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Dear Elliot and Paul, 

I attach John Lawson’s review of Thames Water’s Statement of Response covering GARD’s 

criticism of their assessments of deployable output and associated modelling, as set out in 

the Addendum to the consultation response for the draft WRMP. It also includes his review of 

how GARD’s concerns were covered in Ofwat’s final Gate 2 decision report, noting that 

GARD’s response to Ofwat’s draft decisions included the modelling Addendum. The format of 

his review is as a stand-alone document with, for each topic, an excerpt from GARD’s 

Addendum, followed by an excerpt from Thames Water’s SoR, followed by his comments on 

the validity of the SoR. 

You will see that John has concluded that, for every topic, Thames Water has failed to provide 

an adequate response to GARD’s concerns and no material changes have been made to the 

final WRMP. He has also noted that, although Ofwat’s final Gate 2 decision reports have 

properly recognised and summarised GARD’s concerns, the only proposed action was to say 

that GARD’s concerns should be addressed by the water companies as part of the final 

WRMP response process. The Ofwat final Gate 2 decisions were published in June so there 

was plenty of time for Thames Water to look properly at GARD’s concerns before the final 

WRMPs and SoR were published at the end of September. 

As John has said in his review, it is apparent that Thames Water and their consultants are 

unwilling or unable to make proper evidence-based responses to GARD’s concerns. The views 

of Thames Water and their consultants on these matters now appear to be so entrenched 

that they will never concede the need to make any changes, regardless of the evidence 

presented. Whilst GARD comes to this topic as an organisation opposed to the Thames Water 

plans for the SESRO project and advocate of the Severn Thames Transfer, our position is 

underpinned to as significant extent by the analyses made by John Lawson and the issues he 



 
 

raises concerning the Thames Water published documents.  We have always stated that we 

would be prepared to listen to an evidence-based argument as to why our approaches are 

incorrect. This has, unfortunately, never been advanced by Thames Water, and this situation 

has continued at the dWRMP24 Statement of Response stage. 

Therefore, I think that the time has come for a detailed, transparent and genuinely 

independent review of the deployable output assessments and associated modelling for the 

Abingdon reservoir and STT options. In view of the profound effect that the DO assessments 

have on the WRMPs of Thames Water, Severn Trent Water and United Utilities, I think it is 

essential that this independent review should be undertaken before any Government 

decision on the WRMPs. 

I propose that we take John Lawson’s attached review as a briefing paper for the Teams 

meeting planned for Friday 13th October. I am assuming from the addressees for the meeting 

call that RAPID will be in attendance, and, as we consider their attendance to be essential, I 

would be grateful if that could be confirmed.  

I propose that John’s paper should be taken as read, although he will be happy to answer 

questions on the details. I think the focus of the discussion should be on how the very serious 

issues raised should be addressed. Our proposal for the agenda for the discussion would be: 

1. How GARD’s Addendum was assessed in Ofwat’s final Gate 2 response and initial 

Environment Agency view on John Lawson’s paper. 

2. The need for independent review and its scope. 

3. Next steps. 

Please could you let me know as soon as possible whether this agenda is acceptable and who 

will be attending the meeting from your side. 

Yours sincerely, 

Derek Stork 

Hon Chair GARD 
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Summary 
 Refer to 

page no. 

GARD’s response to the consultation on Thames Water’s draft WRMP24 was heavily 

critical of the assessments of the deployable outputs and drought resilience of Abingdon 

reservoir and the Severn to Thames transfer. This paper reviews Thames Water’s dismissal 

of GARD’s concerns which can be seen in Appendix G2 to their Statement of Response. 

My views on Thames Water’s responses to GARD’s concerns can be summarised as: 

 

Regarding the validity of Pywr modelling and stochastic data 

Thames Water has provided no valid argument to overturn GARD’s view that the Pywr 

modelling of the London supply system is not fit for purpose. The problem with the Pywr 

modelling is in the validity of the stochastically generated river flows used in the 

modelling, rather than in the water supply system simulation in the Pywr model itself. 

There are two main problems: 

 

• The stochastically generated Teddington natural flows are a poor fit to gauged 

natural flows and flows generated from historic weather data. 

• Use of the period 1950-1997 to “train” the stochastic modelling has replicated the 

pattern of droughts in that period and excluded the long droughts that occurred in 

1921, 1933-34 and 1943-44. 

5-24 

Regarding the deployable output of Abingdon reservoir 

Thames Water has provided no valid arguments to overturn GARD’s view that the DO of 

the 150 Mm3 reservoir should be reduced from 271 Ml/d to 200 Ml/d, even before 

consideration of its lack of resilience to long duration droughts: 

 

• Regarding double counting of droughts (6 Ml/d DO reduction), TW’s argument 

that droughts spanning a year-end comprise two droughts is not valid. Nor is the   

6 Ml/d error too small to be worth correcting. 
26-28 

• Neither is use of the incorrect value of the Culham MRF (2 Ml/d DO reduction) too 

small to be corrected – multiple small errors can add up to large errors. 28-31 

• Regarding the use of the wrong climate change scenario (19 Ml/d DO reduction), 

in comparing Abingdon reservoir with other options, especially those resilient to 

climate change, TW should use the DO relating to the ‘high’ CC reduction as per 

their final WRMP.  

