Water’s supposed ‘benefits of the reservoir) 

 
 
 
 

126 

10. Programme appraisal  

 

TW’s methodology for assessment of alternative programmes for the ‘highly 
complex’  London, SWOX and SWA zones includes both the  ‘EBSD+’ model,  the 
‘IRAS_MCS’ model capable of true multiple parameter, multi- criteria search. 
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A comparison of ESBD+ revised-plan optimizations with those in dWRMP19 shows a 
difference in NPV of ‘Preferred Programs’ of +£375M showing that the 
incorporation of the new, more ambitious Leakage Reduction program, previously 
dismissed as excessively costly, has made very little real difference to the final 
‘Preferred Program’s ‘ cost. 

 

GARD’s call for the optimization process to be rerun under certain improvements 
has only been partially addressed.  

• Adaptability analysis has been implemented in the later stages of 
optimization, but there are still issues with this process. 

• Although population forecasts have reduced, there are still issues with 
unreasonably high population projection for 2045.  

• A 50% Leakage Reduction by 2050 is now a “company policy”, and, as such, is 
not a parameter to be optimized by any methods. This commitment is 
welcome, but the omission of such a large component of the program from 
optimization causes serious issues. 

• There have been no re-evaluation of the SEA metrics  for  major sources, or 
corrections of errors of Deployable Output, or a complete Drought Resilience 
analysis for climate-dependent resources  

129 

 

There cannot be confidence in the cost metric: costs cannot be analysed from the 
current rdWRMP, costs of various programs have changed markedly without proper 
explanation.  Thames Water should provide detailed costs so that programmes can 
be properly assessed. 

 

 

The cost metric is compromised by the selective cost-splitting for ‘upper Thames’ 
resources, with the cost for  the Abingdon reservoir options being split between TW 
and Affinity programs, whilst the equivalent Severn-Thames Transfer (STT) costs are 
borne entirely by the TW program. TW should publish the entire cost information 
for the ABINGDON in one document, something it has explicitly refused to do. 

130 

 

Now that Leakage Reduction is “company policy” it is not included in the weighting 
of the Intergenerational Equity (IGEQ) metric .PCC reduction is also no longer 
included in this metric.  

What remains in IGEQ - affordability for present and future generations - still omits 
the issue of social costs (mounting Water Company debt and the lost Corporation 
Tax take). As such it has much-reduced optimization input 

GARD’s view, ignored by TW from our previous submission, is that the costs needs 
taking into account in any real IGEQ maximization. 

 
 
 
 

132 
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Customer Preference surveys can be seen to include loaded preference questions. 

In addition, some of the customer preference data collected runs counter to 
regulatory guidance.  TW should review its customer engagement programme. 

133 

 

The EBSD+ optimization does not deal with the Affinity Water zone receiving the TW 
100Ml/d supply as a conceptual 4th complex zone. This failure, caused by the 
inability, at this point, to import the required data from the Affinity plan, essentially 
fixes both the supply date and magnitude and seriously cripples the analysis 
Particularly bearing the disputed nature of the required size and date of this supply.. 

 

 

No objective reason is given for the selection of the final 6 ‘Reasonable Alternative 
Programs’ (RAP) from 20 meeting the requirement for water available for use 
(WAFU).  

Most of the metrics do not demonstrate the rationales given by TW for the 
individual selections. ‘Customer Preference’ is defined with unsupportable precision 
and is virtually static over the 6 RAPs, having been shackled by the company policy 
Leakage Reduction. The Environmental Metrics and IGEQ are also not believable. 

137 

 

A program-level SEA Review fails to deal with the problems of bias in the 
assessments of individual schemes. No attempt is made to reiterate and examine 
those RAPs that significantly over-supply the required WAFU. There are missed 
opportunities for trading off smaller supply schemes, whilst losing the most 
environmentally problematic elements of the major schemes. This step should be 
implemented or the whole optimisation process is fundamentally flawed. 

 

 

The Adaptability Analysis is skewed by the bias in the future scenario selection, 
which allows testing against only potentially increased supply to ‘WRSE’, under-
achievement of leakage reduction targets, accelerated climate change, and 
underplays effects of likely population over-projection up to 2045. 

The Abingdon reservoir, which has a time span across several adaptability pathway 
branch points (5 years spacing) cannot be handled properly by Adaptive pathway 
analysis. In addition, the restriction to the class of reservoir projects which can be 
added to programs to prevent failure includes only the largest projects (above 125 
Mm3), which effectively removes the chance of optimisation via trade-off between 
projects of different scalability and phase-ability. 

139 

 

IRAS_MCS system simulation and programme development has great potential as it 
can link climate and hydrological data from separate river basins and potentially 
from different companies.  

As implemented by TW however, the IRAS_MCS program development is flawed, in 
some cases seriously, by many of the same faults as the EBSD+ process: optimisation 

142 
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of only TW-related cost, environmental impact/benefit and resilience metrics – 
Affinity’s zone once again being a fixed input; imposition of the ‘company policy’ 
leakage and demand management program; and the use of the cost and 
environmental metric data as used with EBSD+ optimisation, with the same 
identified problems. 

GARD believes that the Regulators should ask TW to repeat this analysis with a more 
comprehensive and less-skewed set of metrics and a more thoroughly peer-
reviewed set of cost and environmental impact input data. 

 
The goals to maximise the supply to the wider WRSE and SWOX from upper-Thames 
resources used as metrics in the IRAS_MCS (regardless of need) are inappropriate.  

 

Contrary to TW spin, if scenarios of interest are chosen, with better than 1 in 200 
year Resilience, the IRAS_MCS analysis does not favour Abingdon over a major STT 
or desalination plant.  

The results shown also do not give any reason for distinguishing  between a 
Reservoir with 125Mm3 (‘one zone’) and 150 Mm3 (‘two zone’) capability, in the 
most interesting 1:200 year to 1:300 year failure-rate band. 

Regarding the scheduling of options, in the similar interesting failure range, only 
20% of optimized programs need a large Abingdon reservoir before 2050. 

144 

 

The explicit decisions made up front in this Appraisal and selection process: 

 - to fix the Leakage Reduction to a 50% level by 2045 as ‘company policy’;  

 - to fix the Leakage Reduction and PCC gains at 2045 to the end of the century; 

 - to use the 2037 date as the driver for a major upper Thames resource to supply 
the ‘needs’ of 100 Ml/d transfer to Affinity Water; 

essentially fix the outcome of the Preferred Program. 

 The only remaining true variable (if these are accepted, which of course GARD 
strongly disputes), is the selection of either the Abingdon reservoir or the STT to 
supply the needs of the middle Thames and London.  

The evaluations of the costs, Deployable Outputs, Environmental 
Benefits/Disbenefits and climate change resilience of these two competing schemes, 
are thus of crucial importance in the selection of the final Preferred Program. 

146 

 

The Programme Appraisal and Development and scenario testing process is biased 
to push towards over-provision. Programs are favoured  that result  in a significant 
over-provision of large water-resource projects with the attendant problem of the 
generation of ‘stranded’ or ‘white elephant’ resources 

148 
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1. Introduction 

Key points 

• Thames Water have brushed aside most of GARD’s comments on the first draft WRMP, 
without proper consideration or supporting evidence. 

• There is a lack of transparency in technical supporting documents due to redaction and 
giving access to some only in Thames Water’s office, with copying not allowed. 

• There has been a lack of transparency in Thames Water’s dealing with ‘Water Resources 
in the South East’ regarding Thames Water’s plan to transfer water to Affinity, and to 
delay the Severn-Thames transfer to the 2080s. 

• Thames Water have failed to respond properly to the request by GARD, Ofwat and 
others for more transparency of cost estimates. The Appendix I to their Statement of 
Response, titled ‘Assessment of Option costs’ and supposedly addressing cost 
transparency provides no any additional cost information, with barely a ‘£’ sign in the 
entire document. 

• Until properly detailed cost estimates are provided, GARD will have no confidence that 
the costings that Thames Water has used in the selection of Abingdon reservoir have 
been estimated correctly and without bias. 
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1.1 Scope of response 

In GARD’s response to the first draft WRMP, we made many and detailed criticisms of the 
analysis which had led to the inclusion of Abingdon reservoir in their preferred plan. 
Although we recognise that Thames Water have responded at some length to GARD’s 
criticisms1

1.2 Availability of information 

, we consider that our concerns have been mostly brushed aside without proper 
consideration and with inadequate supporting evidence.  

We have responded at length to this second version of the draft WRMP. We have tried to 
avoid repeating what was said in our first response, but have referred to it where necessary. 

In this response we have focused mainly on the major changes that have been made to the 
revised WRMP and in the new or substantially revised supporting documents. 

GARD is grateful for the detail that Thames Water has provided in support of their draft 
WRMP and for their responses to the substantial information requests that GARD has made 
in the course of the current consultation (albeit that some responses arrived too late to be 
taken properly into account in this response). We recognise that the level of detail in 
documents on Thames Water’s web-site is a lot more than provided by other water 
companies. However, Thames Water’s draft WRMP contains proposals for the early 
implementation of Abingdon reservoir, which is by far the largest new water source in any 
company’s draft WRMP and it will have major impacts on the local community and 
environment.  

Therefore, there should be full transparency of key aspects of Thames Water investigations 
that have led to their selection of the Abingdon reservoir. In our opinion, there is a lack of 
transparency on many aspects of the dWRMP, particularly: 

• The difficulty of access to Conceptual Design reports that are only available for 
inspection in Thames Water’s office, with no copying allowed. This has made them 
impracticable as a source of information to GARD in preparing this response. 

• The extent of redaction in the Feasibility reports that are available on Thames 
Water’s web-site and in the Conceptual Design reports. 

• The lack of information on inter-company dealings regarding the major transfer 
options (see some example in Section 1.3 below). 

• Lack of transparency of dealings with the organisation ‘Water Resources in the South 
East’ in determining the decisions for Thames Water to transfer water to Affinity, 
whilst pushing the Severn-Thames transfer option back to the 2080s, more than 60 
years from now. 

                                                      
1 Appendix F to Thames Water Statement of Response, pages 368 to 414 
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• The almost non-existent information on option costings which have been, probably, 
the major factor in justifying Thames Water’s selection of Abingdon reservoir as the 
first major new source.  

1.3 Cost transparency 

GARD continues to have grave concerns about the reliability and lack of transparency of 
Thames Water’s cost estimates. We agree with Ofwat’s criticism in their response to the 
first draft WRMP:2

Then, referring to Severn-Thames transfer

 

“General statements are provided on the cost estimating methodologies used but it has 
not been possible to assess the robustness of the cost estimates from the information 
contained in the draft plan. Thames Water should provide further explanation of its 
option costing process, including cost assumptions and their application to different 
scheme types and how methods will be consistently applied to PR19 business planning.”  

3

Later, referring to the Oxford canal and Beckton desalination options

 options, Ofwat say:  

“It is unclear how Thames Water has derived its estimate of costs associated with this 
scheme from the information put forward by the parties. We would expect Thames 
Water to provide an explanation and reconciliation of any differences and third party 
assurance around their calculations in their further work for the final plan.”  

4

In our opinion, Thames Water’s responses to these valid Ofwat concerns, as per Appendix B 
to their Statement of Response (SoR), have been inadequate. There is reference to the 
summary of the Cost and Carbon Methodology on Thames Water’s web-site which is less 
than two pages, with minimal detail (although their response says the full version of the 
methodology is available to regulators). GARD requested the full methodology from Thames 
Water, but the request was refused four weeks later on grounds of commercial sensitivity

, Ofwat say “there are 
a number of areas where the differences in cost between the feasible and preferred options 
are significant and do not appear to be fully justified in the narrative”. 

5

                                                      
2 Ofwat Response to first Draft WRMP, page 11 of letter and attachment dated 29th April 2018 
3 Ibid page 9 
4 Ibid page 12 
5 John Lawson email to Alex Nickson of TW on 12.10.18 and TW email response on 7.11.18 

. 

Thames Water also refers to Appendix I of their SoR – Assessment of Option Costs. This 
document provides qualitative explanations of some large percentage changes in option 
costs through various versions of draft WRMPs and Fine Screening Reports, but no actual 
cost data to support the explanations and no detailed breakdown of latest costs.  There is 
hardly a ‘£’ sign in the whole document. 
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In the revised WRMP, there continues to be no detail of option costs beyond their total 
discounted capex and opex NPV costs and their AISC costs in p/m3, as shown on their WRP5 
tables for feasible options. Inspection of the latest table reveals a number of large and 
unexplained changes and anomalies in the option and programme costs. In attempt to get 
at least some more information, knowing Thames Water’s reluctance to release proper cost 
breakdowns, GARD requested more information of the spread of NPV costs over the 80-year 
discounting period, but the request was refused four weeks later.6

Some example of unexplained and anomalous option costs, using NPV cost data extracted 
from WRP5 Tables for the previous and latest versions of draft WRMPs, are shown below in 
Table 1-1

 

7

 

Table 1-1 Examples of unexplained and anomalous option costs 

: 

In the latest least cost programme8

                                                      
6 John Lawson email to Alex Nickson of TW on 11.10.18 and TW email response on 8.11.18 
7 Costs from Tables WRP5, Feasible Options, for London and SWOZ zones, first dWRMP and revised dWRMP 
8 Revised draft WRMP, Table 10-12, Thames Water, October 2018 

, there are now 3 x 100 Ml/d phases of Beckton reuse, 
with each phase identically costed despite the obvious cost savings that would arise from 
successive phases sharing pipe/tunnel costs between Beckton and the Lee Valley reservoirs. 
The new presence, since the previous dWRMP, of 300 Ml/d of Beckton reuse and no 
Abingdon reservoir in the least cost programme is itself mystifying, bearing in mind that the 

dWRMP 
version Option name

Earliest 
potential 
option 

start date 
(Year)

WAFU on 
full 

implemen
tation 
(Ml/d)

NPV of 
WAFU

(Ml)

CAPEX NPV
(£000)

OPEX NPV
(£000)

NPV of 
carbon 
(£000)

TOTAL NPV
(£000)

AISC
(p/m3)

dWRMP1 Reuse: Beckton 100Ml/d ph1 2029-30 95.0 690,807      993,396      499,646      309,355   1,802,397  261

dWRMP2 Reuse: Beckton 100Ml/d 2030-31 95.0 716,249 1,070,059 516,012 269,254 1,855,325 259

dWRMP1 Abingdon 150Mm3 2032-33 301.0 1,824,802 1,813,134 364,119 216,110 2,393,364 131

dWRMP2 Abingdon 150Mm3 2035-36 294 1,848,659 1,900,433 385,743 237,223 2,523,399 136

dWRMP2 South East Strategic Reservoir 
Option - 150Mm3 2035-36 294 1,848,659 1,448,169 357,256 228,233 2,033,658 110

dWRMP1 RWT - STT Deerhurst to Culham 
300 (2 zone Lon) - 60 + 15Mld 2030-31 98.0 794,146      1,015,966   649,574      329,473   1,995,013  251

dWRMP2 RWT - STT Vyrnwy 60 - 
Deerhurst to Culham 300 

2030-31 110.0 799,882 1,086,579 457,861 197,838 1,742,278 218

Unexplained changes in 
capex, opex and carbon costs, 

Capex reduced by £450 million 
for SE Regional Resource 

Opex reduced by 30% Carbon reduced by 40% 
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AISC cost of Beckton reuse is said to be double that of Abingdon reservoir. There are also 
unexplained upwards and downwards movements of around 10% in the capex, opex and 
carbon costs of the Beckton reuse options, although these cancel each other out in the 
overall NPV and AISC costs. 

1. Table 1-1 shows two versions of the 150 Mm3 Abingdon reservoir – one version 
supplying London with capex cost of £1,900 million and the second version 
described as “South East Regional Reservoir” with capex cost of only £1,450 million. 
There is no explanation provided, but we assume that the South East Regional 
Reservoir option allows for £450 million of the capex to be paid for by Affinity. This 
seems grossly unfair on Affinity who only need 100 Ml/d (at most), most of which 
will be returned either as sewage effluent or increased chalkstream flows to the 
Rivers Thames or Lee.  Therefore, most of the water transferred to Affinity will be 
available for Thames Water to re-abstract to their own reservoirs. In effect, Affinity 
are expected to pay a capex of £450 million for perhaps a 25 Ml/d loss of supply to 
Thames Water. Unsurprisingly, this enables Thames Water to include the South East 
Regional Reservoir version, in their preferred programme. 

2. There have been substantial unexplained changes in costs of Severn-Thames 
transfer options. For example, for the 300 Ml/d transfer supported by 60 Ml/d from 
Vyrnwy and 15 Ml/d from Mythe, there has been a 30% reduction in the opex cost 
from £650 million to £460 million. No explanation of this change is offered, but the 
opex costs are understood to include all United Utility and Severn Trent charges for 
the transfer. In their response to GARD’s querying of these costs in the first dWRMP, 
Thames Water say in paragraph 1.8 of Appendix I to their SoR 

“It is not for us to determine the extent to which aggregated costs presented to us 
are excessive, although we do liaise with third parties where we consider costs are 
high to check whether there might be an error or a misunderstanding of our 
requirements.”  

Thus, it appears that Thames Water can accept without question (if it suits them) the costs 
quoted to them for transfers by third parties. Equally, it appears that Thames Water can set 
their own charges for transfer to other water companies, as may have been the case for the 
transfer to Affinity supported by the so-called South East Strategic Reservoir. These are 
examples of the lack of transparency in dealing with other water companies that we refer to 
in Section 1.2 above. 

We also noted that, whereas Thames Water have reduced the cost of Abingdon reservoir by 
24% when it is used to supply Affinity, there is no such reduction in Severn-Thames transfer 
costs if used to supply Affinity – a clear case of bias in favour of the reservoir. 

The unexplained changes and discrepancies in Thames Water’s option costs that we refer to 
above are based on the total NPV costs of options, which is the only information made 
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available – the tip of the iceberg. There is absolutely no detail provided of underlying 
construction costs, contingency allowances, optimism bias, design costs, Thames Water 
management on-costs or energy costs. These are all matters that require judgment and are, 
therefore, susceptible to bias. 

 In GARD’s opinion, the lack of transparency in all option costs and the apparently 
unregulated setting of charges for transfers between water companies need to be 
addressed as a matter of urgency by Ofwat. We have requested Ofwat to take two actions 
before any decision is made on the adequacy of the revised draft WRMP: 

1. Ofwat should undertake a comprehensive independent audit of Thames Water’s 
option costs, including the detailed construction costs, contingency allowances, etc. 
The proposed inter-company charges should be audited, both incoming and 
outgoing, taking account of audited replacement option costs for the supplying 
companies. For such an audit to be independent, it needs to be commissioned by 
Ofwat, not done by consultants instructed and paid for by Thames Water. 

2. Ofwat should instruct Thames Water to release more detail of their cost estimates to 
GARD, who is the organisation that aims to support the people and businesses that 
will be adversely affected by Abingdon reservoir. As previously indicated, we would 
be willing to enter a Non Disclosure Agreement that restricts circulation of such 
information to named individuals on GARD’s committee and our consultants. 

If or when this information is made available, GARD will respond further on the adequacy of 
the draft WRMP, in particular the choice of the preferred programme. Until then, GARD has 
no confidence that the costings that Thames Water has used in the selection of Abingdon 
have been estimated correctly and without bias. 
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2. Supply/demand balance and deficit to be met 

Key Points 

• The TW Per Capita Consumption (PCC) forecast modelling system is based on 2007 
data with a number of questionable features. 

• Data shows measured-household PCC has fallen from about  151 l/h/d in 2004/5 to 
about 120 l/h/d in 2016/7, a fall of about 20%. This compares with a WRMP14 
prediction of about 139 Ml/h/d. Thus previous forecasts have proved substantially 
too high. 

• WRMP19 tables show measured PCC falling to 116.6 l/h/d in 2019/20 in line with 
historic trends. However WRMP19 shows a measured PCC of about 121 l/h/d largely 
constant until 2035 and then reduced to about 115 as a result of tariffs being 
implanted 

• The WRMP19 predictions do not adequately reflect ongoing reductions in PCC or 
that smart metering will replace dumb metering, thus reducing wastage. 

• Ofwat reports suggests an average measured and unmeasured PCC of less than 110 
l/h/d in the longer term in the South East, with 76 l/h/d under the Regulation and 
compliance scenario 

• Other companies forecast average PCC around 100 l/h/d, and GARD’s projection of 
historic trends agrees with this 

• TW policy is to expect future demand to reduce by approximately  20%: which would 
result in a reduction in demand of around 145 Ml/d  (measured supply) and around 
84 Ml/d (unmeasured supply) 

• This would lea GARD to expect a total reduction of about 230 Ml/d. 
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2.1 Population and Household Forecasting 

Introduction 

GARD welcomed the early abandonment of the original population figures that TW 
presented in the initial dWRMP and the subsequent adoption of lower figures.  The new 
figures were well received by the stakeholder community, though GARD made a logical case 
in its 1st consultation response as to why the actual figures used should be lower still. At a 
meeting between GARD, CPRE and TW held in Sep 2018, TW introduced us to a new ‘Plan 
based (Aug 2018)’ estimate, that incorporated the latest August 2018 GLA and other local 
authority building plans.  These raise the projection, particularly toward the middle and 
latter half of the short-term projection out to 2044/45.  The explanation for why other 
changes indicating future lower fertility, longevity and immigration, available before this 
date, were not included was that there was not sufficient time; this is unfortunate since 
these could have a much greater effect, particularly over the long term.  A summary of all 
the population figures presented by TW is shown below: 

Estimate dWRMP 
original 

dWRMP 
original 
revised 

rdWRMP 
“Plan” 
figure 

16/17 
baseline 

9,779,115 9,779,115 9,779,115 

2045 11,822,889 11,822,889 11,883,642 
2100 15,3737549 13,973,754  13,919,658 

Table2-1Comparison of different TW population projection figures, Mar – Sep 2018 

Demand arising from corrected ‘Plan based’ figures 

It can be seen that the new data used by TW in its ‘Plan based’ projection has significantly 
increased the expected population figure at 2045, this despite the widespread disagreement 
with the first set of figures by several stakeholders who noted that they were too high.  
Comparison with ONS 2016 principal projection growth rates, indicate that the TW plan-
based population figures for 44/45 are potentially over-inflated by 670,000, and at 2100 by 
1,061,585.Similarly, the household projection could be nearly 562,000 high by 2044.  GARD 
does not have the data to calculate a 2100 household figure. Recent updates on decreasing 
UK fertility rates, longevity and immigration indicate that these discrepancies could be even 
larger.  The derivation of GARD alternative projections is shown later. 

Much of the increase that TW projects, comes from higher expectation in the number of 
households that will be created due to upward revision of the Mayor of London’s building 
plan.  However, associated with that plan are new planning guidelines that state developers 
must design: 
                                                      
9 At the March Water Resources Forum, this figure was presented as 16 million.  The figure shown is what was 
used in the dWRMP. 
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“residential development so that mains water consumption would meet a target of 105 litres 
or less per head per day (excluding an allowance of 5 litres or less head per day for external 
water consumption)”10

“water neutrality, whereby for every new development, total water use across the wider 
area after the development must be equal to or less than total water use across the wider 
area before development.”

 

Further, the same plan lists the Mayor’s intent to explore 

11

Fertility, longevity and immigration 

 

This means that, regardless of the approach TW takes to developing its forward projection, 
the increase in demand will be much lower than currently forecast. If the lower GARD 
population figure is accepted then a lower population figure for 2044 of 670,000 less, with a 
TW average Per Capita Consumption (PCC) of 124 l/p/d, would mean demand reduces by 83 
Ml/d.  Even should the GARD figure be rejected, the actual demand experienced will be 
much lower than forecast.  The London plan is the major proportion of any expected 
increase, and the Mayor of London’s planning requirement of 105 l/ph/per day is much 
lower than the figures TW is expecting to achieve.  Finally, following the Mayor of London’s 
planning guidance for water neutrality means that most of the expected demand increase 
that TW has projected disappears.  Whichever approach is taken, the increased water 
availability is more than enough to meet the actual Affinity requirement. 

The methodology adopted by TW has produced figures that in 2044 and 2100mirror, or 
exceed, the ONS 2016 High projection.  This is clearly shown in the graphs and tables 
included in Section 3 of the WRMP.  For example, Table 3-13 shows a Plan-based (Aug 2018) 
population projection for 2044/45 that is 62,465 higher than the ONS 2016 High projection 
and 613,205 higher than the ONS 2016 Principal projection.12Using a projection greater than 
even the highest ONS projection is unreasonable. The ONS states that the high projection is 
based on high fertility, high longevity and high immigration.  Recent updates from ONS and 
other organisations13

                                                      
10Mayor of London, London Plan, Chapter 5 – London’s Response to Climate Change 
11 To be achieved through initiatives such as rainwater and greywater for uses other than drinking 
12 The figure is 1,160,833 higher than the ONS Low projection. 
13Global Burden of Disease Study, The Lancet, 10 Nov 2018 and “Remarkable decline in fertility 
rates”www.bbc.co.uk/news/health-46118103, dated 9 Nov 2018. 

 indicate that these are all either falling, or the rate of increase 
decreasing, meaning that the actual outturn is likely to be somewhere between the principal 
and low projections.   

In terms of, for example, the fertility assumptions used across its different projections, ONS 
states that: 
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“the principal projection assumes the total fertility rate for the UK decreases in the short 
term from the 2016 level of 1.79 to 1.77 in 2017, then increases gradually over the years. 
In the long term, the high and low fertility variants assume total fertility rates of 1.94 and 
1.64 children per woman for the UK”14

Recent updates indicate that England fertility rates have dropped to 1.7.

 

15

Likewise, recent reports indicate that historic increases in longevity have stalled.  The latest 
update of ONS National life tables

  This is closer to 
the low projection than the principal projection and considerably lower than the high 
projection assumptions that deliver the sort of figures calculated by TW.   

16

With regard to immigration, trends are undoubtedly confused by the effects of Brexit.  
Government policy aims for a net migration level ‘in the tens of thousands’ and while actual 
net migration levels have been significantly higher than this, there have been recent 
significant falls.  The most recent August 18 ONS migration report

 confirmed that earlier reports of a cessation in the 
increase in longevity was continuing: 

“The slowdown in life expectancy improvements in the UK has continued, as 2015 to 
2017 saw the lowest improvements in life expectancy since the start of the series in 1980 
to 1982. Some decreases in life expectancy at birth have been seen in Scotland, Wales 
and Northern Ireland whilst in England life expectancy has remained unchanged from 
2014 to 2016. This slowing in improvements is reflected in the chances of surviving to 
age 90 years from birth, which has also seen virtually no improvement since 2012 to 
2014.” 

17

The ONS 2016 methodology for calculating immigration

 notes that net migration 
has fallen from the peak levels seen in 2015 and 2016 and has remained broadly stable 
since.  EU net migration, at around 90,000, was at its lowest level since 2012.   

18

                                                      
14https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationprojections/c
ompendium/nationalpopulationprojections/2016basedprojections/fertilityassumptions#assumptions-for-
fertility-variants 
15Population and fertility by age and sex for 195 countries and territories, 1950-2017: a systematic analysis for 
the Global Burden of Disease Study 2017, The Lancet, 10 Nov 2018 
16 ONS National life tables, UK:2015 to 2017, dated 25 Sep 2018  
17 ONS Migration Statistics Quarterly Report: August 2018, dated 23 Aug 2018 
18 ONS Methodology used to produce the 2016-based subnational population projections for England, dated 
24 May 2018 

for its projections takes the 
average of 5 years historic data from year ending mid 2012 to year ending mid-2016, to give 
a five-year average.  This is assumed as a constant, that is used throughout the projection 
period.  This methodology means that recent falls have not been taken fully into account 
and so it would be expected that the next set of projections will be lower, continuing a trend 
from 2014.  Section 3 of the rdWRMP, para 3.99, notes that it expects lower migration levels 
and hence ‘high migration (ONS) variants represent a less likely outcome for our WRZs over 
the long-term horizon’.  It then fails to discuss why, if that is the case, both the baseline and 
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plan based projections, used by TW to subsequently calculate demand, are at or above the 
ONS 2016 High variant. 

The potential differences between TW and ONS 2016 based projections 

To illustrate the differences between TW August 2018 plan-based assumptions and ONS 
projections, the graphs shown below were calculated.  These show ONS ‘southeast’ growth 
rates applied to TW baseline figures and show the difference between the two approaches 
between 2016 and 2044/45.  The text after Figure 2-3 explains why southeast growth rates 
were applied across the whole area. 

 
Figure 2-1 Households comparison of TW plan based (August 2018) projection vs ONS 

2016 principal projection 

 
Figure 2-2 Population comparison of TW plan based (August 2018) projection vs ONS 2016 

principal projection (vertical axis in units of 1000 people) 
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The numerical differences between the two plans are at Table 2-2 below.  Both projections 
assume the TW 2016 baseline as a starting point.  The ONS figures assume southeast growth 
rates: 

 2016/17 2041/42 Increase 
Population 
ONS 2016 Principal based 9,779,115 11,085,000 1,305,885 
TW Plan based 9,779,115 11,755,000 1,975,885 
Population difference   670,000 
Households    
ONS 2016 Principal based 3,602,900 4,298,576 695676 
TW plan based 3,602,900 4,860,000 1,257,100 
Household difference   561424 

Table2-2 Summary table of differences between the TW plan based and ONS growth-
based household numbers at 204119

Problems with the TW methodology 

 

These figures imply a house building rate of nearly 28,000 per year using ONS figures and 
50,000 per year using TW figures.  In reality, in comparison with recent building levels, even 
the lower figure is unlikely to be achieved. 

Based on the above, it seems very odd to use a methodology that produces a level of 
growth higher than any scenario produced by the ONS and not to consider why it is so high, 
or what the implications of that may be. Consider for example, Figure 3-9, ‘Population 
growth summary: WRZ total’, presented in the rdWRMP.20

Although TW state that they follow the UKWIR Guidance Manual 6 step process,

 This shows a TW plan-based 
population figure that is higher than both the discarded ONS 2014 figures and the ONS 2016 
high projection until 2036, before dipping slightly to end up between the two by 2044.  The 
difference from the ONS 2016 principal projection at 2044 is so great that the figures have 
no credibility. While it is noted that Section 5 of the rdWRMP discusses risk and uncertainty, 
the issues surrounding the reliability of the TW produced population and household 
forecasts should be identified, analysed and discussed at an appropriate point in Section 3.   

21

                                                      
19 These figures are calculated on an average southeast growth percentage applied to the TW region.  For the 
reasons given at para 2.1.7 it appears that growth rates across the area are now broadly similar. 
20 rdWRMP 2019 Section 3, Fig 3-9, p 28. 
21 rdWRMP 2019 Section 3, pp 16-18 

it does 
not appear to have done so.  The last 2 steps are to ‘Analyse uncertainty’ and to ‘Review and 
finalise population, household and occupancy forecasts’.  Any discussion of the various 
population projections in Section 3 would identify that both of those produced by TW 
(Baseline and Plan based August 2018) were unrealistically high and identify the reasons for 
that.  Indeed, the fact that the TW projections are consistently higher than even ONS 2016 
high, is illustrated in many of the figures and accompanying notes throughout Section 3 as 
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well as the specific example above.  Although mentioned repeatedly in the text, no attempt 
appears to have been made to adjust the TW projections as a result.   

The cause of the problem is clear: TW’s methodology appears to assume that every house 
planned in a local development plan, will be built.  What is missing is a step in TW’s 
methodology that, following collection of local development plan data, subsequently adjusts 
it to account for historical achievement.  This would be a simple task and clearly within the 
scope of the UKWIR 6 step process.  This subsequent step would apply a realism measure 
that produced projections that could be sensibly compared with, and be much closer to, 
ONS principal projection data. The mechanism to do exactly this is clear in the WRPG which, 
when discussing the requirement to incorporate local planning information, follows with a 
statement that the company should “demonstrate how you have included other sources of 
information and amended your forecast accordingly”.22

The Environment Agency should also be concerned about the detrimental effect of 
implementing major environmentally disruptive schemes, such as the Abingdon reservoir, 
that are not needed.  It is clear that more realistic projections would remove the need for 
the reservoir and allow smaller, scalable schemes, to meet future need.  When projections 
are too high, projects are implemented that are either too early, provide expensive over 
capacity, or for which demand does not materialise.  It is notable that in Wales,

  These other sources would include 
comparison with the latest ONS principal projection and incorporation of a reasonable 
correction factor calculated on historic planned versus actual building rate.  

Any uncertainty would then be properly dealt with later during the calculation of headroom.  
However, the input to this calculation of inflated population projection results in an inflated 
headroom calculation.  The headroom logic assumes that the input factors have been 
calculated at the most likely level.  It then, rightly, adjusts this to allow for uncertainty.  If 
high figures are used as the input, the headroom figure calculated includes an element for 
the actual figure and an element proportional to the amount of overestimation.  This, in 
effect, leads to double accounting for risk. 

This issue was raised in the last consultation and TW refused to consult with Ofwat, 
repeatedly using the argument that they were simply following Ofwat guidance.  It is 
unlikely that Ofwat would wish Thames Water to invest unnecessarily, when to do so 
needlessly increases customer bills.   

23

 

 the 
direction is to use local authority population and property projections published by the 
Welsh Government.  These are trend based and use ONS population estimates as their base, 
so clearly it is not unprecedented, and TW could easily raise the issue with Ofwat when it 
finds that its own figures are inconsistent with ONS projections. 

                                                      
22 Water Resource Planning Guidelines, p 23 
23Final Water Resources Planning Guideline, Environment Agency/Natural Resources Wales dated May 2016 



27 
 

 

Real world population and household figures versus planned developments 

An illustration of the problem of assuming every household on local development plans will 
materialise, can be given by examining statistics for Oxfordshire.  From ONS reports 
published this year24

Even assuming the latest fall is temporary and using the last 5-year average of 0.67%, this 
contrasts strongly with the rdWRMP plan based projection for the SWOX area of 0.91%.  
Using last year’s ONS estimate

 the historic growth in Oxfordshire has been around 5000 persons per 
year with evidence of a recent slight decrease.  Historic growth in households has been just 
2000 per year over the last 15 years with ONS projections of a reduction to 1500 per year 
over the next 24 years.  This contrasts sharply with the Oxfordshire Strategic Housing 
Market Assessment of a requirement of 5000 houses per year, a figure that has probably 
not been met in recent history. The mismatch between forecast requirements and actual 
increases has been evident for some time; according to ONS projections this is likely to 
continue. 

ONS population estimates also show that the growth rate of the population of Oxfordshire 
fell from a 15-year average of 0.73%, to 0.67% over the last 5 years and to 0.58% mid-2016 
to mid-2017. 

25, TW growth rates for the area should be reduced by a third.  
As a check, ONS 2016 projected growth rates for Swindon, also in the SWOX, were projected 
to be 0.69% in 2017, falling to 0.33% in 2041.26

In Table 3-11, page 23, ‘Growth in population and properties for each WRZ, 2016-2100’, it is 
implied that the London region will add 35,348 properties per year over 28 years, while the 
SWOX region will add 5212 properties per year.  While these figures are based on published 
planning figures, they are so far above historical norms that they cannot be taken credibly. 

  Over the period, the average is around 
0.5%, just over half that expected by the TW projection. 

While there are ambitious projects planned such as the Oxford to Cambridge Expressway, 
these are more likely to result in internal movement within the southeast (particularly away 
from London, and in some cases, out of the TW area and into e.g. Anglian Water’s area) 
rather than deliver large net increases in area population.  ONS projections would indicate 
that such developments would take place much more slowly than planned, since the 
population will not expand sufficiently to fill the housing – other areas in England also have 
ambitious development plans which they hope will tempt people to move to there instead.  
It is likely that planning constraints similar to those imposed by the Mayor of London on 
new developments will be imposed, leading to much less increase in demand than expected. 

                                                      
24https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates 
25 Note, this was based on an actual estimate derived from collected data, rather than a projection 
26ONS 2016 Population projections for local authorities: Table 2, dated 24 May 2018 
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Further problems with the TW methodology 

An inflated population and household projection for the end of the medium-term planning 
period clearly creates a problem for the long-term plan.  The guidance for the post local 
development plan period is to revert to ONS principal projection figures.  Following the first 
draft consultation, it was agreed that ONS 2016 figures would be used.  Unfortunately, the 
already calculated and uncorrected mid-term 2041 figure is considerably larger than 
expected by the ONS 2016 principal projection.  The two choices are to either revert to ONS 
figures which would produce an unexplained large step decrease in the population in the 
early 2040s, or to accept the incorrect short-term figure and apply ONS 2016 growth rates 
to that.  From discussion with TW, it appears that they have chosen the latter action.  This 
creates an ongoing problem in that the 2016 growth rate for any particular year now applies 
not only to the likely lower more realistic figure, but also to the difference between the ONS 
and TW projections.  Over time this compounds the difference between the two.  The figure 
below compares the ONS principal growth rates applied to TW’s baseline figure for 
population with the TW projection.  Note that due to the large timescale, these figures 
should be considered as indicative only.  For the ONS 2016 based projection shown here, 
the 2041 figures derived earlier were extrapolated using ONS 2016 principal England growth 
rates - sub regional estimates have not been released for this time period.  ONS figures for 
household growth beyond 2041 also do not appear to have been released yet, so no 
comparison could be made.  The difference between the TW projection and the ONS based 
projection at 2100 is 1,061,585: 

 

Figure 2-3 Population comparison of TW 2100 projection vs ONS 2016 principal projection 
(vertical axis in units of 1000 people) 

 



29 
 

 

The southeast effect 

One criticism this section is bound to raise is that applying generic southeast growth rates to 
the TW area gives projections that are too low.  Past TW WRMP have justified arguing for 
high growth rates on the basis that the southeast, particularly London, is a special case 
where growth exceeds the rest of the UK.  This, at least for the moment, is no longer the 
case.  In a recent statistical bulletin,27

Final comment on population 

 the Office for National Statistics noted that: 

“A decrease in net international migration in mid-2017 has affected the rate of population 
growth in some places more than others, with England’s growth rate decreasing more than 
the other countries of the UK (to 0.64%), and London’s rate nearly halving to 0.63%”. 

While population estimates are a snapshot and growth may return to higher levels, it would 
be from a lower baseline than previously expected, and so would still lower the long-term 
projection.     

In terms of population increase in the long term, it should be noted that continuous growth 
is not inevitable.  The fall in fertility rate has, so far, been masked in the UK by increased 
longevity and immigration.  In 91 out of 195 countries, including the UK, the fertility rate is 
lower than that required to maintain the population; Japan’s population has decreased 
steadily since 2010, as have that of several western countries including Greece and Spain.  
As the baby boomers die off and the effect of lower fertility rates and longevity take effect, 
the UK’s natural population growth will stagnate then reduce from some time after the 
2040s.  The only factor increasing population after that will be migration – which is a 
political decision.  Between 1971 and 1983, the UK population was stable at around 47.5 
million.  It may well stabilise again.28

2.2 Per Capita Consumption 

 

Basic methodology and Model Development 
In previous WRMPs the assessment of per capita consumption (PCC) was generally based on 
ownership, frequency of use, and volume used of the various appliances in the home. This 
enabled water companies to project these factors into the future and thus project PCC. 

Now PCC assessments by Thames Water “are taken from models created using multiple 
linear regression modelling based on London and Thames Valley households and their 

                                                      
27 Population estimates for the UK, England and Wales, Scotland and Northern Ireland: mid-2017, Office for 
National Statistics dated 28 June 2018. 
28https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/ti
meseries/enpop/pop 
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consumptions. The resulting coefficients from the modelling are presented in Table 3-16 of 
the draft WRMP...(as explained in Appendix F)”29

Appendix F states

 These models were formulated by Artesia. 

30

In the rdWRMP, the categories are split by type of housing into south Asian and non-south 
Asian

”Due to the dates in which the data was collected, the demographic data 
included with the model is weighted to FY 2007 and can be viewed as the model base year. 
The further we move away from the base year, the more the variables may depart from their 
original values, and the model may have reduced predictive power.  

Temporal validation is further complicated by trend in un-modelled elements (such as the 
introduction of low volume cisterns) and variations in demand due to weather variations.” 

Model reliability 

The projections are already a decade later than the base year of 2007, and the model is now 
used to project another 70 years ahead. Thus, the temporal factor does raise concerns of 
the increasing un-reliability of the model with increasing time, especially at the critical times 
in the future when new resources are projected to be needed. 

31

The model was set up in 2007

. There is no non-south Asian detached, which would imply that there are no non-
south Asians, living in detached property, which must surely be an error. This analysis 
appears to give some most unusual results, viz living in a terrace house, south Asian 317 
l/h/d, Non south Asian (including English)   -11 l/h/d. The reasons for this apparent 
discrepancy do not appear to be explained.  