31-34 

• Regarding the allowances for dead and emergency storage (44 Ml/d DO 

reduction), TW’s allowance of 30-day reservoir throughput for emergency storage 

is based on incorrect calculation of reservoir throughput for their existing 

reservoirs, which actually have emergency storage equivalent to about 70 days of 

throughput. The allowance of an average dead storage depth of only 2.5 m is yet 

to be justified by water quality modelling. 

34-40 
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 Refer to 

page no. 

Regarding the resilience of Abingdon reservoir to long duration droughts 

Thames Water has provided no valid evidence to overturn GARD’s view that, if proper 

consideration is given to the occurrence of long duration droughts, the deployable output 

of the reservoir would be far less than that claimed by TW, perhaps in the region of only 

50% of the claimed amounts: 

 

• The method of method of generating stochastic flows has precluded the type of 

long drought that Abingdon reservoir cannot handle – three dry summers with 

two intervening dry winters 

15-19 &  

40-45 

• TW have failed to follow WRSE’s advice that, as extended droughts may not 

necessarily be well reflected in the stochastic data, drought artificial weather 

series should be used to represent prolonged drought events. 
45-47 

Regarding the deployable output of the unsupported Severn-Thames transfer 

Thames Water has misunderstood GARD’s point about their under-estimation of the DO 

of unsupported transfers by about 40% and have provided no evidence to overturn it: 

 

• TW have provided no evidence of the validity of Pywr modelling of STT options or 

of the validity of River Severn stochastic flows used in the modelling. 

• GARD’s assessment of DOs using historic flows gives much higher DOs than TW’s 

assessment of the 1:100 year DO which should be similar to the worst historic DO. 

48-49 

Regarding the need for United Utilities sources to replace Vyrnwy support for the STT 

Thames Water has failed to address GARD’s concern about over-estimation of the need 

for UU replacement sources for Vyrnwy support water, perhaps by about 70 Ml/d, which 

would have a substantial impact on the cost effectiveness of Vyrnwy support options. It is 

not acceptable for to TW to say that they have no knowledge of how UU calculated the 

need for replacement sources or to criticise GARD for not addressing their concern to UU. 

49-52 

Regarding estimates of utilisation of the STT 

Thames Water has provided model output which shows STT utilisation for about 14% of 

the time (51 days per year). However, this is far less than the 22% utilisation said to have 

been assumed in the operating cost estimates shown in the Gate 2 report for the STT. 

52-54 

Ofwat’s final Gate 2 decision reports on Abingdon reservoir and the STT 

Ofwat’s final Gate 2 reports have recognised GARD’s criticisms of the DO assessments and 

included reasonable summaries of GARD’s concerns. However, the only proposed actions 

were for the water companies to deal with GARD’s concerns as part of the consultation 

response process. The evidence provided in this paper shows that this has not happened. 

Therefore, these matters should now be assessed by a detailed and genuinely 

independent review by the regulators before any decisions are made on the final WRMPs. 

55-57 
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1. Introduction 

GARD’s response to Thames Water’s draft WRMP24 was heavily critical of the assessments 

of the deployable outputs and drought resilience for Abingdon reservoir and the Severn to 

Thames transfer. The criticism was detailed in the Addendum to the consultation response, 

which was subsequently replicated as an Addendum to GARD’s response to Ofwat’s Gate 2 

decisions which can be seen here:  

https://www.abingdonreservoir.org.uk/downloads/GARD%20response%20to%20Ofwat%20

Gate%202,%20Volume%202%20Addendum%2011.5.23.pdf 

GARD’s criticisms were covered under three headings: 

1. Validation of models and stochastic data – it was concluded that the modelling was 

not fit for purpose, primarily because of the use of invalid stochastically generated 

river flow data. 

2. Deployable output of Abingdon reservoir – it was concluded that the true deployable 

output of the reservoir is about half the amount claimed by Thames Water and the 

reservoir would have little resilience to droughts longer than 18 month. 

3. Severn to Thames transfer deployable output and operating costs – it was concluded 

that the deployable output of options with small amounts of support would be about 

50% higher than the amounts claimed by Thames Water and that options with 

support from Vyrnwy reservoir had grossly over-estimated the need for replacement 

sources in the north-west. Usage of the transfer had also been over-estimated 

leading to over-estimates of operating cost and carbon impact. 

Thames Water’s Statement of Response has dismissed virtually all GARD’s criticisms and 

there have been no significant changes in the revised version of WRMP24 submitted in 

September 2023. 

This paper reviews Thames Water’s dismissal of GARD’s concerns which can be seen on 

pages 103 to 121 of Appendix G2 to their Statement of Response, as here: 

https://dn9cxogfaqr3n.cloudfront.net/revised-

draft/statement+of+response+on+draft+wrmp24/dWRMP24+SoR+Appendix+G2+-

+Response+to+representations+from+organisations.pdf 

 

 

https://www.abingdonreservoir.org.uk/downloads/GARD%20response%20to%20Ofwat%20Gate%202,%20Volume%202%20Addendum%2011.5.23.pdf
https://www.abingdonreservoir.org.uk/downloads/GARD%20response%20to%20Ofwat%20Gate%202,%20Volume%202%20Addendum%2011.5.23.pdf
https://dn9cxogfaqr3n.cloudfront.net/revised-draft/statement+of+response+on+draft+wrmp24/dWRMP24+SoR+Appendix+G2+-+Response+to+representations+from+organisations.pdf
https://dn9cxogfaqr3n.cloudfront.net/revised-draft/statement+of+response+on+draft+wrmp24/dWRMP24+SoR+Appendix+G2+-+Response+to+representations+from+organisations.pdf
https://dn9cxogfaqr3n.cloudfront.net/revised-draft/statement+of+response+on+draft+wrmp24/dWRMP24+SoR+Appendix+G2+-+Response+to+representations+from+organisations.pdf
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2. Validation of models and stochastic data 

2.1 Validity of the Pywr modelling and the hydrological model for 

generating river flows 

GARD commented on the two step process used by Thames Water to validate their models:  

1. Step 1 – validation of the modelling of existing London supplies (historical time 

series) using flow inputs taken directly from WARMS2. The aim of this validation step 

was to ascertain whether the Pywr simulation model replicates Thames Water’s 

WARMS2 or Aquator simulation modelling, if using the same river flow data. 

2. Step 2 - validation of the model (historical time series) using flow inputs derived by 

the new hydrological models which were then used for the stochastic modelling. The 

aim of this validation step was to ascertain the differences in model outputs caused 

by differences in river flows generated by the different hydrological models. 

2.1.1 Step 1 – Validity of the Pywr simulation model 

Regarding the Step 1, GARD commented that there was only a moderately good fit between 

Pywr and WARMS2 modelling of reservoir drawdowns, as shown by the plot below from 

Figure I-6 in the original Appendix I, and described by TW as “a very close match”: 

 

Figure 1 - TW Step 1 validation of Pywr, simulation of London storage using WARMS flows 

TW have responded by saying that the plot above in their Appendix I was an out-of-date 

version and that more recent modelling, as per data supplied to GARD in March 2023, 

showed a better fit between the Pywr modelling and WARMS2 modelling when using the 

same river flow input data. I have checked this and agree that the revised version of the 

above plot shows a reasonably good match between the two models, as shown in Figure 2 

below. The upper graph is from Figure I-6 in TW’s revised Appendix I and the lower graph is 

plotted by me using the data provided by TW in file ‘WARMS flow validation’: 

Large mis-match in 

crucial 1933-34 drought 
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Figure 2 - Revised Step 1 validation of Pywr vs WARMS2 modelling using the same river 
flow data 

On this basis, I agree that the up-dated Pywr simulation model provides an acceptable 

match to WARMS 2 simulation model output when using the same river flow input data. 

However, it is not clear whether TW included an out-of-date version of their Figure I-6 in 

their report or whether the out-of-date version of the Pywr model was used for all their 

work on the original draft WRMP. 

2.2.2 Step 2 – Validity of the hydrological model used to generate river flows  

The Step 2 model validation showed large differences in model outputs when historic river 

flows are generated from the historic weather data using the new hydrological model that 

was subsequently used to generate 19,200 years of daily flow records from the stochastically 

generated weather data.  

Detailed evidence of this major flaw in Thames Water’s modelling was presented on pages 

12 to 17 of GARD’s Addendum and is replicated in full below as Extract 1: 
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Extract 1 from GARD’s Addendum to the dWRMP24 response 
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Extract 1 from GARD’s Addendum continued … 
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Extract 1 from GARD’s Addendum continued … 
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Extract 1 from GARD’s Addendum continued … 
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Extract 1 from GARD’s Addendum continued … 
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Thames Water response to the detailed criticism that we presented in Extract 1 from the 

Addendum starts with the extract shown below: 

 

 

Mmmm 

 

 

 

As a test of the validity of TW’s claim, we have shown below scatter plots of Pywr modelled 

flows and WARMS2 modelled flows against the naturalised gauged flows below 8000 Ml/d 

(the significant flows for filling London’s reservoirs) for the historic period 1920 to 1997: 

   

Figure 3 - Scatter plots showing fits of Pywr and WARMS2 flows against gauged flows 
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Extract 1 from GARD’s Addendum continued … 

From page 106 of Appendix G2 of TW’s SoR 

 We do not agree that the hydrological models used in our stochastic modelling "grossly 

overestimate” winter flow recovery in their validation and as such we do not agree with the 

conclusions drawn in respect of impacts of over-estimation of SESRO DO values and under-

estimation of STT DO values. The hydrological models used have Nash-Sutcliffe Efficiency (NSE) 

and logNSE flow statistic values (commonly used flow statistics to ascertain hydrological model 

performance, with logNSE particularly applicable for low flow prediction) of around 0.9, 

indicating strong performance.  
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The plots in Figure 3 show that the Pywr natural Teddington flows are a poor fit to the 

gauged flows and a much worse fit than the WARMS2 flows. The R2 value of 0.78 for the 

Pywr plot is much lower than the Nash-Sutcliffe Efficiency value of 0.9 quoted by Thames 

Water (R2 values are usually similar to NSE values). It is hard to see how Thames Water can 

justify the fit between the Pywr flows and gauged flows as “indicating strong performance”.  