32. At that time, there were only dumb meters which are 
generally read manually at a set period, often at six monthly intervals. The analysis also 
resulted in a change of  -61  l/property/day in moving from unmetered to metered demand 
in London.33

                                                      
29SoR Appendix F Response to representations from stakeholder organisations E2318 page 374. 
30rdWRMP Appendix F section 14 Zonal adjustments page 64 
31rdWRMPSection 3, Table 3-24 
32rdWRMP Appendix F page 65 
33rdWRMP Appendix F Table 33 

 

Since then smart meters have been developed and are being rolled out by Thames Water. 
Smart metering enables water leaks and losses on the property to be identified promptly 
and rectified. It means high water usage customers can be promptly identified, and enables 
Thames Water to identify areas of its network where leakage is occurring at the time it 
occurs.  
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Figure 2-4 Example of smart metering promptly identifying a leak of some 300 l/hour.34

Appendix F states that Thames Water advised “that smart metering will prompt a 12% 
saving over standard metering.”

 

35

However, the rdWRMP19 states

 It is not clear whether the 12% is of total demand or the 
dumb meter saving.  

36

 “The household consumption model residuals from previous years produce a significant 
trend in time series, indicating that some of the projected change in consumption is not 
accounted for by the dynamic time series parameters within the model such as occupancy 
rates and meter penetration. This observed un-modelled trend is thought to be driven by 
technological and behavioural change.”

 “the resulting metered coefficients for the metered 
household model were-London metered -61 l/property/day.” This is the same reduction as 
for dumb metering so it would appear that the rdWRPM19 does not include theextra 
benefit of smart metering. 

Model residual 

37

The WRMP 19 model is believed to be the same one as was used in WRMP14.The reasons 
given by TW for the increasing PCC in the baseline forecast are

 

Fig 3-20 in ref 16 shows the trend is assumed to decrease consumption by 18% by 2100. The 
basis of this number is not clear. It does appear to assume that an overestimation of PCC 
when compared with actual, of a few percent over a short period of time, increases at the 
same average rate for some 80 years.  This is another questionable assumption. 

2019 Forecasting model 

38

                                                      
34TW submission to ICE for Award for Sustainable Water Management 2018. 
35rdWRMP Appendix F page 63 
36rdWRMP 3.176. 
37rdWRMP 3-177 
38rdWRMP  3.198 page 56. 
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“The number of adults is also continuing to grow as a percentage of the population and the 
modelling showed higher consumption for adults than children.” 
Whilst there is some truth in this assertion, it would appear to be a general country-wide 
effect, which one would expect to show up in others water companies’ projections. The 
analysis of all the dWRMPs by the Environment Agency shows, on the contrary, a general 
decline in measured PCC over the planning period. 

“Household occupancy continues to decrease across the period. “ This is largely due to the 
construction of more housing. However, the growth in properties is based on the housing 
plans of the various LAs. It is historically the case that only about 1/2 to 2/3 of those houses 
planned for a particular period actually get built. Again this is a country-wide effect. Thus 
this effect is likely to have been over-assessed by TW in its rdWRMP19. Moreover, after just 
four years, by 2017, the Thames Water model had over-forecast PCC by about 19 l/h/d 
compared with the actual.  As a result, we do not consider the TW PCC modelling system to 
be sufficiently reliable. In any case the forecasts in the final plans appear to have a limited 
relationship to the baseline forecasts. 

TW Historic measured PCC 

Data shows measured PCC has fallen from about  151 l/h/d in 2004/5 to about 120 l/h/d in 
2016/17, a fall of about 20%, see Figure 2-5 below. 

 

Figure 2-5 Thames Water historic predicted and measured PCC. 

TW actual measured PCC has been taken from several sources.39 40 41

                                                      
39TW Water Resources Forum 5th October 2012 image 13. 
40 FT online Consumption in the Thames Water region 
41rdWRMP tables 
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TW WRMP09and WRMP14 forecasts and projection 

As can be seen in Figure 2-2 the WRMP09 forecast has been consistently about 10 l/h/d 
above the actual measured PCC, widening in recent years to nearly 20 l/h/d greater. 

The model forecast in the baseline shows PCC rising from 138 l/h/d to about 144l/h/d at the 
end of the planning period. The forecast measured PCC in final WRMP14 is relatively 
constant at about 139 l/h/d until 2022 when it reduces to about 133 l/h/d.42

The actual measured PCC in 2016/17 was about 120 l/h/d

 

43

However, TW WRMP19 measured-household PCC is forecast to be about 121 l/h/d from 
2020 until 2035 when an incentive tariff is introduced. Then forecast PCC drops from 119.1 
l/h/d in 2034/35 to 114.1 l/h/d in 2035/36

. Thus effectively after only four 
years of WRMP14 both baseline model and final plan had over-forecasted the measured 
PCC, even the lower final plan by about 19 l/h/d.  

This shows that the model has over-forecast PCC by a large amount, even in the short-term 
let alone the medium to long term. 

WRMP19 Final Plan PCC 

TW tables show the measured PCC dropping from 120.1 l/h/d in 2016/17 to 116.6l/h/d in 
2019/20. This would align with the historic trend. 

44

                                                      
42WRMP14  Tables. 
43rdWRMP Tables 
44rdWRMP Table 

. Thus incentive tariffs are forecast to reduce 
measured PCC by a further 5 l/h/d. 

The new forecast does not appear to take into account that the future meters will not be 
dumb meters but smart meters which are known to result in lower PCC . It is noted that the 
approximately 15%benefit from dumb meters would increase to about 17% with smart 
meters. This would be about 2 ½ l/h/d. That would reduce PCC in 2035 to about 108.5 L/h/d. 

This does not appear to have taken into consideration that measured PCC has dropped by 
some 20% over the previous dozen years. There is no reason to believe that the general 
downward trend in measured PCC will not continue, albeit at a slower rate. Thus GARD 
considers that a level of about 100 l/h/d for measured PCC post 2035 would be not 
unreasonable. 

Comparison with other companies 

It is noticeable that United Utilities in its Strategic Zone are forecasting a 2045 measured 
demand of 103 l/h/d. 
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Southern Water has announced Target 100 “Build on the success of our Universal Metering 
Programme and water efficiency activity to reduce per capita consumption to 100 litres per 
person per day45.” “Southern Water is setting a demand reduction target to reduce per 
capita consumption to 100 litres per person per day across its region by 2040.”46

Ofwat have recently, in 2018, issued a report by Artesia, the same firm that earlier set up 
the Thames Water modelling system, about the long term potential for reductions in 
household water demand.

Since there 
would still be some unmetered households the target for measured PCC would be lower 
than 100 l/h/d. 

Longer term PCC 

47

That report shows current ambition for 2065 as 110 l/h/d for the south and east of 
England

  This  states: 

“Mandatory labelling has proven to be very effective in reducing consumption in 
Australia by about 30 to 40 litres/household/day and there is widespread support for it 
amongst stakeholders” 

 “We found that there was a general appetite for deeper demand reductions. Over the 
long term most respondents who provided a figure thought that consumption rates 
between 75 and 100 litres/head/day could be achieved by 2065” 

48

Thus, contrary to the projections by TW, clearly there is likely to be a downward trend in 
PCC.  Indeed Thames Water state  in “our policy position”  that “By helping customers 
understand their water use and by showing them how they can reduce their consumption 
without impacting on their lifestyle we forecast that household water consumption can be 
reduced in the region of 20%.“

. That includes both measured and unmeasured demand so the metered PCC 
would be somewhat lower. With the Regulation and compliance scenario the average PCC is 
forecast to be 76 l/h/d.  

Consideration of TW measured PCC in 2045 

49

A reduction of 20% of measured PCC would reduce it from 115 l/h/d to 92 l/h/d. That is well 
below the GARD postulated trend line of 100l/h/d in 2045. Thus, TWitself provides 

 This 20% appears to be brought about by increased 
metering, smart metering, smarter home visits, and the trend of more efficient water 
fittings and behavioural change. 

Effect on demand 

                                                      
45WRSE presentation to ICE Taking a Regional Approach to Resilience 2018. 
46Southern Water web site accessed on 20th November 2018. 
47Ofwat, report by Artesia The long term potential for deep reductions in household water demand, April 2018. 
48Page 30 Scenario outputs 
49rdWRMP 10.183 
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substantiation for the 15 l/h/d reduction in measured PCC to 100 l/h/d as proposed by 
GARD. 

Population is shown in 2045 as about 9.2m for London, and about 2.7m for Thames Valley, a 
total of 11.9m50

The balance of the population, 2.8m., would be unmetered with a PCC of about 160 l/h/d. A 
reduction of about 20% on this would be about 30 l/h/d. Applying that would result in 
unmeasured demand reducing by about 84 Ml/d. Thus the total reduction for the TW area 
would be about 230 Ml/d. 

  

. With metering rates of 73% in London and 90% in the Thames Valley this 
would result in metered population of about 9.1m. A 16 l/h/d reduction to 100 l/h/d would 
mean a reduction in total demand from metered properties in 2045 of about 145 Ml/d.  

                                                      
50rdWRMP Table 3.10 
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2.3 Allowance for climate change 

In GARD’s response to the previous draft WRMP (pages 35-36), we highlighted the evidence 
that the climate change that has undoubtedly taken place over the past 70 years has not 
reduced the deployable output of London’s supplies – since the 1940s the droughts that 
affect London’s supplies have become less frequent and less severe. If anything, climate 
change to date appears to have increased the deployable output of London’s supplies. 

Our last response expressed concerns that Thames Water’s assumption of a large loss of 
London’s deployable output from climate change was an improbable worst case, rather than 
a central estimate. In consequence, the construction of a large single-stage scheme with 
irreversible environmental impacts, like Abingdon reservoir, could turn out to be a costly 
white elephant like Kielder reservoir. In view of the climate change uncertainty, it would be 
better to develop smaller schemes in phases, for example the unsupported/supported 
Severn-Thames transfer or stepped increments of effluent reuse. 

Thames Water’s response51

 
Note: data from Thames Water’s WRP tables for London zone ref DryYr_LON_rdWRMP19 Public 

has dismissed GARD’s concerns, referring to recent research 
predicting more frequent and more severe droughts and saying that more sensitivity testing 
of climate change scenarios has confirmed the need for Abingdon reservoir.  

In GARD’s opinion, Thames Water’s climate change allowances of 150 Ml/d by 2032 and 250 
Ml/d by 2100 are grossly excessive and in denial of the evidence for how climate change has 
actually affected London’s supplies since the 1940s. As shown in Figure 2-6: 

Figure 2-6 Allowances for climate change in TW’s London supply/demand balance 

In our response to the previous draft WRMP, Figure 2-4, we showed a plot of the modelled 
performance of the London reservoirs in the actual climate since 1920. We have reproduced 
this in the upper plot in Figure 2-7, together with a plot of the highest chalk groundwater 
level at Rockley in the spring of each year: 

                                                      
51 Appendix F to Statement of Response, pages 375-378, Thames Water, October 2018 
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Figure 2-7Minimum annual London storages and highest g/w levels in climate since 1920 

The upper plot above shows that since 1950 there has been no drought that would reduce 
the minimum London storage even close to the emergency storage level. Droughts of the 
type that would affect London’s supplies, ie two summers and a winter, are getting less 
frequent and less severe. This appears to be because winters are getting wetter, as is well 
known from the increased frequency and severity of winter flooding. 

The lower plot shows the highest chalk groundwater level reached each year in spring at 
Rockley in the Marlborough downs. As can be seen comparing the upper and lower plots in 
Figure 2-7, the severe droughts affecting London’s supplies are those where the chalk 
groundwater level is exceptionally low at the start of a summer drought. In those 
circumstances, the base flows in the lower Thames, which are needed to prevent rapid 
draw-down of the London reservoirs, become abnormally low. The critical period for 
London’s reservoirs is two dry summers and an intervening dry winter. A combination of low 
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groundwater levels in the spring, followed by a summer drought extending into the autumn 
is needed to create an exceptional drought for London’s supplies. 

Figure 2-8 shows the full Rockley groundwater levels 1933-2012: 

 

Figure 2-8 Rockley groundwater levels 1933-2012 

The lower plot in Figure 2-7 and the full Rockley record in Figure 2-8 show no trend of 
reduced chalk groundwater levels due to temperature rise and increased 
evapotranspiration, despite the recorded UK temperature rise in the past 100 years. 

A low chalk groundwater level in spring does not necessarily create a major drought for 
London’s supplies – the preceding summer and the following summer and autumn need to 
be exceptionally dry as well. On the other hand, if the chalk groundwater level is not 
abnormally low in spring due to a dry winter, London’s supplies are not tested, however 
severe the subsequent drought. There is an example of this in 2018 –the Rockley 
groundwater level reached about 142 mOD in May, so the minimum storage in the London 
reservoirs up to the end of October was about 116,000 Ml,52

The lower plot in Figure 2-7 shows that exceptionally low chalk groundwater levels in spring 
are becoming less frequent and less severe. This is consistent with the trend of increasing 
winter rainfall in England and Wales over the past 150 years shown in Figure 2-9

 far above the emergency 
storage level, despite the severe summer drought which continued deep into the autumn. 

53

                                                      
52 Rockley groundwater levels and London storage from CEH monthly hydrological summary, October 2018 
53State of the UK climate 2017, Volume: 38, Issue: S2, Pages: 1-35, First published: 30 July 2018, DOI: 
(10.1002/joc.5798. Royal Meteorological Society 
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Figure 2-9 Seasonal rainfall trends in England and Wales, since 1760 

The increasing trend in winter rainfall improves the drought resilience of London’s supplies, 
because the winter rain is stored in the chalk aquifer and released slowly through the 
summer. The falling trend in summer rainfall, as shown in Figure 2-4, has less of an impact 
on London’s supplies, because most of the summer rain is absorbed by evapo-transpiration 
or slowly into the porous chalk strata that cover a large part of the Thames catchment. 
Figure 2-4 shows no evidence of a trend of reducing autumn rainfall that might extend 
summer droughts and threaten London’s supplies. 

If the deployable output of London’s existing supplies is determined only using the 70 years 
of river flow records since the 1940s, it rises to 2527 Ml/d, 222 Ml/d more than Thames 
Water’s present-day base case of 2305 Ml/d. The modelled drawdown of London’s 
reservoirs supplying 2527Ml/d since 1945 is shown in Figure 2-10: 

 
Note: Storages from GARD modelling of existing supply system. Emergency storage increased by 6810 Ml, 
giving 30 days extra for 227 Ml/d DO increase, as per TW policy 

Figure 2-10 London storage with existing supplies, DO 2527 Ml/d and climate since 1945 

Winter rainfall increasing 
since 1850 
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With the climate since the 1940s, London’s supplies could have sustained a deployable out 
227 Ml/d more than Thames Water’s currently assumed deployable output of 2305 Ml/d.In 
this context, Thames Water’s proposal to build Abingdon reservoir to allow for a loss of 
deployable output of 150 Ml/d by 2032 appears unjustifiable. 

2.4 The need for Abingdon reservoir 

GARD’s analysis shows that Abingdon reservoir is likely to become a £2 billion white 
elephant, causing irreversible damage to the local community and the environment. 

 The make-up of Thames Water’s revised forecast deficit for London, as shown in the Final 
Plan Excel WRP Table for London Zone54

 

 is shown below: 

Figure 2-11 Make-up of revised deficit for London 

Figure 2-11 also shows Thames Water’s planned London based sources (ie excluding 
Abingdon and STT) up to the end of the 21st Century.  Even if Thames Water’s dWRMP 
deficit of 742 Ml/d by 2099 actually arises, which in GARD’s opinion is highly unlikely, about 
500 Ml/d would be provided by Thames Water’s plans for improved leakage, demand 
management, Deephams reuse and new groundwater sources. There would be no need for 
any other new source at all until 2045. Even that depends on Thames Water’s highly 
pessimistic allowance for climate change, as described in Section 2.3.  If the loss of 
deployable output from climate change is only half Thames Water’s allowance, Abingdon 
reservoir (or another significant new source) would not start to be needed until about 2060. 

                                                      
54 TW Excel WRP Tables for London, ‘WRZ Summary’ tab 
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It would be sensible to delay decisions on such a capital intensive and environmentally 
detrimental programme until actual trend data can be confirmed over the next 20+ years. 

The plots shown by Thames Water Excel WRP tables for the Final Plan show a similar 
picture, if they include all the water available in London from SWOX, rather than leaving 
Abingdon reservoir and the Severn-Thames transfer hidden in the SWOX WRP tables. This is 
shown in Figure 2-12 below: 

 
Notes: 

1. From Final Plan plots in Excel WRMP tables for London and SWOX zones 
2. Available SWOX sources are Abingdon reservoir, Severn Thames transfer and Oxford canal 
3. 75% of 100 Ml/d transfer to Affinity assumed still available via effluent returns and chalk stream gains 
4. GARD is aware of minor discrepancies between our analysis using tables in dWRMP Section 11 and analysis 

using the Excel WRP tables. However, this does not change the overall picture of Thames Water surpluses of 
around 150 to 250 Ml/d at all times after introduction of Abingdon reservoir” 

Figure 2-12 London supply demand balance including sources available in SWOX 

Figures 2-11 and 2-12 highlight the weakness of the case for Abingdon reservoir: 

1. The need for Abingdon reservoir to be operational by 2038 is driven entirely by 
Affinity’s possible supply deficit and the need to alleviate over-abstraction in Thames 
Valley chalkstreams. However, as we show in Section 4 of this response, Affinity and 
chalkstreams needs can be met at less cost and more quickly by making better use of 
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water available from Thames Water’s improved leakage and demand management 
programmes in London.  

2. About 75% of water required for Affinity and chalkstreams will be returned via 
improved chalk stream flows and STW effluents to Thames Water’s intakes for the 
London reservoirs. Even if Affinity and chalkstream needs rise to 100 Ml/d by 2100 
(which we doubt), about 75 Ml/d would still be available for London’s supplies from 
Abingdon reservoir. 

3. Even using Thames Water’s figures for demands and climate change, London’s need 
for water from Abingdon (or another major scheme) does not arise until 2045. 
However, as we have shown in Sections 2.1 to 2.3 of this response: 

• More credible population and per capita demand assumptions would reduce 
Thames Water’s deficit in 2045 by 83 Ml/d 

• The evidence of impact of climate change since the 1940s appears to have 
been to increase the deployable output of London’s supplies, perhaps by 
about 200 Ml/d. Therefore, TW’s assumed DO loss of about 120 Ml/d by 2045 
looks to be a improbable worst case, rather than a best estimate. 

4. With more credible assumptions of, say, 80 Ml/d lower demands and neutral climate 
change impact by 2045, the deficit in 2045 would be reduced by 200 Ml/d and the 
need for any additional water from Abingdon (or other major new source) would be 
pushed back to about the 2080s, more than 60 years from now. 

5. Even with Thames Water’s figures, only about 150 Ml/d of a major new source like 
Abingdon reservoir would be needed by 2100. Thames Water have planned for 250 
Ml/d loss of DO due to climate change by 2100 (210 Ml/d climate change allowance 
and 40 Ml/d climate change headroom).  

6. Therefore, the eventual need for Abingdon reservoir (or another major source) is 
entirely driven by Thames Water’s assumptions for climate change. If their expected 
loss in London’s supplies due to climate change does not materialise, continuing the 
actual trend of climate change impacts since the 1940s, there would be no need at 
all for Abingdon reservoir, even by 2100. 

In our opinion, the failure to plan in an unbiased manner for the forecast deficit not 
materialising is a continuing major weakness of the revised dWRMP. As we show in section 
10 of this response, the transfer to Affinity is omitted completely from TW’s programme of 
selection and optimisation of Reasonable Alternative Programmes (RAPs). Amongst the 
issues are: 
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• fixing the size of the Affinity transfer, and its date, rather than putting the Affinity 
‘zone’ into the optimisation on an equal footing with the needs of the 3 complex TW 
Zones (London, SWOX and SWA); 

• further omitting the cost of the Abingdon reservoir to Affinity from the cost metrics, 
and omitting an SEA assessment of the Affinity Zone in total; 

• once the Adaptability analysis is done on the Shortlisted RAPs, the only adaptability 
variation allowed for ‘WRSE’ (ie. non-TW) demands is to assume a possible increase 
(from as-yet undeclared water company customers), no Adaptability testing is done 
against a smaller or delayed Affinity demand.. 

These decisions, and others of a more minor nature, all lead to programmes which have 
significant over-supply being built in. Further, the Adaptability Pathways can only select 
reservoir options of 125 Mm3 and above. 

GARD made a similar point in our response to the previous draft WRMP55

“We've noted your comment and taken it into account when evaluating and deciding on 
our preferred plan. There were a number of comments around how robust the plan is to 
a range of hazards and different future conditions. We have extended the performance 
stress testing to ensure our plan provides a robust and resilient solution to the planning 
problem. This includes testing against a wide variety of uncertain futures.”

. Thames Water’s 
response was: 

56

It is clear from our Figure 2-11 above, that Thames Water’s “testing against a wide variety of 
uncertain futures” was biased against the possibility of low impact of climate change on 
London’s supplies

 

57

  

 (continuing the trend since the 1940s), or the possibility of population 
growth in the post-Brexit era being much less than  their estimates. 

Even if the Abingdon reservoir was the least costly, most environmentally friendly and easily 
implemented major option for London (which in GARD’s opinion it most certainly is not), it 
should not be implemented because of the high risk of being a white elephant. Instead, 
Thames Water’s plan should include smaller, more easily promoted options, which can be 
introduced quickly as needs arise and which would not cause irreversible damage to local 
communities and the environment. There should be a clear ‘no regrets’ policy in choosing 
the preferred programme and this should be one of the measures for assessing individual 
schemes.  

 

                                                      
55 GARD response to the first consultation on the draft WRMP19, page 38 
56 Appendix F to Statement of Response, page 371, Thames Water October 2018 
57 rdWRMP19, Section 10, table 10-19 shows that although 5%-ile and95%-ile climate effects were tested, 
regarding timing only the case of an EARLIER climate effect was considered 
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3. Leakage, metering, and demand management options 

Key Points 

• TW have by far the highest leakage rate of all the water companies 

• TW plan to reduce leakage by 15% by 2025 and to halve 2016 leakage by 2050 in line 
with the NIC proposals. To put this in context, there are already 7 water companies 
with lower unit leakages. TW targets should be more ambitious. 

• TW leakage reduction targets and long-term leakage levels should be independently 
set by Ofwat, not proposed by TW, or consumer-led panels. 

• As observed in our response to the first consultation, TW fail to adequately describe 
how new technology could help solve leakage and demand issues.  There should be a 
separate section on innovation and technology. 

• In London, TW plan to meter 73% of individual households and bulk meter the flats 
and meter 90% of Thames Valley households, all with smart meters by 2040. The 
total is less than the industry average for all households and metering should be 
increased and accelerated as the first step in improving water efficiency in 
accordance with the spirit of NIC guidance. 

• Demand management measures should be  in all  the WRMP programmes to the end 
of the WRMP period, currently 2099, until any very large new water resource 
scheme is nearing the end of construction. 

• Other demand management methods appear to be under-emphasized in the 
rdWRMP, with the potential for greater savings to be made than suggested. 

• TW should aim to reinvigorate existing demand reduction initiatives and develop 
new ones to maximise efficiency. 
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3.1 Leakage control options 

Importance of reducing leakage  

It is now widely appreciated that the UK Water Industry risks losing public confidence by its 
recent record of losing water through excessive leakage; industry total leakage remains 
unchanged in comparison with five years ago. GARD can only echo the Consumer Council for 
Water (CCW) statement that: 

“Leakage can affect customers willingness to save water and does not contribute to reducing 
demand. We continue to question whether the rate that companies are reducing leakage is 
quick enough to meet customer’s expectations...Customers tell that leakage is a key concern 
for them, and that companies’ performance in this area can have a big impact on their 
attitude to water saving, as well as their perceptions of water companies.”58

An Ofwat revised reporting procedure resulted in TW’s leakage for 2016/17 being increased 
to 742 Ml/d.

 

It should be a priority of any water company to reduce leakage, especially if they are far 
above the industry norm, as is the case with Thames Water. 

Recent leakage 

Because much of the London  pipe system  is old, much stemming from the Victorian era, it 
suffers from leakage at the lead run joints and needs replacing. An illustration of this is its 
high burst rate which in 2017/18 was 272/1,000km. For comparison Sutton and East Surrey 
water company which supplies a new part of London has a burst rate of 61/1,000kms. 

TW’s current leakage performance is uniformly bad over its entire supply area. In 2017 in 
London, its actual leakage at 524 Ml/d, out of a distribution input of 2,105 Ml/d, was about 
25% (figures from AR17 Table 3.8). This was against an AR target of 498 Ml/d. The total 
network leakage was 668 Ml/d out of a total supply of 2,680 Ml/d, again about 25% of 
distribution input, against a target of 630 Ml/d (AR17). 

59 Since London accounts for about 79% of overall TW leakage,60

In 2017/18, actual leakage was 719 Ml/d

this equates to 
London’s 2016/17 amount being 535 Ml/d. 

61

 “Thames Water’s failure to meet its leakage target sends completely the wrong message to 
its customers at a time when households are being encouraged to use water more wisely.” 

 compared with a leakage target of 620 Ml/d, a 
shortfall of nearly 100 Ml/d. As a result, Ofwat fined TW £8.55m for missing its leakage 
target. Sir Tony Redmond, CCW London and South East Chairman, stated that: 

                                                      
58www.ccwater.org.uk/wp-content/uploads/2017/12/Water-water-everywhere-delivering-a resilient-water-
system-2016-17.pdf  December 2017. 
59rdWRMP M-66 
60rdWRMP M26 
61TW rdWRMP SoR,Appendix F, page 378 

http://www.ccwater.org.uk/wp-content/uploads/2017/12/Water-water-everywhere-delivering-a%20resilient-water-system-2016-17.pdf�
http://www.ccwater.org.uk/wp-content/uploads/2017/12/Water-water-everywhere-delivering-a%20resilient-water-system-2016-17.pdf�
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Comparison with other water companies 

In 2017, TW’s unit leakage in London was 177 l/property/day (l/pr/d), and for the whole 
supply area was 171 l/pr/d.62

TW have committed to lower their total leakage to the AMP target of 606 Ml/d by 2019/20. 
This would amount to 155 l/pr/d.

 In 2017/18 for the whole supply area this had increased to 182 
l/pr/d.  Since TW have the densest number of properties per km of pipe, they should 
perform more favourably by the l/pr/d metric than other water companies.  Since the 
2017/18 industry average is 123 l/pr/d, TW leakage is about 40% higher than the average of 
all other water companies. Indeed, TW’s performance is so bad that it skews the statistical 
distribution of the industry. Of the 21 water or water and sewage companies, only 6 are 
worse than average, the outlier being TW by a long way. The next highest company unit 
leakage was United Utilities (UU) at 137 l/pr/d meaning that TW leakage is some 30% higher 
than the second worst company. 

63

Regulatory targets 

In September 2017, DEFRA noted that: 

 This would still leave them appreciably above the next 
worst company. 

“Customers have stated a preference for leakage reductions before moving to supply 
options. Defra have also provided guidance to Ofwat64

This resulted in a requirement for companies to reduce leakage in AMP7 by 15%.  In 
addition to this the National Infrastructure Commission recommended continued reduction 
in leakage to 50% by 2050.

.”  

65  In response, TW have committed to reduce leakage to 50% of 
the 2016/17 value by 2050,66

“a combination of customer supply pipe leakage savings associated with the roll out of our 
PMP, pressure management, mains replacement and mains rehabilitation.”

 and that for London it plans to achieve this by: 

67

It has committed to incorporate these measures into WRMP19 to “ensure a high confidence 
level of delivery for our leakage plan in AMP7 and beyond.”

 

68

“The forecast leakage reduction in London at 2050 is 237 Ml/d and 269 Ml/d for the Thames 
Water region as a whole. This represents a halving of leakage and aligns with the 
recommendations of the NIC, April 2018.”

 

69

                                                      
62AR 17, Appendix A 
63dWRMP19 Executive Summary Table 0-2, page 10 

64The Government’s strategic priorities and objectives for Ofwat, September 2017 

65rdWRMP Section 8, para 333 

66dWRMP Statement of Response, Appendix F, page 379 

67rdWRMP Section 11, para 170 

68rdWRMPSection 8 para 311 
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The question of whether this actually represents a halving of leakage is debatable and is 
only true if, for example, TW actually meets the targets already set.  The NIC 
recommendation for such a reduction was made in its April 2018 report,70

Year 

 but did not 
specify a baseline year for target setting.  The table below shows various targets that could 
be applied to TW depending on what starting figure was used: 

2016/17 
original 

2016/17 
(revised) 

2017/18 2019/20 target 

 668 Ml/d 742 Ml/d 719 Ml/d 606 Ml/d 
50% target 
reduction 334 371 359 303 

Table 3-1  50% reduction targets depending on baseline year selection 

However, considering this as a WRMP19, this is not a halving of 2019/2020 leakage of 
606Ml/d. If one were  to start from the latest known number at the time the NIC report was 
published (2016/17)of 678Ml/d and assume the target of 606 Ml/d in 2020 is met, plus the 
further reductions, then the reduction would marginally exceed the 50% reduction. This 
commitment by TW is welcomed. However, meeting the 2019/20 target is key and TW 
should regularly update stakeholders and regulators on its progress toward this target.  
GARD would welcome Ofwat comment on their own view of what represents a 50% target. 

Company comparison 

The length of time to achieve the targets above is around 30 years. It is useful to compare 
what other companies have achieved already and intend to achieve in the future.  At the 
moment, Thames Water current 2017/18 leakage rate is 182 l/property/day.71

The long term 

  Halving this 
would give a rate of 91 l/property/ day. However, 7 of the 20 water companies already have 
a unit leakage rate less than this, including neighbouring Southern, South East, and Sutton 
and East Surrey water companies. Following the NIC and Ofwat proposals, all water 
companies now propose to substantially reduce their leakage rate. This means that even the 
reduced Thames Water leakage rate proposed for 2050 is likely to be at the top end of 
water company leakage rates. This is inexplicable for a water company that wants to spend 
several £ billion on new water resources. 

We welcome the statement that TW expects there to be further innovations in leakage 
detection and mains rehabilitation techniques but would expect more information on this.  
One of the disappointments of the rdWRMP overall is the lack of detail on the technology 

                                                                                                                                                                     
69rdWRMP Section 11 para 174 

70Preparing for a drier future, National Infrastructure Commission, dated April 2018 
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that TW expects to impact its business in the short, medium and long term and how these 
may affect their plans.  This particularly applies to leakage detection and system 
maintenance/replacement, an area in which GARD understands there are some exciting 
innovations being demonstrated by several companies.  A section on how TW is spending its 
research and development funds and what areas of technology it is collaborating on, would 
go a long way to reassure stakeholders that this is a forward looking, dynamic company. 

With regard to the customer view on leakage expressed in the rdWRMP: 

“It also equates to the views expressed by our customers who considered a long-term 
leakage level of approximately 15% of water put into supply is appropriate.” 72

3.2 Metering 

 

GARD would be interested in better understanding how this figure was established.  To 
what extent did TW educate its customer question base during its information gathering 
and was this research carried out by an independent company?  GARD believes that such 
figures should be determined not by the industry itself, which clearly would prefer a higher 
rather than lower target selection, but rather by the regulator who could take a strategic 
view, perhaps region by region.   

Regardless, GARD believes that the rdWRMP should state at least a long-term aspiration for 
how much it intends to improve its leakage rates after 2050. 

The benefits 

Metering of supplied properties has benefits of not only encouraging saving of water but 
also in the location and fixing of customer supply pipe leakage and wastage. Historically TW 
used dumb meters, but in AMP6 started to install smart meters that could relay their 
reading to a central location. In this respect TW are to be congratulated on now installing 
smart metering technology. As TW state: 

“leakage on our customer water supply pipes accounts for around 28% of our total 
leakage”73

“metering is the only feasible demand option that delivers both a leakage and usage (usage 
and wastage) reduction.”

 

and 

74

Clearly, as with other water companies, extending smart metering should enable much of 
the leakage to be better identified, prioritised and fixed.  For example, the Southern Water 

 

                                                      
72rdWRMP 19, Section 11 para 174 
73dWRMP 19 Summary page 10 
74dWRMP19 Appendix N, para 49 
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dumb metering programme found, in 2015, a saving of 16.5%.75 TW state that they have 
already found the benefit of metering is to reduce demand by 17%, which matches well with 
the Southern Water experience. Moreover, this figure is considered to provide an 
underestimate of usage savings76 as it does not include any savings achieved from wastage 
and CSL fixes.77

Current situation 

 

At the end of 2016/17, the latest time when comparable data is available, the meter 
penetration in households in London was about 35% and the penetration in the Thames 
Valley about 55%. This gives an overall proportion of billed measured households of 37.7%78

For comparison, the industry average meter penetration in 2016/17 was 55%.

 

79

NIC proposals for metering 

 This shows 
that TW was again way below the industry norm.  Only one company, Northumbrian Water, 
which has the vast water reserves of Kielder reservoir behind it, had a lower meter 
penetration (35%). Thus, TW has much catching up to do, especially as it also needs 
expensive investment in extra water resources. 

The NIC report80places great importance on smart metering, proposing a programme of 
systematic rollout by the 2030s.  They recommend that DEFRA should require all companies 
to consider such a programme as the first step in a concerted campaign to improve water 
efficiency.81

TW proposals for metering 

 

TW has proposed a metering programme that aims to meet the NIC requirement.  This will 
result in London, by 2030, having 73% of individual households with a meter installed and 
being charged for their use on a measured tariff.  For the Thames valley, they expect over 
90% of individual household meter penetration by 2040.82  However, it is disappointing to 
note that not all flats will be metered but rather a number of larger, non-billing meters will 
be installed on large blocks of flats for leakage detection purposes. While this will assist in 
leakage detection, it fails to achieve the principal aim of the NIC in using metering to 
support demand management.83

                                                      
75dWRMP 19 section 8, para 85 
76dWRMP 19 section 8, para92 
77dWRMP 19 section 8 para 88 
78AR17 page 23 
79CCW Water 2016/17 
80Preparing for a drier future, NIC, Apr 2018 
81 Preparing for a drier future, NIC, Apr 2018,p 12 
82rdWRMP Section 11, para 182 
83 Preparing for a drier future, NIC, Apr 18,p 12 

The target must be to meter all flats.   



50 
 

Further, while TW aim to “fit a meter on all new build properties.”84

Comparison with other water companies 

 It is unclear if the flats 
in new tower blocks in London are being metered individually. This is the practice in 
Singapore and ought to be the practice in London. 

No numbers are quoted for the meter penetration for all TW properties including individual 
flats, but this appears be about 70% in 2045. This would compare with the average of all 
water companies of about 87% of household properties, many also with blocks of flats.85

Affinity, which provides water to parts of London, including Wembley, and the area 
between the London WRZ and the TW Thames Valley WRZ, has in their Preferred Plan for 
their Central Area 2015/16, 45%, 2020 60% and 2025 90% penetration.

 

86

Recommended metering levels 

In view of the need for more water resources and the benefits of metering, GARD suggests 
that a target be set for London of meter penetration of all households of 60% in 2024/25, 
80% in 2029/30 and 88% in 2034/35.  This would bring them closer to the industry average 
and is much slower than Southern Water is achieving in its total supply area as well as being 
slower than Affinity’s programme for its Central Area in its draft Preferred Plan.  This should 
give them sufficient time to achieve the figures suggested. 

  It is unclear why 
another company, facing many of the problems that TW claims to face, is able to plan for 
much higher meter penetration and so much sooner.  While TW makes much of what, on 
first inspection, appear to be high installation rates, it becomes clear that as it is a very large 
water company and these should be higher.  It is apparent that TW is struggling with the 
effects of underinvestment in leakage and demand management over a long period. 

Other demand management levels 

There are a number of specific demand management measures that are in the TW 
programme, these are described and commented on below: 

• Wastage fix. TW’s work on providing a free internal leak fix found that on average a 
saving of 405 l/day was made per ‘leaky loo’ repair.  The figures presented indicate 
that total properties that could benefit from such help is even higher than that listed.  
Smart metering should be able to target such properties quickly, enabling large 
saving to be made more quickly than expected from this activity.Note that older 
siphon toilets are unlikely to leak; it is the modern equivalent with flap valves that 
are most prone to leak. Thus, it is likely that this activity will need to be continued in 

                                                      
84dWRMP19 Appendix N, para 21 
85Environment Agency Ambition in Demand Management through Water Resources Management Plans. 
Angela Wallis presentation 6 March 2018 
86Affinity dWRMP Figure117, page 96 
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the long term. The benefit in Ml/d is shown in Table 11-4287

• Smarter Home Visits. Smarter Home visits consist of “a free in home visit by one of 
our qualified staff to install water saving devices and provide personalised water 
savings advice to households.”

 AMP by AMP for London 
as 8, 1.4, 3.3, 0,0,0. The numerical calculation, and associated assumptions, to 
support these numbers could not be found, but it is unlikely, if the programme is 
continued that the figures for the later AMP will be 0. 

88SHVs are offered to “both measured and 
unmeasured customers with a focus that complements our roll out of smart water 
meters.”89The benefit obtained from an SHV on an unmeasured property is 25 litres 
per household/day90 and for a bulk metered property 15 litres/household/day. The 
assumed uptake rate of SHV in unmeasured and bulk metered property is 
20%.91These are the properties that are not individually metered. The rdWRMP 
notes that in London in 2030, 27% of all properties are classified as unmeasured and 
would fall into this category.  Since property numbers are estimated at 3.6m92

• Smarter Business Visit. Smarter Business Visits “includes installing water saving 
devices, fixing internal leaks, converting toilets to dual flush and installing urinal 
controls.”

 this 
means that 970,000 households are available for this scheme. To this should be 
added the bulk metered properties. The benefit scheduled in Table 11.42 in Ml/d by 
each AMP for London is 6.3, 6, 0.1, 0,0,0 and for Thames Valley 1.3, 1.7, 1.1, 0.2, 0,0. 
These programmes should be planned to continue beyond 2035 for London and 
2040 for Thames Valley with effort made to find ways to continue to make these 
effective. 

93  The benefit obtained per property is, on average,1,316 litres per 
property per day.”94

• Innovation.  This consists of new methods of reducing demand.  Very little 
information is given as to what this might consist of.  As stated already in Section 
3.1.4, TW need to give much more attention to how technology can help with their 
many issues. 

However, this takes no account of the potential for water use by 
the business itself. 

Water efficiency benefits are assumed by TW to have a life of seven years.95

                                                      
87rdWRMP Table 11.42, page 61 
88rdWRMP Section 8, para 160 
89rdWRMP Section 8, para 161 
90rdWRMP Section 8, para 174 
91rdWRMP Table 8-1, page 36 
92dWRMP App E, Table 7 
93rdWRMP Section 8, para 183 
94rdWRMP Section 8, para 184 
95rdWRMP Section 8, paras 199 & 200 

 Thus innovative 
thinking is required to better understand how the life of benefits may be extended and how 
the various programmes can be renewed and re-invigorated over time.  To allow projections 
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for demand management programmes to fall to zero benefit over time makes no sense 
since as systems degrade and become obsolete the underlying problems will reappear over 
time. 

Non-Household 

Non-household use in London is about 350 Ml/d. This sector includes hotels and offices with 
many water using appliances. There is appreciable scope for water efficiency within this 
sector. A bout two years ago such customers were separated off to be supplied by retailers. 
It is unclear whose responsibility it is to promote water efficiency measures. Waterwise has 
established a Retailers Leadership Group for Water Efficiency to deliver against their action 
F4 Work with wholesalers, regulators, and retailers to clarify positions on delivering large 
scale non-domestic water efficiency programmes for water resources planning.  TW are a 
member. It is important  that water efficiency measures are promoted to this sector, 
possibly through the TW SBV work. A target ought to be set for a 5% to 10% reduction per 
AMP. 

Thames Water limits to demand reduction 

The minimum level of demand reduction specified for London was:  

“ 80Ml/d demand reduction in AMP7 and no further demand reduction in AMP8 and 9. This 
was based on the minimum level of demand management required to meet the AMP7 supply 
demand deficit in combination with small supply options.”96

                                                      
96rdWRMP Section 8, para 254 

 

This implies that once a major new resource is operational no further demand management 
will be carried out. Since there are a number of small/ phased options that can continue to 
be economical then demand management should be shown as continuing until a scheme 
has been actually implemented and demand management is no longer economical. 
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4. Meeting the needs of other water companies and chalk streams 

Key Points 

• Thames Water’s rebranding of Abingdon reservoir as the South East Strategic 
Reservoir Option is a misrepresentation of its function and capabilities. In view of 
the reservoir’s almost non-existent refill in 18-month droughts, the “Abingdon 
tank” would be a more accurate description. 

• Affinity (with its over-abstracted chalkstreams) is the only Thames Valley water 
company with a need for more water from the Upper Thames.  

• Affinity’s needs have been over-stated by Thames Water as being 100 Ml/d arising 
in 2039. Based on Affinity’s own figures in their first draft WRMP, the deficit would 
first arise in 2057 and be only 60 Ml/d at their 2080 planning horizon. 

• The Oxford Canal transfer and Didcot power station licence reallocation, both 
already in Thames Water’s revised plan, would provide 29 Ml/d of the 60 Ml/d that 
Affinity ultimately need. They would both be implemented by 2026 and would 
enable most of Affinity’s planned 36 Ml/d of chalkstream sustainability reductions. 

• The Abingdon reservoir and supported Severn Thames transfer are both much too 
large for Affinity’s needs. They should not be implemented early for Affinity, if not 
already needed for London. 

• A bulk supply by Thames Water to Affinity at Sunnymeads, via reallocation of 31 
Ml/d of Thames Water’s London licence allocation, would be a better way of 
meeting any remaining Affinity need. There would be no violation of the “no water 
available”, classification in EA’s CAMS for the River Thames.  

• The availability of the Sunnymeads bulk supply option should be properly 
communicated to stakeholders with chalk stream interests, rather than implying 
that the only way of alleviating the undoubted over-abstraction of chalkstreams is 
the early construction of Abingdon reservoir. 

• GARD will comment further on this aspect of TW’s plan when Affinity Water 
publishes its revised dWRMP in January 2019. 
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4.1 Overview of TW’s new regional focus in the revised draft WRMP 

Thames Water’s revised draft WRMP has re-branded the Abingdon Reservoir as the “South 
East Strategic Reservoir Option (SESRO)”.  In a completely re-written Foreword to the 
Executive Summary, Thames Water describes the new regional focus of their plan:  

“As well as looking to the long term, we have considered needs and opportunities beyond 
our own boundaries to ensure the most effective and efficient plan for our wider region. 
This approach – developed through the Water Resources in the South East Group (WRSE 
Group) - has fundamentally influenced the make-up of our plan, which sets out a long-
term vision for the region. We have also engaged both United Utilities and Severn Trent 
to develop inter-regional transfer options.  

The South East Strategic Reservoir Option (SESRO) will improve the resilience of both the 
Thames Water and Affinity Water regions through the creation of a regional storage and 
transfer hub. This will capture and store water falling on the wetter west of our region to 
meet the growing needs of Swindon and Oxford, and using the River Thames as a 
natural, efficient water transfer system to supply customers in our Slough, Wycombe and 
Aylesbury area, customers served by Affinity Water, and our customers in London, up to 
100 miles away.”97

                                                      
97 Revised Draft WRMP, Executive Summary, pages i and ii. Thames Water, October 2018 

 

In GARD’s opinion, the re-branding of Abingdon reservoir as the South East Strategic 
Reservoir Option is a misrepresentation of Abingdon reservoir’s function and capabilities. 
The “water falling on the wetter west of our region” already flows down the River Thames to 
be stored in the London Reservoirs, where there is ample existing storage. However, there is 
insufficient water to refill the existing reservoirs in the dry winters of the 18-month 
droughts that are critical for London’s supplies. Thames Water’s Abingdon reservoir 
proposal brings no “new water” to refill the reservoirs, despite doubling the volume of 
storage to be filled.  

The major inter-regional transfers referred to in the Foreword are not planned to be 
implemented until the 2080s and 2090s, more than 60 years from now. This is so far in the 
future that it seems to have been added as a sop to avoid the criticism that it has been 
omitted altogether. 

The function of Abingdon reservoir is to act as a tank to provide water until the tank runs 
dry. A more accurate re-branding would be the “Abingdon tank”. As we show in Section 8.1, 
the reservoir has minimal true resilience to long droughts in the sense of being able to cope 
in the event of a drought worse than the 1:200-year resilience design standard. 
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Thames Water appear to have persuaded Affinity that Abingdon reservoir is the only way 
that their needs can be met, with Affinity becoming a partner in developing the reservoir98

4.2 The needs of Affinity, other water companies and chalkstreams 

. 
GARD is aware that Thames Water has been lobbying chalkstream interests to persuade 
them that the reservoir is the only way of reducing over-abstraction. In this section of our 
response, we consider Affinity and chalkstream needs and how they might best be met. 

Affinity Water is changing the plans it proposed in its draft WRMP in March 2018. The 
Affinity Statement of Response99

• Changing from the previous ‘Preferred Plan’ to a modified version of the ‘Alternative 
Plan’, which has much more ambitious sustainability reductions for chalk streams 

, published on 31st October 2018, summarises the changes 
it is making to its revised WRMP, which is due to be published for a second consultation in 
January 2019: 

• Sustainability reductions of 36 Ml/d by 2024 (previously 10 Ml/d by 2025)) 

• Leakage to be reduced by 15% by 2025 and 50% by 2050 (previously 11% by 2025) 

• PCC  129 l/h/d by 2025 and 110 l/h/d by 2040 (previously 126 l/h/d by 2045) 

• Resilience design standard 1:200 years (previously 1:60/80 years) 

• No new groundwater development (previously 20 Ml/d?, not clear to GARD) 

• Strategic transfer from Abingdon reservoir by 2040 (previously by 2055) 

Taken together, these are very significant changes, but the overall effect on Affinity’s 
supply/demand balance will not be known to GARD until Affinity publish their revised draft 
WRMP next January. This is unfortunate in the context of consultation on Thames Water’s 
revised draft WRMP, because Affinity’s needs and associated sustainability reductions 
appear to have become the only driver for the early construction of Abingdon reservoir. 
However, in the absence of up-to-date information, GARD has assumed that Affinity’s needs 
will be similar to those in Affinity’s previous ‘Alternative Plan’ which also showed a need for 
a transfer from Abingdon reservoir in about 2040.  The supply/demand balance for Affinity’s 
Alternative Plan100

                                                      
98 Ibid, page i 
99 Affinity Draft WRMP19 Statement of Response, pages 3-4, Affinity Water, October 2018 
100 Affinity Draft WRMP, Figure 8 page 69, Affinity March 2018 

, with GARD’s annotations, is shown in Figure 4-1: 
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Figure 4-1 Affinity supply/demand balance for ‘Alternative Plan’ 

Figure 4-1 shows Affinity’s intention to increase its licensed abstraction at Sunnymeads 
(between Windsor and Staines) by up to 100 Ml/d. The abstraction at Sunnymeads would 
need to be supported by some enhancement in river flows to make the water available in 
droughts. Both Thames Water’s rdWRMP and Affinity’s draft WRMP assume that the 
support water would come from Abingdon reservoir, without showing any consideration of 
alternative support sources. 

As can be seen on Figure 4-1, a 100 Ml/d increase in licensed abstraction at Sunnymeads 
would create a 150 Ml/d surplus in Affinity’s supplies in 2040, falling to a 40 Ml/d surplus in 
2080.Based on the supply demand balance shown on Figure 4-1, the support to River 
Thames flows would not be needed until 2057 and only 60 Ml/d of support would meet all 
of Affinity’s needs up to their 2080 planning horizon. 

As already stated, GARD has not seen details of Affinity’s revised supply/demand balance 
which could be substantially different to the out-of-date version shown in Figure 4-1. 
However, we observe that: 

• Affinity’s Alternative Plan assumed slightly more sustainability reduction than those 
now planned (39 Ml/d v 36 Ml/d)101

• The leakage reduction now proposed by Affinity is 50% by 2050, compared with 15% 
in the Alternative Plan – total present leakage in Affinity’s Central Supply Area

 – 3 Ml/d less in the deficit 

102

                                                      
101 Draft WRMP19 Statement of Response, pages 4, Affinity Water, October 2018 
102 Affinity draft WRMP, Excel WRP tables for Zones 1 to 6, Affinity Water, March 2018 

  is 
161 Ml/d, so the enhanced leakage control could result in 56 Ml/d less in the deficit 

New source not needed 
until 2057? 

Only 60 Ml/d of new source 
needed up to 2080? 
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• The drop in per capita consumption, 126 to 110 l/h/d, would reduce demands by 
13% - 70 Ml/d reduction in the Central Zone deficit in 2045  

This totals a reduction of 136 Ml/d in the deficit. On the other hand, there is a loss of 
deployable output in moving from 1:80 year to 1:200-year resilience design standard and 
loss of previously planned new groundwater developments. Also, GARD is aware that the 
supply/demand balance shown in Figure 4-1 includes supplies outside Affinity’s Central 
Supply Area. Until Affinity’s revised draft WRMP is available, GARD can only speculate on 
the size of the deficit that might need to be met by abstraction from the Thames. However, 
for the moment, we will assume the 60 Ml/d by 2080, illustrated on Figure 4-1 above. 

GARD understands that the transfer of 100 Ml/d for Affinity (and its sustainability 
reductions) is now the only export requested from Thames Water by other Water 
Companies: 

“In the revised draft plan we include the requirements of our neighbours for both raw 
and treated water transfers totalling 100 Ml/d, due to a large raw water need from 
Affinity Water. This is a reduction from our draft WRMP19 position of 130Ml/d which 
was driven by a raw water need from Affinity Water and South East Water.”103

“The impact on the selection of regional schemes is that the share of the raw water 
abstraction from Thames Water’s major resource scheme and the Kennet transfer along 
with the Clanfield transfer from Portsmouth Water are no longer selected.”

 

This is confirmed in South East Water’s revised WRMP19: 

104

In Thames Water’s Thames Valley supply zones, there only appears to be a definite need for 
a 7 Ml/d reduction in SWA zone in 2025. There are also possible future sustainability 
reductions of 4 Ml/d in SWOX and 10 Ml/d in SWA

 

With regard to the needs of chalkstreams, the majority are covered by the sustainability 
reductions in Affinity’s supply area and included in the deficit forecasts described above. 
South East Water’s sustainability reductions will be covered in their own draft WRMP, which 
no longer requires a transfer from Thames Water. 

105

“There are also two licence changes that could be implemented without impacting 
available water resources but would have significant capital costs. The first of these is 

, but Thames Water’s Excel WRP tables 
for SWOX and SWA zones show these sustainability reductions covered by demand and 
leakage reductions, with no need for major resource development. We note also that any 
reductions of flows in the main River Thames due to lower STW effluent flows will be offset 
by the improved chalkstream flows. 

There is also reference in Thames Water’s revised draft WRMP to a speculative need to 
reduce the impacts of abstraction for Farmoor on Oxford water courses: 

                                                      
103 Thames Water draft WRMP, Executive Summary, page 14. Thames Water, October 2018 
104 South East Water Revised WRMP, page 147 
105 Thames Water Revised dWRMP19, Table 4-13 
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Farmoor where abstraction could be transferred to an intake downstream of the Oxford 
Watercourses, during periods of low river flows. This option would be associated with 
implementation of the South East Strategic Reservoir Option and would require a new 
pipeline to transfer the water from the South East Strategic Reservoir to Farmoor 
reservoir.”106

4.3 Options for meeting the needs of Affinity and their associated 
chalkstreams 

 

This remedy for the Oxford water courses – moving the abstraction for filling Farmoor from 
Eynsham above Oxford to Culham below Oxford – would have no effect on the River 
Thames flow downstream of Culham. The drought flow at Culham is already boosted by 
effluents from Oxford STW and various STWs from Cotswold towns, which discharge into 
the Thames river system upstream of Culham. Therefore, GARD can see no reason why this 
remedy is dependent on the Abingdon reservoir or any other new water source. 

Thus, it appears that the total needs for other water companies and chalkstreams in the 
Thames valley are limited to Affinity’s needs and their associated sustainability reductions. 
These are said by Thames Water to be 100 Ml/d in 2037, but, as explained above, appear to 
GARD to be likely to be no more than 60 Ml/d by 2080, with the deficit not arising until 
2057. However, we await the publication of Affinity’s revised draft WRMP in January for 
more news of this. 

For the purpose of this consultation response and until Affinity publish their revised WRMP, 
GARD will assume that the deficit to be met from Affinity’s proposed new abstraction from 
the River Thames at Sunnymeads is no more than 60 Ml/d, as explained in Section 4.2 
above. We have found no analysis in Thames Water or Affinity draft WRMPs of the options 
available for supporting this abstraction, if needed at times of low river flows. Affinity’s first 
draft WRMP refers only to a general “Upper Thames Resource Development”, showing the 
options that it might comprise on a diagram that we show below:107

                                                      
106 Thames Water Revised dWRMP19, Section 4, paragraph 4.109, page 29 
107 Affinity first draft WRMP, Figure 55, page 256, March 2018 
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Figure 4- 2 Affinity options for their Upper Thames Resource Development 

In their first draft WRMP, Affinity saw the options as being one or more of the Abingdon 
reservoir, Severn-Thames transfer or the Oxford Canal transfer. There was no attempt to 
identify a preferred option and their feasible options table for their Zone 4 refers only to 
“options to increase raw water imports” without specifying what they might comprise.  

In its Statement of Response, Affinity now refers to the “South East Strategic Reservoir 
(referred to as the Upper Thames Resource Development in the dWRMP)”108

 “Affinity Water are considering alternative options to the South East Strategic Reservoir. 
The work to support the assessment of alternatives will be more transparent in the 
revised dWRMP.”

. In response to 
several comments in the consultation on the first draft WRMP, Affinity says: 

109

In GARD’s opinion, the options for supporting Affinity’s increased abstraction at 
Sunnymeads comprise one or more of the following: 
 

 

To date, there has been no transparency whatsoever in the decision that appears to have 
been made jointly by Thames Water and Affinity to use Abingdon reservoir as the sole 
means of meeting Affinity’s needs. GARD welcomes the commitment to more transparency 
in Affinity’s revised draft WRMP. We look forward to seeing a fully detailed analysis of the 
options. 

• Oxford canal transfer                11 Ml/d 
• Reallocation of part of Didcot power station licence       18 Ml/d 
• Severn-Thames transfer with some support        up to 100 Ml/d 
• Abingdon reservoir               up to 100 Ml/d 
• Bulk supply to Sunnymeads by reallocation of part of  

Thames Water’s lower Thames abstraction        up to 100 Ml/d 

                                                      
108 Affinity Draft WRMP19 Statement of Response, pages 5, Affinity Water, October 2018 
109 ibid, page 87 

Potential support  
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Figure 4-3 Schematic showing potential sources for Affinity and chalkstreams 

The Oxford Canal transfer and Didcot licence reallocation are already in Thames Water’s 
preferred plan, totalling 29 Ml/d. The Didcot licence reallocation is planned for 2020/21 and 
to be replaced by Oxford Canal transfer by 2025/26. Therefore, provided the Didcot transfer 
continues (or is replaced by plans to treat and sell the water), 29 Ml/d of additional support 
flow will be available at Sunnymeads by 2026 and can be used to enable an equivalent 29 
Ml/d of chalkstream sustainability reduction. Most of the 29 Ml/d abstraction will be 
returned to the Rivers Thames or Lee via increased flows in the chalkstreams. The 
chalkstreams rejoin the Rivers Thames and Lee upstream of Thames Water’s London 
abstractions so most of the Oxford Canal and Didcot power station transfers will be still 
available for abstraction for London’s supplies (which will also already be enhanced by 
leakage and demand management measures). 

Therefore, 29 Ml/d of Affinity’s planned 36 Ml/d of sustainability abstractions can be 
enabled by 2026 via the Oxford Canal transfer and Didcot reallocation, without the need for 
any support from Abingdon reservoir or elsewhere.  

On the basis of GARD’s suggested total Affinity deficit of 60 Ml/d by 2080, that would only 
leave 31 Ml/d needed from Abingdon reservoir, the Severn Thames transfer or reallocation 
of part of Thames Water’s London licences. 

For Abingdon reservoir, 31 Ml/d could be supplied from a reservoir with a net usable 
storage of roughly 15,000 Ml (assuming a 500-day drought in which here was no refill 
available from the River Thames). This is only about 1/10th of size of Thames Water’s 
proposed 150 Mm3 Abingdon reservoir. The implementation of the 150 Mm3 Abingdon 
reservoir many decades before it might be fully needed would burden Thames Water and 
Affinity customers with unnecessary costs.  

For the Severn-Thames transfer, there would need to be about 35 Ml/d of support to the 
transfer to guarantee its availability at Sunnymeads in droughts. This amount of support to a 

TW bulk supply to Sunnymeads via reallocation 
of part of London licences, see Figure 4-4 
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mainly unsupported Severn-Thames transfer would also create a deployable output for 
London of about 180 Ml/d (see later Section 7.4 of this response). 

Unless already needed for London, the early construction of either the Abingdon reservoir 
or the supported Severn Thames transfer to meet an early Affinity and chalkstream need of 
only 31 Ml/d is more than excessive. In GARD’s opinion, if support of this magnitude is 
needed mainly, it would be better for Thames Water to sell a 31 Ml/d allocation of their 
lower Thames allocation to Affinity, reducing Thames Water’s abstractions to fill the London 
reservoirs by an equivalent amount. A significant part of the 31 Ml/d (perhaps 70-80%) 
would be returned to the Rivers Thames and Lee via either enhanced chalkstream flows or 
STWs discharging upstream of Thames Water’s London abstractions. This would need to be 
taken into account in the trading agreement. 

 
Base map from Mott MacDonald Fine Screening Report, Figure 2.2, September 2016 

Figure 4-4 Supplying Affinity and chalkstreams by reallocation of TW London licences 

An additional 31 Ml/d could be transferred to Affinity by reallocation of part of Thames 
Water’s Datchet abstraction to Affinity’s Sunnymeads intake located about 2 km 
downstream.  Thames Water’s Datchet licence is about 1500 Ml/d, and Thames Water’s 
WARMS2 modelling110

                                                      
110 WARMS2 model output file ‘Copy of GARD AR17 London DO 2305 Mld 2017-04.xlsx’, Thames Water, 
September 2017 

 shows the abstraction is mostly in the range 800 to 1300 Ml/d, only 
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restricted below those levels in droughts. In droughts, the Sunnymeads abstraction can be 
supported from Thames Water’s nearby Queen Mother reservoir. There would be no 
change in the total abstraction at Datchet and Sunnymeads, so no violation of the “no water 
available” classification of the lower Thames in the Environment Agencies River Thames 
Catchment Abstraction Management Strategy111

4.4 GARD’s conclusions on meeting Affinity and chalkstream needs 

. 

It is noted that “TW Bulk Supply to Sunnymeads” is one of the column headings in Thames 
Water’s WARMS2 model output. The column is always blank in the model output supplied 
to GARD, but its presence shows that this is an option that has previously been considered. 
Now that Thames Water are planning improved leakage reduction and demand 
management in London, this option should be included as a feasible option in Thames 
Water’s revised WRMP.  

In GARD’s opinion, the availability of the bulk supply to Sunnymeads should be properly 
communicated to stakeholders with chalk stream interests, rather than implying that the 
only way of alleviating the undoubted over-abstraction of chalkstreams is the early 
construction of Abingdon reservoir. 

As an alternative to Affinity’s proposal to meet its own and chalkstream needs via an 
increase in abstraction at Sunnymeads, part of the sustainability reduction could be met by 
reallocation of part of Thames Water’s Lee Valley supplies or the Fortis Link in North 
London.  We note that Affinity’s largest deficit is in its Stort zone in north east London, 
which is closer to the Lee Valley than Sunnymeads.  

A transfer from the Lee Valley would be made feasible by Thames Water’s London supply 
enhancements (facilitated by the London ring main), particularly the leakage and demand 
management programmes, the planned Deephams reuse scheme or the possible Beckton 
re-use option. As for the Affinity Sunnymeads abstraction, most of the water transferred to 
Affinity would come back to Thames Water via enhanced chalkstream flows or STW 
effluents discharging into the River Lee. 

GARD will be copying this consultation response to Affinity and looks forward to seeing how 
it is addressed in Affinity’s revised draft WRMP. When this Affinity’s revised draft WRMP is 
available, GARD will comment further on this aspect of Thames Water’s revised draft 
WRMP. 

Our conclusions from review of this aspect of Thames Water’s revised draft WRMP are: 

1. Thames Water’s rebranding of Abingdon reservoir as the South East Strategic 
Reservoir Option is a misrepresentation of its function and capabilities. In view of the 

                                                      
111 River Thames Catchment Abstraction Management Strategy, Environment Agency, May 2014 
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reservoir’s almost non-existent refill in 18-month droughts, the “Abingdon tank” 
would be a more accurate description. 

2. Affinity (with its over-abstracted chalkstreams) is the only Thames Valley water 
company with a need for more water from the Upper Thames.  

3. For the purpose of responding to Thames Water’s revised draft WRMP and in the 
unfortunate absence of Affinity’s plan, GARD has assumed that Affinity’s deficit and 
chalkstream needs are similar to the Alternative plan in their first draft WRMP 

4. Affinity’s ‘Alternative Plan’ deficit in their first draft WRMP been over-stated as 100 
Ml/d arising in 2039. Based on Affinity’s own figures, the deficit would first arise in 
2057 and be only 60 Ml/d at their 2080 planning horizon. 

5. The Oxford Canal transfer and Didcot power station licence reallocation, both 
already in Thames Water’s revised plan, would provide 29 Ml/d of the 60 Ml/d that 
Affinity ultimately need. They would both be implemented by 2026 and would 
enable most of Affinity’s planned 36 Ml/d of chalkstream sustainability reductions. 

6. The Abingdon reservoir and Severn Thames transfer are both much too large for 
Affinity’s needs. They should not be implemented early for Affinity if not already 
needed for London. 

7. A bulk supply by Thames Water to Affinity at Sunnymeads, via reallocation of 31 
Ml/d of Thames Water’s London licence allocation, would be a better way of 
meeting any remaining Affinity need. There would be no violation of the “no water 
available”, classification in EA’s CAMS for the River Thames. The availability of this 
option should be properly communicated to stakeholders with chalk stream 
interests, rather than implying that the only way of alleviating the undoubted over-
abstraction of chalkstreams is the early construction of Abingdon reservoir. 

8. GARD will comment further on this aspect of TW’s plan when Affinity Water 
publishes its revised WRMP. 
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5. Teddington DRA options 

Key Points 

• Thames Water has failed to justify its decision to remove the Teddington DRA 
scheme from the feasible options and its preferred programme. 

• In assessing deployable output of options using treated effluent from Mogden STW 
(either the DRA scheme or indirect reuse), Thames Water should assume an 
improved trigger rule and there should be no allowance for additional emergency 
storage in the London reservoirs. 

• The high temperature rises (up to 9oC in river water temperature) resulting from 
the DRA option without mitigation included in Thames Water’s previous draft 
WRMP are the consequence of Thames Water’s failure to address the Environment 
Agency’s warning about this problem in 2016. 

• Although the Environment Agency’s concerns about a 9oC temperature rise are 
understandable, there is no justification for the zero-temperature increase criterion 
suggested by the EA and accepted by Thames Water, apparently without question. 

• In the first instance, the WFD standard of a 3oC temperature rise should be the 
design standard for mitigation measures, unless ecological investigations show this 
would give rise to significant impacts and WFD deterioration. 

• With use of up to 400 Ml/d effluent from Mogden, but seasonal restrictions on 
usage and a more efficient trigger rule, temperature rises from the DRA scheme can 
be restricted to 3oC with only a 10%loss in deployable output to 241 Ml/d. 

• If the Mogden effluent is used for indirect reuse, a deployable output of 344 Ml/d 
can be provided, with the water temperature rise limited to 3oC. 

• Thames Water should reinstate the Teddington DRA scheme (or a Mogden reuse 
option) as a feasible option and in the preferred programme in the draft WRMP. As 
for any other option, it can be rejected if the next phase of scheme development 
shows that the ecological impacts are unacceptable after inclusion of affordable 
mitigation measures. 
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5.1 Rejection of the DRA scheme and potential for reinstatement 

In the previous draft WRMP, the 300 Ml/d Teddington DRA scheme was planned to be the 
first major scheme to be introduced (in 2030), but it has now been deemed unfeasible and 
dropped from the preferred programme. The primary reason for dropping the scheme was 
the predicted impact of increased water temperature in the freshwater River Thames and 
Tideway, caused by discharge of treated effluent from Mogden STW, with no mitigation 
measures. The Environment Agency are quoted as saying that112

Thames Water has considered options to mitigate the impact by reducing the effluent 
temperature or restricting scheme use at certain times of the year. These options were said 
by Mott MacDonald

: 

“a more precautionary objective may be appropriate in considering an ecologically 
acceptable temperature increase from a DRA option compared with background 
temperature in the freshwater River Thames and estuarine Tideway. The Environment 
Agency indicate that zero temperature increase would be such a precautionary objective.” 

113

• In Section 5.2, we propose changes to TW’s assumptions in assessing deployable 
output. 

to be either excessively costly or causing a large drop in deployable 
output, while failing to achieve a zero-temperature increase. Consequently, the scheme is 
no longer considered by Thames Water to be a feasible option, so has been abandoned. 

In GARD’s opinion, this option has been dropped too hastily from the feasible options, with 
inadequate justification and without proper consideration of either potential impacts or 
how they might be mitigated. In the following sections we cover: 

• In Section 5.3, we consider the magnitude of temperature increases from the DRA 
scheme with Thames Water’s proposed operating rules. 

• In Section 5.4, we consider means of limiting the temperature increases by improved 
operating rules for the scheme. 

• In Section 5.5, we consider effluent treatment options 

• In Section 5.6, we consider the environmental impact of the options. 

• In Section 5.7, we draw conclusions and make proposes for further investigations of 
the feasibility of options making use of Mogden sewage effluent 

                                                      
112Thames Water and Environmental Agency: Common understanding of the water environment effects of the 
Teddington Direct River Abstraction (DRA) option. Statement following meeting with the Environment Agency 
on 13 July 2018. Update note on changes to feasibility assessments and conceptual designs post draft 
WRMP19, Appendix A. Mott MacDonald September 2013 
113 Ibid, pages 7-13 
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5.2 Assessment of deployable output of DRA options 

In Section 4.1 of GARD’s response to the first draft WRMP, we commented upon Thames 
Water’s assumptions in modelling the operation of the DRA scheme and assessing its 
deployable output. We concluded that Thames Water had underestimated deployable 
output of the DRA scheme for the following reasons: 

1. Thames Water’s proposed trigger rule, assumed to be the same as the trigger for the 
existing Beckton desalination scheme, switched on the DRA scheme too late to be 
optimal and switched it off too quickly in wetter periods during droughts. 

2. Thames Water’s assumption that the DRA scheme would require an extra 30 days of 
emergency storage, as for other schemes dependent on drought river flows, was 
unreasonable bearing in mind that the Mogden effluent is always available even in 
severe droughts. Therefore, as for new reuse or desalination options, there is no 
need for any additional emergency storage for the DRA scheme. 

Using GARD’s model, we found that the DO of the 300 Ml/d DRA scheme would be 265 Ml/d 
using Thames Water’s assumptions – this compared with the WARMS2 assessment of 268 
Ml/d. However, without increasing the present allowance for emergency storage and with 
continuous diversion of Mogden effluent, the DO rose to 316 Ml/d (more than the nominal 
300 Ml/d because demand in droughts is suppressed by supply restrictions). 

GARD’s criticisms of Thames Water’s assessment of the DRA scheme were not addressed in 
Appendix F to their Statement of Response. Presumably, this was because the DRA scheme 
had been rejected as a feasible option. Therefore, in the absence of any response to our 
previous comments, for assessing DRA deployable output we have assumed: 

• no increase in existing emergency storage  

• GARD’s proposed trigger rule, based on a new control line in the LTCD. This 
improves deployable output by switching on the DRA earlier in droughts andnot 
switching off when there are short term river flow increases during droughts. 

With these operating assumptions, GARD’s model shows that the deployable output of the 
300 Ml/d DRA scheme rises to 314 Ml/d. We have used the same trigger and emergency 
storage assumptions for assessing the deployable output of all options considered in the 
following sections of this response. 

5.3 Temperature changes from TW’s proposed DRA scheme 

We have used the temperature data provided by TW and in Figure 3.2 of Mott MacDonald’s 
Update report,114

                                                      
114WRMP19 Supply Option Development, September 2018, Thames Water, Mott-Macdonald and Cascade. 

in combination with GARD’s simulation model of the DRA scheme, to 
investigate temperature impacts from the 300 Ml/d DRA scheme and ways of mitigating the 
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impacts by changing the scheme operating conditions. In our modelling, we have assumed 
monthly average temperatures as shown in Figure 5-1 below.  

 

Figure 5-1 Average effluent and river water temperatures assumed for GARD model 

GARD’s understanding of the Teddington DRA scheme as currently envisaged is shown 
schematically on Figure 5-2. In the example shown below, in a severe drought, the Hands-
off Flow (HoF) at Teddington weir, the transfer of Mogden effluent and the abstraction to 
the Thames-Lee Tunnel (TLT) are all 300 Ml/d. Therefore, the flow passing Teddington weir 
is 100% Mogden effluent which is up to 9oC warmer than the river water. 

 

Figure 5-2 Schematic layout of TW proposed 300 Ml/d DRA 

0.0

5.0

10.0

15.0

20.0

25.0

Te
m

pe
ra

tu
re

 o C

Average monthly water temparatures

River water temperature ex MottMac Figure 3.2
Mogden effluent temperature gauged 2013-16

Teddington weir, HoF 300 Ml/d 

 

Molesey 
weir 

 

To Lee Valley 
reservoirs 

 

Hampton 

 

Total all TW abstractions, say 
1900 Ml/d, leaving 300 Ml/d 
pass forward flow 

 
300 Ml/d of 
river water to 
TLT 

 

Mogden surplus to Tideway  

 300 Ml/d Mogden effluent to 
river when DRA in use 

 

Surbiton 
abstraction 

i  

 

300 Ml/d pass 
forward river flow 

 

Incoming river flow, 
say 2200 Ml/d 

300 Ml/d pass forward flow is 
100 % Mogden effluent below 
new TLT intake 

 

Mogden STW  

 

Up to 9oC temperature 
difference in Dec/Jan 



68 
 

GARD’s model includes a simple water balance calculation of temperatures downstream of 
the Mogden discharge, assuming river and effluent temperatures as in Figure 5-1 and full 
mixing of effluent and any residual river flows. Modelling of the impact of London supplies 
supported by the 300 Ml/d DRA scheme (with TW’s operating rules) on river flows and 
water temperatures at Teddington in the 1921/22 drought is illustrated in Figure 5-3: 

 

 

Figure 5-3 Impact of 300 Ml/d DRA scheme on flows and temperatures in 1921/22 

As can be seen in Figure 5-3, the 300 Ml/d DRA scheme, used continuously in a drought, 
would cause a theoretical rise in river water temperature of up to 9oC in December and 
January. With a 9oC difference between effluent and river water in winter, the high-water 
temperature rise is the inevitable consequence of discharging all of the 300 Ml/d of Mogden 
effluent downstream of the abstraction of 300 Ml/d to the Thames-Lee tunnel at times 
when the Teddington hands-off flow (HoF) is also 300 Ml/d.  
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In reality, only the 400 metres of river between the Mogden effluent discharge and 
Teddington weir would experience such a large temperature differences. Below Teddington 
weir, the river water would mix with the water in the Tideway which is flushed by twice 
daily tides. Therefore, the Tideway temperature differences would be a lot less than the 
theoretical differences computed by a simple water balance, as in GARD’s model. HR 
Wallingford’s report on Tideway impacts predicts up to 5-7oC increases October to March, 
with low regularity115

5.4 Reduction in impacts by using the DRA less in winter 

. 

The ecological impacts of temperature differences of this magnitude are likely to be 
significant, even though the need to use the DRA scheme in the winter months would be 
quite rare. 

Thames Water have considered reducing the temperature impacts by ceasing use of the 
DRA scheme in the winter months if there is little or no pass forward river flow to dilute the 
effluent. Some details are given in the Mott MacDonald Update report116

This type of mitigation could be improved by a) making use of all the available Mogden 
effluent, ie not limiting it to 300 Ml/d, and b) cutting the transfer of effluent to give the 
temperature reduction needed, rather than ceasing entirely as proposed by Thames Water. 
Figure 5-4 shows the measured amount of Mogden effluent in 2013-16

, showing a 
moderate reduction in impact but a big drop in deployable output from 268 Ml/d to 176 
Ml/d. GARD agrees TW’s conclusion that this is not cost effective, but only because the 
design of the measure is so crude. 

117

 

. 

Figure 5-4 Measured Mogden effluent flows 2013-16 

                                                      
115 Thames Tideway impacts of DRA, Table 9.3. HR Wallingford. September 2018. 
116Update note on changes to feasibility assessments and conceptual designs post draft WRMP19, pages 
10/11, Mott MacDonald September 2013. 
117 Data provided to GARD by Thames Water 22.10.18. 
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On the basis of the measured flows in Figure 5-4, it appears that the summer dry weather 
flow is about 450 Ml/d. Therefore, it is reasonable to assume that 400 Ml/d is always 
available, if needed, leaving a 50 Ml/d flushing flow in the existing outfall.  

The Water Framework Directive standard for water temperatures needed for ‘Good’ status 
is shown on Table 5-1: 

 

Table 5-1 UK Water Framework Directive temperature standards118

 

 

On the above basis, it would seem reasonable to aim for a temperature rise limit of 3oC, 
when assessed by GARD’s simple water balance model, bearing in mind that the Tideway 
impact will be substantially less, as shown in HR Wallingford’s report. This can be achieved 
by restricting the effluent transfer to get sufficient dilution from the river water, according 
to the time of year and the Teddington hands-off flow, as shown in Table 5-2: 

Table 5-2 GARD proposed restrictions on DRA transfers to limit temperature rise 

With up to 400 Ml/d of Mogden transfer in summer and the autumn/winter restrictions 
shown in Table 5-2, the modelled temperature increase can be limited to the 3oC Water 
Framework Directive standard, as shown on Figure 5-5 below. In summer, the flow past 
Teddington weir would still be 100% Mogden effluent (as per Thames Water’s proposal), but 
the temperature rise is still less than 3oC. 

With these operating rules, a deployable output of 241 Ml/d can be achieved. 

                                                      
118  The Water Framework Directive (Standards and Classification) Directions (England & Wales) 2015, Table 6  
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Figure 5-5Impact of DRA operation limiting temperature rise to 3oC with 256 Ml/d DO 

With these operating rules, the theoretical maximum temperature increase can be reduced 
from 9oC to 3oC with only a 10%reduction in deployable output. The Tideway temperature 
changes can be expected to be no more than 1.5-2oC, based on HR Wallingford’s modelling 
which showed a theoretical 9oC rise being reduced to 5-7oC due to tidal flushing.  

The environmental implications of this are considered in Section 5.6 of this response. 

5.5 Treatment required for Mogden effluent 

The criteria for treatment are:  

1. Not to derogate from the WFD water quality in the river into which the tertiary 
treated effluent is being discharged.  

2. Not to breach the Water Safety Plan requirements for high, medium, and low 
parameters. These are defined in the Fine Screening report page 119. 
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Treatment to achieve required river water quality 

The DRA feasibility report says that “The Mogden effluent transfer is replacing a proportion 
of the existing flows over Teddington Weir and it is expected that the change in discharge 
location” from Isleworth Ait to Teddington Weir several kilometres upstream and at the top 
end of the tidal excursion “will necessitate tertiary effluent treatment.”119

“The first assumption is the maximum capacity ...has been assumed to be 
300Ml/d.”However, this is based on the flow available. The assumption is that only 
projected domestic demand would be available, whereas there is also non-domestic and 
leakage into the sewers. In our response to the previous draft WRMP, GARD 
demonstrated

 The comparison 
with Hogsmill STW consent shows a tighter standard for solids and BOD than Mogden STW 
but the Hogsmill STW discharges into a small tributary, so the need for tertiary treatment 
should be reconsidered. 

120

This view is supported by the recent Motts report about space for a 300 Ml/d reuse plant on 
the Mogden site that would have “Effluent treatment using ultrafiltration, reverse osmosis, 
and advanced oxidation process” by “demolition and reconstruction of the Mogden storm 
tanks to provide space for the new works.”

 that 400 Ml/d would be available, and this is reinforced by the recorded 
flow data show in Figure 5-4. 

The feasibility report says “There is sufficient space to place the additional treatment on the 
Mogden STW. However, this will prove difficult to construct.” GARD has assumed that there 
would be space for a 400Ml/d tertiary plant or that less treatment would be necessary, or 
that a more compact plant would be available. 

121

In droughts, when the residual flow below Hampton falls to the 300 Ml/d hands-off flow in 
summer, some of the Mogden effluent in excess of 300 Ml/could be transferred into the 
TLT.  This would not exceed 50 Ml/d. This water would need to meet the water quality 
criteria. For the flow into the TLT, this is equivalent to the Mogden reuse scheme. The Fine 
Screening Report, Appendix A,

 A 400 Ml/d tertiary treatment plant should 
occupy a smaller footprint than the 300 Ml/d UF RO AO plant so, by this method, sufficient  
space should be available. 

Treatment if some Mogden effluent transfers to the TLT 

122

                                                      
119Motts Direct River Abstraction Feasibility Report February 2018 page 43. 
120 GARD Response to Thames Water’s Consultation on Draft Water Resources Management Plan 2019.4.1 page 66. 
121 Motts Update note on changes to feasibility assessments and conceptual designs post, September 2018. page 14. 
122 Fine Screening Report, Appendix A, page 121, Mott MacDonald, September 2018. 

 shows that tertiary treatment is sufficient for reuse of up 
to 50 Ml/d. Therefore, the operating rules proposed by GARD limit the Mogden transfer to a 
maximum of 350 Ml/d when the HoF falls to 300 Ml/d (see Table 5-2). 
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For Mogden DRA, see page 126 of the Fine Screening Report, 300 Ml/d of tertiary treated 
water is allowed to discharge over the weir, subject to the temperature and ecological 
impact criteria described elsewhere. 

Looked at in an operational way, the Mogden effluent would comprise only a maximum of 
15% of transfer into the TLT. The TLT flow then gets diluted again in the Lee valley 
reservoirs. In the drought circumstances, the Lee valley reservoirs are already receiving 
water pumped from the River Lee containing treated effluents from Rye Meads and other 
STWs, at proportions higher than the 15% effluent content in the TLT. For example, Thames 
Water’s WARMS2 AR17 modelling of the 2305 Ml/d base123

5.6 Environmental impact of options using Mogden effluent 

 case shows that, for the June to 
August 1921 situation, Rye Meads STW effluent would have comprised an average 39% of 
the inflow from the River Lee into the reservoirs. Therefore, the planned tertiary treatment 
of Mogden effluent, which would not be more than 15% of the flow taken into the TLT, 
should, by comparison, be of sufficient water quality.  

The direct river abstraction at Teddington scheme would provide further treatment of most 
of the Mogden sewage and pump it through a tunnel to the upstream side of Teddington 
Weir, thus enabling a similar quantity of water to be abstracted into the Thames-Lee tunnel. 
With the operating rules originally proposed by Thames Water, the flow passing Teddington 
weir would be 100% sewage effluent at times during severe droughts. 

Since the publication of the first draft WRMP, there have been several studies of the impact 
of the Teddington DRA options by HR Wallingford and others, leading to Thames Water’s 
decision to drop the DRA scheme from the feasible options. The impacts have been 
summarised in Mott MacDonald’s update report on resource options, identifying some 
relatively minor and mitigable impacts on water quality, water levels and navigation, but 
potentially major impacts on water temperature and fish. 

In the preceding sections, we have shown how the water temperature rise can be limited to 
the Water Framework Directive standard of 3oC, with only a small reduction in deployable 
output (or a substantial increase if Mogden effluent is deployed for indirect reuse rather 
than DRA). 

However, the Mott MacDonald Update report says that the 3oC temperature rise might not 
be acceptable for the reasons described below124

                                                      
123 From WARMS2 output Excel file ‘Copy of GARD AR17 London DO 2305 Mld 2017-04.xlsx’, Thames Water, September 
2017’. 
124Mott MacDonald Update report, Appendix A. September 2018. 

: 

“The modelling results, impacts and mitigation options have been reviewed by both the 
Environment Agency (EA) and the Port of London Authority (PLA).  
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The review identified that one of the likely impacts of the option would be an increase in 
water temperature in the freshwater River Thames locally above Teddington Weir and in 
the Upper Tideway as a consequence of discharging treated effluent at Teddington. The 
potential temperature effects were identified as a key concern to aquatic ecology in the 
draft WRMP, and the EA has advised that a precautionary approach may be appropriate, 
including mitigation to achieve a zero temperature increase.” 

Mott MacDonald’s report also states that the scale of effluent discharge relative to the size 
of the river is unprecedented and beyond the experience of both Thames Water and the 
Environment Agency125

Unsurprisingly, Mott MacDonald have found it impossible to achieve a “zero temperature 
rise” through various mitigation measures

: 

“Neither Thames Water nor the Environment Agency have experience of this type of 
option given the magnitude of its size, either in its operation or its environmental effects, 
with the DRA option being of larger scale than the standards are set for, with potential 
for whole river replacement for several months.” 

126

1. As we have shown in Section 5.4 above, the temperature rise can be limited to the 
Water Framework Directive standard of 3oC by appropriately designed seasonal 
restrictions. It does not need to be the 5-7oC suggested by HR Wallingford if no 
mitigation is provided. 