Thames Water then goes on to dismiss GARD’s arguments about the inadequacy of the Pywr 

flows as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

While we agree that WARMS2 flows are a closer match to gauged naturalised records, that is 

because WARMS2 uses gauged naturalised flows as an input. In WARMS2, the gauged 

naturalised flows are used to estimate flow contributions from ungauged catchments and those 

with “fast” hydrological responses. It would not be possible to use only the hydrological models 

in WARMS2 on their own for use in stochastic modelling.  

GARD have presented evidence from the events of 1933-34 and 1943-44 to demonstrate events 

where flow over-prediction during winter occurs. The figure below demonstrates that during 

1975-76 (an event which GARD make much of in their later analysis), the hydrological models 

used in our flow modelling under-predict winter flows, compared to WARMS2. This 

demonstrates that it is not the case that the hydrological models used in our stochastic 

modelling systematically over-estimate flows during winter recharge periods, rather it is that 

hydrological modelling is challenging, perfect model validation cannot be achieved, and thus 

that variance between observed and models flows, and between flows produced by different 

models, are to be expected. Our consideration is that our hydrological models are fit for 

purpose.  

 
Note graph has been re-plotted to get a clearer image, but is identical to TW’s plot 
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From pages 106-107 of Appendix G2 of TW’s SoR: 
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Although I agree that the plot above shows that the Pywr model does not always 

overestimate winter flow recovery, nevertheless in the two most severe 2-year droughts in 

the past 100-years, the Pywr modelling does substantially over-estimate winter flow 

recovery. It therefore seems inevitable that the Pywr modelling will substantially over-

estimate flow recovery in the intervening winters in many of the severe 2-year droughts in 

the 19,200 stochastic record.  

Furthermore, TW’s plot above of modelled flows in the winter of 1975-76 doesn’t show the 

full picture of the inadequacy of Pywr modelling of the drought of 1975-76, which I have 

generated below: 

 

Figure 4 – Pywr and WARMS2 modelling of the historic 1976 drought 

The Pywr modelling of reservoir storage in the first half of the 1975-76 drought shows little 

resemblance to the WARMS2 modelling, noting that the lower plot shows that the WARMS2 

Teddington flows are a much better fit to the gauged flows in 1975-76. With the large mis-

match in the modelling of the first year of the drought, it is only by chance that the Pywr 

modelling almost matches the WARMS2 minimum storage in September 1976. This is 

further evidence of the unreliability of the Pywr simulations of the long duration droughts 

which are crucial to determination of the deployable output and drought resilience of 

Abingdon reservoir. 
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2.2 Validity of the 19,200 years of stochastic river flows 

2.2.1 GARD’s concerns over stochastically generated natural Teddington flows 

GARD has major concerns about the stochastically generated 19,200 years of Teddington 

natural flows used in the Pywr modelling. I have reproduced these concerns in full in Extract 2 

below, copied from GARD’s Addendum. 

 

Extract 2 from GARD’s Addendum pages 17-21 
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Extract 2 from GARD’s Addendum continued … 
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Extract 2 from GARD’s Addendum continued … 
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Extract 2 from GARD’s Addendum continued … 
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Extract 2 from GARD’s Addendum continued … 
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2.2.2 TW’s response to GARD’s criticism of stochastic Teddington flows 

Thames Water’s response to this detailed criticism of stochastic Teddington flows failed to 

address most of the evidence presented in Extract 2 above and focused only on the validity 

of the stochastic weather data. They have not properly addressed GARD’s key point, which is 

that the stochastic data generated different versions of the patterns of rainfall and drought 

sequences in the historic period 1950 to 1997, so was unable to generate the types of long 

drought, of more than 18 months duration, against which Abingdon reservoir has poor 

resilience.  

All that TW’s response says about possible severe droughts longer than 18 months is this: 

 

 

 

 

 

Thames Water provides no evidence to support the statement above and it appears to be 

merely a subjective view formulated to get round the inconvenient fact that modelling 

shows that Abingdon reservoir would be virtually empty at the end of most major 18-month 

droughts and so would be unable to provide any more water in longer droughts. 

GARD’s concern about longer droughts is shared by WRSE in their method statement on the 

stochastic climate datasets1: 

“There is a risk that extreme, extended droughts may not necessarily be well reflected in 

the dataset, although quantifying this risk is extremely difficult. Companies may 

complement the stochastic dataset with drought artificial weather series to represent 

prolonged drought events (which the stochastic generator will not have been trained on).” 