. Thames Water appear to have seized on this 
finding and used it as a reason to drop the Teddington DRA scheme from the feasible 
options and bring forward the construction of Abingdon reservoir. GARD has several 
criticisms of this: 

2. There has been no proper investigation of the ecological impact of a 3oC 
temperature rise in the freshwater River Thames or the Tideway, so there is no 
rational justification for imposing a zero temperature rise restriction.  

3. The relative size of the Mogden discharge in relation to the River Thames is not 
especially unusual. For example, Swindon STW discharges about 40 Ml/d into the 
small River Ray, so in droughts the flow in the river is close to 100% treated effluent. 
On a much larger scale, Minworth STW discharges about 350-400 Ml/d of effluent 
into the River Tame and comprises up to 75% of the downstream flow in droughts – 
see more details below. 

4. Ecological investigations to date, although not comprehensive, so far indicate that 
the impacts would be relatively slight, with no definite deterioration in the Water 
Framework Directive status – see more details below. 

 

                                                      
125Mott MacDonald Update report, page 7. September 2018. 
126 Mott MacDonald Update report, pages 11-13. September 2018. 
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Relative size of Mogden discharge and River Thames flows 

We have referred above to the example of the discharge of Severn Trent Water’s Minworth 
STW effluent into the River Tame. Figure 5-6 shows the gauged flows from Minworth STW 
and the River Tame just upstream of the discharge in the dry year of 2011: 

 
River Tame flows as per NRFA web-site 
Minworth STW flows as supplied by Severn Trent Water to GARD in January 2016 

Figure 5-6 Relative size of Minworth STW and River Tame flows 

In terms of relative size of the receiving rivers, the Minworth discharge to the River Tame is 
a much more severe case than the discharge of Mogden effluent into the River Thames. As 
can be seen in Figure 5-6, the River Tame flow below Minworth STW comprises about two-
thirds sewage effluent in all dry weather conditions, not just in droughts. 

With regard to the frequency of occurrence of Mogden effluent comprising 100% of the 
downstream river flow, this would be a relatively rare event with the Teddington DRA 
scheme, about 1 in 10 years with the operating rules proposed by GARD. Whilst the 
significance of such rare events should not be trivialised, the rarityshould be taken into 
account in considering the ecological impacts and whether they would lead to a WFD 
deterioration. 

With regard to the magnitude and significance of the temperature impacts compared to 
examples from other rivers, consideration should be given to the example of Minworth STW 
illustrated in Figure 5-6. Assuming that the effluent and river temperatures at Minworth are 
similar to those at Mogden and the Thames, the rise in winter temperatures in the River 
Tame must be of the same order as the 5-7oC rise modelled by HR Wallingford for the River 
Thames and Tideway. With the operating rules proposed by GARD, the rise for either the 
DRA or the reuse scheme could be restricted to 3oC. 

Thus, it would appear that both Thames Water and the Environment Agency have much 
experience of STW discharges with temperatures substantially higher at certain times of the 
year than the rivers into which they discharge without constraint. 
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The zero temperature rise criterion, if applied generally, would shut down most sewage 
treatment works in the country. It would also shut down many of the inland electricity 
generating stations. This restriction is clearly not applied elsewhere.  

The WFD standard is that temperatures should not rise more than 3oC and in GARD’s 
opinion this should be applied to the case of Mogden effluent, unless there is genuine 
evidence of unacceptable impacts and WFD deterioration (or that a larger rise can be 
tolerated). From the investigations undertaken by Thames Water to date, no such evidence 
has been found. 

The findings of the ecological investigations to date 

 HR Wallingford’s report on the lower freshwater Thames concludes that there would be no 
significant impact on resident fish populations (i.e. non-migratory fish):127

For macroinvertebrates, smelt survival and algal growth, HR Wallingford conclude that there 
would no significant impact from temperature rises during the period April to July, but that 
there could a need for mitigation of any significant temperature rises in March

 

“Given that the bottleneck in terms of habitat in the lower Thames tends to be gravel 
spawning habitat which is unlikely to be present in the impacted reach, significant or 
long-term impacts on resident species/populations are unlikely to be significant at WFD 
waterbody scale.” 

128

For the Thames Tideway, the Upper and Middle Water Bodies are at present classified as 
Heavily Modified and having Good Ecological Potential

. As can be 
seen from earlier Figures 5-3 and 5-4, the Mogden DRA schemes would be very rarely used 
in March, and when they are needed, e.g. in a 1:50 year drought like 1934, the rise can be 
restricted to 3oC by the operating rules proposed by GARD (see earlier Tables 5-2).  

It should also be noted that only about 400m of freshwater River Thames would be affected 
by the Mogden discharge, so any impacts would be highly localised and not applicable to 
the whole 25 km length of the Egham to Teddington WFD water body. 

129. HR Wallingford’s report 
concludes130

                                                      
127 HR Wallingford, Lower river impact report, page 40. 
128 HR Wallingford, Lower river impact report, page 55. 
129 HR Wallingford, Thames Tideway impact report, Conclusions, page 102. 
130 HR Wallingford, Thames Tideway impact report, Summary. 

: 

“Unmitigated, the water temperature effects, may influence the WFD Transitional Water 
Classification Index used to assign fish status in the Thames Upper water body, and this 
impact could result in a moderate risk of short-term WFD status deterioration.” 

HR Wallingford concludes that there are unlikely to be significant impact from salinity 
changes: 
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“The salinity impacts associated with the scheme have been assessed as unlikely to be 
significant at a community level, rising to minor adverse impact on freshwater species 
found at their saline limit in the Thames Upper TraC water body in moderate and low 
frequency return periods where the timing overlaps more with macroinvertebrate 
recruitment. However, these changes and their frequency would not lead to deterioration 
in the WFD status element.”131

“As the salinity impacts are early in the summer saline ingress season, amendments to 
scheme operation are expected to lead to the normal saline regime re-establishing in the 
very upper reaches of the Tideway where the smelt spawn.” 

 

132

GARD fully supports HR Wallingford’s comment above about Atlantic salmon – “impacts on 
Atlantic salmon are unlikely to impact the classification as the species does not appear in the 
monitoring data”. There have been salmon in the Thames from Victorian era onwards. 
There was stocking of salmon from about 1980 to 1995. During this period about 250 
salmon a year were recorded as returning.  However, stocking ceased about 1994 and 
returns plummeted so that since about 2000 salmon numbers each year have generally 
been in single figures.  A report to the Environment Agency Regional Fisheries Advisory 

 

Impacts on freshwater species in the Tideway are said to be “short-term as re-colonisation 
can readily occur in months/years when the scheme is not operational.” 

However, HR Wallingford expresses some concerns over impacts on salmonids and smelts: 

“Without mitigation, [GARD emphasis]it is likely that moderate/major adverse impacts 
of the proposed scheme on smelt and sea trout and the minor adverse impacts on 
freshwater species would be evident in a number of these metrics. Potential adverse 
impacts on Atlantic salmon are unlikely to impact the classification as the species does 
not appear in the monitoring data. 

Overall in the water body the effect is not considered alone to lead to deterioration in 
status of the fish element. However, without mitigation, [GARD emphasis] significant 
water temperature related impacts on sea trout or smelt at the population level within 
the Thames Tideway may be permanent with a consequent long-term deterioration in 
the fish element of the WFD classification in the Thames Upper TraC water body.” 

The concerns that HR Wallingford express relate to no mitigation of the 5-7oC rise in water 
temperature predicted by their modelling. As we have shown in Sections 5.3 and 5.4 above, 
the theoretical water temperature rise for the mixed river water temperature and river 
water can be limited to 3oC using the seasonally adjusted transfer restrictions GARD has 
suggested in earlier Table 2-2.  Allowing for further reduction in the temperature rise 
through tidal flushing, it can be restricted to around 2oC.  

                                                      
131 HR Wallingford, Thames Tideway impact report, Conclusions, page 104. 
132HR Wallingford Thames Tideway impact report, Conclusions, page 108. 
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Committee in 2010 states “However the two key targets relating to the return of adult 
salmon and their successful breeding in the Thames have not been achieved.” Thus there is 
no evidence that any salmon has successfully bred in the River Thames in the last 150 years. 
“it is very unlikely that a self-sustaining salmon population is viable in the Thames over the 
short to medium term.”  

5.7 GARD conclusions on schemes using Mogden effluent 

In GARD’s opinion, there is nothing in the conclusions of HR Wallingford’s reports to suggest 
that a zero temperature rise restriction is justified. The temperature and fishery impacts 
identified by HR Wallingford all relate to the 5-7oC temperature rise, without mitigation. 
Although HR Wallingford did not consider the extent and feasibility of the mitigation 
measures required, their conclusions are framed in a manner that suggests that impacts 
without mitigation are quite moderate and that Water Framework Directive deterioration 
can be avoided with a relatively modest amount of mitigation. 

Thames Water has failed to investigate properly the operational changes that could reduce 
the temperature rise to well within the Water Framework Directive Standard of 3oC. The 
Teddington DRA scheme, which was the primary preferred development in Thames Water’s 
first draft WRMP has been abandoned without adequate justification.  

The lack of time to investigate the potential mitigation measures is not an acceptable excuse 
for Thames Water’s over-hasty decision to drop the Teddington DRA scheme. In this context 
we note that the Environment Agency identified water temperature and fish impacts in 
2016, as stated in their consultation response in April 2018: 

“We have concerns about the principal supply option proposed in the draft plan - Teddington 
Direct River Abstraction. In particular, we are disappointed that this option has not evolved since 
we identified issues 18 months ago.”133

1. Optimising the operating rules for various options taking account of the full effluent 
flow available from Mogden STW (i.e. a dry weather flow of 450 Ml/d) and seasonal 

 

Therefore, Thames Water should reinstate the Teddington DRA scheme as a feasible option 
and in the preferred programme in the draft WRMP, assuming that it is still the most cost 
effective and easily promoted option.  

There are some remaining doubts over the effectiveness of mitigation of options using 
Mogden STW effluent and, therefore, in scheme design and promotability. However, the 
same could said about any of the options available to Thames Water, including the 
Abingdon reservoir.  

The further investigations of the Mogden DRA and reuse options should include: 

                                                      
133Representation on Thames Water’s draft WRMP, Environment Agency, April 2018. 
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restrictions of the type proposed by GARD to limit the temperature rise to 3oC at the 
point of effluent discharge (and the lower temperature in the Tideway after tidal 
flushing). 

2. Further consideration of ecological impacts taking account of the degree flow and 
temperature changes with the mitigation measures in place. 

3. The amount of wastewater treatment required, taking account of the extent of 
mixing of effluent and river water with the selected scheme and its mitigation 
measures.  

 

 

 

 

.   
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6. Effluent reuse options 

Key Points 

• While welcoming the inclusion of the Deephams 45 Ml/d and Beckton reuse 95 Ml/d 
in the least cost plan. GARD is concerned that the Beckton schemes have not been 
included in the preferred plan.  This should be revisited. 

• For Beckton reuse, scheme capacity up to 150 Ml/d could be implemented without 
the need for costly RO treatment. 

• Tideway brine discharges would have minor to negligible local salinity impacts for 
individual schemes 

• About 80% of water abstracted returns to a sewage treatment works or the river as 
freshwater discharge to the Middle Tideway. 

• Beckton reuse schemes of up to 275 Ml/d should be considered acceptable in terms 
of impact on the tideway. This should keep the Beckton reuse scheme in the 
preferred programme. 

• Early development of Deephams reuse would give an opportunity to observe 
impacts and learn from experience. 

• When appraising phased development of reuse options, TW should not assume a 
worst case of RO for all subsequent phases, but instead adopt an ‘adaptive 
management’ approach. 

 

  



81 
 

6.1 Introduction – options and locations 

GARD welcomes the inclusion of the Deephams 45 Ml/d 2038 and Beckton reuse 95Ml/d in 
2043 and 95 Ml/d in 2055 options, in the least cost plan.134

However, GARD is concerned that the Beckton schemes have not been included in the 
Preferred Plan. The reason given is “The cumulative impacts of...395 Ml/d of combined 
desalination and reuse (Near O-FP) (including the 150M/d from our existing plant) would be 
of concern for the environment of the Thames Tideway. Consequently, we do not favour 
these programmes.” In reality this means TW have curtailed future Beckton reuse so that it 
does not appear in the Preferred Programme.

 

135

6.2 Rejection of reuse on grounds of Tideway impacts 

 

There are two main concerns about effluent reuse, the impact on the River Lee and 
treatability at Coppermills WTW, and the impact of abstraction on the Tideway. 

Regarding impact on the River Lee: 

“For Beckton reuse two treatment options were considered in the Discharge Design 
Standards Cross Option Study, scheme 1 and scheme 2. Scheme 1 included reverse osmosis 
and addresses all parameters across all discharge flow sizes considered. Scheme 2 does not 
include reverse osmosis and was only effective up to discharge flows to the River Lee of up to 
150 Ml/d.”136

“The cumulative environmental effects of desalination and reuse have been investigated in a 
report published as an appendix to the Fine Screening Report and these have led to a 
provisional limit being placed on the quantity of desalination and reuse on the Thames 
Tideway in the preferred plan of 275 Ml/d.”

 Thus from this we conclude that a scheme capacity up to 150 Ml/d would not 
require expensive reverse osmosis treatment. Schemes above that would not be precluded 
but would require such treatment. 

While for the impact of the desalination plant and the reuse plant on the Tideway: 

137

The rdWRMP states “Programmes that involve both desalination and reuse schemes at a 
cumulative capacity above 275 Ml/d give rise to possible WFD compliance risks in the 

 

The existing Beckton desalination plant has an output of 150 Ml/d, thus this restriction 
would limit the Beckton reuse scheme to 125 Ml/d.  

                                                      
134rdWRMP Table 10-12. 
135rdWRMP Table 10-23. 
136SOR Appendix F, Response to representations from stakeholder organisations E2318, page 384. 
137SOR Appendix F Response to representations from stakeholder organisations E2318, page 384. 
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Thames Tideway due to potential effects on saline sensitive aquatic species and may also 
affect the recommended Thames Estuary marine Conservation Zone.”138

However, the Water Reuse Feasibility Report states that “Brine discharges would be diluted 
with STW treated effluent prior to discharge into the Tideway. The potential for local salinity 
impacts on the Middle Tideway for individual options is minor to negligible as local salinity 
levels are not expected to exceed background levels. Any resulting effects would be 
localised and not have a significant effect on the local ecology.”

 

139

The largest Beckton reuse scheme is 276 Ml/d in the Multi-obj plan.

(GARD emboldening) 

Thus, it can be seen that the local salinity impacts are minor to negligible for individual 
schemes. 

“Cumulatively, the Middle Tideway resource options may result in a potential moderate 
exacerbation of normal patterns of salinity ingress, changing local salinities within the 
middle Tideway...the initial view is that if options which decrease freshwater inputs to the 
Middle Tideway including a reduction of freshwater discharges are greater than 15-20% 
(Ricardo calculate the freshwater discharge baseline as being 1832 Ml/d) ... it could 
substantially affect the normal salinity patterns.” (GARD emboldening). Taking the 15% as 
the lower level then the limit of reduction of freshwater input would be the 275 Ml/d 
mentioned above. 

These numbers are the reduction in freshwater input. However, for both the desalination 
plant and the reuse plants, much of the abstracted water returns as treated sewage 
effluent. Thus, the criteria should be based on net abstractions. In the relevant years about 
15% of the water supply becomes leakage and much of that would return to the local 
streams and rivers.  Furthermore, about 5% could be lost due to external household use and 
evaporation. Thus about 80% of water abstracted returns to a sewage treatment works or 
the river as freshwater discharge to the Middle Tideway.  

The Beckton reuse scheme would be treated at Coppermills WTW and put into supply from 
there. Thus about 80% of the reuse water would return to Thames Water’s STWs such as 
Deephams STW, Rye Meads STW, and Beckton STW, all discharging into the Middle 
Tideway. Of the remainder, much, including most of the leakage, would return to the river 
system such as the River Lee. Thus, the net loss of freshwater would be between 10% and 
20% of the abstraction. 

140

                                                      
138rdWRMP 10.248. 
139Motts Water Reuse Feasibility Report January 2018 page xv. 
140rdWRMP Table 10-18. 

 If the Beckton desal 
plant at 150Ml/d and the Deephams reuse at 45 Ml/d are added in, then the total gross 
abstraction would be 471 Ml/d. As a conservative estimate, if we take 20% loss of 
freshwater then this would result in a total loss of freshwater of 95 Ml/d. This amount is a 
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small proportion of the freshwater loss limit identified above of 275 Ml/d. Thus, Beckton 
reuse schemes of 276 Ml/d should be considered acceptable in terms of impact on the 
Tideway.   This means that Beckton reuse should stay in the least cost programme and also 
be carried forward into the Preferred Programme. Thames Water needs to reconsider this 
before finalising their development programme. 

6.3 Phasing of development 

If Deephams reuse is developed early, as proposed by TW, it gives the opportunity to 
observe impacts and learn from the experience. TW would get the opportunity to review 
the need and economic viability as they go along. The first phase of the Beckton reuse will 
provide pointers to whether any mitigation might be needed through additional treatment 
in subsequent phases. When TW appraise phased development of reuse options, they 
should not assume a worst case of RO for all subsequent phases. GARD believes this is called 
‘adaptive management’ in the current jargon. A phased development also gives the ecology 
time to adapt between different phases and helps to mitigate any impacts. 

  



84 
 

7. Inter-regional transfer options 

Key Points 

• TW have only paid lip service to the concept of strategic inter-regional transfers – 
the investigations of STT options have largely focused on reasons not to develop 
them, rather than finding ways to overcome any problems identified. TW have not 
addressed the national strategic need to bring new water into the South East. 

• By proposing the Abingdon reservoir in their preferred plan, before completing key 
investigations of STT options, TW have failed to follow one of the primary outcomes 
of the 2010 Public Inquiry. 

• The stochastically generated River Severn flow data are a poor fit with gauged 
records, underestimating available flows, and are not fit for the purpose of 
assessing deployable outputs of STT options. Historic flow records should be used in 
appraising these options, with realistic allowance for climate change loss, ie 5-10% 
as per other water companies dependent on River Severn Flows. 

• The allowance of 20% losses in water transferred down the River Severn is not 
justified by the historic flow records; the allowance should be 10% for option 
appraisal. 

• The first stage of a phased STT development should include only about 50-100 Ml/d 
of support to meet the all-year needs of Affinity and chalkstreams; such an option 
would also provide about 200 Ml/d for London. 

•  Subsequent stages of phased development of the STT should have a capacity 
increased to at least 400 Ml/d with the capability of providing well in excess of 300 
Ml/d for London. 

• TW’s proposal for multiple support sources from United Utilities and Welsh Water 
is unnecessarily complex and costly; instead the primary source of support should 
be at least 300 Ml/d from Vyrnwy reservoir, with replacement of United Utilities 
lost supplies selected from their many feasible options that have AIC costs that are 
much lower than any of TW’s. 

• TW have still provided no transparency of their STT option costs; until properly 
detailed cost breakdowns are supplied, GARD will have no confidence that selection 
of Abingdon reservoir ahead of the STT has been done fairly and without bias. 

• The STT options should be reappraised with GARD’s proposed assumptions for 
losses and river flows, with a first phase specifically to meet the needs of Affinity 
and chalkstreams. 
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7.1 The strategic need to transfer water into the South East 

In GARD’s opinion, Thames Water’s revised draft WRMP only pays lip service to the concept 
of strategic inter-regional transfers: 

• early implementation of a small (15 Ml/d) but strategically insignificant transfer into 
the upper Thames from the Midlands via the Oxford Canal (which GARD welcomes); 

• re-branding the Abingdon reservoir as the “South East Strategic Reservoir Option 
(SESRO)” to create a “regional storage and transfer hub” – this is not an inter-
regional transfer; there is no “new water” brought into the Thames valley 

• delaying possible implementation of the only genuinely strategic transfer scheme 
considered, the Severn-Thames transfer (STT), to the 2080s, more than 60 years 
from now.  

Thames Water’s negative attitude to inter-regional transfers appears to have persisted since 
the Public Inquiry into WRMP09 in 2010. One of the Inspector’s recommendations was that 
investigations of unsupported and supported STT options should be “undertaken as a 
matter of urgency but outside the context of the current WRMP[ie WRMP09]”.141Despite the 
Public Inquiry recommendation, important investigations are still not complete and others 
have barely started. GARD welcomes the new programme of further investigations 
described in Appendix J to Thames Water’s Statement of Response, but why have the 
investigations not already been undertaken in the 8 years since the Public Inquiry? There is 
a proposal to establish a River Severn Steering Group to provide governance for the 
programme of investigations142

The London reservoirs already have insufficient water to refill reliably in dry winters and this 
will get worse as demands grow. The groundwater aquifers are over-developed, with many 

, but why was this not set up in 2011? 

Because of Thames Water’s inadequate progress on investigating Severn-Thames transfer 
options, the revised draft WRMP now proposes inclusion of Abingdon reservoir in the 
preferred plan, for construction starting in the next 10 years, without determining the 
feasibility of the Severn-Thames transfer as the alternative for a major new source in the 
upper Thames. This is a clear contravention of the outcome of the Public Inquiry in 2010. 

In Section 7.1 of GARD’s response to the first draft WRMP, we emphasised the strategic 
need for “new water” in the South East of England, which has a high and growing population 
and a shortage of water. The region is over-dependent on reservoirs filled from the River 
Thames and groundwater abstraction from storage in natural aquifers. 

                                                      
141 Inspector’s Report on Public Inquiry, December 2010, paragraph 14.5.3 
142 Appendix J to TW Statement of Response, page 3, paragraph J.6 
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cases of ecological damage, particularly to chalk-streams. The existing shortage of naturally 
available water in the Thames valley can only get worse as demands grow. 

The South East of England needs “new water” through inter-regional transfers from wetter 
and less populated parts of the country. This has been recognized by every significant report 
on the water resources of England and Wales in the past 50 years, when the work has been 
undertaken by bodies that are not biased towards individual regions or water companies – 
the Water Resources Board in the early 1970s, the National Rivers Authority in 1994, Water 
UK in 2016 and the National Infrastructure Commission in April 2018. 

The NIC’s report expressed doubts about water companies’ commitment to strategic inter-
regional transfers and concerns about the lack of national planning of water resources:143

• their use of unreliable river flow data generated from stochastic rainfall analysis 

 

“Similarly, although the water companies co-operated (through Water UK) to develop a 
long-term national perspective on water resources5 in 2016, they have not fully reflected 
this in their current plans. The water resource planning process does not include an 
independent analysis to identify strategic options such as transfers between regions.” 

In GARD’s opinion, Thames Water have failed to recognize the strategic need to bring “new 
water” into the South East of England. The studies leading up to the draft WRMP and the 
plan itself give the impression that Thames Water have focused on reasons not to transfer 
water into the region, rather than finding ways to overcome any problems identified.  

In this Section of our response, we challenge Thames Water’s main reasons for rejecting 
early implementation of any Severn-Thames transfer options: 

•  assumptions about heavy losses of all regulation releases into the River Severn  

We then reconsider the inter-regional transfer options that could be incorporated in 
Thames Water’s preferred plan. 

7.2 Unreliability of stochastic data used in assessing STT options 

In GARD’s response to the first dWRMP, we criticised the stochastic flow data that Thames 
Water have used in assessing the deployable output of unsupported and supported Severn-
Thames transfer (STT) options. We were concerned that the stochastic data underestimated 
the autumn flows in the Severn at Deerhurst, thereby negating the geological advantage of 
using River Severn flows, particularly for the unsupported STT: 

“In GARD’s opinion, the “low stochastic reliable yields” are due to a flaw in Atkins’ 
stochastic analysis which underestimates autumn flows in the River Severn. The under-

                                                      
143National Infrastructure Commission: https://www.nic.org.uk/wp-content/uploads/NIC-Preparing-for-a-
Drier-Future-26-April-2018.pdf 
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estimation of autumn flows also results in under-estimation of stochastic yield for the 
supported Severn transfer options.”144

“The droughts that severely test the existing London supplies are always those that 
extend well into the autumn. The unsupported Severn-Thames transfer always delivers 
its benefits in the autumn because the Severn always recovers from drought about 2 
months earlier than the Thames, due to its much less permeable geology.”

 

145

                                                      
144 GARD Response to first dWRMP consultation, page 89. April 2018. 
http://www.abingdonreservoir.org.uk/downloads/GARD%20response%2029.04.2018.pdf 
145 Ibid, page 92 

 

We illustrated this point in Figure 7-2 of our previous response, with historic and stochastic 
flow duration curves for September and October, showing that the stochastic flows were 
about 300-600 Ml/d lower than the historic flows at Deerhurst in the critical range 1800-
2800 Ml/d. These are the flows at which the Deerhurst hands-off flow determines how 
much water can be abstracted from the River Severn without flow support. Evidence that 
autumn flows in the Severn always recover faster than flows in the Thames was presented 
in our previous response and in Appendix A to this response, showing the eight most severe 
droughts since 1920. 

Thames Water have dismissed GARD’s concerns in their Statement of Response, without 
making any attempt to meet GARD to discuss the evidence-based arguments expressed in 
our previous response: 

“Their[GARD’s] analysis is incorrect on a number of counts in relation to the River Severn 
flows and the yield comparison of the scheme: 1) For the Severn data GARD has plotted 
denaturalised historic versus naturalised stochastics, so the comparison is incorrect. 2) 
There is almost no difference between the stochastic Flow Duration Curves (FDCs) for 
September-October on either a naturalised or denaturalised basis when the historic 
lumped rainfall model is compared with the stochastic lumped rainfall outputs.” 

Thames Water provided supporting data for this on 9th November, in response to a request 
from GARD on 15th October. GARD’s information request and the covering email for Thames 
Water’s response are given in Appendix C to this response. 

The September-October flow duration curves for the denaturalised flows at Deerhurst are 
re-plotted by GARD in Figure 7-1: 
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Note: each flow duration curve uses the daily flows January 1920 to December 1997 

Figure 7-1 Deerhurst flow durations in autumn (September-October) 

As Thames Water say in their Statement of Response, Atkins’ denaturalised stochastic flows 
are almost the same as their historic (baseline) flows. It is understood that all Atkins’ flows, 
both historic and stochastic, are generated using their rainfall run-off model combined with 
either historic or stochastically generated rainfall. 

However, Atkins’ “historic” autumn flows are much less than the historic flow record 
developed by HR Wallingford in 2016146

HR Wallingford’s flow record for de-naturalised flows at Deerhurst was the result of a 
substantial investigation intended to generate the best possible flow record for use in 
assessing Severn-Thames transfer options and described in a report dated July 2016

, particularly in the critical flow range, 1800-2800 
Ml/d. In this flow range, the Deerhurst flows are underestimated by 100-300 Ml/d. This is 
less than the 300-600 Ml/d quoted by GARD in our previous dWRMP response (based on 
naturalised stochastic flows rather than de-naturalised), but still very significant in assessing 
the deployable output of unsupported and supported transfers. 

147

“The denaturalisation of the simulated natural flows was a two-step process. Firstly, a 
water resources regulation model was developed in order to simulate the regulation of 
river flows for the River Severn at Bewdley, using Clywedog Reservoir, Vyrnwy Reservoir 
and the Shropshire Groundwater Scheme. This model was developed using the principals 
and data from the existing Environment Agency regulation model, XRAM.  

. The 
methodology is described in the report summary: 

                                                      
146 As supplied by TW to GARD in June 2016 via Excel file ‘River Severn Flows R4 0 2016-04.xlsx’ 
147 River Severn Flow Modelling. MAR5368-RT001-R05-00. HR Wallingford. July 2016 
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The second phase of the denaturalisation was to account for the abstractions and 
discharges in the River Severn and River Avon from Severn Trent Water Ltd and South 
Staffordshire Water for public water supplies as well as for smaller influences from non-
public water supply abstractions. The outcome of this process is a calibrated model which 
uses recent historical abstractions and discharges to simulate river flows for the River 
Severn at Deerhurst.” 

The Deerhurst flow series was developed in a collaborative process involving the 
Environment Agency and several water companies who are responsible for all the public 
water supplies from the River Severn and dependent on reliable flow records. The extent of 
collaboration is revealed in the HRW report’s document history and reproduced in Table 7-1 
below: 

 

Table 7-1 Document history for HRW’s Severn flow record report 

HR Wallingford’s Deerhurst flow record has been built up in catchment segments, each 
calibrated against gauged flow records. The final denaturalised Deerhurst flow record has 
been validated against the gauged flow record at Deerhurst.148

In the latest version of Atkins’ report on the stochastic analysis of the unsupported STT

 

In GARD’s opinion, the historic flow record developed by HR Wallingford, validated against 
the Deerhurst flow gauge and reviewed by the EA and water companies, is a more credible 
record of the flows available for transfer at Deerhurst than the historic (baseline) record 
developed by Atkins using their rainfall run-off modelling and seemingly without validation 
using gauged flow records.  

149

                                                      
148 River Severn Flow Modelling, page 18. MAR5368-RT001-R05-00. HR Wallingford. July 2016 
149 WRMP19 Stochastic Methods Options Appraisal,  Appendix Document for the Unsupported Severn Thames 
Transfer, Atkins July 2018 

, 
they have added a new Section 7, “What are the uncertainties in the analysis?” This is 
apparently an attempt to deal with GARD’s previous criticism of the unreliability of the 
Deerhurst stochastic flows. However, in comparing September-October flows, as presented 
in their Figures 7-1 and 7-2, Atkins’ have presented highly misleading plots: 
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• They have compared stochastically generated Deerhurst flows with their own 
“historic” flows generated using the same rainfall run-off model – they have not 
compared either set of flows with HR Wallingford’s flow record which has been 
validated using gauged flow records (as per GARD’s Figure 8-1 above). 

• They have only compared flows arising between Bewdley and Deerhurst, not for the 
whole river upstream of Deerhurst (ie missing out more than half the Severn 
catchment). 

• They have compared naturalised flows rather than de-naturalised flows, despite 
Thames Water’s criticism of GARD’s use of naturalised flow for comparison with HR 
Wallingford’s flow records. 

Atkins have not highlighted or addressed the evident large discrepancy between their 
“historic” flows and those in HR Wallingford’s historic flow record, as shown in Figure 7-
1.This discrepancy destroys confidence in all the stochastic flows that have been used to 
determine deployable outputs of STT options in the draft WRMP. How can the flows 
generated using theoretical stochastic rainfall be trusted, when the same methodology 
provides such large discrepancies in historic flows when compared with HR Wallingford’s 
flow records, which have been validated using gauged flows at several locations?  

In particular, the discrepancy appears to confirm GARD’s suspicion that Atkins’ rainfall run-
off modelling (or the stochastic rain data) substantially under-estimates autumn recovery of 
River Severn flows after droughts. This negates one of the major benefits of the STT and has 
implications for the feasibility of all unsupported and supported STT options, as discussed in 
the following sections of GARD’s response. 

GARD also has doubts over the validity of Atkins’ stochastically generated flows in the River 
Thames at Teddington, with a suspicion that autumn flow recovery is too rapid after 
droughts. However, Thames Water have declined GARD’s request for Atkins’ “historic”  flow 
record at Teddington, saying “There are no ‘denaturalised’ flows available for Teddington 
without an additional IRAS run, which would have to be set at a specific demand level”150

Thames Water continue to assert that the stochastically generated 1 in 100 year deployable 
output of the unsupported transfer is only 100 Ml/d, despite the fact that the deployable 
output from their own modelling using the historic flows is 142 Ml/d

. In 
view of Thames Water’s late response to our request for the data, we have not pursued this, 
but our doubts remain. 

151

                                                      
150 TW response to GARD’s information request of 15th October 2018, see Appendix A to this response 
151 Stochastic Methods, Unsupported Transfer, Table 4-1 and Section 8 paragraph 1, Atkins, July2018 

. Atkins attempt to 
explain this discrepancy by saying: 
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“The difference between the historic and stochastically expected yield is simply caused by 
the fact that the 1921-22 and 1933-34 droughts, which act as the crucial droughts in the 
historically based DO analysis, happened to have drought patterns and differences in 
rainfall between the Severn and Thames catchments that tend to result in a more 
favourable estimate of scheme yield.”152

As GARD pointed out in our previous response

 

153

7.3 Thames Water’s assumptions about losses in the River Severn 

, Atkins are saying that the 90 year flow 
record from 1920 to 2010, on which the historic yield assessments were based, happened 
by chance not to contain a severe drought. The underlying principle in developing the 
stochastic data was that they should be representative of the climatic conditions of the 
historic period 1920 to 2010. Therefore, it is irrational to say that the droughts of 1921/22 
and 1933/34 were, by chance, not representative of the climatic period on which the 
stochastic flow data are supposed to be based. 

When the “historic” stochastically generated denaturalised Deerhurst flows are used in 
combination with the gauged Thames flows in GARD’s modelling of the unsupported 
transfer (validated against WARMS2 modelling), we get a deployable output of 131 Ml/d, ie 
31% more than Atkins’ value using the stochastically generated data. This suggests flaws in 
the Thames stochastic data as well as the Deerhurst data. 

GARD concludes that the stochastically generated river flow data are not fit for the 
purpose of assessing deployable outputs of Severn-Thames transfer options.  

As described in the Raw Water Transfer feasibility report154

The 20% losses even appear to have been applied to water made available from a 15 Ml/d 
reduction in Severn Trent Water’s at the Mythe, located only about 5km upstream of 
Deerhurst and for the transfer of Netheridge STW effluent discharging downstream of 
Deerhurst

, Thames Water’s assessment of 
deployable output of supported STT options assumes 20% losses of all support water, 
regardless of where it might be discharged into the River Severn. Losses of up to 30% will be 
considered by sensitivity tests if an STT option is a candidate for the preferred programme. 
As a consequence of Thames Water’s assumptions of high and uncertain losses, the 
Environment Agency have said they would not allow “put-and-take” abstraction of 
regulation releases, when the flow at Deerhurst is less than the hands-off flow. This ruling 
would effectively rule out all supported STT options, because the River Severn flows would 
be below hands-off for several months in severe droughts. 

155

                                                      
152 Stochastic Assessment of Unsupported Transfer, Section 8, paragraph 1, Atkins July 2018 
153 GARD response to first draft WRMP19, page 90 
154 Raw Water Transfer Feasibility Report, Section 2.5.2, pages 14-15 
155 Ibid, Appendix on Atkins Stochastic Assessment of supported transfer, Table A.6,  

. This is nonsensical. 
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GARD has undertaken a review of the evidence that HR Wallingford have used to justify the 
high loss assumptions in Thames Water’s analysis of supported STT options and which 
appears to have justified the Environment Agency’s suggestion that abstraction of 
regulation releases at Deerhurst would not be permitted on a “put-and-take” basis. GARD’s 
full review is attached as Appendix B. 

GARD’s conclusions from examination of HR Wallingford’s evidence and our own analysis 
are: 

1. HR Wallingford have grossly over-estimated a 38% loss at Bewdley during the 
regulation event in September/October 2003. Their over-estimate is probably due to 
an incorrect assessment of underlying baseflow. 

2. HR Wallingford have grossly over-estimated the losses at Bewdley in eight other 
regulation events in the period 2000 to 2012. Their finding of an average 43% loss, 
and some losses of 50-60%, should be rejected. Their report provides no detail of the 
events selected or their analysis. However, HR Wallingford themselves admit that 
there only a small number of events suitable for analysis, so their selected events 
may not have been suitable for analysis. 

3. Our own analysis has found only 10 events in the period 1975-2016 that are suitable 
for analysing losses. Only four of these are in the period 2000-2012 assessed by HR 
Wallingford. We have assessed losses in the lower Severn at Deerhurst or Saxons 
Lode, as well as at Bewdley and Buildwas and found that losses average 5-10% at all 
three sites. The highest assessed loss from three sites and 10 events was 17%. 

4. The main difference between GARD’s analysis and HRW’s appears to have been in 
the assessment of underlying baseflow. Our assessment presents the detail of the 
baseflow assumption for each site and all events, showing the evidence from the 
gauged record to justify the selected baseflow. HR Wallingford’s report has provided 
no evidence to justify their baseflow selection or their calculated loss. 

5. HR Wallingford have said that the lower gauged flows at Bewdley compared to 
Buildwas provide evidence of significant losses between Buildwas and Bewdley. Our 
analysis has shown that the lower gauged flows at Bewdley are caused by water 
supply abstractions, not losses. 

6. There is some uncertainty over the use of the Deerhurst flow record for loss 
assessment in the lower Severn, but the Saxons Lode gauge appears a reasonable 
substitute for assessing losses. 

7. A loss of 10% for abstraction at Deerhurst of releases from Vyrnwy reservoir would 
be a reasonable basis for assessing the deployable output of supported STT options. 
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GARD have asked the Environment Agency to undertake an independent review of our 
report. If our loss assessment is found to be reasonable, on the basis of the available 
evidence, a 10% loss should be assumed for assessing STT options in the draft WRMP, with 
no “put-and-take” restriction.  

The draft WRMP should recognise that there is some uncertainty in the loss assessment. 
However, this can be resolved as soon as there is another dry summer to investigate losses 
through “off/on” releases similar to an event in October 1985, which provided strong 
evidence of losses much lower than those suggested by HR Wallingford. In that event, a 
consistent pattern of gauged flow changes and low losses can be seen in the upper, middle 
and lower Severnand illustrated below for the lower Severn at Saxons Lode: 

 
Note: Vyrnwy and Clywedog releases are as measured by the gauging stations at the dams 

Figure 7-2Example of release “off/on pattern” demonstrating low losses 

In the example shown above, the switch-off of the Vyrnwy release and resumption after 5 
days generates almost identical flow reduction and increase at all the River Severn gauges 
downstream (the measured effect at the other gauges can be seen in hydrographs for Event 
No 1 in Appendix B). This provides strong evidence that losses were below 10% whilst that 
release was being made. If this was the case for the release in October 1985, why should 
this not be the case at all other times? 

It is unfortunate that Thames Water have chosen to accept HR Wallingford’s finding of high 
losses and not taken the opportunity of a very dry summer in 2018 (or any dry period since 
2011) to check losses through field trials in “off/on” events similar to that illustrated above 
and at a range of underlying River Severn flows. This should be rectified at the first available 
opportunity. The failure to undertake such trials in the 8 years since the 2010 Public Inquiry 
is an example of Thames Water’s lack of proper attention to investigating inter-regional 
transfer options. 
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7.4 Thames Water’s rejection of the unsupported STT 

Thames Water have rejected the unsupported Severn-Thames option – “Screened out at 
validation of the feasibility study as not cost effective in comparison with supported STT” on 
account of its low yield of only 24-100 Ml/d according to their stochastic analysis156. In 
Appendix F of their Statement of Response, Thames Water say they have assumed a yield of 
80 Ml/d in their economic analysis of the unsupported STT.157

1. Coincidence of droughts – Thames Water say that an HR Wallingford report shows 
that droughts can be coincident in the Severn and Thames and that: “This work 
supports an assessment that a solely unsupported River Severn abstraction at 
Deerhurst would not be resilient to drought.”

 

In Section 7.2 of GARD’s response to the first draft WRMP, we set out our reasons for 
disputing Thames Water’s rejection of the unsupported STT. In Appendix F to their 
Statement of Response, Thames Water rebuff GARD’s concerns, largely on the grounds that 
Atkins’ stochastic yields are correct and that GARD’s concerns are unfounded. GARD does 
not accept this for the reasons that we explain in Section 8.2 above – the stochastic flows 
are demonstrably not fit for purpose in assessing STT options. 

GARD also rejects other TW alleged weaknesses in the unsupported STT: 

158

a) The unsupported STT always provides water to refill the London reservoirs 
during the winter in the 18-month droughts that are critical for London’s 
supplies (like 1933/34). 

 GARD agrees that droughts in the 
Severn and Thames are usually coincident. This was the case in the historic droughts 
of 1921/22 and 1933/34, which are the most severe droughts in the historic record 
when assessing the unsupported STT. However, the unsupported STT still provides a 
yield increase of around 150 Ml/d in droughts like 1921/22 and 1933/34, because: 

b) The flows in the Severn always recover faster than the flows in the Thames 
when droughts eventually end, due to the differences in geology between 
the Severn and Thames catchment (which Atkins’ stochastic flows appear not 
to recognise). Whatever the duration of the drought, the unsupported STT 
always provides a yield benefit by bringing it to an end earlier (like 1921/22). 

2. Resilience to drought and climate change – Thames Water say that; “Unsupported 
Severn-Thames Transfers could be rejected due to resilience concerns in the face of 
drought and climate change.”159This is not supported by Atkins’ analysis160

                                                      
156 Raw Water Transfer Feasibility Report Executive Summary, page vi, Mott MacDonald, September 2018 
157 Statement of Response, Appendix F, page 389, Thames Water,  October 2018 
158 Raw Water Transfer Feasibility Report, Section 2.5.7, page 17, Mott MacDonald, September 2018 
159 Ibid, Section 2.3, page 10 
160 Ibid, Atkins Appendix on stochastic yield of USTT, Figure 4-2 

: 
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Figure 7-3 Atkins' stochastic yield v return period for USTT 

The plot shows that the 1 in 100 year 100 Ml/d yield (which is too low in GARD’s opinion) is 
maintained up to the 1 in 500 year return period, demonstrating the resilience of the yield 
of the unsupported transfer to droughts more severe than those in the historic record. 
Quoting from Section 4 of Atkins’ report161

7.5 STT without major support from other water companies 

: 

“This indicates that the net yield benefit from the 300Ml/d transfer is around 100Ml/d 
for a 1 in 100 year type event, and is actually reasonably consistent across the range of 
return periods tested.” 

GARD concludes that Thames Water has no valid reasons for rejecting the unsupported STT. 
In view of the small London deficit now envisaged in the revised draft WRMP and the 
uncertainty of forecasts deficits later in the 21st Century, the unsupported STT (or with a 
small amount of support) should be evaluated as the first stage of a potential phased 
development of inter-regional transfers from the River Severn. 

All transfers from the Severn to the Thames via a pipeline will require some degree of 
support, because of the need to maintain a trickle flow in the pipeline of around 10 Ml/d at 
all times – even a 10 Ml/d abstraction would not be allowed at Deerhurst without support, 
when the River Severn flows are below the hands-off flow. In this Section 7.4 of our 
response we will consider STT options without major support from other water companies – 
ie without regulation from Vyrnwy reservoir, diversion of Minworth STW effluent or a 
transfer from Welsh Water. However, we will consider three potential small sources of 
support: 

                                                      
161Ibid, Atkins Appendix on stochastic yield of USTT, page 12 
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• Reallocation of 15 Ml/d from Severn Trent’s licence for the Mythe 

• Diversion of up to 35 Ml/d from the Netheridge STW to just below Deerhurst 

• Redeployment of up to 30 Ml/d of Severn Trent’s existing supplies to Shrewsbury 

GARD has assessed the deployable output of these options, singly and in combination, using 
GARD’s model of Thames Water’s supplies and the following assumptions: 

• Thames valley river flows, 1920-2010, as per TW’s WARMS2 modelling  

• River Severn flows at Deerhurst, 1920-2010, as per HR Wallingford flow record 

• STT transfers triggered using GARD’s trigger control line for London reservoirs 

• Trickle pumping 15 Ml/d (with Mythe support) 

• 10% transfer losses for the 30 Ml/d redeployment of Shrewsbury supplies 

• No losses for Mythe or Netheridge support 

• 2% transfer losses in River Thames (as per Thames Water’s Abingdon reservoir 
assumption) 

• Support available at Deerhurst on “put-and-take” basis after above loss allowances 

• No cessation of transfers in spates (as per TW’s latest feasibility report) 

The gain in deployable output for London from these transfer options is shown in Table 7-2 

Option Demand met DO Gain 
Existing London supplies 2305 Ml/d - 
300 Ml/d STT with 15 Ml/d from Mythe 2465 Ml/d 160 Ml/d 
300 Ml/d STT with 15 Ml/d from Mythe and 35 Ml/d from 
Netheridge 2480 Ml/d 175 Ml/d 

300 Ml/d STT with 15 Ml/d from Mythe and 30 Ml/d from 
Shelton 2477 Ml/d 172 Ml/d 

300 Ml/d STT with total 80 Ml/d from Mythe, Netheridge and 
Shelton 2492 Ml/d 187 Ml/d 

Table 7-2 Deployable output of STT with minor support (historic climate since 1920) 

Table 7-2 shows that, with the historic flow records since 1920 and with 15 Ml/d support 
from Mythe, the Severn-Thames transfer would have increased London’s deployable by 160 
Ml/d. Additional support of total 65 Ml/d from Netheridge and Shelton would only raise the 
deployable output by a further 27 Ml/d, because for much of the time the support would 
not be needed, even in droughts. This is illustrated below for the historic drought of 
1933/34: 
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Figure 7-4 Operation of STT with 80 Ml/d support from Severn Trent in 1933/34 

Most of the benefit for London from this option would come from the unsupported 300 
Ml/d of transfer. This would be available in most of the winter in 1933/34, almost enabling 
the reservoirs to fill by May 1934. Crucially, it would be available from September to 
November 1934, keeping storage above the emergency level. The 80 Ml/d of support from 
Severn Trent would only be used in the summers of 1933 and 1934, adding only 27 Ml/d to 
London’s deployable output. 

However, the major benefit of the support from Severn Trent would be the additional 77 
Ml/d (after allowing for losses) available during the summer in the River Thames between 
Culham and Teddington. The additional summer flow can be used for supplying Affinity and 
for relieving abstraction from Thames valley chalkstreams.  

GARD’s assessment of deployable output, shown in Table 7-2 above, is based on the historic 
flow records since 1920. We do not have Thames Water’s version of the Deerhurst flows 
since 1920 adjusted for climate change. However, inspection of the historic flows in a 
drought like 1933/34 shows that the availability of the unsupported transfer will not be 
much affected by climate change, as illustrated in Figure 7-5: 
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Figure 7-5 Availability of unsupported STT transfer in historic drought of 1933-34 

In the 1933/34 drought the transfer would be needed from July 1933 to December 1934. 
With the historic flows, the 300 Ml/d unsupported transfer would be mostly available in 
winter; with climate change, winters are expected to get wetter, so the winter unsupported 
transfer which provides much of the benefit to London will still be available. With the 
historic flows, the unsupported transfer is generally not available in dry summers, so 
increased drought severity due to climate change would make little difference to the 
unsupported transfer benefit. In general terms the River Severn flows at Deerhurst are 
either well above the Deerhurst 1800 Ml/d hands-off flow or below it – there are not many 
days when availability of 300 Ml/d is borderline, as can be seen in Figure 7-5.  

In our opinion, the availability of the unsupported transfer will be little affected by climate 
change. The support elements from Severn Trent will not be affected at all by climate 
change. The Netheridge STW effluent will always be available and Severn Trent’s 
reallocation of part of the Mythe and Shelton licences to Thames Water will not be subject 
climate change – Severn Trent have dealt with the climate change risk to these sources in 
their own WRMP.  

Therefore, climate change will not make much difference to the deployable outputs shown 
in Table 7-2. A reduction of 10% for climate change should more than cover it. We note that 
Severn Trent and United Utilities have allowed respectively 9% and 6% loss for climate 
change in their strategic zones, both of whom rely heavily on River Severn catchment 
flows.162

                                                      
162 Severn Trent and United Utilities, dWRMP, Excel tables WRP2, rows 23 and 19 respectively  
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Thames Water have only allowed 80 Ml/d for the deployable output of the unsupported 
transfer in their economic analysis. In GARD’s opinion, this is a gross under-estimate.163

• 145 Ml/d for London for an option with only 15 Ml/d support from Mythe 

 We 
propose that the economic viability of unsupported or partially supported 300 Ml/d capacity 
STT options should be re-evaluated using the deployable outputs shown in Table 8-2 above, 
with a nominal 10% reduction for possible climate change: 

• 170 Ml/d for London with 65 Ml/d of additional support, making at least 77 Ml/d 
available for use of Affinity and Thames Valley chalkstreams at all times.  

In GARD’s opinion, this would be a reasonable basis for assessing the first stage of a 
potentially phased development of inter-regional transfers from the Severn, with the 
capability of meeting the needs of Affinity and Thames valley chalkstreams, as well as 
supplying London.  We emphasise that the 77 Ml/d of transfer would always available from 
Severn Trent for the use of Affinity and the Thames valley chalkstreams, and it would be 
immune to climate change. 

A similar amount of support would also be available from Vyrnwy reservoir, as we consider 
in the next Section of our response. 

7.6 Thames Water’s proposals for supported the STT 

The dWRMP includes options for major support from United Utilities and Severn Trent: 

• Up to 180 Ml/d of releases from Vyrnwy reservoir via United Utilities  

• 115 Ml/d of diverted effluent from Severn Trent’s Minworth STW 

• 60 Ml/d from Welsh Water via a new pipeline from the River Wye 

The raw water transfer feasibility report164

1. 10% loss of London deployable due to climate change on the unsupported 
component of the transfer, ie 15 Ml/d. It is assumed that the amounts transferred 
from other water companies would be guaranteed under trading agreements and 
allowances for climate change impacts on their own supplies would be made in their 

 gives stochastic yields for a range of these 
support options, with reductions for climate change from the stochastic assessment and 
20% assumed losses in transmission to Deerhurst. As explained earlier in Sections 8.2 to 8.4, 
GARD disputes the fitness for purpose of the stochastic river flow data and the allowances 
for losses and climate change. 

GARD has used its own modelling of the Rivers Thames and Severn to determine the 
deployable output of some of these options, using our proposed assumptions: 

                                                      
163 Statement of Response, Appendix F, page 389, Thames Water,  October 2018 
164 Raw Water Transfer Feasibility Report, Table 7.3 , page 76, Mott MacDonald, September 2018 
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own WRMPs. We note that the other water companies are much better able to 
judge climate change impacts on their own supplies than Thames Water. 

2. Historic flow records 

3. 10% transmission losses in the Severn 

In GARD’s assessments of deployable output for the major transfer options, we have 
assumed a 400 Ml/d capacity transfer from Deerhurst to Culham, because a larger transfer 
is needed to make use of all the available support sources. In Table 7-3 we compare our 
assessments of deployable output with those shown in the Raw Water Transfer feasibility 
report165

 

 and used by Thames Water in appraising these options: 

 

Table 7-3 TW and GARD deployable output for 400 Ml/d supported STT options 

Table 7-3 shows the extent to which Thames Water’s use of unreliable stochastic flow data 
reduces the London deployable output gain for options with small amounts of support, as 
                                                      
165 Raw Water Transfer Feasibility Report, Table 7.3, Mott MacDonald, September 2018 
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might occur in the first stage of phased development of the Severn Thames transfer. This is 
because the stochastic data substantially underestimate the unsupported component of the 
transfer using River Severn flows.  

However, the benefit for Affinity for options with modest support would be available all 
year, regardless of climate change or whether the London deployable output gain is 
assessed using historic or stochastic data. This is because Affinity and chalkstream needs, 
say 80 Ml/d, can always be met by the supported element of the transfer and is not 
dependent on drought flows in the River Severn. This important point has been ignored by 
Thames Water in their over-hasty rejection of all STT options. 

Figure 7-6 below shows the operation of the London reservoirs in the critical drought of 
1933/34 with a supported STT option making use of the full range of support options 
considered by Thames Water and delivering a London deployable output gain of about 285 
Ml/d, equivalent to the Abingdon reservoir: 

 

Figure 7-6 Supported STT delivering equivalent of Abingdon reservoir in 1933-34 

The support sources totalling 315 Ml/d comprise 115 Ml/d from Minworth STW, 15 Ml/d 
from Mythe, 35 Ml/d from Netheridge STW, 30 Ml/d from Shrewsbury licence reallocation, 
60 Ml/d from DCWW (Welsh Water) and 60 Ml/d from Vyrnwy. This is a total of 6 different 
support sources, each incurring substantial cost and complexity of trading agreements and 
operation. Despite all this cost and complexity, Figure 7-6 shows that the sources are only 
needed for a total of about 5 months in an 18-month drought like 1933-34. 

The total volume of support needed in a drought year to support a Severn-Thames transfer 
equivalent to the 150,000 Ml Abingdon reservoir is only in the region of 40,000 Ml, because 
most of the STT water comes from the River Severn without support, as can be seen in 
Figure 7-6 above. The gross storage in Vyrnwy reservoir is about 60,000 Ml, so it has the 
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capability of providing all of the support needed by STT options equivalent to the Abingdon 
reservoir, provided the releases from Vyrnwy are not restricted to 180 Ml/d, as proposed by 
Thames Water. 

In Section 7.4 of GARD’s response to the first draft WRMP, GARD showed that more 
deployable output for London could be achieved by allowing Vyrnwy releases of more than 
180 Ml/d. With releases in excess of 300 Ml/d from Vyrnwy, the STT can deliver more than 
the equivalent of Abingdon reservoir, without the need for additional support from Severn 
Trent and Welsh Water.  

In Appendix F to their Statement of Response, Thames Water have dismissed GARD’s 
proposal to make releases larger than 180 Ml/d from Vyrnwy: 

“UU consider that additional releases would leave them in an unacceptable risk position 
for their own system. GARD does not appear to have considered the fact that UU may 
face severe droughts when Thames is facing a relatively minor drought, and cannot 
afford to release additional water beyond the 180 Ml/d offered in case it risks its own 
supplies.” 

GARD does not accept this. Thames Water have provided no evidence to show that GARD’s 
proposals would be an unacceptable risk to United Utilities’ supplies. GARD is well aware of 
the need to avoid risks to the supplies of both United Utilities and Thames Water, beyond 
the risks that are already allowed for in their planned levels of service. We recognise that 
releasing water from Vyrnwy to support the STT would reduce United Utilities’ deployable 
output from Vyrnwy, but this does not mean that their remaining deployable output is 
subject to more risk. We have proposed reservoir control lines that would prevent excessive 
releases from Vyrnwy and guarantee whatever deployable output had been assumed for 
United Utilities’ supplies. Our modelling shows that for all the options that GARD has 
suggested, the reduced deployable output that we have shown for United Utilities would be 
maintained in every year since 1920 (see later Figure 7-7). In other words, we have 
considered severe droughts for United Utilities that were relatively minor droughts for 
Thames Water – the droughts of 1984, 1989, 1990 and 1996 are examples. 

Therefore, GARD requests that Thames Water look properly at the proposals that we put 
forward in Section 7.4 of our previous response. We repeat our proposals (with minor 
updating) in the following Section 8.6 of this response. We also request that Thames Water 
and United Utilities meet GARD to discuss these proposals, so that all parties’ views are 
properly understood. 
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7.7 GARD proposal for STT supported mainly by Vyrnwy reservoir 

United Utilities’ final WRMP shows an 81 Ml/d loss of yield from their own supplies for the 
option of making releases of up to 180 Ml/d to support the STT166

In GARD’s opinion, this is not correct – more yield could be made available to Thames 
Water, while still providing a smaller but guaranteed yield to United Utilities. We note that 
the AIC costs per m3 of United Utilities replacement sources are a lot less than Thames 
Water’s, typically less than 60p/m3(from United Utilities Table WRP6)

, allowing them to retain 
about 100 Ml/d of the available Vyrnwy yield for their own use. No consideration appears to 
have been given to making regulation releases larger than 180 Ml/d from Vyrnwy reservoir, 
which would provide more yield for Thames Water, but require United Utilities to give up 
more of their own yield. When questioned at stakeholder meetings, Thames Water’s 
response was that 180 Ml/d of regulation was the hydrological limit that could be provided 
by Vyrnwy reservoir. As stated earlier, Thames Water now also say that releasing more than 
180 Ml/d would be an unacceptable risk to United Utilities. 

167

GARD’s proposal for options making releases larger than 180 Ml/d from Vyrnwy was 
described in our report of December 2015

 compared  with 
110-250p/m3 for Thames Water. We also note from the same WRP table, that United 
Utilities have over 400 Ml/d of potential new sources not already included in their preferred 
plan, with AIC costs less than 60 p/m3. Therefore, it seems likely that releasing more of 
Vyrnwy’s yield for transfer to Thames Water would be a cost effective option. This has been 
repeatedly proposed by GARD and repeatedly ignored by Thames Water, with no adequate 
justification provided. 

168

• 300 Ml/d regulation with 100 Ml/d for UU and 500 Ml/d STT 336 Ml/d 

, as well as in our response to Thames Water’s 
first draft WRMP. We have proposed that regulation releases of up to 400 Ml/d could be 
made with reduced yield to United Utilities which would be guaranteed by a Vyrnwy 
reservoir control line below which no regulation releases would be made. To illustrate this, 
GARD has modelled the following options: 
                     Yield gain for TW 

• 350 Ml/d regulation with   50 Ml/d for UU and 500 Ml/d STT 376 Ml/d 

• 350 Ml/d regulation with zero yield for UU and 500 Ml/d STT 416 Ml/d 

The modelled operation with United Utilities’ guaranteed yield reduced to 50 Ml/d and 350 
Ml/d regulation, giving a Thames Water yield of 376 Ml/d, is shown in Figure 7-7: 

 

                                                      
166 United Utilities  final WRMP, Table WRP6 for Strategic Zone 
167United Utilities final WRMP, Table WRP6 for Strategic Zone. United Utilities, October 2018 
168‘Modelling of the use of Vyrnwy Reservoir to support the Severn-Thames transfer’.GARD. December 2015 
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Figure 7-7 Operation of 500 Ml/d STT with 350 Ml/d Vyrnwy support & 15 Ml/d Myth 

The 50 Ml/d yield still available to United Utilities is about 50 Ml/d less than for the 180 
Ml/d release option considered in Thames Water’s revised draft WRMP. 
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It should be noted that, with the 350 Ml/d release option, Vyrnwy reservoir would 
completely re-fill in spring 1934, whereas with the 180 Ml/d release version the reservoir 
would only be 60% full in spring 1934 – winter refill of Vyrnwy reservoir would be much 
improved because there would only be a 50 Ml/d draw on the reservoir through much of 
the winter. Therefore, from the perspectives of both Thames Water and United Utilities, this 
option would be more resilient against longer duration droughts. 

7.8 Effect of regulation releases on the River Vyrnwy 

Concerns have been expressed at stakeholder meetings that regulation releases larger than 
180 Ml/d would not be acceptable to Natural Resources Wales or the Environment Agency 
because of the possible impact of the higher releases on salmonid spawning and juveniles. 
In GARD’s opinion, this is not a major concern, although it needs to be properly investigated. 
The impact of releasing 350 Ml/d on flows below Vyrnwy dam is shown on Figure 7-8 below. 
The upper plot shows flow duration curves for April to September, when most regulation 
takes place, and the lower plot compares flows in the drought of 1934 with the natural 
flows in 2007 and 2008, two naturally wet years: 

 

 

Figure 7-8 Impact of 350 Ml/d regulation on flows below Vyrnwy dam 

The upper plot shows that the April to September flow regime would be much closer to 
natural than at present when flows are continuously at the 25-45 Ml/d compensation level. 

Flow regime with 350 Ml/d regulation 
much closer to natural than with 
existing operation for UU direct supply 
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In geomorphological terms, this would be a marked improvement on the existing flow 
regime. The summer flow of nearly 400 Ml/d in a drought like 1934 would be unnaturally 
high as a continuous flow, but comparable to natural flows in wet summers like 2007 and 
2008, albeit lacking the natural variation. Arguably, the flows in droughts would be better 
for juvenile salmonid productivity than protracted compensation flows of only 25-45 Ml/d. 
There would also be scope for varying the regulation releases, say from 200 to 500 Ml/d to 
give some flow variation more akin to natural.  

The continuous regulation releases for several months would only occur in droughts and in 
most years there would far fewer days of release or none at all, as shown in Figure 7-9: 

 

Figure 7-9 Frequency of regulation releases from Vyrnwy with supported STT 

In GARD’s opinion, the impact of 350 Ml/d regulation releases on the flow regime of the 
River Vyrnwy is not a show-stopper and could actually be beneficial for the long term 
productivity of salmonids. At a fundamental level, reducing the amount of water exported 
out of the Vyrnwy catchment is a benefit. The impact of higher summer releases needs to 
be properly investigated, including the potential for mitigation by varying the releases to 
mimic natural flow variation.  

In considering the overall impacts and possible Water Framework Directive deterioration, 
account should also be taken in the reduction of the need for autumn continuous releases 
of 400 Ml/d for flood alleviation which occur in most years at present. There should also be 
recognition that the flow impacts illustrated in Figure 7-8 above show the effect 
immediately below the dam. There are significant tributaries joining the River Vyrnwy within 
a few kilometres of the dam, so the relative impact would quickly reduce downstream. 

7.9 Costs of Severn Thames transfer options 

The lack of availability of proper cost information on the Severn Thames transfer options 
continues to be a major failing in transparency of Thames Water’s revised draft WRMP.  

The only cost information provided is the overall NPV costs of options as presented in the 
WRP tables of feasible options and some AIC costs presented in the Raw Water Transfer 
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Feasibility Report. Some of these have been extracted and copied in Table 7-4 and Figure 7-
10 below169, 170

 

: 

Table 7-4 Costs of 300 Ml/d supported STT options (ex WRP tables) 

 

Figure 7-10 AIC Costs of Severn Thames Transfer options (ex Feasibility Report) 

This scant cost information raises more questions on the costs of STT options, for example: 

• Why are the AIC costs in the WRP tables much more than the costs in the feasibility 
report – for the options with larger amounts of support, the WRP table costs, as used 
in option appraisal for Thames Water’s preferred programme, are double the WRP 
table costs?  

                                                      
169 From SWOX Zone Excel Table WRP6, Feasible Options, Revised Draft WRMP, Thames Water October 2018 
170 Raw Water Transfer Feasibility Report, Figure 7.1 
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• What is the justification for the huge operating costs in all the options with support 
from other water companies?  

• We understand that the operating costs may be mainly transfer charges from other 
water companies, but we have already observed that United Utilities replacement 
option costs are below 60p/m3, so why are the STT AIC costs so much higher? 

The only way such questions can be satisfactorily answered is by providing more details of 
cost breakdowns in present day values and details of the annual distribution of costs used in 
the calculation of Net Present Values and economic appraisal of options. 

Until such information is provided, GARD will continue to have no confidence that either 
Thames Water’s costing of the STT options, or their rejection in favour of the Abingdon 
reservoir, have been done fairly and without bias towards the reservoir. 

7.10 GARD proposed appraisal of STT options in WRMP19 

Having failed to complete crucial investigations in the 8 years since the Public Inquiry in 
2010, Thames Water have made unjustified and negative assumptions when appraising 
Severn-Thames options, enabling them to bring forward the Abingdon reservoir and delay 
any STT option until the 2080s. Thames Water should rectify this by appraising all STT 
options with less negative underlying assumptions and a phased approach: 

• Using historic river flow data, with allowance for climate change 

• Assuming 10% transfer losses for support sources in the upper Severn and 
progressively less for sources closer to Deerhurst 

The following options should be appraised: 

1. STT supported only by 15 Ml/d from the Mythe (to provide trickle flow). 

2. The following 1stphase options aimed at meeting the needs of Affinity and 
chalkstreams, but providing in the region of 180 Ml/d for London: 

• STT supported by, say, 50 Ml/d from Severn Trent 

• STT supported by 50 Ml/d from Vyrnwy 

3. The following 2ndphase options to allow comparison with Abingdon reservoir: 

• STT supported by 15 Ml/d from Mythe and a further c.300 Ml/d of support 
from the 6 sources proposed by Thames Water  

• STT supported by 15 Ml/d from Mythe and 300 Ml/d from Vyrnwy 

4. A “full potential” option with 500 Ml/d transfer and c.450 Ml/d of support from all 
sources. 

The appraisal should also explore the options for phasing the Deerhurst to Culham pipeline.  
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8. Abingdon reservoir 

Key Points 

• GARD did not agree the methodology used by Atkins in their latest resilience 
assessment of the drought resilience of the reservoir. We do not agree its findings. 

• The latest resilience assessment has identified more droughts that would lead to 
catastrophic failure of London’s supplies, if they are dependent on Thames Water’s 
planned yield of 290 Ml/d. The likelihood of such events has not been estimated. 

• The “averaging” of yield of the reservoir in the 60 droughts assessed is meaningless. It 
has disguised the lack of resilience to long duration droughts. 

• The increased flood risk due to building the reservoir over a functional floodplain that 
protects the villages remains a key concern for residents. The proposed Abingdon 
Flood Relief scheme makes non-interference with the floodplain even more 
important. Planning guidance rules out development over functional floodplain, since 
this must be expanded and enhanced. 

• The TW flood alleviation plan makes no assessment of the potential effects of climate 
change and how this might increase the flood risk in the future; it also removes any 
future ability to develop additional flood relief schemes that may be needed in the 
area due to climate change. 

• TW’s own assessments show that the area is unsuitable for the reservoir and that it 
would be unable to meet statutory requirements to: reduce flood risk, create 
sufficient space for flood storage and expand and enhance the floodplain. 

• Flood alleviation measures would require access to space outside the reserved area. 

• TW has failed to appreciate how recent housing developments have affected the 
reserved area, leaving no room for proposed buffers, landscaping and flood 
alleviation. 

• GARD stands by all the comments made on the SEA following the first consultation 
and does not believe they have been adequately addressed. 

• GARD supports Historic England's report, noting that it preferred the transfer scheme 
to the reservoir, due to the advantages of the transitory effects of the former over 
the permanent effects of the latter. GARD does not believe that TW have adequately 
addressed Historic England's point about its preference for a transfer scheme. 

• The SEA fails to adequately highlight the issue of flood plain encroachment, which is 
not permitted under national planning guidelines and which should have led to the 
Abingdon reservoir option being ruled out during the screening process. 
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• Despite claiming to have made changes to its SEA, TW provided much less 
information on the underlying processes behind the SEA narrative than last time.  
GARD has asked for the supporting sub-appendices but these have not yet been 
delivered as they are going through a redaction process.  These should have been 
made available to all stakeholders at the start of the consultation. 

• Since we have been unable to fully analyse changes to the SEA due to the lack of 
information provided, GARD will address its further concerns, as they arise, to Affinity 
Water during their January consultation, as they are now co-sponsors of the reservoir 
option. 
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8.1Drought resilience of Abingdon reservoir 

GARD’s comments in our response to the first draft WRMP19 

In GARD’s response to the first draft WRMP19, we had three main criticisms of Thames 
Water’s assessment of the drought resilience of Abingdon reservoir: 

i) TW have made no distinction between true resilience, i.e. “an ability to recover from 
or adjust easily to misfortune or change”171

ii) Despite their own analysis identifying much reduced Abingdon reservoir deployable 
outputs in some droughts, Thames Water did not recognise that this showed a major 
lack of resilience to droughts longer than 18 months. GARD did not accept Thames 
Water’s arguments that such droughts were too rare to be considered, or that the 
loss of deployable output in some droughts could be ignored by averaging the 
deployable outputs in all droughts. 

,and the Government’s proposed 
drought resilience criterion of 1:200 years (which is really a deployable output design 
standard, rather than a resilience criterion). When comparing the resilience of 
Abingdon reservoir with other options in dWRMP19, for example, desalination and 
effluent reuse, Thames Water had failed to acknowledge that Abingdon reservoir is 
much less resilient in the true sense of “ability to recover from or adjust easily” to a 
drought worse than the 1:200-year design standard. 

iii) GARD challenged some technical aspects of the resilience analysis, particularly the 
method of selecting droughts for analysis and the method of yield assessment. 

GARD participated in Thames Water’s stakeholder meeting on 29th January 2018 to discuss 
Abingdon reservoir resilience. We were pleased to be given 45 minutes to present our 
views. However, the outcome of the meeting was highly unsatisfactory from GARD’s 
perspective. We did not consider that our views had been correctly summarised in the draft 
meetings notes and we did not agree the methodology to be followed by Atkins in a further 
resilience study. Thames Water were told this in an email on 8th March which is in Appendix 
C, together with our proposed corrections to the meeting note and comments on Atkins’ 
methodology.  

Thames Water have failed to address GARD’s comments on the outcome of the stakeholder 
meeting on 29th January. The original draft meeting notes remain on Thames Water’s web-
site without GARD’s proposed amendments. The copy of GARD’s slides on the web-site 
continues to be the barely legible 6 slides per page version. Our proposed changes to Atkins’ 
methodology have largely been ignored. Thames Water have not responded to our request 
for a small meeting at which the complex technical issues could be discussed in a 
professional manner. It is an example of Thames Water’s “stakeholder engagement” failure 
to deal with views that differ from their own. 

                                                      
171 Merriam-Webster dictionary https://www.merriam-webster.com/dictionary/resilience 

https://www.merriam-webster.com/dictionary/resilience�
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Thames Water’s response to GARD’s comments on the first draft WRMP19 

In Appendix F to Thames Water’s statement of response, GARD’s comments on the first 
draft WRMP are all dismissed. In response to GARD’s distinction between the1:200-year 
resilience design standard and true resilience, i.e. the ability to cope in droughts worse than 
planned for, Thames Water say they are “obliged to improve its resilience to drought from 
1:100 year drought severity to 1:200 year severity as this is in the guidance provided by the 
Environment Agency; 1 in 200 year drought severity is stated as the reference level of service 
for Drought Resilience in the EA's 2017 WRPG, and endorsed by Ofwat”172

• Abingdon reservoir would have minimal true resilience: it would be totally empty 
within 30 days of London hitting Level 4 restrictions; during those 30 days the quality 
of water released from average reservoir depths below 4m would be extremely 
poor; there would be minimal flow remaining to abstract for London from the lower 
Thames (see Figure 8-1 below); the reservoir could remain virtually empty for several 
years, with months of Level 4 restrictions, as GARD has pointed out repeatedly

. 

GARD does not dispute this. Under the Water Resource Planning Guidelines (WRPG), all 
feasible options have to be designed to cope with a 1:200 year drought, so all options are 
equally resilient, on that definition of resilience. However, all options types are not equally 
resilient in the true sense of the word, because there are big differences in their ability to 
cope with droughts worse than the 1:200 years design standard: 

173

• Desalination plants are very resilient to all droughts because their ability to supply is 
not affected by lack of rain and low river flows. 

. 

• Effluent reuse is also unaffected by extreme low river flows. However, as Thames 
Water have pointed out, there could be water quality problems in extreme droughts 
that might reduce the ability to provide safe supplies at times. Therefore, effluent 
reuse is less resilient to extreme drought than desalination, but still fairly resilient. 

• The Severn-Thames transfer could be vulnerable to droughts more severe than 1:200 
years, but has some in-built advantages that improve true resilience: 

 a) having some drought-proof support sources like Minworth and Netheridge STW 
effluent;  

b) bringing “new water” from catchments with different hydrological conditions, so 
that long, over-winter droughts may not be coincident; 

c) giving access to rivers that respond faster to rainfall than the Thames, when the 
drought breaks, and with more reliable winter flows (see the example of 1933-34 
below); 

                                                      
172 Appendix F to Thames Water Statement of Response, page 400 
173 GARD response to first draft WRMP, pages 138-140 and slides for stakeholder meeting on 29.1.2018 
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d)giving access to the residual River Severn flows which are far larger than residual River 
Thames flows in extreme droughts, as shown by the example in Figure 8-1: 

 
Note: these hydrographs are generated by GARD’s model simulating a 400 Ml/d supported STT giving a DO 
of 285 Ml/d, equivalent to Abingdon reservoir 

Figure 8-1 Comparison of Thames and Severn residual flows in extreme droughts 

The residual flows in the River Severn are protected by the 1800 Ml/d hands-off flow (HoF) 
at Deerhurst, which has been set unusually high on account of the Habitats Directive status 
of the lower Severn and estuary. Compliance with the hands-off flow is sacrosanct in 
determining the deployable output for a 1:200 year design standard and in normal drought 
planning.  

However, a drought worse than the 1:200 year design standard would trigger Level 4 
drought restrictions in London, including rota cuts and stand-pipes, with threats to public 
health and an economic cost of £7-10 billion per month174

                                                      
174 Water supply  and resilience and infrastructure, page 3, Environment Agency advice to Defra, December 
2015 

. Under those circumstances of 
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national emergency, the option of taking up to the, say, 400 Ml/d transfer capacity from the 
1000+ Ml/d of residual Severn flow (still leaving water for Bristol) would be available to the 
Government of the day as a matter of over-riding public interest, as allowed under the 
Habitats Directive175

Atkins’ further work

. This would provide a strong measure of true resilience to extreme 
droughts in contrast with the minimal true resilience of Abingdon reservoir. 

Thames Water’s main response to GARD’s criticism of their stochastic analysis of drought 
resilience has been the commissioning of further work by Atkins, but ignoring GARD’s 
comments on the proposed scope (see Appendix C).We do not agree the findings of Atkins 
further analysis. 

The further resilience work following the January stakeholder meeting 

176 was not made available until publication of the revised draft WRMP 
in October 2018, despite the report being dated 1st May 2018. On 16th October, GARD 
requested more detail of model output used in the report, as per Appendix C. This was a 
substantial request and the information was not received until 9th November. There has not 
been time for GARD to make proper use of the information in this response177

1. Selecting droughts on the basis of return periods determined by ranking the yields of 
existing London supplies is unsound because doubling the supply system storage by 
the addition of Abingdon reservoir drastically changes the system’s behaviour in 
droughts. Because there is insufficient winter flow in the River Thames to refill 
double the reservoir volume, the system with Abingdon reservoir is vulnerable to 
multiple dry year sequences, which can be handled better by London’s existing 
supplies. Therefore, droughts which can be comfortably handled by the existing 
London system can cause big problems if a 285 Ml/d yield gain is expected from 
Abingdon. The droughts selected by Atkins included droughts that would be less 
severe than 1:75 years when assessed with the addition of Abingdon reservoir (as we 
show below), but excludes droughts that can be handled by the existing supply 
system with present demands, but in which Abingdon reservoir would be unable to 
supply the expected additional 285 Ml/d. 

, but we still 
have major concerns about the validity of Atkins’ further analysis. 

Atkins selected 60 droughts for further analysis by sampling droughts deemed to be 
between 1:75 and 1:750 years return period, as determined by IRAS modelling of the 
existing London supply system.  As stated in our comments on the proposed methodology, 
this sampling was seriously flawed and biased in favour of the reservoir because: 

                                                      
175 Guidance document on Article 6(4) of the Habitats Directive 92/43/EEC 
http://ec.europa.eu/environment/nature/natura2000/management/docs/art6/guidance_art6_4_en.pdf 
176WRMP19 Stochastic Resources Modelling, Abingdon Reservoir, Atkins, May 2018 (DG10) 
177 Note that our findings will be made available to the Environment Agency, DEFRA and Ofwat in the post-
consultation period. 

http://ec.europa.eu/environment/nature/natura2000/management/docs/art6/guidance_art6_4_en.pdf�
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2. The drought selection has ranked the IRAS modelled deployable outputs  of existing 
system, which Atkins themselves say are on average 150 Ml/d less than the WARMS2 
modelled deployable outputs and with large +/- 150 Ml/d errors178

An example of a drought that would cause failure of Abingdon reservoir, but not be 
sufficiently severe to be selected from modelling of the existing London supplies, is shown 
below:

 

. This inevitably 
means that selection of droughts in the 1:75 to 1:750 year range is unreliable even 
for the existing London system, let alone without including Abingdon reservoir. 

Figure 8-2 Example of catastrophic drought ineligible for resilience checking 

In the example above, the existing London supplies would be only moderately tested in the 
drought of 1939179

                                                      
178WRMP19 Stochastic Resources Modelling, Abingdon Reservoir, page 1, Atkins, May 2018 (DG10) 
179 Note that the allocation to a year is fictional and just represents the position of the period within one of the 
200 sequences of 78 years duration generated by Atkins stochastic methodology. 

, so the drought is not sufficiently severe to be selected for resilience 
checking. However, the succession of dry winters leading up to 1939 would leave Abingdon 
only about 30% full at the start of the 1939 drought. After catastrophic failure of London’s 
supplies in 1939, Abingdon reservoir would remain virtually empty for several years, leaving 
London’s supplies in a state of prolonged crisis. This type of event would be a major risk for 
London because of the severity of its consequences, but Atkins’ methodology would have 
failed to identify it or provide an estimate of its probability. 
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In spite of the flaws and bias in the drought selection methodology, it has still picked 15% of 
droughts with Abingdon reservoir yields less than 250 Ml/d and three droughts out of 60 
with yields of 120 Ml/d or less180

 
Data from Table 4-1 of Atkins resilience note of 1stMay 2018 

, as shown in Figure 8-3: 

Figure 8-3 Yield v frequency in resilience testing of 60 selected droughts 

However, Thames Water’s approach of averaging the yields of the 60 selected droughts 
hides the serious failures in the 15% of droughts yielding less than 250 Ml/d and the 
catastrophic failure of the three droughts yielding less than 120 Ml/d. We have two major 
criticisms of the averaging approach: 

1. Averaging the performance in extreme events is meaningless. Droughts that can be 
managed with Abingdon reservoir do not “cancel out” the droughts which would 
cause failure, especially when Abingdon reservoir provides minimal true resilience in 
droughts that would cause Level 4 failures. Atkins further resilience work has failed 
to estimate the probability of the three droughts that they have shown would cause 
catastrophic failure of London’s supplies. 

2. Even if the averaging approach was valid, its results have been grossly distorted by 
the flawed drought selection process that has chosen droughts that would not be 
critical with Abingdon reservoir in place and missed other droughts that are critical 
for Abingdon reservoir but not for existing supplies. 

On the basis of this quick examination of Atkins’ recent resilience work, GARD concludes 
that: 

• The drought selection process has been biased in favour of “proving” the resilience 
of Abingdon reservoir; it has wrongly selected many droughts that would not be 

                                                      
180WRMP19 Stochastic Resources Modelling, Abingdon Reservoir, Table 4-1,Atkins, May 2018 (DG10) 
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even as severe as 1:75 years with the reservoir in place and missed droughts that 
would cause catastrophic failure and that lie within the 1:750 years return period. 

• Despite the failings of the drought selection process, Atkins have identified three 
droughts out of 60 that would cause catastrophic failure and 9 droughts out of 60 
that would provide yield gains of less than 250 Ml/d. 

• The concept of averaging the yield is meaningless and disguises the catastrophic 
failures that Atkins latest work has identified. 

• Abingdon reservoir would provide little true resilience to droughts in the sense of 
the ability to adjust to or recover from droughts more severe than the 1:200 year 
design standard. The true resilience of Abingdon reservoir to severe droughts is 
much less than any of the other option types available to Thames Water. 

In view of the late provision of Atkins latest report and late receipt of detailed resilience 
modelling data, it has not been possible for GARD to undertake a thorough analysis. We 
reserve the right to make a further submission on this subject after the deadline for 
consultation responses. Our findings will be made available to the Environment Agency, 
DEFRA and Ofwat in the post-consultation period. 

In reviewing the detailed resilience modelling data, we will look at the duration of Level 4 
supply failures in droughts in which Abingdon reservoir is unable to supply the expected 285 
Ml/d of additional deployable output. This will highlight the need for more emergency 
storage in Abingdon reservoir, rather than the meagre 9,000 Ml (6%) currently proposed by 
Thames Water. This was identified in our previous consultation response as a major 
shortcoming in the design of the reservoir.181

8.2 Flooding impacts 

 

We will also give more consideration to the frequency and duration of events in which 
Abingdon reservoir would be close to empty for long periods, with consequent problems 
due to algal growth and poor water quality in the large shallow lake. 

Introduction 

The increased risk to flooding caused by building the reservoir remains a key concern to 
local residents. 

The GOV.UK website clearly shows the flood status of the proposed area which includes 
significant areas assessed to be Flood Zone 3 and Flood Zone 2; the area acts as the 
functional floodplain protecting the large town of Abingdon to the north east and the 
surrounding villages of Steventon, Drayton, Marcham, Garford and East Hanney. 

                                                      
181 GARD response to first draft WRMP19, pages 119-120. 
http://www.abingdonreservoir.org.uk/downloads/GARD response 29.04.2018.pdf 
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The Environment Agency is already working with the Vale of the White Horse District 
Council, Oxfordshire County Council and the Thames Regional Flood and Coastal Committee 
to find ways to reduce flooding in Abingdon.  All plans include developing a flood storage 
area on Abingdon Common, the area immediately to the north of and adjacent to the 
proposed reservoir site and which will be delivered in the early 2020’s.  This plan will make 
increased use of the floodplain and will expand the areas currently assessed as Flood Zone 2 
and 3 that lie within the reservoir, its associated works and immediately surrounding area. 

Planning guidance 

Planning guidance is prescriptive in terms of permitted development that may take place on 
a functional floodplain.  Guidance from The Department for Communities and Local 
Government (now the Ministry of Housing, Communities & Local Government) states that 
only the following Essential Infrastructure may be built on floodplains:182

• Essential transport infrastructure (including mass evacuation routes) which has to 
cross the area at risk.  

 

• Essential utility infrastructure which has to be located in a flood risk area for 
operational reasons, including electricity generating power stations and grid and 
primary substations; and water treatment works that need to remain operational in 
times of flood.  

• Wind turbines.  

It can be seen that under national planning guidelines, construction of a reservoir is not 
permitted on the proposed area. 

The guidance also describes how the impact of climate change on flooding should be 
treated.  In terms of peak rainfall intensities, it suggests the following should be taken into 
consideration:183

Parameter 

 

1990-2025 2025-2055 2055-2085 2085-2115 
Peak rainfall 
intensity +5% +10% +20% +30% 

Table 8-1 Guidance on climate changes to peak rainfall intensity to be considered during 
planning. 

As climate change moves us toward a 1.5 degree climate impact world, there is no place for 
complacent ‘business as usual’ responses from companies more interested in increasing 
capital value than providing the most environmentally beneficial response to water supply. 