Thames Water has rejected the suggestion of using artificial weather series to represent 

prolonged drought events by saying this: 

 

 

 

 
1 WRSE Method Statement on Stochastic Climate Datasets: Consultation Version, July 2020, paragraph 2.7 

If there is a 1 in 500-year drought event of 18 months duration, while longer droughts could occur, 

they would either be:  

• Equally dry (in terms of mm rainfall per month) for a longer duration, and thus more severe 

than a 1 in 500-year event (each month of very low rainfall being an unlikely event)  

• less dry (in terms of rainfall per month) and thus not as much of a risk for the existing 

London supplies  

 

 

 

From page 115 of Appendix G2 of TW’s SoR: 

 

As also noted in a previous response, what GARD refer to as “advice” from WRSE is not advice, 

and is instead an allowance from WRSE to diverge from the preferred methodology should 

companies consider that a key vulnerability of their supply system is omitted. Our consideration 

is that the stochastic datasets properly consider drought events which may occur and to which 

our supply system is vulnerable.  

 

 

 

From page 115 of Appendix G2 of TW’s SoR: 
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Again, this is merely Thames Water’s opinion, with no supporting evidence, presented as an 

excuse for not looking at long droughts that Abingdon reservoir cannot cope with. I have 

addressed this further in Section 3.6 of this paper. 

Thames Water’s comment’s on the validity of the stochastic weather data used to generate 

Teddington natural flows started with this: 

 

 

 

 

 

 

My response to these comments is: 

1. The fact that the stochastic data sets have been widely adopted across the UK water 

industry, doesn’t make them any more valid.  

2. I agree that there is some reassurance from the 1:100 year deployable output of 

existing supplies using the stochastic data matching the modelled DO in the worst 

historic drought. However, that doesn’t address GARD’s main point which is that the 

method of generating the stochastic flows greatly reduces the likelihood of the type 

of multi-year drought (eg 3 dry summers with two intervening dry winters) in which 

Abingdon reservoir has poor resilience.  

3. Although the rainfalls generated by the 1950s model are similar to the data 

generated from the 20th century model, both sets of stochastic data are often widely 

different to the observed data, particularly at the 1:500 year return period. 

4. The “good fit to historic data” which Thames Water says is demonstrated in Section 

B.4.3 of the WRSE/Atkins report is a very subjective view, which, in my opinion is not 

supported by the data published in that report. Section B.4.3 includes droughts from 

several regions, so I have extracted below some data relating to the South-East2, 

highlighting in yellow where I consider the fits to be poor: 

 
2 Copied from Section B.4.3 of WRSE/Atkins Final Report on Regional Climate Data Tools, July 2020 

https://www.wrse.org.uk/media/ok1mtsoq/wrse_file_1338_regional-climate-data-tools.pdf  

We do not agree that the stochastic weather datasets adopted in our WRMP24 modelling of 

Deployable Output are not fit for purpose. The datasets are shown in the WRSE technical note 

accompanying their production (Regional Climate Data Tools Final Report) to provide a good fit 

to historical data (when considering different rainfall deficit durations, and when considering 

the historical period 1920-1997, as shown in Section B.4.3 of the WRSE/Atkins report), the 

stochastic datasets have been widely adopted across the UK Water Industry, and the Deployable 

Output figure for 1 in 100-year Deployable Output is close to the figure from our existing “Worst 

historical” (1920-2013) modelling.  

 

 

From page 107 of Appendix G2 of TW’s SoR: 

 

https://www.wrse.org.uk/media/ok1mtsoq/wrse_file_1338_regional-climate-data-tools.pdf
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Note:  i). Rainfall in mm 

 ii). Data fits considered poor indicated thus: 

Table 1 – WRSE/Atkins validation of stochastically generated rainfall 
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5. The data shown in Table 1 are only for rainfall – there are likely to be bigger 

differences in long return period river flows due to the flaws in the hydrological 

model that converts the stochastically generated rainfall into river flows, as 

described in Section 2.1.2 of this paper. 

Thames Water then go on to describe how the stochastic data were derived and they repeat 

their claim that the stochastic rainfall records provide a good match to historic records: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thames Water says that their consultants explicitly state a good match between historic and 

stochastic rainfall as though it shows an established fact, whereas it is actually their 

consultants’ subjective judgment of their own work. I accept the point that the cumulative 

stochastic rainfall of different return periods is similar for data trained on 1950-1997 and 

data trained for 1920 to 1997. However, both sets of rain data are at times substantially 

different to the observed historic data, as can be seen in the WRSE/Atkins table that is 

reproduced in my Figure 1 above.  