                                                      
182 Technical Guidance to the National Planning Policy Framework, Department for Communities and Local 
Government, March 2012. 
183 Technical Guidance to the National Planning Policy Framework, page 11, Department for Communities and 
Local Government, March 2012. 
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In particular, it is unclear how the guide planning figures for climate change have been taken 
into account in the environmental assessments carried out by TW.  What is clear is, given 
the extensive network of brooks and ditches leading to and crossing the reservoir site, and 
the large catchment area from which they bring water into the area, together with the 
proximity of the Rivers Thames and Ock, every effort should be made to enhance and 
protect the floodplain area.  As a result of the effects described in Table 9.3.1, we would 
expect, over time, further flood alleviation schemes to be developed in the reserved area 
that would protect the villages listed. 

Many of the local villages were severely flooded during the heavy rains experienced in 2007 
and any visitor to the area will observe the regular flooding of the fields within the 
floodplain around East Hanney and to the west of the A34.  East Hanney in particular has 
suffered from flooding, to the extent that it has formed ‘The Hanneys Flood Group’ to advise 
residents and support schemes that will make flooding less likely.  Steventon has also 
suffered heavily from flooding, with some of the residents affected by the 2007 floods 
unable to return to their homes for more than a year while repairs were carried out. 

The most important point to make about the potential impact of increases in peak rainfall 
intensity is that building over the floodplain removes, at a stroke, any future ability to take 
action to cope with future climate change and protect neighbouring towns and villages.  
There are no other areas into which the floodwater threatening this area can be diverted. 

The adverse effect of building the reservoir across the floodplain is so severe that it has 
been given a red rating in TW’s own SEA.  It is hard to understand why it is not given more 
prominence in the SEA process and why it has not led to the Abingdon option being 
screened out during the option appraisal process.  Although the SEA supporting text makes 
the statement that the adverse effects assessments are completely separate to the benefits 
assessments and that they are not associated, it is clear that in the final assessment, the 
benefits are used to dismiss the adverse benefits.  The process should clearly include the 
ability to discard a scheme completely if an adverse effect is severe enough, regardless of 
the benefits.  This process has clearly been used when assessing other options, yet not here.  
Why? 

The TW plan and its approach to the floodplain 

Despite the potential for increased flooding being one of the major concerns of local 
residents, TW has done nothing to alleviate their fears.  The standard answer to the 
question of how the reservoir will affect flooding, raised by many residents as well as GARD 
at TW drop in sessions, is that the detailed study work will be done once the WRMP 
containing the reservoir plan has been accepted by DEFRA.  At that stage, there is a strong 
possibility that the project would be picked up as a strategic asset by the National 
Infrastructure Commission which would mean little further local input to the plan.  TW make 
much of its commitment to ‘local engagement’ and to listening to ‘local concerns’.  It has 
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stated that during the design stage, it will work with local groups to ensure that their 
concerns are taken into account.  GARD has yet to see any positive response, or even 
acknowledgement from TW of local concerns.  By its own admission, it has done no work on 
the reservoir in the last 8 years yet claims to be able to speak authoritatively on the many 
concerns raised by locals. 

The planning guidance for land below the level of functional floodplain, but prone to high 
risk of flooding, states that developers and local authorities should seek opportunities to: 

• Reduce the overall level of flood risk in the area through the layout and form of the 
development and the appropriate application of sustainable drainage systems; 

• Create space for flooding to occur by restoring functional floodplain and flood flow 
pathways and by identifying, allocating and safeguarding open space for flood 
storage. 

These constraints are impossible for TW to comply with at this site.  The reservoir size is 
now so large that no room is left for TW to take appropriate flood relief measures.  At the 
recent planning hearing into TW’s request to increase the reserved area size, it was 
apparent that TW seem unaware of recent housing development in the area.  Developments 
in Steventon have moved westward closer to the reserved site boundary while in East 
Hanney, developments are now almost adjacent to the site boundary.  Indeed, in the last 
couple of months, clearance of a site for further development in East Hanney appears to be 
taking place immediately adjacent to, or even within, the area that TW plans to use for flood 
alleviation. 

Problems with the proposed site 

The major problem that TW has with the reserved site is that it is now too small for the 
selected reservoir size of 150 million cubic meters.  Realisation that there is insufficient 
space to compensate for the loss of floodplain, meant that TW recently applied for the 
reserved area to be increased in size.  Apart from the unfairness this represents to people 
whose land lies within any newly reserved area, there is a fundamental problem: the 
reserved site is already about as large as it can be.  To the west is the hard boundary of the 
A338. To the south the main London railway line and to the east the A34.  The north of the 
site is a hard boundary abutting the EA’s own Abingdon flood relief scheme.  

Against this background, TW’s own reports state that the site is unsuitable for the proposed 
reservoir.  Its Reservoir Feasibility Report notes that the site “performs poorly in relation to 
the land use and land use quality criteria…the updated design for the reservoir as set out in 
the conceptual design report shows some flood compensation land being located outside of 
the overall site boundary”.184

                                                      
184 Redacted Reservoir Feasibility Report February 2018, page 53. 

It also notes that “the site….had poor performance 



121 
 

against..flood plain encroachment.”185

Correspondence with TW on this issue has failed to alleviate our concerns.  In answer to our 
question on the proximity of flood compensation land to existing infrastructure and how it 
would be adversely affected, we received the following:

The same assessments were also given to the 125 and 
100 million cubic meter options, so reducing the size of the reservoir does not solve the 
problem. 

186

Another question regarding flood relief schemes and the impact of the Abingdon flood relief 
scheme elicited the following:

 

“It may be the case that flood compensation constructed as part of the reservoir is close to 
the site boundary. However such works will primarily consist of shallow excavation over wide 
areas of valley sides, carefully landscaped and with gentle side slopes. Stability of adjacent 
infrastructure will be a primarily [sic] constraint in the detailed design of such excavations, 
with the risk primarily mitigated by providing a suitable buffer between the existing 
infrastructure and any excavation.” 

Even the most casual inspection of the UTR 150 conceptual plan shows that there is simply 
not room for the works proposed above.  The distance to the newest housing developments 
is 500m or less.  It is simply not possible to fit ‘wide valley sides, carefully landscaped and 
with gentle side slopes’ in such a small area, never mind a suitable buffer zone between the 
two.  The plans, in any case, already show such areas to be occupied by screening mounds – 
a construction that by raising the land, increases the flooding risk rather than decreasing it 
due to run-off. 

187

Fine words, but no indication is given as to what the flood mitigation measures will be 
beyond vague statements.  Since the FAS design may not be finalised before design of the 
reservoir commences, it is not clear how that scheme will be properly taken into account. 
We presume that ‘mitigation measures’ is a reference to the flood storage area shown on 
the UTR 150 conceptual design, north of Hanney.  Unbelievably, but presumably because 
this is the only area left on the site after the reservoir is built, this area is comprised mainly 
of an area already designated as flood zone 2 and 3.  Quite how TW plan to develop a flood 
compensation area within an area that is already flooded is unclear.  Proposals to build deep 
trenches are nonsensical, any local resident will tell you that in winter (even in the summer 

 

“Mitigation measures are built into the Reservoir scheme design to ensure that there is 
no increase in flood risk. These mitigation measures will be reviewed, and updated if 
necessary, once the Abingdon FAS design is finalised to ensure that there remains no 
increase in flood risk.”  

                                                      
185 Ibid, page 56. 
186 Email Stork/Tait dated Sep 12 2018 
187 Email Stork/Tait dated Sep 12 2018. 
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following rain) any hole dug in the area proposed will quickly fill with water, as the water 
table is so high.  Floodwater arriving at the storage scheme is likely to find it already full.  
This needs urgent consideration.   

Worryingly, TW seem to be under the misapprehension that the flood risk to the area is 
fluvial, arising from the Thames, noting that: 

 “There will be no increase in fluvial flood risk as the scheme will only be operational and 
making releases when flows in the Thames are low and there is no risk of flooding.”188

Correspondence also notes that design work would include “a formal site-specific Flood Risk 
Assessment in accordance with the requirements set out in the Government’s National 
Planning Practice Guidance.”

 

In fact, flooding in the area occurs mainly from local watercourses such as the Ginge, 
Childrey Brook, Letcombe Brook, the Wantage Brook and the Ock. 

189

• At best make flooding inside the reserved area no worse (still to be proved) 

 Presumably this will be a short study as, has been already 
discussed, the fact that schemes such as this are prohibited on functional floodplain will 
soon be highlighted. 

The above response and others make it clear that the current TW plan will: 

• At worst increases flood risk for the surrounding area 
• Extend flood compensation outside the reserved area, potentially adversely affecting 

local villages 
• Fail to extend and enhance the floodplain as required by national planning guidance 

The correspondence with TW closed, on their part, with an assurance that the local 
community will be consulted about the proposed development prior to and during the 
submission/consideration of the application.  However, the fact that over 75% of the Village 
of Steventon objected to the reservoir when questioned during the local development plan 
preparation, and has since made strenuous objections to TW, as have all the other local 
councils and has had no effect whatsoever on TW plans does not give much confidence. 

8.3 Environmental impacts 

Heritage and Landscape: 

The response made by GARD in April 2018 stands in all aspects for this second consultation; 
we would refer the Environment Agency and Ofwat to that previous document in all its 

                                                      
188 ibid 
189 ibid 
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detail, with its references and footnotes. GARD’s view is that many of the concerns raised 
have been unjustifiably rebutted or ignored by TW.  

New points arise however from the trenchant comments made concerning the reservoir by 
Historic England in the first consultation. The most emphatic point raised by them is the 
need for a comprehensive review of the existing desk-based evidence, stating that they do 
not have all the studies that have been commissioned. Here we would reiterate the 
documents / consultants which were referenced in footnotes in the first response by GARD, 
since they remain relevant:  

1. G. Lambrick’s Report for the CPRE at the 2010 Public Inquiry: proof of evidence on 
Heritage and Archaeology issues:  G H LAMBRICK MA (OXON), FSA MIFA on behalf of 
the Campaign to Protect Rural England (CPRE) South East.  

2. M. Habermehl Landscape consultant BA DipLA MA-UD CMLI, private communication, 
April 2018. 

3. The Setting of Heritage Assets (2nd Edition) published Dec 2017 Historic England. 
236 Appendix F to technical Appendix B, category 7. 

4. Hearne, C M, 2000 Archaeological evaluation in the Vale of the White Horse, near 
Abingdon, 1992–99, Oxoniensia 65, 7–12.  

5. Landmead Solar Farm.  East Hanney. Oxfordshire. Archaeological Watching Brief. 
February 2015 for Belectric.  Cotswold Archaeology A Project: 4562.  CA Report: 
14566.  

6. Cascade Consulting and Land Use Consultants 2008.  

7. https://molaheadland.com/project/a14-cambridge-to-huntingdon-improvement-
scheme/   

8. TWSEA Scoping Report: 4.9.1 Baseline (Landscape) Thames River Basin: The 
landscape character network104.  

9. The Landscape Institute: Landscape Character Assessment - Technical Information 
Note 08/2015 February 2015: Local Landscape Character Assessment 

Historic England’s response 

In addition to calling for a full review of existing evidence, Historic England state: 

• There is certainly significant early archaeology present in the designated area, with 
continuous settlement through time. They state that a watching brief would not be 
adequate for the safeguarding of archaeology on this scale and specify in detail aerial 
and other researches needed.  In their first response, GARD wrote: ‘’The 
archaeological attention needed to ensure that these irreplaceable heritage assets 
are not lost far exceeds the ‘watching brief’ proposed by TW; for comparison, 



124 
 

consider the massive excavation for the expanded A14 road between Cambridge and 
Huntingdon, where there have been 537 trenches, 800 hectares of archaeology, 
more than 200 archaeologists working on the scheme, more than 25 settlements 
uncovered, including: Iron Age, Roman, Saxon and Medieval villages.’’    

• Page 5 of the Historic England response: ‘and more important than any impact on 
particular designated assets, the proposed reservoir would have a huge impact on 
the landscape.  This has heritage significance.’ They invoke the National Planning 
Policy Framework, which states ‘that harm to heritage assets should be avoided 
where possible’ (page 6 Historic England).  

• Historic England’s conclusion is that the Severn-Thames transfer option is preferable 
because ‘the potential harm to heritage assets arising from a Severn-Thames transfer 
scheme therefore need only be temporary, whereas the potential harm that would 
arise from the proposed reservoir at Abingdon would be permanent. 

Thames Water has stated that it feels the level of assessment of the archaeological and 
landscape issues has been ‘appropriate for the conceptual design stage’, with greater detail 
being (possibly) appropriate at the planning stage. It is clear that the TW SEA assessment 
has failed to adequately recognise the difference between temporary and permanent 
effects in their designation of major adverse (RED) scores.  For example, when assessing the 
transfer scheme and the reservoir, both score the same in areas where for the transfer 
scheme the effects will have completely disappeared after 5 years. 

GARD response to changes in the SEA 

It has not been possible to examine the Thames Water adjustments made in the light of 
Historic England, ours and others’ responses to the SEA, because Thames Water have not 
published the relevant SEA matrix that in the first consultation appeared as an Appendix to 
Appendix B (SEA) of Section 9 (Environmental and Social). We have requested this 
document but have not received it yet.  Because of this, we will analyse the SEA matrix 
changes and include our comments on it in our response to the Affinity consultation, who 
are now co-proponents of the reservoir.  We do believe from the limited detail provided so 
far, that further changes to the SEA will be required. 
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9.Thames Valley zones 

Key Points 

• GARD welcomes Thames Water’s much reduced reduction in SWA zone demands, 
but we query whether the SWOX zone demands should be similarly reduced. 

• We also welcome the improved leakage and demand management in SWOX zone 
which has eliminated the need for new SWOX resources to meet a local deficit 

• If flows in Oxford water courses need to be enhanced, this could be achieved by 
GARD’s proposed DRA scheme at a tiny fraction of the cost of Abingdon reservoir 

 

9.1 Supply demand balance in the Thames Valley zones 

Table 9-1 shows changes in the forecast demands in Thames Valley zones since the first 
draft WRMP: 

 

Table 9-1 Changes in Thames valley demand forecasts 

GARD is pleased to see the significant reduction in forecast demands in SWA zone, 
addressing the comments that GARD made in our previous response190

We are also pleased to see that leakage reduction and demand management in SWOX zone 
has eliminated the need for any significant new resources to meet a local deficit. 

, concerning high 
population forecasts. However, we query whether there should have been more reductions 
in SWOX demands in the latest plan (whilst recognising the previous dWRMP was showing 
less demand growth than SWA). 

                                                      
190 GARD response to first draft WRMP, page 143 
http://www.gard-oxon.org.uk/downloads/GARD%20response%2029.04.2018.pdf 
 

2019/20 2024/25 2029/30 2039/40 2074/75 2099/00
1st  DWRMP 330 338 343 347 354 356

Latest dWRMP 330 336 339 342 346 357
Change 0 -2 -4 -5 -8 1

1st  dWRMP 170 172 174 179 215 239
Latest dWRMP 170 172 174 178 186 195

Change 0 0 0 -1 -29 -44
1st  dWRMP 122 125 127 129 137 141

Latest dWRMP 122 125 126 128 130 136
Change 0 0 -1 -1 -7 -5

1st  dWRMP 63 65 67 70 73 71
Latest dWRMP 63 64 66 69 72 75

Change 0 -1 -1 -1 -1 4

SWOX

SWA

Kennet 
Valley

Guildford

http://www.gard-oxon.org.uk/downloads/GARD%20response%2029.04.2018.pdf�
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9.2 New sources in SWOX zone 

In GARD’s response to the first draft dWRMP, we proposed a hybrid DRA/reuse scheme 
transferring water from Culham to the River Thames above the Farmoor intake, illustrated 
on a map we show below as Figure 9-1. The scheme would transfer River Thames flows 
which will be boosted at Culham by the Oxford canal transfer and by effluent returns 
derived from supplies from Farmoor.  

 

Figure 9-1 GARD proposed hybrid DRA/reuse scheme at Oxford 

Although there is no longer a need for such as scheme to meet a SWOX deficit, we have 
already noted in Section 4.2 above, that Thames Water refer to the need to enhance flows 
in some Oxford water courses. They have proposed that Abingdon reservoir would allow 
flows through Oxford to be improved by pumping water from the new reservoir to Farmoor. 
GARD’s DRA/reuse scheme would have exactly the same effect at a tiny fraction of the cost 
of Abingdon reservoir. There would be no effect on flows downstream of Culham. 
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10. Programme Appraisal and Selection 

Key Points 

 
• Overall, the Thames Water Programme Appraisal and Selection Process is not fit for 

purpose.  

• There cannot be confidence in the cost metric, as: 

o Costs cannot be analysed from the current rdWRMP.   

o Since WRMP14, and indeed dWRMP19, costs of various programmes have 
changed markedly without proper explanation 

• Costs for the reservoir option have been split with Affinity, making this option appear 
more affordable.  The equivalent Severn-Thames Transfer (STT) option should be 
treated similarly. 

• Deployable Outputs from the major upper-Thames schemes (UTR/SESRO and STT) 
are subject to errors of calculation and faulty resilience-analysis inferences. 

• Subjective SEA assessments, double-count notional ‘benefits’ and have insufficient 
graduation for adverse impacts. The SEA should be re-written. 

• The Intergenerational Equity (IGEQ) metric is compromised by lack of consideration 
of leakage and demand management, social costs and debt. 

• Customer Preference surveys include loaded preference questions. 

• Some customer preferences are counter to regulatory guidance.  The engagement 
programme needs review 

• The whole optimisation process is compromised by failure  to include appropriate 
Affinity related inputs. 

• Fixed leakage and demand management inputs removes them from the optimisation 
process, compromising output. 

• The Adaptability Analysis is skewed by several factors, including bias in selection  and 
underplays the effect of likely population over-projection up to 2045; 

• Long term projects are not well handled by adaptive pathway analysis with short 
periods between branch points. The added restriction of only allowing large scale 
projects to be added further compromises the output, 

• The restriction in the reservoir size to very large projects effectively removes the 
chance of optimisation via trade-off between projects of different phaseability. 

• The ‘What-if’ scenario testing shows a bias towards higher-deficit scenarios. 
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• The IRAS_MCS system simulation and programme development suite show good 
potential for future modelling. 

• The IRAS_MCS programme development is flawed, in some cases seriously, by many 
of the same faults as the EBSD+ process: 

• The goals to maximise the supply to WRSE and to SWOX from upper-Thames 
resources regardless of need are inappropriate.   

• The appraisal and scenario testing process is biased toward over-provision. This risks 
generation of ‘stranded’ or ‘white elephant’ resources. 

• GARD believes that Ofwat/EA should ask TW to repeat the IRAS_MCS analysis with a 
more comprehensive and less-skewed set of metrics and a more thoroughly peer-
reviewed set of cost and environmental impact input data.  

•  

 

10.1 Overview 

Change of Methodology in the revised dWRMP19 

In the rdWRMP19, TW have added to their methodology for assessment of the alternative 
programmes for the ‘highly complex’ zones of London, SWOX and SWA using the   ‘EBSD+’ 
model, an analysis with a more sophisticated model capable of true multiple parameter, 
multi- criteria search, known as ‘IRAS_MCS’. 

The results from IRAS_MCS were not available for the original dWRMP submission due to 
requirements for alterations to give more transparency, which came from the Expert Panel.  

However, although the IRAS_MCS model results are discussed in section 10 of the 
rdWRMP19(see paras 10.296 – 10.309), the programme selection step process is still 
undertaken with EBSD+, with IRAS_MCS being used to elucidate certain trends and ‘support’ 
the basic case. This situation enables some comparison with the original dWRMP19. 
Although we have no faith at all in the TW costings of various large projects, we note the 
quoted NPV for the previous Preferred Programme (as shown in table 0-10 of the Executive 
Summary of dWRMP19): 

“Baseline + Increased resilience in the TW area + regional (WRSE) transfers” = £4,353M 

Whereas now, the preferred programme in rdWRMP19191

which shows that the incorporation of the new, more ambitious Leakage Reduction 
programme, previously dismissed in dWRMP19 as excessively costly, has made very little 

 which is described as: 
“BL + Increased resilience + WRSE transfers +Chalk streams” has a quoted NPV of £4,628M 

                                                      
191 rdWRMP19, section 10,  table 10-23 . 
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real difference to the final ‘Preferred Programme’s ‘ cost – even though there have been 
highly significant changes to the data. 

In the GARD submission to the dWRMP19 consultation, we stated192

• The implementation of the new population forecasting; 

 
“GARD believes that the whole process of optimisation needs to be run againwith: 

• Implementation of the Ofwat Leakage Reduction targets; 
• Less constraints in IDM on the Leakage and Demand Management (this will lead to more 

ambitious Leakage and PCC reduction aims) ; 
• Proper costing of Mains Replacement, which takes account of the capital assets 

maintenance budgetary contribution; 
• A re-evaluation of the SEA metric for at least the major (>50 Ml/d) sources and demand 

management options; 
• Errors of Deployable Output corrected; 
• A complete Drought Resilience analysis for all the major Climate-dependent resources 

(essentially the STT and the Abingdon reservoir); 
• A proper Adaptability analysis at the last stage.” 

 
Of these requirements, only the first three and the last one have been addressed in the 
revised plan, and even now, TW has reinserted an unreasonably high population projection 
for 2045. The fourth bullet point is now taken out of the optimisation analysis by the 
statements that 50% Leakage Reduction by 2050 is now a “company policy”193. As such it is 
not a parameter to be optimised by EBSD+ or any other means. Having argued long for 
ambitious Leakage Reduction, GARD is content to see this situation194, but we note in 
passing that it is (more than) a pity that it took an Ofwat investigation into TW, and a deal to 
avoid larger fines, to bring the company to this conclusion.195

Our conclusions on the Programme Appraisal methods are quite extensive, and we intend 
to put a fuller view to Ofwat and the Environment Agency, so we will limit the 
comprehensive nature of the comments in this document – see section 10.6. 

 

Unfortunately, TW have not taken any notice of requests to address the fifth, sixth and 
seventh bullets in the above list.  As a result, there are still major issues with the way TW 
evaluate the metrics for allocating to programmes before the optimisation process.  We 
deal with this in section 10.2 below. 

In section 10.3 we will deal with the issues around the EBSD+ selection of the Preferred 
Programme, and in section 10.4 make some comments on the IRAS_MCS results. Section 
10.5 briefly deals with the selection of the Preferred Programme. 

                                                      
192GARD Response to first dWRMP consultation, page 89. April 2018. 
http://www.abingdonreservoir.org.uk/downloads/GARD%20response%2029.04.2018.pdf  section 11.6 
193rdWRMP19, section 10E, page 33. 
194 Though, in section 3 of this response, we give reasoned arguments  showing that  TW could still go further. 
195 See rdWRMP19, section 0, Executive Summary, para 0.41, and https://www.ofwat.gov.uk/investigation-
into-thames-waters-failure-to-meet-leakage-performance-commitments.  Aug 2018. 

https://www.ofwat.gov.uk/investigation-into-thames-waters-failure-to-meet-leakage-performance-commitments�
https://www.ofwat.gov.uk/investigation-into-thames-waters-failure-to-meet-leakage-performance-commitments�
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10.2 Issues with the validity of Metrics 

Metric List 

The list of Metrics chosen by TW in the dWRMP19 process given in Table 10.1 below: 

 

Table 10-1 dWRMP19 metrics (from table 10-8 in rdWRMP19 section 10) 

We agree that this is a comprehensive set of largely appropriate metrics. However, as we 
stated in the GARD response (ref[192]), the devil is in the detail of how these metrics are 
applied, and whether this process serves, ultimately, to elucidate or obscure the decision-
making process. To a certain extent, what is written in the rest of this section is a repeat of 
the criticisms in ref [192], but this is the case because TW have not taken criticism on board, 
though they have given more information on the process, which partially serves to provide 
further illustration of GARD’s criticisms. 

Shortcomings in establishing values for the metrics 

The manner in which the values are assigned to several of the metrics gives rise to 
significant shortcomings in the entire Programme Appraisal process and these shortcomings 
need to be addressed in order for the present consultation exercise to be valid. The 
application of the metrics listed below gives rise to concerns 

‘Costs’ 

The costs cannot be analysed in any meaningful way in the rdWRMP19196

                                                      
196As was the case for the first dWRMP19 documentation, see ref [193]. 

, because of TW’s 
insistence on redacting all significant information because of ‘commercial confidentiality’. 
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There have been some marked shifts in cost indicators such as NPV, AIC etc. during this 
WRMP19 process (as indicated in Section 1.2 of ref [192]) and this has continued between 
dWRMP19 and rdWRMP19. TW responded to GARD’s criticism of the lack of cost 
transparency with the following statement197

TW made similar statements in response to other consultees’ criticism of lack of cost 
transparency (including that of the Environment Agency). However there is no additional 
cost detail anywhere in the rdWRMP, its Appendices or the updated feasibility reports for 
various option types. Appendix I merely provides some overall explanations of the big 
changes in NPV costs for key schemes between the various versions of the Fine Screening 
Report and the dWRMP19. These explanations are only qualitative – there is no new cost 
data. These cost changes have, moreover, continued between dWRMP19 and rdWRMP19.  
A few examples:

 
“We note your disagreement with input data to our programme appraisal. We have updated 
and set out the input data to programme appraisal in the revised draft plan. Costing is 
discussed in an Appendix I to this Statement of Response“ 

198

• unexplained changes in capex NPV, opex  NPV and carbon costs for Beckton 100 
Ml/d Re-use resource since dWRMP19

 

199

• unexplained reduction in opex  NPV  by 40% and AISC  by 30% for the Raw Water 
Transfer from Severn to Thames (with 60 Ml/d Vyrnwy support) since dWRMP19

; 

200

• reduction in capex NPV (by 24%) and opex NPV  (by 10%) merely by renaming 
‘Abingdon 150 Mm3’  reservoir as ‘South East Strategic Reservoir Option – 150 
Mm3’

; 

201

This last change is presumably the result of partnering with Affinity to construct the 
reservoir, with Affinity picking up the rest of the costs. The Affinity dWRMP19 plan (which is 
now superseded, and will be produced in revised form for consultation in January 2019), 
showed a capex NPV for supply of 100 Ml/d from the Abingdon reservoir of £954M

 . 

202. 
Clearly the point made by GARD that this seemed to be excessive203

                                                      
197 rdWRMP19, Appendix F, Statement of Response to Organisations, p 405. 
198 Note: As indicated in sec 10.1, GARD will be making a fuller report on this. 
199 rdWRMP19, Water Resource Planning Tables 2019, London Zone,  v15, June 2018, sheet 5. 
200 dWRMP19. Water Resource Planning Tables 2019, SWOX Zone, v15, June 2018, sheet 5. 
201Ref 200, op cit. 
202Affinity Water dWRMP19, Excel table Pinn CP WRZ4, table 5, Feasible options. 
203 GARD response to Affinity’s consultation on the draft Water Resources Management Plan, June 2018, sec 
2.5, table 1. 

 has led to some 
behind-the-scenes work. The cost to Affinity might now, from ref [202], be inferred as 
around £452M NPV. The most important message here is that the costs should be made 
transparent in one document. TW were explicitly asked to do this by GARD, but have 
refused even this simple request.  
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Another cause of unreliable cost estimates which compromise the assessment of this 
metric, is the downplaying or miscalculation of deployable output (DO) for various options 
in the dWRMP19 and rdWRMP19 proposals.  Again this point was made in ref [192] 
section7,regarding the supported-STT scheme (under-estimated DO),and ref [192] section 
8.2, about the Abingdon reservoir (over-estimating DO). As will be seen from sections 7 and 
8 of this response, these errors of analysis are still perpetrated in the rdWRMP19 document.  

In short, due to a combination of lack of transparency, unexplained shifts in costs, and 
failure to estimate accurately the DO of various sources, we have a complete lack of 
confidence in the ‘validity’ of the Cost Metric. 

‘Adverse Environmental Impact’ and ‘Environmental Benefit’ 

In reviewing the dWRMP19, GARD concluded that a combination of subjective SEA scoring 
and expansion of criteria led to double-counting of benefits and unequal weighting.204

In GARD’s view, the resilience analysis performed by TW of manifestly climate-dependent 
sources (principally the Water Transfers and the Reservoir) still has errors and has not been 
performed to an acceptably rigorous level for the reservoir. The topic of the Abingdon 
Reservoir resilience is discussed in Section 8.1 of this document. As said before, we would at 
least expect to see a full set of stochastic drought simulations for the reservoir, before 
allocating ‘material benefit’ to the reservoir as far as drought resilience is concerned.  The 
Atkins/TW method of ‘averaging’ the yields of the 60 selected droughts simulated in the 
new Atkins work

 We 
also felt that the adverse effects, when labelled as ‘red’ (major adverse) were not 
sufficiently graded to give correct weighting to the scale of the adverse effect. These points 
have not been addressed by TW, and so our lack of confidence in this metric remains. 

Due to the substantial changes already made to the rdWRMP underlying assumptions, we 
call for a revised environmental report to be issued for consultation. 

‘Resilience’ 

205

There have been substantial changes to this metric since dWRMP19.  In the previous 
definition of IGEQ

 gives an entirely false answer for the DO of the reservoir, as discussed in 
section 8.1. We have not had time to analyse TW’s work on the other resilience parameters 
(flood, pollution etc), but the work on droughts gives great concern that this metric overall 
is compromised by the TW analysis. 

 ‘Intergenerational Equity’ (IGEQ) 

206

                                                      
204 Ref [193], sec 11.3 
205 WRMP19 Stochastic Resources Modelling, Abingdon Reservoir, Table 4-1,Atkins, May 2018 (DG10) 
206 dWRMP19, Appendix W – Programme Appraisal Methods, para W.172, January 2018. 

, TW defined the IGEQ value as dependent on the product of an 
“affordable and equitable bill” and figures of merit for the Leakage Reduction and Per capita 
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consumption (PCC) reduction over the programme. Thus maximising IGEQ (a goal of the 
process) depended on strong progress of Leakage Reduction and PCC reduction. Now that 
Leakage Reduction is “company policy” it is “not included in the weighting of this [IGEQ] 
metric “207. In addition PCC reduction is no longer presented to this metric. The reason for 
this latter decision is not clear, as the PCC targets are not similarly constrained (except, as 
we argue in section 3, by TW’s own ambition).  The remaining IGEQ, the affordability for 
present and future generations still omits the issue of mounting Water Company debt being 
passed on to future generations, and the lost Corporation Tax take, both of which result if 
companies over-extend their borrowing to finance huge  capital projects to increase their 
capital asset base. Concerns of this type have been raised previously by regulators.  Ofwat 
reports have stated208

As a result of pressure for more transparency following the first consultation, TW have 
expanded on some of the data input to the Customer Preference metric. A table ofCustomer 
preference for type of options relative to leakage reduction (Table W-18)

: ”…should it [Ofwat] be concerned that some water companies are 
currently geared to a point substantially above the PR09 notional regulatory gearing 
assumption? There are two possible concerns. Firstly, Ofwat may be allowing companies to 
earn an excess (and unjustified) return by permanently exceeding the notional regulatory 
gearing assumption. Secondly, water industry companies may be introducing a higher risk of 
failure through their capital structure decisions, and such a level of failure risk could be to 
the detriment of customers.” Future generations of Customers, or Taxpayers, or both, could 
get saddled with the settling of debt unwisely sanctioned by large capital programmes. 
GARD’s view, reiterated in this response document,  is that this needs taking into account in 
any real IGEQ maximisation.  

 ‘Customer Preference’ 

TW have carried out ‘customer research’ to establish preferences for Option Types and 
Level 4 Restriction frequency (a measure of Drought Resilience). It is praiseworthy to consult 
customers, and especially if this includes an element of customer education about an 
important resource such as water. The material shown to customers has been criticised by 
various stakeholders (in a consultation in March 2017) as being frequently too simplistic, 
and in some cases, to contain ‘leading’ phrases. Not all of these criticisms were taken on 
board by TW.  

209

                                                      
207 rdWRMP19, Appendix W – Programme Appraisal Methods, para W.171, October 2018. 
208See e.g. Ofwat: Cost of capital for PR14, methodological considerations.  (2016) 
https://www.ofwat.gov.uk/wp-content/uploads/2016/01/rpt_com201307pwccofc.pdf. 
209 rdWRMP19, Appendix W, table W-18, page 50. 

gives an 
example of how customer responses can be loaded by the questions asked. We reproduce 
this table in Table 10-2. 
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 Note: From ref [209] 

Table 10-2 Customer preference for option type – normalised to Leakage Reduction 

Table 10-2 clearly shows how the relative customer preference for a Reservoir triples (0.15 
to 0.46) when it is combined with 50% renewable energy generation (there are no explicit 
plans to generate energy via solar power from the Abingdon Reservoir, and indeed its 
construction involves the removal of several existing solar-power arrays). Similarly the 
preference for Desalination doubles (0.1 to 0.18) when coupled with supply by 20% 
renewable energy. Re-use also shows an increase in preference (though not as marked) 
when similarly linked. The question has to be asked as to why the renewable supply is 
limited to 20% by TW’s questions? The UK already exceeds this level of renewable 
generation, and for programmes with implementation in the 2030s and beyond, stopping at 
20% cannot be justified, except by a motivation to limit the favourable ratings of water 
resource schemes which are competitors to the reservoir.  

Another point to take from Table 10-2 is the support for the Teddington DRA, which 
reinforces the argument (made by GARD in section 5 of this response) that the Teddington 
DRA scheme has been dropped too precipitately, without further work to address the 
problems identified by the Environment Agency. 

The results shown in Table W-19  for ‘Option types’  shows that customer preferences 
favour  ‘Demand Management’(100%) options,  with the next favourite option (‘Catchment 
Management’) well behind (41%) and Re-use (26%), Reservoir (15%), Water transfer, 
Desalination, Groundwater and Aquifer recharge (9-10% each) bringing up the rear 
(customers were given a choice of up to three options, so the figures add up to more than 
200%). This is on the basis of being shown slides, which were highly simplistic, at one-day 
workshops or online surveys. The weight which should be attached to this sort of opinion is 
very controversial when set against all the other expert judgements on other metrics.  
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The situation on Drought Resilience is even more problematical. The customer preference210

Unlike the other metrics, Adaptability is not used in Programme Development of 
Programme Shortlisting, but is intended to be used to compare the shortlisted programmes 
as a Programme Selection Tool. Adaptability is used to ‘stress test’ selected programmes. As 
such it is used as a supplement to single-parameter ‘What if’ testing

 
(88.3%) is for the existing level of drought resilience (1 in 100 years Level 4 restriction), with 
only 10% opting for the new regulatory guidance level of 1 in 200 years.  Clearly TW have a 
duty to follow guidance, this gives another reason why they may not be able to weight 
customer preference properly in an un-restricted manner.  
 
‘Adaptability’ 

211.Thus Adaptability is 
not really able to perform the role of establishing true ‘Adaptive pathways’ but is rather 
more akin to a sensitivity analysis or ‘stress test’ on an already-selected portfolio of options. 
TW have developed a hybrid method of Adaptability Analysis based on an extension of the 
UKWIR guidance recommended use of Real Options Analysis (ROA)212 and Adaptive 
pathways Analysis (APA)213

10.3 Issues with the Preferred Programme selection 

. As these methods are applied to programmes selected by 
EBSD+, we deal with their effects on the Programme Selection in the section below, which 
discusses issues with this selection process. 

The assessment of the alternative programmes for the ‘highly complex’ zones of London, 
SWOX and SWA is undertaken using a model known as ‘EBSD+’, a development of the EBSD 
model.   

According to TW: “EBSD+ combines analysis of multiple parameters including cost, with 
single objective optimisation for each successive parameter.  A second search uses a dual-
objective search to find the best solution for each metric within a threshold increase of cost 
from the least cost solution (SCS). A third search finds near-optimal solutions for each 
parameter in relation to the SCS results, approach which is known as modelling to generate 
alternatives (MGA).”214

It is notable at the outset, that EBSD+ cannot deal with the Affinity Water zone receiving 
the TW 100Ml/d supply as a conceptual 4th complex zone. This failure caused by the 

 We can thus see that cost plays a key role in constraining any 
nominally  ‘multi-parameter’ search- the optimisation is not allowed to stray too far from 
SCS (TW state that a threshold default of 120% of least-cost is used as the limit in 
programme development).  This has not changed between dWRMP19 and the revised plan. 

                                                      
210 rdWRMP19, Appendix W, table W-21, page 52. 
211 rdWRMP19, Appendix W, para W.198, page 52. 
212 Atkins, Possible Application of Real Options Analysis to Thames Water’s revised draft WRMP19, Sept 2016, 
213 Kingsborough and Hall, Urban Adaptation Planning, Adaptation Pathways for Water Resources, Jan 2015. 
214rdWRMP19, section 10, para 10.35, footnote 10, page 11 



136 
 

inability, at this point, to import the required data from the Affinity plan essentially fixes the 
supply date and magnitude and cripples the analysis. 

Step Action Problems 
1. Collation 

and 
Validation 
of Input 
data 

• Input baseline supply-demand balance (incl. 
headroom). 

• Input metrics on range of water resource 
options (cost, environmental impact etc) 

• Input Demand Management Plan as per 
company policy (DMP). 

• Input uncertainty parameters for each 
water resource option. 

• Lack of transparency to verify cost 
metric. 

• Several errors in DO for resource 
options215

•  Leakage and PCC reduction 
programmes effectively omitted from 
variable date status – by ‘company 
policy’. 

 

2. Develop  
programs 

 
 
 
 
 
 

 

• Optimise to find solutions for three 
scenarios: 
- Baseline (step 2a); 
- Baseline + 1:200 year drought resilience 
(step 2b); 
- Baseline + 1:200 yr resilience + Water 
Transfers (step 2c). 
 
Steps 2a, 2b and 2c  are divided into: 
- Least Cost programme  (lowest long-term 
NPV) – this assumes ‘company policy’ for 
SELDM. [SELDM216

• Complete absence of cost 
transparency for stakeholder 
assessment.  

 analysis for variation of 
Leakage and PCC reductions is only done 
once – explicitly in step 2a. 
- Consideration of Reasonable Alternative 
Programmes (RAP) for each step (within 
120% of cost for Least Cost). 

• Errors in DO ripple-through to this 
stage. 

• Subjective SEA scoring; expansion of 
criteria leads to double-counting of 
benefits and unequal weighting. 

• Constraints on Customer Preference 
range due to regulatory compliance. 

• Incomplete and error-prone drought 
resilience analysis. 

• SELDM Analysis, not used except to 
point out ‘company policy’ on 
Leakage/DM, which is not justified on 
costs (fig 10-8 of rdWRMP19, sec 10 
refers) – or submitted to IGEQ 

• IGEQ metric too narrow ( sec 11.2) 
• Only ‘Water Transfer’ is to Affinity 

Water – fixed date & magnitude. 
3. Validate 

outputs 
• Uses Polyvis tool. • Good way of displaying, visualising, 

and sharing results. Does not guard 
against ‘rubbish in – rubbish out’  

4. Shortlist 
and Test 

• RAPs taken forward for step 2c ONLY. 
• SEA programme-level analysis. 
• ‘Option uncertainty’ applied to SOME 

OPTIONS. 
• Adaptability testing  across scenario 

variations 
• ‘What if’ testing against single uncertainties 

• Ripple-thro of biased Environmental 
analysis. 

• Option uncertainty not applied to  
Reservoir and STT. 

• Adaptability analysis is skewed on 
certain issues. 

• ‘What-if’ testing is also skewed, and 
no ‘what-if’ on transfer to Affinity. 

Table 10-3 Steps in the EBSD+ programme optimisation process 

Table 10-3 summarises some of the issues that arise with this optimisation/ shortlisting/ 
testing programme. We have been into some detail in Section 10.2 about the validity of the 
metrics and we will not waste time in labouring the inconsistencies these lead to in the step 

                                                      
215Sections 6, 8 and 9.1 of this response. 
216 Sustainable Economic Level of Demand Management. 



137 
 

2 processes. This is a subject for GARD’s further submission. Instead below we focus on the 
shortcomings and biases of the Shortlisting and Testing process. 

Shortlisting 

TW start this process by selecting 6 programmes to take forward to the performance testing 
in step 4. Apart from ‘Least Cost’, these purport to favour:217 intergenerational equity 
(Max_IGEQ), resilience alongside cost (Multi-obj_RES), customer preference for ‘frequency 
of restrictions’ alongside cost (Multi-obj_FP), resilience within 120% of least-cost 
(NearO_RES) and customer preference for ‘option type’ within 120% of least cost 
(NearO_TP).  There is no objective justification for this grouping. The six programmes are 
taken from 20 programmes all of which meet or exceed the water available for use (WAFU) 
target of around 900 Ml/d (including the 100 Ml/d for Affinity).218Table 10-4 shows the 
metrics associated with this selection219

 

 in a cutting from table 10-18.  