The stochastic weather datasets are generated using statistical processes in which rainfall is 

linked to climate drivers (e.g., the North Atlantic Oscillation Index, or sea surface temperature 

anomaly indices), but including an element of randomness. Statistical models are fitted based 

on “training” datasets of these climate drivers and rainfall volumes. The trained models are 

then used to generate different versions of what rainfall could reasonably have fallen when 

considering the climate drivers over that period, and considering the semi-random nature of 

rainfall. In the generation of stochastic rainfall datasets, historical rainfall datasets are not 

reproduced, and rather different rainfall time series are produced which represent what could 

have happened. As can be seen from the results in the WRSE/Atkins report, and as is explicitly 

stated in that report, the stochastic rainfall records provide a good match to the historical 

records, when considering the historical record of the full twentieth century. 

Furthermore, recognising the potential criticisms which GARD now raise (i.e., that the first half 

of the twentieth century contained three severe droughts and thus a rainfall generator based 

on only the second half of the twentieth century would not adequately produce drought 

events), in the stochastic datasets project, a model was trained using a training period which 

also included the early part of the 20th
 century (noting that, for the reasons noted in the next 

paragraph, this model was compromised in terms of climate-driver data availability). 

The report includes the statement that “The analysis concluded that while the [training set of 

the] 1950s [1950-1997] model does not include some of the key droughts in the 20th Century, 

in most cases this model performed as good [well] as, or marginally better [than the model 

trained on the longer 20th
 Century period], when viewed against the observed data in the 20th 

Century”, i.e., the model used in the production of our WRMP24 stochastic rainfall datasets 

provides as good as, or a better match for the rainfall of the whole 20th
 Century than a model 

trained on data from the whole 20th
 Century.  

 

 

From pages 107-108 of Appendix G2 of TW’s SoR: 
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The differences between the stochastic modelled data and the observed historic data can 

also be seen in the Teddington river flow duration curves below, focusing on the natural flow 

below 400 Ml/d during which the London reservoirs are rapidly drawn down: 

 
The Pywr stochastic data are from the full 19,200 year record in file “Teddington weir stochastic flow GR6J” 

Figure 5 – Modelled and observed flow duration curves for Teddington natural flows  

The large differences in modelled and observed natural Teddington flows below 4000 Ml/d 

explain the big differences between Pywr and WARMS2 modelled storages which I have 

commented on earlier, with an example below3: 

 

Figure 6 – Differences between Pywr and WARMS2 modelled London storages 

It is hard to say whether the big discrepancies in Pywr modelling shown in Figures 5 and 6 

are the result of flaws in the stochastic rainfall data or deficiencies in the rainfall-run-off 

modelling that converts rainfall to river flows. However the cause is immaterial – the 

 
3 Copied from Figure I-7 in Appendix I to TW’s revised WRMP24 
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outcome is major flaws in the Pywr modelling. 

As well as affecting the assessment of deployable output and drought resilience of Abingdon 

reservoir, the discrepancies in modelling of Teddington natural flow potentially has an 

impact on the frequency of need for the Severn-Thames transfer and hence its operating 

cost and carbon impact.  

2.3 Validation of Pywr modelling of STT options 

Appendix I to Thames Water’s WRMP24 provides no details of validation of the 

stochastically generated river flows used in Pywr modelling of Severn-Thames transfer 

options or of the Pywr modelling of the transfer and its benefits to Thames Water’s supplies. 

This is discussed further in Section 4.1 of this paper. 
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3. The deployable output and resilience of Abingdon reservoir 

3.1 GARD’s conclusions on Abingdon reservoir DO in WRMP24 response 

In GARD’s Addendum to the response to Thames Water’s WRMP24 consultation, it was concluded that 

the deployable output of Abingdon reservoir has been grossly over-estimated for WRMP24 and 

the Gate 2 reports. In addition to failure to properly consider resilience to long duration droughts, 

the following flaws were identified in Thames Water’s deployable output assessments: 

 

150 Mm3 

reservoir 
100 Mm3 

reservoir 

DO with climate change as WRMP24 271 Ml/d 185 Ml/d 

Less 
Double counting of droughts -6 Ml/d -4 Ml/d 

Wrong value of Culham MRF -2 Ml/d  -1 Ml/d 

Wrong climate change scenario -19 Ml/d -16 Ml/d 

Inadequate dead & emergency 
storage -44 Ml/d -25 Ml/d 

Corrected Deployable Output 200 Ml/d 139 Ml/d 

GARD proposed changes to reservoir DO (excluding long drought resilience) 

In addition, we consider that the deployable output of Abingdon reservoir will be a lot less than 

shown in the table above, perhaps only half these values, when proper consideration has been given 

to the likelihood of a sequence of dry years which prevent the reservoir from being full at the start of 

a major drought or delay its refilling after a major drought.  

Thames Water’s SoR rejects all GARD’s findings and says on page 112 of their Appendix G2: 

“We have not made changes to our plan as a result of this response, as our consideration is that 
the Deployable Output of the reservoir has been calculated robustly and in line with guidance.”  

In the following sections, the evidence previously presented to support GARD’s conclusions is 

followed by Thames Water’s response. 