Table 10-4 Six shortlisted programmes – summary of metrics 

If one had no prior knowledge of the programme ‘favouring intergenerational equity’, one 
would never guess from IGEQ values, as this programme has only the fourth highest IGEQ 
value.  

The Customer Preference values are almost identical, whatever the supposed optimisation 
to favour them. In the response to dWRMP19, we highlighted the lack of movement of this 
metric, and its spuriously accurate valuation to 2 decimal places, effectively a few parts in a 
thousand. In the dWRMP19 process the lack of movement was due to management 

                                                      
217 rdWRMP19, Section 10, para 10.237 
218 rdWRMP19, Section 10, figure 10-12, p.53 
219 rdWRMP19, Section 10, page 55 – taken from table 10-8. 
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constraints on the Leakage and PCC values which were allowed to be input to the 
optimisation. For dWRMP19 these were too low, as in that document, TW were failing to 
meet even the basic Ofwat targets, and were set by management fiat to be constrained at 
low values. For this revised plan, TW have achieved the same shackling of Customer 
Preference by having the high Leakage Reduction target set as ‘company policy’ and hence 
not input to EBSD+. 

The Environmental Metrics of the ‘NearO_TP’ programme are barely credible when one 
considers that this programme includes both a 150 Ml/d Desalination Plant and a 150Mm3 
Reservoir. 

There is effectively almost no distinguishing the Deliverability values of the six programmes, 
but at least the Resilience metric seems systematically to behave as expected. 

It is from this very shaky foundation that TW continues to build an edifice which, when 
examined in detail can be seen to betray its origins in disputed costs and other metrics, 
coupled with hampering of true optimisation by imposed conditions such as the ‘company 
policy’ Leakage programme and the sacrosanct date and magnitude of the Affinity supply. 

 Note that the Environmental Metrics do not include an environmental assessment of the 
consequences for the Affinity zone, let-alone an examination of the alternative ways of 
supplying the real needs of Affinity, other than implementation of either the Reservoir or 
the STT. As indicated in section 4 of this response, there are in fact many other ways of 
supplying the Affinity real deficit, of some 60 Ml/d by the 2050-60 timeframe. Note also that 
the Reservoir costs are partly hived-off to the Affinity programme (as indicated in Section 
10.2 above), yet the STT costs are not similarly divided. This compromises the cost metric in 
a double-fashion. 

SEA Review 
The shortlisted programmes are subjected to a programme-level SEA Review. Although this 
is trailed as a further testing step, since it merely repeats the SEA of the individual schemes, 
with all the associated problems of bias, it is not surprising that the three programmes with 
the highest ‘Environmental Negative’ metric values in table 10-4 come out as worst on this 
scoring. These programmes, ‘Multi-obj_RES’, ‘Multi-obj_FP’ and ‘NearO_RES’, are however 
the three programmes which deliver WAFU values considerably greater than required, 
figure 10-12 (ref [218]) shows that they deliver 1150 Ml/d or more, at least 25% more than 
even TW’s loaded Demand deficit has specified. The step of further examining these over-
supplying programmes to pare back supplies from one or more major schemes does not 
appear to have occurred to the programme optimisers. There are missed opportunities 
here in trading off smaller STT, or losing the most environmentally problematic elements of 
the STT support, or commissioning a smaller reservoir, which could be used in tandem with 
a minimally-supported STT. The list is substantial, but definitely not endless, and this step 
needs to be carried out or the whole optimisation process is fundamentally flawed. 
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Individual schemes are then given ‘uncertainty headroom’ of 5% which is added to the 
total headroom.  

GARD is not convinced that this is a valid move. Especially as it is not added to all schemes, 
the Reservoir and STT DO uncertainties are deemed to be well-enough analysed not to 
require extra headroom. As discussed in Section 10.2, GARD’s analysis in the Sections 7 and 
8 of this response shows that we have serious doubts about the DOs calculated by TW’s 
analysis. 

Adaptability Analysis 

 The uncertainties used by TW in their Adaptability analysis against differing future scenarios 
are shown in Table 10-5, copied from Table 10-19 in the rdWRMP section 10. 

 

 

Table 10-5 Uncertainties tested in TW Adaptability Analysis220

As we show in Section 2.1 of this response, the TW population predictions are still well over 
the true ONS2016 ‘High’ scenario by 2045, due to the use of Local Authority plans. The 
population should be tested against these ‘true’ high and low variants of ONS2016, used 
from the outset of the prediction period of 2019-2100. This artificial selection of a higher 
potential population is a bias of the analysis. Also, the Leakage uncertainty should be of a 
+/- nature. A future is needed in which technology enables TW to improve on the 50% 
reduction by 2045, and continue to reduce leaks out to 2100. Finally, the inclusion of more 
potential WRSE transfers, when there are no declared customers, is dignifying commercial 
speculation by attempting to make it look like a programme optimisation. On the contrary, 

 

It is easy to see how the alternative datasets, giving alternative futures, are biased towards 
making the deficit seem as large as possible, and hence to favour over-investment in large 
projects.  

                                                      
220rdWRMP19, Section 10, page 61. 
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as we show in section 4 of this response, the actual needs of Affinity need to be tested as 
being smaller (60 Ml/d) as well as later (2060) – to give a counter scenario to the imposed 
value which has never been subjected to any optimisation via a programme of schemes to 
satisfy the need. Further, the anticipated 80% return rate of the Affinity abstraction to the 
Thames, and hence to re-abstraction by TW’s London reservoirs, should be included in the 
alternative scenarios. 

Another problem with the Adaptability Analysis is that the sensible choice of path branch 
points at 5 year intervals is compromised by the presence in the analysis of a major capital 
programme (the Reservoir) which has a project-duration across 3 branch point dates, and is 
constrained in some programmes by an artificial target start date. The Reservoir, once 
started, will not somehow be stopped, or phased, if an unexpectedly low deficit future 
emerges over what is a long timescale, equivalent to the separation of, e.g. the oil crisis of 
1973-4 and the fall of the Berlin Wall in 1990.  

The analysis allows the addition of new sources to the shortlisted programmes if futures 
become more challenging. However, the addition of, e.g. a reservoir, to the programmes 
that initially either omit a reservoir entirely (‘NearO_RES’), or feature one at a late date (e.g. 
‘Multi-obj_RES’, which has a 150 Mm3 variant in 2063), must only be done using either the 
125 Mm3 or 150Mm3 variants. This is complete overkill, and merely encourages the building 
of wasteful and permanently damaging infrastructure. The provision of a smaller reservoir 
(say 50Mm3 with DO around 100 Ml/d) is never considered, in spite of its considerable 
environmental advantages over a larger reservoir scheme. The addition of the STT is much 
more modular, even with TW’s unnecessarily restrictive thinking on this programme. 

With these considerations, it is not surprising that the cost variability of all the six shortlisted 
programmes show considerable ‘tails’ to higher costs in their probability density plots once 
they have been through this Adaptability process.  This gives rise to serious misgivings about 
the utility of this methodology.   

‘What-if’ scenario testing 

This subjects the programmes to the effect of a single parameter variation (e.g. earlier 
climate change effects, variation in leakage reduction, population variation etc.). The 
parameter variations chosen for study betray many of the same biases as the Adaptability 
datasets. Examples are: only new (fictitious) WRSE transfers are considered; only under-
achievement on leakage is considered. On the other hand, the population variation and PCC 
variations are more equitable, and what-ifs without a Reservoir are considered. However, 
no general conclusions on this type of variations are made, so we do not consider these 
further.  
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10.4 Evaluation of programmes with IRAS_MCS 

According to TW, “IRAS_MCS is a system simulation model that is able to examine 
performance across a wide range of drought return periods. Specific metrics have been 
developed to show how each run performs against Level 3 and Level 4 service failure and 
recovery times.”221

The IRAS_MCS metrics developed to evaluate programmes are shown in Table 10-6, taken 
from the Table W-11 in the rdWRMP

 

The IRAS_MCS analysis considers the development of programmes which only meet the 
‘WRSE’ transfer requirements (i.e. the Affinity ‘need’ for 100 Ml/d in 2039). The IRAS 
software is an open-source water resource management tool, and for this analysis tracked 
the performance of the Thames and Severn catchments across generated weekly time-
series. The links to Affinity (as shown in Appendix W fig W-10 of the rdWRMP) still seem to 
be rudimentary. 

222

                                                      
221 rdWRMP19, Section 10, para 10.296. 
222 rdWRMP19, Appendix W, page 24. 
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Table 10-6 IRAS_MCS performance measures 

• From this list we can already see issues with the evaluation: 
 only TW metrics are considered, with the exception of ‘WRSE supply’ – which is now 
‘maximised’ – no consideration of Affinity’s real need – not even the disputed 100 
Ml/d, there is no consideration of Affinity’s totex or environment or Resilience; 

• no consideration of IGEQ or Customer Preference or Deliverability; 
•  SWOX supply from Abingdon UTR and STT is also ‘maximised’ – although the EBSD+ 

analysis showed that the SWOX zone does not actually need any supply from these 
sources even under the ‘Baseline + 1:200yr Resilience + 100 Ml/d to Affinity’ 
scenario. 

 
This process whatever the undisputed power of the software, is essentially an exercise to 
maximise commercial ‘out of area’ potential of whatever is developed. 
 
‘Totex’, and the ‘Environmental Benefit/Disbenefit’ metrics map directly onto the ‘cost’ and 
‘Environmental Benefit/Disbenefit’ metrics of the EBSD+ optimisation, so the input data 
problems remain. 
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On the other hand, the ‘Resilience’ metric of the EBDS+ analysis is now expanded and has 
more potential by being split into ‘Recovery Time’, ‘Level 3 Reliability’ and ‘Level 4 
Reliability’ – this is a real step forward. 
 
The omission of the Affinity zone metrics from this optimisation is a real missed opportunity 
to get a meaningful assessment of the linked multi-company system. GARD believes that 
the Regulators should ask TW to repeat this analysis with a more comprehensive and less-
skewed set of metrics and a more thoroughly peer-reviewed set of cost and environmental 
impact input data.  

Some remarks on the IRAS_MCS evaluations 

From work by Atkins and HR Wallingford, 153 stochastically-generated 80-year future flow 
scenarios were subjected to a multi-step optimisation: 

• generation of portfolios without a schedule of investment; 

• ‘good’ investment portfolios which reflect the EBSD+ programs are selected for 
scheduling optimisation using expert judgement (Polyvis used at this stage); 

• IRAS_MCS then takes the portfolios thus produced and optimises against an 
ensemble of Future Flows scenarios,223

We note again that the portfolios include only the ‘company policy’ demand management 
and leakage programmes, capped in WAFU benefit, and only the two largest reservoir 
options (125 and 150 Mm3 sizes), and hence the true optimisation, already compromised, is 
further disabled. 

Some evaluations 

The final selection of the preferred program is still with EBSD+, and the conclusions on the 
IRAS_MCS are really used in the documentation to support the existing prejudices of TW at 
the outset. As a result, the presentation of the data in section 10 of the rdWRMP is heavily 
spin-based. 

that reflect the changing climate and natural 
variability of flow conditions. This produces the ‘best’ order in which to develop 
options in five-year AMP periods. 

However, there are some interesting points to draw from the data presented. Figure10-1 
shows the WAFU and WRSE supply for the 66 optimised portfolios, plotted against Level 4 
failure return period. This is copied from Figure 10-21 of the rdWRMP.224

                                                      
223Prudhome, C. et al, Future Flows Hydrology: and ensemble of daily river flows and monthly groundwater 
levels for use for climate change impact assessment across Great Britain. Earth System Science Data, 5, 101-
107 (2013) 
224 rdWRMP19, Section 10, page 71. 
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Note: from ref[224] 

Figure 10-1 IRAS_MCS Programmes, WAFU and WRSE supply ranked by Level 4 return   

 
As a ‘spin-example’, TW point out that “ …the reservoir is selected on every run. 

Desalination is chosen 92% of the time. As the resilience to L4 increases, the Severn-Thames 
Transfer is chosen (85%) and then water re-use (47%).”225

• ALL feature Desalination; 

. This maintains the ‘resilient’ and 
‘no regrets’ mantras that TW have as part of their sound-bite message on the reservoir. 
However, as we see from Figure10-1, approx. 19 of the 66 programmes have L4 return 
periods more frequent than 1:200 years, and are therefore of no interest to the 
‘Baseline+1:200 yr Resilience +100 Ml/d Transfer to Affinity’ criterion that has been 
established. Of the approximately 47 programmes remaining: 

• ALL BUT ONE (with a Return period exceeding 633 years) feature an STT (ie. >97%). 

The results shown do not give any reason for distinguishing between the Reservoir, 
Desalination and STT. Indeed, there is no reason to distinguish between a Reservoir with 
125Mm3 (‘one zone’) and 150 Mm3 (‘two zone’) capability, in the most interesting 1:200 
year to 1:300 year failure-rate band.  
 
This lack of real justification and inappropriate focussing on the corporate goals of TW, 
rather than the facts, continues with data presented to show how IRAS_MCS ‘underscores’ 
                                                      
225 rdWRMP19, Section 10, para 10.301. 
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the scheduling assumptions built a priori into the TW candidate programmes. Figure 10-2, 
taken from the rdWRMP section 10,226

 
Note: (taken from fig 10-22 of the rdWRMP) 

shows the Level 4 failure return period variation of 14 
schedule permutations taken from one of four selected programmes of the 66 displayed in 
Figure10-1. 
 

Figure 10-2 Variation of resilience (Level 4 failure return period) for 18 scheduling 
permutations from ‘Portfolio 14655’, one of the 66 programmes shown in Fig 10-1  
 
There are 120 different permutations of the scheduling of 6 component options (Demand 
Management Policy – DMP; Reservoir; Re-use at Beckton; Desalination at Beckton; STT and 
Oxford Canal) ie. 5x4x3x2x1 – given that DMP always has to come first. It is not clear why 
only 18 are shown. Be that as it may, this portfolio has 5 schedules in the 1:200 to 1:400 
failure range, and only one of these requires the 2-zone reservoir before 2050 (ie. the date 
corresponding roughly to the original dWRMP19 Preferred Plan). It is clear that the data are 
not so ‘on-message’ as TW would like to portray.227

We have to take it on trust that the sum total of the findings from the IRAS_MCS 
optimisation process supports the rationale for the Preferred Plan. As the above examples 
and the conclusions derived from them are not so clear, and indeed might be deemed to 

 
 

                                                      
226 rdWRMP19, Section 10, page 72. 
227 TW’s own conclusion on this graph focusses on the reservoir being selected for the 2035-2045 band for 
return periods in the 1:500 to 1:1000 range. At this stage this band is out of the preferred plan selection 
specification. 
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undermine the Preferred Plan rationale, GARD concludes that the IRAS_MCS optimisation is 
still ‘work in progress’ and requires much more independent Peer Review.228

10.5 Selection of Preferred Programme 

 
 

There are many pages devoted to the discussion of the final steps from the RAPs to the 
Preferred Programme. In reality however, the explicit decisions made up front in this 
process: 

• to fix the Leakage Reduction to a 50% level by 2045 as ‘company policy’;  

• to fix the Leakage Reduction and PCC gains at 2045 to the end of the century; 

• to drop, rather than work on problem-solution for, the Teddington DRA scheme; 

• to use the 2037 date as the driver for a major upper Thames resource to supply the 
‘needs’ of 100 Ml/d transfer to Affinity Water; 

 essentially fix the outcome of the Preferred Programme. The only remaining true variable 
(if these are accepted, which of course GARD strongly disputes), is the selection of either the 
UTR or the STT to supply the needs of the middle Thames229

A summary of our criticism of the component aspects of the Appraisal and Selection process 
is given below in Section 10.6. At this point we note however, that this process has yielded a 
very large surplus in the SWOX zone for many years, being in excess of 150 Ml/d for at least 
20 years (2035-55).

 and London. The evaluations of 
the costs, Deployable Outputs, Environmental Benefits/Disbenefits and climate change 
resilience of these two competing schemes, are thus of crucial importance in the selection 
of the final Preferred Programme. 

230

The over-estimation of the Affinity need, via the mechanism of ignoring the returning flows 
to the Thames (roughly 80% of the Affinity take) helps to disguise the fact that the new STT 
supply options brought in the 2080s, help not just to keep the supply to Affinity, as the 
London deficit grows, but also to keep the reserve of surplus water to supply other water 
companies in the South-east. This is particularly the case given the likely serious under-
estimation of the STT DO, as demonstrated in section 8 of this response. 

This is even allowing for a transfer of 100 Ml/d to Affinity. Given the 
over-estimation of Affinity Water’s true net needs (section 4 of this response), which shows 
that less than 60 Ml/d is needed up to the 2080 timeframe, there will be a huge surplus to 
support the TW long-term south-east market dominance. 

                                                      
228 At this point it is to be noted that the member of the Independent Panel with the expertise to assess 
IRAS_MCS is Professor Julien Harou of Manchester University, the developer of IRAS_MCS, It is not a criticism 
of Professor Harou to point out that his would not be an independent Peer Review. As an eminent engineer 
who has many publications to his credit, he will see the point that independent Peer Review should be done 
on the same basis as it would be by a scientific journal, ie. not involving an author.  
229 Note not the SWOX zone, which has no benefit from the Upper Thames source. 
230 rdWRMP19, Section 11 ‘Preferred Programme’, fig 11-3, page 26. 
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10.6 Summary of objections on Programme Appraisal and Selection 

Overall, the Thames Water Programme Appraisal and Selection Process is not fit for 
purpose. This does not arise from the optimisation software programmes used (EBSD+ and 
IRAS_MCS), but rather from TW’s process using them. 

Input data to calculate the metrics used in the EBSD+ analysis, is compromised by: 

• costings which are not transparently presented and which are subject to regular 
unexplained shifts; 

• Deployable Outputs from schemes which are subject to errors of calculation and 
faulty resilience-analysis inferences; 

• selective cost-splitting for ‘upper Thames’ resources, with the cost for reservoir 
options being split between TW and Affinity programmes, whilst the equivalent 
Severn-Thames Transfer (STT) costs are borne entirely by the TW programme; 

• subjective SEA assessments, which double-count notional ‘benefits’ and have 
insufficient graduation for adverse impacts; 

• removal of the leakage and demand management programmes from the 
Intergenerational Equity (IGEQ) metric, and the lack of social costs in IGEQ; 

• the loading of questions in Customer Preference surveys. 

The optimisation process using EBSD+ is compromised by: 

• the inability to optimise the Affinity supply zone as a fourth zone alongside the 
London, SWOX and SWA zones, the Affinity costs, environmental assessments and 
resource and demand management programmes are not available for optimisation, 
and are treated as fixed steps in the programme development, this is a serious flaw; 

• the imposition of the ‘company policy’ leakage and demand management 
programmes, as fixed inputs in the process (these effectively provide more than half 
the water deficit for the London zone). 

The Adaptability Analysis is skewed by: 

• the bias in the future scenario selection, which allows testing against only potentially 
increased supply to ‘ ’, under-achievement of leakage reduction targets, accelerated 
climate change, and underplays effects of likely population over-projection up to 
2045; 

• the inability to cope with a project like the SESRO, which has a time span (12-15 
years) much longer than the time between adaptability pathway branch points (5 
years); 
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• the restriction in the size range of reservoir projects which can be added to 
programmes to prevent failure to include only the SESRO large projects (the 125 and 
150 Mm3), thus omitting any chance of optimisation via trade-off between projects 
of different phase-ability. 

As result, programmes which end up with a significant over-provision of large water-
resource projects are favoured. The ‘What-if’ scenario testing shows a similar bias towards 
higher-deficit scenarios.  

The IRAS_MCS system simulation and programme development suite has great potential as 
it can link climate and hydrological data from separate river basins and potentially from 
different companies. As used in the rdWRMP process by TW, the programme development 
is flawed, in some cases seriously, by: 

• the optimisation of only TW-related cost, environmental impact/benefit and 
resilience metrics – Affinity’s zone is left out of consideration, once again being a 
fixed input; 

• as with EBSD+, the imposition of the ‘company policy’ leakage and demand 
management programmes; 

• the use of the cost and environmental metric data as with the EBSD+ optimisation, 
with the same identified problems; 

• the goals to maximise the supply to WRSE and to SWOX from upper-Thames 
resources (regardless of need).   

Once again the push towards over-provision, with the attendant problem of the generation 
of ‘stranded’ or ‘white elephant’ resources, is evident. 

 

 

 

 



 

 

 

Appendix A – Drought comparisons for Thames and Severn 



 

 

 

 

Examples of historic droughts when Severn flows recover faster than Thames in Autumn 



 

 

 

 

Examples of historic droughts when Severn flows recover faster than Thames in Autumn 
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Note: map copied from EA’s Operating rules for River Severn supply system (February 2012) 

Figure 1 - Location of major water supplies and gauging stations 
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Summary 

This review examines the evidence that HR Wallingford have used to justify the high loss 
assumptions in Thames Water’s analysis of supported STT options and which appears to 
have justified the Environment Agency’s suggestion that abstraction of regulation releases 
at Deerhurst would not be permitted on a “put-and-take” basis.  

My conclusions from examination of HR Wallingford’s evidence and my own analysis are: 

1. HR Wallingford have grossly over-estimated a 38% loss at Bewdley during the 
regulation event in September/October 2003. Their over-estimate is probably due to 
an incorrect assessment of underlying baseflow. 

2. HR Wallingford have grossly over-estimated the losses at Bewdley in eight other  
regulation events in the period 2000 to 2012. Their finding of an average 43% loss, 
and some losses of 50-60%, should be rejected. Their report provides no detail of the 
events selected or their analysis. However, HR Wallingford themselves admit that 
there only a small number of events suitable for analysis, so their selected events 
may not have been suitable for analysis. 

3. My own analysis has found only 10 events in the period 1975-2016 that are suitable 
for analysing losses. Only four of these are in the period 2000-2012 assessed by HR 
Wallingford. I have assessed losses in the lower Severn at Deerhurst or Saxons Lode, 
as well as at Bewdley and Buildwas. I have found that losses average 5-10% at all 
three sites. The highest assessed loss from three sites and 10 events was 17%. 

4. The main difference between my analysis and HRW’s appears to have been in the 
assessment of underlying baseflow. My assessment presents the detail of the 
baseflow assumption for each site and all events, showing the evidence from the 
gauged record to justify the selected baseflow. HR Wallingford’s report has provided 
no evidence to justify their baseflow selection or their calculated loss. 

5. HR Wallingford have said that the lower gauged flows at Bewdley compared to 
Buildwas provide evidence of significant losses between Buildwas and Bewdley. My 
analysis has shown that the lower gauged flows at Bewdley are caused by water 
supply abstractions, not losses. 

6. There is some uncertainty over the use of the Deerhurst flow record for loss 
assessment in the lower Severn, but the Saxons Lode gauge appears a reasonable 
substitute for assessing losses. 

7. A loss of 10% for abstraction at Deerhurst of releases from Vyrnwy reservoir would 
be a reasonable basis for assessing the deployable output of supported STT options. 
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The findings of this report should be independently assessed by the Environment Agency. If 
my loss assessment is found to be reasonable, on the basis of the available evidence, a 10% 
loss should be assumed for assessing STT options in the draft WRMP, with no “put-and-
take” restriction.  

The draft WRMP should recognise that there is some uncertainty in the loss assessment. 
However, this can be resolved as soon as there is another dry summer to investigate losses 
through “off/on” releases similar to the event of October 1985, which provided strong 
evidence of losses much lower than those suggested by HR Wallingford. In that event, a 
consistent pattern of flow changes and low losses can be seen in the upper, middle and 
lower Severn (see the three plots for Event No 1 on page 23 of this report). The flow 
changes and losses in the lower Severn at Saxons Lode are illustrated below: 

 

Example of release “off/on pattern” demonstrating low losses 

It is unfortunate that Thames Water have chosen to accept HR Wallingford’s finding of high 
losses and not taken the opportunity of a very dry summer in 2018 to check losses through 
field trials in “off/on” events similar to that illustrated above. This should be rectified at the 
first available opportunity. 
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1. Introduction 

1.1 Background 

Thames Water have published a revised report on losses in the River Severn of support 
water for the Severn-Thames transfer (STT)1

 

HRW’s revised report appears to have been intended to address GARD’s criticism in our 
response to the dWRMP.  In this we said that HRW’s report failed to address the 
fundamental water balance behind any losses, but made vague and unjustified suggestions 
that the losses could be much higher than feasible from consideration of the water balance. 
Thames Water’s response on page 390/391 of their statement of response said: 

The report has since been refined by HR Wallingford between the draft and the revised 
draft WRMP following ongoing discussions with the relevant water companies, the 
Environment Agency and other stakeholders. This is part of ongoing work to refine the 
Severn Thames Transfer options and to inform further work to support potential 
feasibility and future operation of the scheme. The question the HR Wallingford (2018) 
report was addressing was if a release was made as part of a supported STT scheme, 
how much would Thames Water be able to abstract at Deerhurst, and with what degree 
of certainty? 

Although Thames Water say that refinement of the report involved discussions with 
stakeholders, there has been no contact with GARD to discuss our previous concerns. 

In previous assessments of supported STT options, it has been assumed that there would be 
a 10% loss in water released from Vyrnwy prior to abstraction at Deerhurst for the STT. This 
is considered by GARD to be a reasonable upper limit on what losses might occur, 
particularly when compared with the 2% losses assumed by Thames Water for transfer of 
Abingdon reservoir down the Thames to Teddington.  

. The revised report was dated 9th October 2018 
and it was put on TW’s web-site without informing stakeholders. The document history is 
stated at the front of the report: 

Following HRW’s latest report, 20% losses have been assumed by TW in assessing the 
hydrological and economic viability of all supported STT options. The EA have proposed that 
TW should consider losses of up to 30% and have also said that abstraction at Deerhurst 
could not be on a “put-and-take” basis. This would mean that when Severn flows at 
Deerhurst are below the hands-off flows, no abstraction to the STT would be allowed, 

                                                      
1 Supported Severn Thames Transfer Scheme Losses. HR Wallingford, version 4, 9th October 2018 
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regardless of the amount of support water released further up the River Severn from 
Vyrnwy reservoir or other sources – in effect, the EA are suggesting a precautionary 
assumption of 100 % losses when additional water is released into the Severn at times when 
the gauged flow at Deerhurst is less than the 1850 Ml/d hands-off flow, ie for many weeks 
during major droughts. 

Therefore, the latest findings of HR Wallingford have a profound and negative impact on the 
viability of supported STT options. 

1.2 Scope of this review 

Section 2 of this review examines the evidence that HR Wallingford have used to justify the 
high loss assumptions in Thames Water’s analysis of supported STT options and which has 
led to the Environment Agency suggestion that abstraction of regulation releases at 
Deerhurst would not be permitted on a “put-and-take” basis: 

• Section 2.1 reviews HR Wallingford’s evidence for a supposed 38% flow loss during a 
regulation release in September/October 2003. 

• Section 2.2 looks at HR Wallingford’s evidence of perceived flow losses averaging 
43% during 9 selected regulation events between 2000 and 2012. 

• Section 2.3 describes my analysis of 10 regulation events between 1975 and 2016, 
showing that average losses were less than 10%. 

• Section 2.4 considers the reliability of the Deerhurst gauge and the suitability of the 
Saxons Lode gauge for assessing losses in the lower Severn. 

• Section 2.5 examines HR Wallingford’s evidence for high losses between Buildwas 
and Bewdley, based on analysis of gauged flow records. 

Section 3 draws some conclusions and makes recommendations for the investigation that is 
needed to confirm the amount of loss that should be allowed for in assessing Severn-
Thames transfer options. 
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2. Evidence of flow losses  

2.1 HRW’s 38% loss estimate using data from September/October 2003 

HR Wallingford have given major prominence to an estimated 38% of loss of regulation 
releases above Bewdley in the period 26th October to 9th October 2003. In my opinion, the 
derivation of the 38% loss is unreliable and it is likely to be a gross over-estimate for the 
reasons explained below. It was the only loss figure quoted in the summary of the February 
2018 version of HR Wallingford’s report and again in the latest report version which says: 

An estimated loss of 38% has been estimated from a release from Vyrnwy during a low 
flow period at Deerhurst. Significant losses occur upstream of Bewdley that can have the 
effect of reducing absolute flow at a downstream gauging station. 

Then, as their main conclusion in the report summary, HR Wallingford say: 

“  it is recommended that before undertaking any further data collation and modelling of 
the potential losses, an assessment of the robustness and sensitivity of a STT scheme 
across a range of higher loss assumptions, such as 20%  and 30%, should be undertaken. 
Using these values, considered more representative of the scale of losses that might be 
expected, will provide a better understanding as to the influence of the loss assumption 
on the potential benefits that the STT scheme would provide compared to other available 
options.” 

On page 56 of the main report, HR Wallingford describe how the 38% loss was derived, 
referring to the lower plot in their Figure 3, which is copied below: 

 

Figure 2 - HRW presentation of data used to justify the 38% loss estimate 

HR Wallingford’s evidence for the 38% loss, using the data displayed above, is as follows: 

“Similar to the 1996 period, there is a distinct period of loss downstream of Bewdley in 
Period A (26/09/2003 to 09/10/2003, highlighted by the grey box). There is a clear 
distinction in flow pattern between Montford and Buildwas, and Bewdley, Saxons Lode 
and Deerhurst. The volumetric loss at Bewdley has been estimated as approximately 38% 
(456 MI) of the reservoir release from Clywedog and Vyrnwy over Period B (27/0912003 
to 02/10/2003, highlighted by the yellow box). This was estimated by summing the 
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reservoir releases at Clywedog and Vyrnwy and subtracting the volume increase at 
Bewdley (calculated from baseflow separation and integrating for total volume). It is 
understood that "natural" baseflow will be lower than that determined through baseflow 
separation of the managed flows at Bewdley, however, this is considered a reasonable 
estimate given the data available. 

In my opinion, HRW have not taken proper account of all the factors affecting flows in the 
period. In particular, use of the gauged flow record (ie the ‘managed flows’ that are 
distorted by regulation release changes) and a standard baseflow separation technique will 
inevitably lead to an unrealistic derived baseflow. Consequently, their assessment of the 
baseflow, which is crucial to the 38% loss estimate, is not a “reasonable estimate”, but is 
likely to be wildly inaccurate. In Figure 3 below, I have re-presented some of the data that 
HRW shown in Figure 2 above: 

 
Notes:  1. All gauged flow and rainfall data are downloaded from the NRFA web-site 
 2. Computed baseflow (green dashed) uses the Institute of Hydrology baseflow separation tool and 
     gauged flows 
 3. Red dashed baseflows sketched by eye 
 4. Release travel times assumed to be 3 days for Clywedog and 2 days for Vyrnwy 

Figure 3 - Factors affecting estimation of losses in Sep/Oct 2003 

There was a late summer and autumn drought in 2003, interspersed with a few short wet 
periods. Consequently, regulation releases were needed intermittently to maintain the 850 
Ml/d prescribed flow at Bewdley. The complexities of the period that HR Wallingford have 
chosen as the source of their 38% loss estimate are shown on Figure 3: 

• The rain from 6-11 September caused the switch-off of Clywedog regulation on 13 Sep 

• The peak flow from that rain was suppressed by falling regulation 
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• When Vyrnwy regulation started on 16 Sep, flow rise was cut by underlying recession 

• The rise from the 9mm of rain on 22 Sep was cut by Clywedog switch-off on 25 Sep 

• The rise in flow from resumption of Clywedog regulation on 27 September was 
suppressed by recession after the 9mm of rain on 22 September 

• The rain on 22 September distorted the computation of the baseflow (green dashed 
line), causing a rise in computed baseflow and  masking the underlying natural 
recession 

HRW’s calculation of the release loss from 22 September to 3 October is said to have 
assumed a computed baseflow. This is bound to have been distorted by the 9mm of rain on 
22 September, leading to a large overestimation of the loss – see also later Figure 4c).  

HRW’s 38% loss estimate may also be affected by the travel time assumed for Clywedog 
releases. Table 7.7 of HRW’s report quotes evidence of a 57 hour travel time between 
Vyrnwy and Bewdley. Clywedog is more distant so the travel time will be longer. Travel 
times will vary according to the underlying river flow, so may need to be adjusted by +/- one 
day to give a best visual fit to each event examined. In the period shown in Figure 3, 3 days 
for Clywedog and 2 days for Vyrnwy give the best fit. Use of a 2-day travel time assumption 
for Clywedog releases would lead to a large over-estimation of the loss, as shown on later 
Figure 4b). 

In these circumstances, estimation of the regulation losses between 26th September and 2nd 
October is difficult and prone to error. The major unknown is the underlying rate of 
baseflow recession following the 9 mm of rain on 22nd September. Figure 3 above shows 
two alternative recession rates (2 red dashed lines) – they would give widely different loss 
estimates.  

Figure 4 on the next page shows alternative estimates of flow losses at Bewdley using 
different base flow recession and release travel time assumptions. It also shows the effect 
changing the assumed travel time for Clywedog releases from 3 days to 2 days. 

In Figure 4a), the rate of base flow recession, subsequent to 26 September, has been 
sketched in by eye. The 9 mm of rainfall on 22 September removes the possibility of a later 
gauged flow point with no release that could provide a reference to determine the slope of 
the base flow recession. However, the slope of the gauged flows between 29th September 
and 1st October, shown by the blue dashed line, is steeper than the slope of the assumed 
baseflow. If the assumed base flow slope was as steep as the recorded drop shown by the 
blue dotted line, the data would show a flow gain from the release. 

In Figure 4b), the upwards slope of the computed baseflow is clearly at odds with the 
recorded flows when the regulation release was steady between 29th September and 2nd 
October. 
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In Figure 4c), the 2-day travel time assumed for the Clywedog release is out of phase with 
the gauged flow increase, leading to a large over-estimation of loss. 

 
a) GARD estimate of 3 % loss 26th September to 2nd October 

 
b) GARD estimate of 51% loss using baseflow computed from the gauged record 

 
c) GARD estimate with 2-day Clywedog travel time giving 38% loss 26 Sep to 2 Oct 

Figure 4 - Alternative estimates of regulation loss 26th September to 2nd October 2003 
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Figure 4 shows the wide range of loss values obtained using different methods of analysing 
the same data. In my opinion, HR Wallingford’s use of computed baseflows will have led to 
gross overestimates of losses – their estimate of the 38% loss should be rejected. 

2.2 Evidence from individual historic changes in releases from reservoirs 

HR Wallingford’s latest version of their report includes a new Section 7.5.4 which purports 
to provide evidence of losses from analysis of changes in releases in selected periods of 10 
or 15 days. Figure 7.5, copied below, is HR Wallingford’s presentation of their evidence: 

 
Figure 5 - HRW's evidence from analysis of Bewdley losses in selected release periods 

On page 61, HR Wallingford’s report describes their findings from this plot: 

“The mean loss for the nine identified periods is 43 %. The mean release rate from both 
reservoirs over these periods lie within the regulation release class as defined in 
Environment Agency (2017b). While the distribution illustrates uncertainty in estimates 
around the mean, there is also an uncertainty associated with the exclusion of 
abstraction and discharge data, and only calculating the loss during periods without 
significant rainfall. 

The largest peak in the distribution broadly corresponds with the loss value determined 
using low flows (35 % compared with 38 % low flow estimate). The presence of two peaks 
within the distribution indicates that, if a normal distribution of loss is assumed, there are 
not enough data points, or that there are two distinct processes that affect loss, or a 
combination of both. Cluster analysis (Figure 7.6) undertaken on the loss values, indicates 
no discernible association of loss with other parameters (month, baseflow, release 
volume, 7 day antecedent rainfall total, release volume and flow at Bewdley). The 
number of observations is relatively low (nine), and it is plausible that the addition of 
other periods might change the distribution shape.” 
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In my opinion, HR Wallingford’s analysis is flawed and their conclusions are invalid. From my 
own analysis of losses described in Section 2.3, I think it inconceivable that losses as high as 
those shown in Figure 5 above could have been correctly calculated. My analysis of 10 
events, looking in each case at losses at Buildwas, Bewdley and Deerhurst (or Saxons Lode) 
has found no loss higher than 17% and average losses of 5-10% for each of the sites 
examined. 

In addition to my concerns about inappropriate assessment of baseflows and travel times, 
my criticisms of HR Wallingford’s analysis are: 

1. They have only looked at data in the months of May to September in the period 
2000 to 2012. As they admit themselves, suitable events for the analysis are rare, so 
they should have looked at all the available data since the start of the Severn 
regulation scheme around 1970 and they should have looked at all months. 

2. They should have included a selection criterion that only picked periods when there 
are substantial changes in reservoir releases in a small number of days, eg at least 
300 Ml/d of flow change over a maximum of 5 days. Unless there are substantial 
changes in release over a short period, the impact on downstream flows is dwarfed 
by other sources of flow changes. These could be small amounts of rain or changes in 
water supply abstractions, or by errors in estimating the underlying baseflow.  

3. They have not included analysis of flow changes at Deerhurst or Saxons Lode to 
check whether their analysis of Bewdley flows is representative of the lower Severn. 

4. Their loss estimates do not acknowledge that their analysis method has unavoidably 
selected periods of regulation start-up when losses will be higher than in the long 
periods of steady releases needed to support the STT in droughts. 

HR Wallingford appear to have used a statistical approach to selecting 9 periods for analysis 
from the May to September flow records, 2000 to 2012. There is no information provided 
on the periods selected and no hydrographs are presented of flows in the selected 15-day 
periods to give a visual reality check of the assumed baseflows or release travel times.  

I propose that the analysis of Bewdley losses shown in Figure 5 above should be ignored, 
unless HR Wallingford can produce full and credible evidence to justify the validity of their 
loss estimates, particular their assumptions for base flows and release travel times. 

2.3 Alternative selection of release events and loss analysis 

For my own analysis, I have selected suitable events by visual inspection of annual 
hydrographs, 1975 to 2016, in the format shown as an example below: 
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Figure 6 - Example of annual hydrograph used to select events for loss analysis 

As HR Wallingford have found, there are not many events that meet the criteria for 
substantial short-term release changes, avoidance of rainfall and availability of flow records. 
From close examination of all years from 1975 to 2016, I was only able to find 10 events that 
would provide a meaningful analysis. Each event was analysed to estimate losses at 
Buildwas, Bewdley and Deerhurst (or Saxons Lode when the Deerhurst flow record is not 
available). The plots of each event at each location are included in Appendix A. 

Of the 10 events analysed, only four were in the period 2000-2012 that was used by HR 
Wallingford for selection of events. They have analysed 9 events, so I query whether the 
other five were suitable for analysis. 

Figure 7 on the next page gives an example of the plots that were used in analysing the 
losses for each event at the three locations. The shape of the baseflow recession, was 
selected by eye to match the evidence visible from the gauged flows, in particular: 

• The initial base flow gradient matches the gradient of the incoming gauged flow 
• Subsequent base flow gradient matches the gauged flow gradient after the 

regulation release has stabilised 

The following Figure 7 includes my comments on how these factors were taken into account 
in my analysis. The base flows were plotted by varying the constants in one of two types of 
recession equation. The gain in flow from the incoming release is then the cumulative 
difference between the gauged flow and the baseflow. The loss is calculated as a percentage 
of the increase in volume of gauged flows arriving from Clywedog and Vyrnwy. 
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Figure 7 - Example of loss assessment plots - July 1989 
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Appendix A gives similar plots for each of the other nine events analysed. The assessed 
losses for each of the 10 events are shown in Table 1: 

  
Estimated loss 

 

No Date of event Buildwas Bewdley 

Saxons 
Lode or 

Deerhurst 1 Comment 

1 23 to 31 Oct 1985 12% 5% 9% 
Vyrnwy flood release switch 
off/on  

2 24 Sep to 3 Oct 1986 12% 1% 2% 
 Small flow change – less 
certain 

3 17 to 25 June 1989 4% 3% 16%   
4 13 to 22 July 1989 1% 2% 5%   
5 4 to 13 Sep 1991 5% 0% 1%   
6 26 Sep to 2 Oct 2003 14% 3% 6% As per HRW's 38% loss event 

7 17 to 21 Oct 2003 6% 16% 10% 
Affected by abstraction 
changes? 

8 13 to 22 July 2005 6% 6% 17% 
 

9 10 to 22 July 2006 13% 7% 13%  
Small flow change  –  see 
below and Section 2.5 

10 10 to 21 July 2013 1% 12% 13%   

 
Average loss  7% 6% 9%   

Note: 1. Deerhurst gauge only for events 6, 7 and 8, Saxons Lode for the others 

Table 1 - Assessed losses for 10 events at 3 locations 

This analysis shows average losses of less than 10% at all three sites. Because the losses are 
only assessed in periods of regulation start-up, they will include higher early losses as raised 
the river levels are absorbed into the river banks. For releases to support the STT, typically 
of many weeks duration, the early losses into the banks will stabilise and long term losses 
will be lower. 

The losses shown in Table 1 are far less than HR Wallingford’s average of 43% from their 
analysis shown in Figure 5 above, or 38% from their analysis of the event in Sep/Oct 
2003.This raises the question of how reliable are the much lower losses shown in Table 1?  