3.2 Double counting of droughts 
 
 
 
 
 

 

 

 

 

Extract 3 from GARD’s Addendum pages 28-29 
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Extract 3 from GARD’s Addendum pages 28-29 continued … 
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Thames Water’s response to this was: 

 

 

 

 

 

 

 

 

 

I do not accept the excuse “We have, as GARD note, considered a year to be from April to 

March, and as such events which span across years represent additional failures”. The 

methodology which considers a year to run from April to March is clearly intended to avoid 

counting the use of a single emergency drought order that span across a year end as two 

failures – as stated in by TW in their EIR 22-23-390  “A year is defined from Apr to Mar, in 

order not to count L4 events which extend into January.” The fact that TW’s analysis failed to 

notice that some emergency drought orders spanned the re-defined March-April year end is 

clearly an error and should be corrected, as I have done in my analysis which shows that the 

DO of the 150 Mm3 reservoir is over-estimated by 6 Ml/d. 

I do not agree with Thames Water’s comment that the impact of this error is “very minor”. 

Multiple small errors can add up to large errors so all errors should be corrected. 

3.3 Use of incorrect value of Culham MRF 

There was another serious Pywr modelling error in the original WRMP24 analysis in 

assuming that, when refilling Abingdon reservoir, the minimum required flow (MRF) in the 

River Thames at Culham is set at only 450 Ml/d instead of the correct value of 1450 Ml/d. 

TW recognised this error and provided a correction in an appendix to the modelling 

technical report, showing that it only reduces deployable output by 2 Ml/d. Our modelling 

shows a similar DO reduction due to this error, when simulating stochastic versions of the 

1975-76 drought. However, the potentially slow rate of refill of Abingdon reservoir has 

implications for the resilience of Abingdon reservoir in multi-year droughts. GARD’s concern 

over this is replicated in Extract 4 from the Addendum to the WRMP24 response: 

 

We do not agree that the approach taken in our Deployable Output calculation is incorrect. The 

Water Resources Planning Guideline states that we should plan so that our system is resilient to a 

0.2% annual chance of failure caused by drought, where failure is defined as implementing an 

emergency drought order. We have, as GARD note, considered a year to be from April to March, 

and as such events which span across years represent additional failures.  

We note two additional factors:  

• The impacts which GARD note are very minor.  

• GARD have not been even-handed in their assessment, and have not considered whether 

the same issue should, in their consideration, impact the Deployable Output of the STT.  

 

From page 112 of Appendix G2 of TW’s SoR: 
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Extract 4 from GARD’s Addendum pages 30-31 
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Extract 4 from GARD’s Addendum pages 30-31 
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Thames Water’s response to the criticism of using the incorrect value of the Culham MRF is 

shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

As I commented on Thames Water’s dismissal of their “very minor” 6 Ml/d drought double 

counting error, multiple small errors can add up to large errors, so the Culham MRF error 

should be corrected in the assessment of Abingdon reservoir DO. 

TW recognise that correction of the Culham MRF error reduces the speed of reservoir refill 

after drought events. However, they have then ducked proper assessment of its implications 

in terms of resilience of London supplies in long droughts and the potentially prolonged 

supply restrictions when Abingdon reservoir fails to refill after a severe drought. I will say 

more about this in Section 3.6 of this paper. 

3.4 Use of wrong climate change scenario in assessing reservoir DO 

In the main WRMP report, the widely quoted deployable outputs for Abingdon reservoir are 

271 Ml/d for the 150 Mm3 reservoir and 185 Ml/d for the 100 Mm3 reservoir. These are TW’s 

assessments for the ‘median’ climate change scenario. However, TW’s preferred plan 

assumes the ‘high’ climate change scenario, so in my opinion the assessed DOs for Abingdon 

reservoir should also be for the ‘high’ climate change scenario, not the ‘median’ scenario. 

This would reduce the deployable output of the 150 Mm3 Abingdon reservoir by 19 Ml/d. 

The evidence for this is shown in Extract 5 from GARD’s Addendum to the WRMP24 

consultation response: 

The error noted around the representation of the Culham MRF was fixed in the Deployable 

Output modelling prior to publication of rdWRMP24, and as GARD note the Deployable 

Output impact was very minor (2 Ml/d).  

We agree that a HOF [hands-off flow, ie minimum required flow, MRF] of 1450 Ml/d rather 

than 450 Ml/d in the modelling reduces the speed of refill after drought events. However, our 

consideration should be the Deployable Output benefit of the reservoir to our supplies, and 

this is what our Deployable Output calculations are designed to do. GARD’s comments 

around the potential risks during events which may occur are hypothetical, and do not 

consider the resilience/vulnerability of our existing system. SESRO is particularly effective in 

drought events to which the London supply system is particularly vulnerable, and which 

GARD state that the London system is particularly vulnerable to (see p.38 of the main GARD 

representation), “two dry summers and an intervening dry winter”.  

We have not made changes to our plan as a result of this response, as our consideration is 

that the Deployable Output of the reservoir has been calculated robustly and in line with 

guidance.  