The reliability of the Deerhurst gauge is doubtful as discussed further in Section 2.4, but 
most of the lower Severn losses in Table 1 have been assessed using the Saxons Lode gauge.  

The largest source of error is likely to be the assumed slope of the underlying base flow 
against which losses are measured. As explained earlier, the baseflows I have used are 
adjusted by eye, so they could be considered subjective and open to accusations of bias. 
However, I believe the evidence on the slope of the baseflow that can be gleaned from 
visual examination of the gauge data (see comments on Figure 7) provide some reassurance 
that my estimates are of the right order. 
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Some confidence in the losses shown in Table 1 can be gained from the event No 1 in 
October 1985, when the release of about 400 Ml/d from Vyrnwy was switched off and 
resumed after 5 days. For this event, the underlying baseflow is known with a fair degree of 
certainty by comparing the gauged flows before and after the event. The computed losses 
are less than 10% at both Bewdley and Saxons Lode, as shown on the plots in Appendix A. 
The plot for Saxons Lode is shown in Figure 8: 

 

Figure 8 - Loss assessment at Saxons Lode for Vyrnwy off/on event in October 1985 

In my opinion, the 9% loss estimate is reliable. It is inconceivable that the loss could have 
been the much higher values suggested by HR Wallingford. It is unfortunate that the 
“off/on” event in 1985 is the only one I have found in the gauged records. However, it 
should be easy to replicate the off/on test in future dry periods (and disappointing that this 
has not already been done as part of Thames Water’s investigations of the STT). 

Another potential source of error is changes in upstream abstraction or discharges in the 
course of the event being assessed. The abstractions for Severn Trent and South Staffs 
Water between Buildwas and Bewdley are of the order of 200-300 Ml/d, so variations could 
have a significant influence on the assessed losses. However, the general lack of daily 
fluctuations in the gauged records suggests that abstraction variation is not a major 
influence. Daily abstraction data for the public water supplies should be available and it is 
surprising that HR Wallingford have not obtained this for their investigation (instead they 
refer to using monthly average abstraction data which are useless for assessing short term 
losses). 

I conclude that the allowance of 10% loss for releases from Vyrnwy reservoir, as previously 
proposed by GARD and used in their assessments of STT deployable output, is a reasonable 
basis for evaluating supported STT options for Thames Water’s draft WRMP.  
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2.4 Reliability of the Deerhurst flow record and assessment of lower Severn losses 

HR Wallingford have expressed concerns about the reliability of the Deerhurst gauged 
record and this appears to be the reason that they have not assessed losses in the Lower 
Severn – they have only assessed losses down to Bewdley. 

For my analysis, I have used the Saxons Lode gauge at times when the Deerhurst gauge 
record is not available (ie pre-1995 and post-2012). From 1995 to 2012, records are 
available for both Deerhurst and Saxons Lode. For the four events I have assessed in this 
period (Nos. 6-9), I have assessed losses using both gauges. The losses shown in Table 1 for 
events Nos. 6-8 uses the Deerhurst record, but for event No. 9 the Deerhurst record shows a 
40% gain, so I have used the Saxons Lode gauge. Assessments for both gauges are compared 
in Appendix B.  

For events Nos 6-8, the Deerhurst and Saxons Lode gauges show very similar patterns of 
flow changes, from visual inspection, and give similar losses. This consistency gives some 
confidence in my assessment of the lower Severn losses. However, for event No 9 there is 
clearly a problem with the Deerhurst flow record as shown in Figure 9: 

 

 

Figure 9 - Comparison of Deerhurst and Saxons Lode assessments for event of July 2006 

-20

-18

-16

-14

-12

-10

-8

-6

-4

-2

0

0

500

1000

1500

2000

2500

3000

De
rr

hu
rs

t c
at

ch
m

en
t r

ai
n 

m
m

Fl
ow

 M
l/

d

Deerhurst flow changes
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The 40% gain in flow shown by the Deerhurst record is obviously wrong and must be caused 
by gauge error. The assessment of 14% loss using the Saxons Lode gauge looks reasonable, 
although the slow rate of increase of the Clywedog release makes any loss assessment 
prone to error. I have included this event in my assessment to demonstrate the uncertainty 
in using the Deerhurst flow record. 

2.5 HRW’s finding of large flow loss between Buildwas and Bewdley 

HR Wallingford’s claim of large flow losses between Buildwas and Bewdley does not appear 
to take account of the substantial abstractions for public water supplies between Buildwas 
and Bewdley. HR Wallingford’s report says on page 59: 

“Analysis of the dry periods indicated that there were certain periods where the flow at 
Bewdley was lower than the flow at Montford and Buildwas (locations upstream of 
Bewdley). Flows at these three gauging stations were averaged over 5 days, to smooth 
flow peaks, and compared. Figure 7.7 shows that there is a general trend of increasing 
frequency of upstream flow exceeding downstream flow in Summer and Autumn, with 
this trend reversed during Winter and Spring. Buildwas shows the greatest percentage 
difference, with approximately 72 % of flows during October higher than those at 
Bewdley. The results indicate that there are losses occurring between Montford and 
Buildwas that result in flows at Montford exceeding those at Buildwas on average 2.7 % 

of the time on an annual basis. This increases to an average of 5.5 % when comparing 
Montford and Bewdley. The loss is much more significant when comparing Buildwas and 
Bewdley, where flows at Buildwas exceed those at Bewdley 55 % of the time.” 

 
Note: copied from HRW Figure 7.7 

Figure 10 - HRW plot claiming to show flow loss between Buildwas and Bewdley 

There are 463 Ml/d of licensed water supply abstractions upstream of Bewdley (source: EA 
Operating Rules for River Sever Resource/Supply System, February 2012). The major 
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abstractions are for South Staffs Water at Hampton Loade and Severn Trent at Trimpley 
(locations shown on Figure 1). I do not have access to recorded daily abstraction data, but 
from Severn Trent’s Aquator modelling of their existing supply system, the average daily 
abstraction from Hampton Loade and Trimpley is 253 Ml/d and from Ironbridge is 17 Ml/d, a 
total of 270 Ml/d between Buildwas and Bewdley. From Mott MacDonald’s Report on the 
Aquator Flow Database Extension for Severn Trent (2016), net returns from sewage 
treatment works Buildwas and Bewdley is 31 Ml/d. Therefore, the net abstraction between 
Buildwas and Bewdley averages about 240 Ml/d. 

The catchment area of the River Severn above Buildwas is 3717 km2 and above Bewdley it is 
4325 km2. Therefore, natural

 
Note: gauged flow data 1985 -2016 from NRFA flow records 

 flow at Bewdley can be expected to be about 16% more than 
the flow at Bewdley. If the net abstraction between Buildwas and Bewdley is 240 Ml/d, the 
gauged flow at Bewdley can be expected to be less than the gauged flow at Bewdley 
whenever the gauged Buildwas flow is less than about 1500 Ml/d (240/0.16).  

Figure 11 below compares the flow duration curves for gauged flows at Buildwas and 
Bewdley: 

Figure 11 - Gauged flow durations at Buildwas and Bewdley 

Figure 11 shows that gauged flows at Bewdley are increasingly less than gauged flows at 
Buildwas as the flows fall below 1500 Ml/d. This is as expected, taking account of the 240 
Ml/d of net abstraction between Buildwas and Bewdley. 

At flows above 3000 Ml/d (not shown above) the Bewdley flows are almost exactly equal to 
Buildwas flows throughout the higher flow range. It is surprising that Bewdley high flows do 
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not exceed Buildwas high flows by up to about 16%, the ratio of the catchment areas. 
However, I note that the NRFA web-site describes the Buildwas gauge as “possible over-
estimation of high flows under review”. 

I conclude that the reason for Bewdley flows being lower than Buildwas flows at times of 
low flow is simply due to the water supply abstractions, not due to “significant losses” as 
stated by HR Wallingford in the summary of their report. 

3. Conclusions and recommendations 

3.1 Conclusions from the available evidence 

My conclusions from examination of HR Wallingford’s evidence and my own analysis are: 

1. HR Wallingford have grossly over-estimated a 38% loss at Bewdley during the 
regulation event in September/October 2003. Their over-estimate is probably due to 
an incorrect assessment of underlying baseflow. 

2. HR Wallingford have grossly over-estimated the losses at Bewdley in eight other  
regulation events in the period 2000 to 2012. Their finding of an average 43% loss, 
and some losses of 50-60%, should be rejected. Their report provides no detail of the 
events selected or their analysis. However, HR Wallingford themselves admit that 
there only a small number of events suitable for analysis, so their selected events 
may not have been suitable for the type of analysis. 

3. My own analysis has found only 10 events in the period 1975-2016 that are suitable 
for analysis. Only four of these are in the period 2000-2012 assessed by HR 
Wallingford. I have assessed losses in the lower Severn at Deerhurst or Saxons Lode, 
as well as at Bewdley and Buildwas. I have found that losses average 5-10% at all 
three sites. The highest assessed loss from three sites and 10 events was 17%. 

4. The main difference between my analysis and HRW’s appears to have been in the 
assessment of underlying baseflow. My assessment presents the detail of the 
baseflow assumption for each site and all events, showing the evidence from the 
gauged record to justify the selected baseflow. HR Wallingford have provided no 
evidence to justify their baseflow selection or their calculated loss. 

5. HR Wallingford have said that the lower gauged flow at Bewdley compared to 
Buildwas provides evidence of significant losses between Buildwas and Bewdley. My 
analysis has shown that the lower gauged flows at Bewdley are caused by water 
supply abstractions, not losses. 

6. There is some uncertainty over the use of the Deerhurst flow record for loss 
assessment in the lower Severn, but the Saxons Lode gauge appears a reasonable 
substitute for assessing losses. 



21 
 

7. A loss of 10% for abstraction at Deerhurst of releases from Vyrnwy reservoir would 
be a reasonable basis for assessing the deployable output of supported STT options. 

3.2 Recommendations for loss assumptions and further investigation 

The findings of this report should be independently assessed by the Environment Agency. If 
my loss assessment is found to be reasonable on the basis of the available evidence, a 10% 
loss should be assumed  for assessing STT options in the draft WRMP, with no “put-and-
take” restriction. The draft WRMP should recognise that there is some uncertainty in the 
loss assessment, but this can be resolved as soon as there is another dry summer to 
investigate losses through “off/on” releases similar to the event of October 1985 and 
illustrated in Figure 8 and in the three plots for Event No 1 in Appendix A. 

 

 

John Lawson, FREng, FICE 
31st October 2018
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Appendix A – Hydrographs of flow change events and loss assessment 

 

  

Event No Date of event 
1 23 to 31 Oct 1985 
2 24 Sep to 3 Oct 1986 
3 17 to 25 June 1989 
4 13 to 22 July 1989 
5 4 to 13 Sep 1991 
6 26 Sep to 2 Oct 2003 
7 17 to 21 Oct 2003 
8 13 to 22 July 2005 
9 10 to 22 July 2006 

10 10 to 21 July 2013 
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Event No 1
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Buildwas flow changes

Clywedog (day -2) Vyrnwy (day -2) Bewdley catchment rain
Buildwas gauged Buildwas baseflow

From 23 Oct to 31 Oct:
Cum release change  -3373 Ml
Cum flow change -2997 Ml
Loss 12%
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From 23 Oct to 31 Oct:
Cum release change  -3373 Ml
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Loss 5%
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Event No 2
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Clywedog (day -3) Vyrnwy (day -3) Bewdley catchment rain
Buildwas gauged Buildwas baseflow

From 24 Sep to 3 Oct:
Cum release change  -1403 Ml
Cum flow change -1231 Ml
Loss 12%
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Clywedog (day -3) Vyrnwy (day -3) Bewdley catchment rain
Bewdley gauged Bewdley baseflow

From 24 Oct to 3 Oct:
Cum release change  -1403 Ml
Cum flow change -1419 Ml
GAIN 1%
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Saxons Lode gauged Saxons Lode baseflow

From 25 Sep to 4 Oct:
Cum release change  -1403 Ml
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Event No 3
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Clywedog (day -2) Vyrnwy (day -2) Bewdley catchment rain
Buildwas gauged Buildwas baseflow

From 16 Jun to 24 Jun:
Cum release change  -2087 Ml
Cum flow change -2012 Ml
Loss 4%
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Bewdley gauged Bewdley baseflow

From 17 Jun to 25 Jun
Cum release change  -2041 Ml
Cum flow change -1977Ml
Loss 3%
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Clywedog (day -3) Vyrnwy (day -3) Deerhurst catchment rain
Saxons Lode gauged Saxons Lode baseflow

From 17 Jun to 25 Jun:
Cum release change  -2041 Ml
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Event No 4
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Clywedog (day -3) Vyrnwy (day -3) Bewdley catchment rain
Buildwas gauged Buildwas baseflow

From 13 Jun to 22 July:
Cum release change  2399 Ml
Cum flow change 2375 Ml
Loss 1%
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Bewdley flow changes

Clywedog (day -3) Vyrnwy (day -3) Bewdley catchment rain
Bewdley gauged Bewdley  baseflow 

From 12 July to 22 July:
Cum release change  2399 Ml
Cum flow change 2342 Ml
Loss 2%
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Cum release change  2026 Ml
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Event No 5
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Clywedog (day -3) Vyrnwy (day -3) Bewdley catchment rain
Buildwas gauged Buildwas baseflow

From 4 Sep to 12 Sep:
Cum release change  2167 Ml
Cum flow change 2069 Ml
Loss 5%
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Clywedog (day -4) Vyrnwy (day -4) Bewdley catchment rain
Bewdley gauged Bewdley baseflow

From 4 Sep to 13 Sep:
Cum release change  2167Ml
Cum flow change 2159 Ml
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Clywedog (day -4) Vyrnwy (day -4) Deerhurst catchment rain
Saxons Lode gauged Saxons Lode baseflow

From 4 Sep to 13 Sep:
Cum release change  2167 Ml
Cum flow change 2133 Ml
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Event No 6
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Clywedog (day -3) Vyrnwy (day -2) Bewdley catchment rain
Buildwas gauged Buildwas baseflow

From 26 Sep to 2 Oct:
Cum release change  1595 Ml
Cum flow change 1378 Ml
Loss 14%
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Bewdley flow changes

Clywedog (day -3) Vyrnwy (day -2) Bewdley catchment rain
Bewdley gauged Bewdley baseflow

From 26 Sep to 2 Oct:
Cum release change  1595 Ml
Cum flow change 1539 Ml
Loss 3%
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Deerhurst gauged Deerhurst baseflow
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Cum release change  1595 Ml
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Event No 7
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Buildwas flow changes

Clywedog (day -3) Vyrnwy (day -2) Bewdley catchment rain
Buildwas gauged Buildwas baseflow

From 17 Oct to 21 Oct:
Cum release change  1164 Ml
Cum flow change 1097 Ml
Loss 6%
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Bewdley flow changes

Clywedog (day -3) Vyrnwy (day -2) Bewdley catchment rain
Bewdley gauged Bewdley baseflow

From 17 Oct to 21 Oct:
Cum release change  1164 Ml
Cum flow change 980 Ml
Loss                                   16%
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Clywedog (day -4) Vyrnwy (day -3) Deerhurst catchment rain
Deerhurst gauged Deerhurst baseflow

From 17 to 21 Oct:
Cum release change  1164 Ml
Cum flow change 1046Ml
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Event No 8
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Clywedog (day -3) Vyrnwy (day -2) Bewdley catchment rain
Buildwas gauged Buildwas baseflow

From 13 July to 22 July:
Cum release change  2999 Ml
Cum flow change 2820 Ml
Loss 6%
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Bewdley flow changes

Clywedog (day -3) Vyrnwy (day -2) Bewdley catchment rain
Bewdley gauged Bewdley baseflow

From 13 July to 22 July:
Cum release change  2999 Ml
Cum flow change 2806 Ml
Loss 6%
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Deerhurst  flow changes

Clywedog (day -3) Vyrnwy (day -3) Deerhurst catchment rain
Deerhurst gauged Deerhurst baseflow

From 14 to 21 Jul
Cum release change  2645 Ml
Cum flow change 2187Ml
Loss                                17%
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Event No 9
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Buildwas flow changes

Clywedog (day -2) Vyrnwy (day -2) Bewdley catchment rain
Buildwas gauged Buildwas baseflow

From 10 July to 21 July:
Cum release change  2703 Ml
Cum flow change 2522 Ml
Loss 7 %
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Bewdley flow changes

Clywedog (day -3) Vyrnwy (day -3) Bewdley catchment rain
Bewdley gauged Bewdley  baseflow 

From 11 July to 22 July:
Cum release change  2679 Ml
Cum flow change 2340 Ml
Loss 13%
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Saxons Lode flow changes

Clywedog (day -3) Vyrnwy (day -3) Deerhurst catchment rain
Saxons Lode gauged Saxons Lode baseflow

From 11 Jul to 21 Jul
Cum release change   1855 Ml
Cum flow change 1594 Ml
Loss 14%
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Event No 10
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Buildwas flow changes

Clywedog (day -3) Vyrnwy (day -3) Bewdley catchment rain
Buildwas gauged Buildwas baseflow

From 10 July to 21 July:
Cum release change  3637 Ml
Cum flow change 3591 Ml
Loss 1%
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Bewdley flow changes

Clywedog (day -3) Vyrnwy (day -3) Bewdley catchment rain
Bewdley gauged Bewdley baseflow

From 10 July to 21 July:
Cum release change  3637 Ml
Cum flow change 3198 Ml
Loss 12%
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Saxons Lode flow changes

Clywedog (day -3) Vyrnwy (day -3) Deerhurst catchment rain
Saxons Lode gauged Saxons Lode baseflow

From 10 July to 21 July
Cum release change  3637 Ml
Cum flow change 3156 Ml
Loss 13%
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Appendix B – Comparison of Deerhurst and Saxon Lode assessments  

 

 

Shows four events when gauged records are available for both Deerhurst and Saxons Lode 
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Event No 6          Event No 7 

          
Note: For Event No 6, Saxons Lode travel time 3 days, Deerhurst 4 days          
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Saxons Lode flow changes

Clywedog (day -3) Vyrnwy (day -3) Deerhurst catchment rain
Saxons Lode gauged Saxons Lode baseflow

From 26 Sep to 2 Oct
Cum release change   1595 Ml
Cum flow change 1542 Ml
Loss 3%
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Saxons Lode flow changes

Clywedog (day -3) Vyrnwy (day -3) Deerhurst catchment rain
Saxons Lode gauged Saxons Lode baseflow

From 17 Oct to 21 Oct
Cum release change   1164 Ml
Cum flow change 1019 Ml
Loss 12%
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Deerhurst flow changes

Clywedog (day -4) Vyrnwy (day -3) Deerhurst catchment rain
Deerhurst gauged Deerhurst baseflow

From 27 Sep to 3 Oct:
Cum release change  1595 Ml
Cum flow change 1505 Ml
Loss 6%
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Deerhurst  flow changes

Clywedog (day -4) Vyrnwy (day -3) Deerhurst catchment rain
Deerhurst gauged Deerhurst baseflow

From 17 to 21 Oct:
Cum release change  1164 Ml
Cum flow change 1046Ml
Loss                                10%
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Event No 8          Event No 9 
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Saxons Lode flow changes

Clywedog (day -3) Vyrnwy (day -3) Deerhurst catchment rain
Saxons Lode gauged Saxons Lode baseflow

From 14 Jul to 21 Jul
Cum release change   2645 Ml
Cum flow change 2001 Ml
Loss 24%
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Saxons Lode flow changes

Clywedog (day -3) Vyrnwy (day -3) Deerhurst catchment rain
Saxons Lode gauged Saxons Lode baseflow

From 11 Jul to 21 Jul
Cum release change   1855 Ml
Cum flow change 1594 Ml
Loss 14%
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Deerhurst  flow changes

Clywedog (day -3) Vyrnwy (day -3) Deerhurst catchment rain
Deerhurst gauged Deerhurst baseflow

From 14 to 21 Jul
Cum release change  2645 Ml
Cum flow change 2187Ml
Loss                                17%
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Deerhurst flow changes

Clywedog (day -4) Vyrnwy (day -3) Deerhurst catchment rain
Deerhurst gauged Deerhurst baseflow

From 12 July to 21 July:
Cum release change  1855 Ml
Cum flow change 2583 Ml
GAIN                                  40%
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Email from Derek Stork to Lesley Tait (Thames Water) on 8th March 2018 

Dear Lesley  

I attach the following: 

GARD Comments on the 29th January Technical Stakeholders Meeting 

 Notes of the meeting with tracked changes and GARD’s comments 

• The Atkins’ draft methodology marked with John Lawson’s comments 
• John Lawson’s proposal for changes to the methodology 
• a better copy of our slides from the 29th Jan meeting to post on the meeting papers 

- please use these.  

In GARD’s opinion, Atkins’ revised methodology still doesn’t address GARD’s primary 
concerns about the likelihood of the type of long duration drought that would severely 
reduce the yield of London’s supplies if relying on the 287 Ml/d yield gain from Abingdon 
reservoir. We have suggested an approach that we believe would be better, faster and with 
less work for all concerned. Please could we meet in the near future to discuss this. We 
propose that the meeting should be kept as small as possible and allow a proper technical 
discussion, rather than the set-piece stand-off that took place on 29th January. 

We have discussed these comments with CPRE (Professor Richard Harding) and he is in 
agreement. 

Finally, I note that OFWAT (Trevor Bishop), whilst they did not attend the meeting, asked to 
be kept informed. Can you please assure me that Trevor Bishop and colleagues will get a 
copy of all the relevant documents from the meeting? 

Please let me know if there are any issues with our changes to the minutes.  

Yours sincerely, 
Derek Stork 

Dr D Stork CPhys FInstP, 
Hon Chairman, 
GARD 
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 Technical Stakeholder Meeting, 29 January 2018  

Draft note of meeting  

1. Welcome and Introductions  

Richard Aylard welcomed everyone to the meeting. Richard explained that the objectives of the 
meeting were to:  

• review and agree a methodology for further work to assess the resilience of the proposed 
Abingdon reservoir to drought following concerns raised by the Group Against Reservoir 
Development (GARD); and  

• to agree the timeline for the further work and milestones to share the output.  

Doug Hunt of Atkins provided an overview of the work completed to date to assess the resilience risk of 
the reservoir to drought. Doug also set out the main issues raised by GARD, TW/Atkins responses to 
these, and the proposal for additional analysis to address these issues. The slide pack and a technical 
note titled “Abingdon reservoir resilience assessment method, 17 October 2017” were circulated to all 
confirmed meeting attendees on 22 January 2018. The slide pack and technical paper will be published 
on Thames Water’s website www.thameswater.co.uk/wrmp.  

John Lawson, on behalf of GARD, presented GARD’s main issues with respect to the resilience 
assessment of the reservoir. The slide pack was not shared with stakeholders in advance of the meeting 
and therefore Thames Water was not given opportunity to correct what they considered to be a 
number of factual errors and comments contained in the slides. GARD’s slide pack and Thames Water’s 
response to it are attached to the minutes (Appendices 1&2). These will be published on Thames 
Water’s website www.thameswater.co.uk/wrmp.  

The main discussion points from the meeting are noted below, followed by the agreed methodological 
points.  

2. Main discussion points  

• The purpose of the assessment is to test the resilience of the system to drought to understand 
how long before the system fails under drought conditions, and how this affects the reservoir 
in comparison to other options. In GARD’s opinion, the assessment should also determine the 
probability of occurrence of types of long duration droughts identified by GARD as challenging 
the resilience of Abingdon reservoir, consideration of the consequences if these types of 
drought occur while still expecting a yield gain of 287 Ml/d from Abingdon reservoir, 
consideration of the appropriate resilience design standard taking account of the 
consequences of failure, the need for changes in operating rules and the LTCD, and the need 
for emergency storage and its usability in the event of long duration droughts. 

• The Atkins’ approach to their resilience assessment used a large, artificially generated, 
stochastic data set, consisting of rainfall and evaporation data. Two simulation modelling tools 
were used to evaluate yield and benefit ie IRAS and WARMS2. A random sample of 30 
droughts, of 1:100 or worse return period (as assessed by Atkins for the existing London 
supplies), were chosen and the yield of London’s supplies supported by the reservoir assessed 
for each selected drought.  

• The findings of Atkins’ the assessment showed that if a drought that is severe enough to test 
the existing London system, and long enough to prevent refill for 2 years, then the benefit from 

Comment [GARD1]: These are the 
objectives shown on GARD slides 
numbers 33 and 34. 
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the Abingdon reservoir to the combined system could potentially drop  by about 2/3rds 
significantly. However, it was noted by Atkins that all options have some resilience risk (e.g. 
very poor yields for shorter duration severe droughts from the unsupported Severn-Thames 
transfer). The critical question to understand in terms of resilience is the likely frequency of 
occurrence of such events and the net impact this has on expected DO.  

• The results showed that 10% of the droughts selected and tested by Atkins resulted in a 
reservoir yield that was lower than expected, , in one case falling from 287 Ml/d to 95 Ml/d, 
but the average yield across all drought risk/return periods, as assessed by Atkins, was within 5 
Ml/d of the expected yield. GARD disputed the validity of looking at average yields when 
looking at resilience against extreme events. 

• These findings on the range of London yield gains from Abingdon reservoir  in extreme 
droughts were similar to the findings of GARD, based on their own modelling, but Atkins and 
GARD had adopted different interpretations of the findings. GARD highlighted, from its own 
analysis, that Abingdon is resilient to droughts < 17 months, but there were examples of the 
reservoir showing poor resilience to long duration droughts. The likely frequency of occurrence 
of such events and thereby an assessment of the associated risk of supply failure in London 
hwas not been assessed by either GARD or Atkins.  

• Atkins stated that from a technical perspective it considered the work it had completed for 
Thames Water to be unbiased and robust. The approach adopted is in line with the approach 
used in the Water UK long-term planning framework, the UKWIR guidance and the approach 
that is being used by other water companies – United Utilities, Severn Trent Water and Anglian 
Water. However to address  GARD’s concerns Atkins had proposed  further work; the proposal 
had been shared with stakeholders in advance of the meeting.  

• Overall  GARD’s main concerns focused on the following points 1) whether Atkins’ drought 
sampling methods would identify the long duration droughts that particularly effect London’s 
supplies  when supported by Abingdon  reservoir, and 2) yield assessment techniques and the 
use of average yield as an appropriate metric, 3) lack of consideration of the consequences of 
supply failure in long duration droughts and the resilience design standard for London , and 4) 
the need and usability of emergency storage.  

1. 1. Sampling methods - The assessment used droughts in the range 1:100 to 1:500 return 
period, assessed by ranking the yield obtainable for the existing London supplies, ie without 
the Abingdon reservoir. GARD argued that that assessing the return period of droughts for 
existing London supplies risked missing some long duration droughts that did not test the 
existing London supplies, but greatly reduced the support available from Abingdon 
reservoir because of lack of refill over-winter. GARD showed examples of two droughts of 
less than 1:100 year return period for existing London supplies, in which the yield gain for 
London’s supplies from Abingdon reservoir would have been only 21 Ml/d and 119 Ml/d 
respectively. GARD was concerned that these droughts would not be eligible for selection 
by Atkins’ methodology , because they were insufficiently rare (as shown on GARD’s slide 
41). If a drought selection methodology is to be used, GARD advocated that it should be by 
selecting droughts on the basis of probabilities determined by ranking the yield of London’s 
supplies when supported by Abingdon reservoir
 

. 

2. Consequences of supply failure and resilience design standard. The need for a higher 
standard for return period in London was discussed. GARD proposed that a wider range of 
droughts extending to a return period of 1:2000 should be analysed, particularly in view of 
the economic and social consequences of supply failure in London – possibly £7-10 billion 
a month in the event of Level 4 supply restrictions, according to an EA report. GARD 
argued that a wider range of return periods needed to be considered, and their economic 
consequences, to allow a rational decision on resilience design standard. They quoted the 
example of the Thames Flood Barrier for which the design standard was extended to 1 in 
1000 years (rather than a normal urban 1 in 100-200 years) in recognition of the severe 
economic consequences of flooding in London. 
 
Atkins explained that Defra has not specified the level of drought that water companies 
should plan to. The Water Resources Planning Guideline (WRPG) includes a requirement 
for companies to consider planning to a 1:200 year drought. TW confirmed that customers 
had indicated support to a 1:200 year drought but not beyond. GARD suggested such 

Comment [GARD2]: The USTT 
resilience was not discussed at the 
meeting. If this was said by Atkins at 
the meeting, then it should be prefaced 
by “eg Atkins think there are very poor 
yields.........” 
 
In GARD’s opinion, the drought  
resilience risk for the USTT has been 
over-stated by Atkins and the drought 
resilience risks is minimal for reuse 
options and non-existent for 
desalination.  The meeting notes should 
stick to what was discussed at the 
meeting. 
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decisions for London should be made by Government, informed by economic analysis, and 
not by customers, who would not be able to see the overall consequences of Level 4 
failures in London. 
GARD stated that its analysis indicated that Abingdon reservoir could maintain its yield gain 
for London’s supplies in a short duration drought (less than 178 months from start of draw-
down of London reservoirs to maximum draw-down), but in longer duration droughts there 
would be insufficient water to refill Abingdon   the reservoir over-winter.  Consequently, the 
reservoir would be empty at the start of the next summer and unable to support London’s 
supplies if the drought continued into the next summer. GARD focussed its presentation on 
the Abingdon reservoir and did not present findings for the resilience of the London supply 
system as a whole which is supported by a wide variety of strategic schemes, in addition to 
storage reservoirs.  
CCG suggested that there is insufficient time to complete this work for this round of 
investment plans – this work should be part of a longer term work programme. GARD 
proposed that a resilience design standard should be a key part of the next round of 
investment plans.  
• Randomised sample - Atkins clearly explained that the selection of droughts needed 

to be on a randomised basis, if not, the sample will be biased; to shoehorn in a long 
duration drought will result in sample bias. Atkins reassured GARD that long duration 
droughts have been considered in its analysis as these occur (with a frequency of 
around 10% of events) through the range of drought return periods. WWF suggested 
that a sample of long duration droughts should be considered but not to deliberately 
select them, as to do so would undermine the statistical validity of the analysis. Atkins 
proposed that a larger sample of 40 droughts between 1:100 and 1:500 return period ie 
25% of the population should be considered, and that this was statistically adequate. 
Following further discussion it was agreed to increase the number to 60 to alleviate 
ongoing concerns and to extend the range of drought events to 1 in 75 year – 1 in 750 
year occurrence. It was also agreed that every third drought from the stochastic dataset 
will be selected to form the sample for detailed analysis in WARMS2 – this will provide 
a statistically unbiased sample. It was also agreed that each drought would be tracked 
through a continuous 8-year period including at least 5 years prior to the year of 
maximum drawdown of London reservoirs.  GARD repeated its concern that 
assessment of the return period of droughts from which a random selection is made 
should be by ranking the drought yield of London’s supplies when supported by 
Abingdon reservoir, not the existing London supplies. 

2. Yield assessment - IRAS/WARMS2: Atkins used the IRAS model of the existing London 
supplies as a pre-screening tool to enable the random selection of 30 droughts and then the 
more detailed WARMS2 model to calculate the yield benefit gain from Abingdon reservoir of 
the individual droughts. TW/Atkins recognises that WARMS2 is a more accurate model but it is 
not able to process the vast quantities of stochastic data quickly and the combination approach 
adopted was used as a pragmatic solution due to time constraints; the uncertainty was 
assessed to be +/- 5-10%.  
There was challenge from GARD and CPRE that the long run time for WARMS2 is not a 
sufficient reason for not using WARMS2 for the entire analysis and that this should be looked 
at for the next round of WRMP planning in 2024. It was recognised that resilience is a new 
area for the water industry and there was a general consensus that further work should be 
completed to improve the use of the models for future investment plans. CPRE agreed that 
there is a limit to the analysis that can be completed for WRMP19 but suggested that this is a 
key area for further work on resilience.  
For the purposes of the assessment, Atkins confirmed that ‘average expected’ Deployable 
Output (DO) during severe droughts is used as the indicator of resilience of the system to 
drought. The results are presented in a histogram of yield versus number of droughts, the 
shape of the histogram is important as the analysis is working out the number and risk of the 
droughts that are in the tail i.e. low yield and the associated probability of occurrence.  
There was a discussion around the yield range for each return period. Atkins confirmed that 
based on the analysis completed to date there was no evidence that the expected yield 
reduced as drought return period increased (i.e. no decreasing trend with drought risk). It was 
agreed that Atkins will produce the yield range (in the form of a ‘box-whisker plot’) for each of 
the 6 ‘drought libraries’ that are produced, as each of these covers a discrete range of return 
periods and hence any trend of decreasing yield with risk should be apparent if it exists.  
3. Other issues  

Formatted

Formatted

Formatted

Formatted

Formatted

Comment [GARD3]: GARD have 
deleted this because it is merely 
Thames Water’s view and it was not 
discussed at the meeting. If it had been 
raised at the meeting, it would have 
vigorously refuted because GARD’s 
modelling and analysis is based on the 
conjunctive use of all London’s supply 
sources, including the strategic 
schemes, in the same way as 
WARMS2.  
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GARD raised other points around operating rules, the need to change the Lower Thames Control 
Diagram (LTCD) and model the output under these revised conditions, the extent of emergency storage 
and comparison between option types. These were not covered in detail in this meeting and will need 
to be covered in separate discussions. GARD requested to have stochastic river flows generated by 
WARMS2 and WARMS2 output of confirming the yield of the Abingdon reservoir. TW agreed to provide 
the WARMS2 output for the Abingdon reservoir and explained that the enhanced resilience analysis 
that Atkins would undertake would generate river flows which would be made available to 
stakeholders. Action TW.  

The majority of stakeholders attending the meeting supported the revised proposal agreed with Atkins 
during the discussion as a practical solution for conducting a resilience analysis of the Abingdon 
reservoir. Circulated with these draft minutes is a revised proposal “UTRD Sampling and Analysis 
Proposal v4”. 

 
 



1 
 

John Lawson comments on Atkins’ revised Abingdon resilience methodology, 
Version 4 dated 6th February 2018 

I have put some comments on the attached version of Atkins’ Technical Note dated 6th 
February 2018. I have elaborated on some of these comments below. My comments on 
Atkins approach fall into two categories and I have suggested an alternative approach: 

• The method of selecting droughts  
• The method of assessing yields 

1. 

Atkins’ methodology still does not address my criticism that selecting droughts on the 
basis of return periods determined by ranking the yields of 

Atkins’ method of selecting droughts 

existing 

 

London supplies is 
unsound because doubling the system storage changes the supply system’s behaviour in 
droughts. The system with Abingdon reservoir is vulnerable to multiple dry year 
sequences which can be handled better by London’s existing supplies. Therefore, 
droughts which can be comfortably handled by the existing London system can cause big 
problems if a 287 Ml/d yield gain is expected from Abingdon. I give below the two 
examples as per my slide 42 from the stakeholder meeting on 29th January: 

After allowing for the 150 Ml/d IRAS-WARMS yield differences, both these droughts 
would be deemed a lot less severe than the 1 in 75 to 750 year range now proposed by 
Atkins, so they would not be eligible for selection by Atkins’ methodology.  

Existing supply yields are 
more than 2140 Ml/d 
said by Atkins to be 1 in 
100 years yield for 
existing supplies 

Not rare enough, so not 
eligible for selection!  
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One of the key questions to be addressed by the additional resilience analysis is “how 
likely are the types of long duration, multi-year droughts that GARD has shown would 
severely reduce the yield gain for London from Abingdon reservoir?” Atkins’ proposed 
methodology would not even consider the droughts shown above so would not be able 
to answer this question. 

In my opinion, this major weakness in Atkins’s methodology should be addressed by 
using IRAS to simulate the Abingdon reservoir option for the full 15,600 years of 
stochastic data, in exactly the same way that has been done for the existing London 
supplies and the two Severn-Thames transfer options, generating the yield-probability 
plots in the resilience reports appended to the April 2018 Fine Screening Report. The 
analysis has already been done for these three scenarios (existing supplies, existing + 
unsupported STT, and existing + supported STT), so why can’t it be done for the 
Abingdon reservoir option? 

The answer to this question given at the meeting on 29th January was “we would have to 
go back to Manchester University and it would take too long”. I don’t think this feeble 
excuse is acceptable. If it had been done when first suggested by GARD in our letter and 
attachments of 3rd November, it would have been done by now. 

Once the ranking and return periods of droughts has been done, for London’s existing 
supplies supported by Abingdon reservoir, I think Atkins’s proposed drought selection 
method would be fair, if a selection method is needed.  

However, in my opinion, the drought selection is unnecessary and the yield probability-
analysis could be done for all

2. 

 the droughts, and faster with less effort, using the 
methodology I have suggested in Sections 2 and 3 below. 

In my opinion, the method of assessing the yields described in paras 5 to 7 of Atkins’ 
methodology is not only over-complicated and very time consuming, but also crude and 
inaccurate. I propose a better method for assessing the yield of 60 droughts would be: 

Atkins’ method of yield analysis 

i. Having selected 60 droughts and assembled them into 6 libraries each of 10 
droughts, as proposed by Atkins, run each library just once

ii. Run the WARMS-generated river flows in GARD’s model to assess the yield with 
each of the 60 droughts for the existing supply London system and for the 
existing system supported by Abingdon reservoir. Atkins would be welcome to 
use my model (with help from me if needed), or I could do it (and I would do it 
anyway, as Thames Water have now agreed to provide the flows as requested). I 
estimate it would take me about 3 or 4 days to determine the yields for the 60 

 through WARMS to 
generate the river flows at the key locations: Teddington, Feildes Weir, Farmoor, 
Culham, Mole and Hogsmill. 
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droughts, with London’s existing supplies and with-Abingdon. An alternative 
would be to use IRAS to do this, but I suspect GARD’s model would do it faster 
and more accurately. 

iii. Use WARMS to check the yields obtained by GARD’s model.  Probably only a few 
runs of WARMS would be needed to confirm that GARD’s model estimates the 
yield sufficiently accurately. If that turns out not to be the case (very unlikely in 
my opinion), revert to the method in Atkins paras 5 to 7. 

3. 

The need to select droughts, rather than analyse all the droughts in the 15,600 years of 
stochastic records, is driven entirely by the slow running of the WARMS2 model. The 
WARMS2 output for the Abingdon reservoir recently supplied to GARD shows a run time 
of 78 minutes for each simulation of 90 years of daily operation. This makes WARMS2 a 
hopelessly impractical tool for the type of analysis needed, which requires hundreds of 
daily flow, multi-year simulations of the London supply system, with and without the 
reservoir. There are other models available that will run the simulations much faster – 
IRAS and GARD’s model (which runs about 50 times faster than WARMS2, simulating 90 
years of daily data in about 90 seconds). 

On the other hand, WARMS2 is much the best model available for converting Atkins’ 
stochastic rainfall data into the river flows which are needed for yield assessment. What 
is needed is a method which combines the WARMS2 ability to generate river flows from 
rainfall, with faster running of the supply system operation. I suggest the following: 

Alternative method without need to select droughts 

i) Assemble all the 160 droughts identified into 20 libraries of eight 10-year droughts 
each 

ii) Run each of the 20 libraries just once

iii) Assess the yield for all 160 droughts, for existing London supplies and with Abingdon 
reservoir, using GARD’s model (or IRAS), as described in Section 2 above, with some 
checks using WARMS2. I estimate that the yield assessment for all 160 droughts, 
with and without Abingdon reservoir, could be done in about 2 or 3 person-weeks. 

 through WARMS to generate the naturalised 
river flows at the key locations: Teddington, Feildes Weir, Farmoor, Culham, Mole 
and Hogsmill. 

Analysis of all the droughts in the 15,600 years of stochastic data would have two big 
advantages: 

• It would allow the ranking and probability of every drought in the record, 
including those identified by GARD, settling the dispute over whether these 
droughts, agreed by all parties as being a resilience threat, are so unlikely as to 
be discountable 
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• It would remove the controversy over drought selection and the fear that there 
could be more unidentified resilience threats in the droughts not selected by Atkins’ 
methodology. 
 

4. 

A number of the concerns raised previously by GARD (in GARD’s resilience report in 
August 2017, in correspondence in October/November 2017 and at the meeting on 29th 
January) are still not addressed by Atkins’ revised methodology: 

Other concerns raised by GARD 

• The consequences of Level 4 restrictions and the resilience design standard for 
London 

• The frequency of service level failures and need to adjust the LTCD with 
Abingdon reservoir in place 

• The need for emergency storage and its usability in the event of long duration 
droughts 

In my opinion, the proposal to delay consideration of these matters until the next 
WRMP, as discussed at the meeting on 29th January, would mean that these important 
matters have been “kicked into the long grass”. I would hope that, at least, these 
matters would be raised openly and honestly in the final WRMP19, with a commitment 
to investigate them in WRMP24. 

John Lawson 
6th March 2018 
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