 

From pages 112-113 of Appendix G2 of TW’s SoR: 
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Extract 5 from GARD’s Addendum pages 32-33 
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Extract 5 from GARD’s Addendum pages 32-33 continued … 
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Thames Water’s response to the criticism over use of the wrong climate change scenario in 

assessing DO is shown below: 

 

 

 

 

 

 

 

 

 

 

In my opinion, Thames Water’s arguments are irrational and unacceptable. The use of the of 

median climate change scenario in assessing DO for all branches of the adaptive plan is an 

error which should be corrected. Obviously, if Thames Water is comparing options for 

different climate change scenarios, the deployable outputs of options need to be adjusted 

for each climate change scenario. Otherwise, options that are climate change resilient like 

leakage reduction, metering, re-cycling and desalination will be unfairly assessed in 

comparison with options whose DOs reduce with climate change, like reservoirs. 

In the case of Severn to Thames transfer options, I agree that the DOs should be adjusted for 

each climate change scenario, but note that several of the STT support options are climate 

change resilient like the Netheridge and Minworth recycling options. 

3.5 Inadequate allowances for dead and emergency storage 

GARD’s WRMP response proposed that TW’s planned 6% emergency storage allowance for 

Abingdon reservoir should be increased to 15% to be in line with the emergency storage 

allowance in other major UK reservoirs. GARD also proposed that, for the water in 

emergency storage to be of sufficiently good water quality to be useable, dead water should 

be based on an average residual water depth of 5m, not an average depth of 2.5m as 

planned by TW. With these proposals for dead storage and emergency storage, GARD’s 

modelling shows that the deployable outputs for the 150 Mm3 and 100 Mm3 reservoir would 

reduce by 44 Ml/d and 25 Ml/d respectively. 

GARD’s evidence for this is copied below in Extract 6: 

From pages 112-113 of Appendix G2 of TW’s SoR: 

 We have considered a median climate change impact for both the SESRO and STT options, 

and our consideration is that applying a median climate change reduction is appropriate and 

even-handed. We do not agree that we should adopt the ”High” climate change scenario in 

the assessment of option Deployable Output calculation, as the Deployable Output figures 

are used in all branches of our adaptive plan. Applying a climate change impact reduction to 

option Deployable Output values is a step taken to ensure that we have considered climate 

impacts in our option assessment, and our primary concern in this respect is ensuring that 

we are comparing alternatives against one another in an appropriate way.  

We note that GARD have again not taken an even-handed approach in their consideration of 

which factors to consider in the calculation of different options’ Deployable Outputs.  

We have not made changes to our dWRMP following this response, for the reasons set out in 

our consideration.  
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Extract 6 from GARD’s Addendum pages 37-41 
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Extract 6 from GARD’s Addendum pages 37-41 continued … 
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Extract 6 from GARD’s Addendum pages 37-41 continued … 
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Thames Water’s response to the criticism of the inadequacy of dead and emergency storage 

is shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Extract 6 from GARD’s Addendum pages 37-41 continued … 

 

 

 

 

 

 

From pages 112-113 of Appendix G2 of TW’s SoR: 

 We do not agree with the amendments which GARD suggest to the dead/emergency storage 

provisions for SESRO, for the reasons set out below. As such, we do not agree the Deployable 

Output reductions suggested.  

The 6% emergency storage in SESRO is calculated as 30 days' worth of reservoir throughput, in line 

with other Thames water reservoir emergency storage calculations. Given that this is the standard 

on which other TW emergency storage requirements are determined, in the absence of other 

evidence we do not see a reason to amend this.  

The reservoir water quality modelling that was undertaken for the Gate 2 submission suggests 

that an acceptable level of water quality can be achieved with the current concept design and 

associated inlet / outlet and mixing arrangements. This will continue to be reviewed and re-

analysed as the design progresses, to reflect the latest design of the reservoir and borrow pit, and 

appropriate inlet, outlet and mixing arrangements included as required.  

Our consideration is that GARD have taken the suggestion of 5m being required to ensure good 

water quality out of context. GARD have assumed that 5m depth is required, on average, to 

ensure good water quality, when this was intended to apply to the depth of storage required in the 

central trench to ensure good quality, considering the rest of the design of the reservoir (i.e., 

including the sloping banks of the borrow bit) and accounting for the aeration system which 

encourages mixing.  
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Thames Water’s only justification for the 6% of emergency storage is that it is “30 days' 

worth of reservoir throughput, in line with other Thames water reservoir emergency storage 

calculations”.  This statement is wrong – the emergency storage allowance in Thames 

Water’s existing reservoirs is actually about 70 days of “throughput”.  

The throughput of the London reservoirs in droughts is about 760 Ml/d, as seen in Thames 

Water’s Aquator modelling of the London supply system at a deployable output of 2302 

Ml/d as shown below4: 

 

Figure 7 - TW modelled throughput of London reservoirs in severe droughts 

The emergency storage allowance for the London reservoirs is 48,500 Ml which is 64 days of 

throughput, not 30 days. There is a similar picture for Farmoor reservoir5: 

 

Figure 8 - TW modelled throughput of Farmoor reservoir in severe droughts 

The emergency storage for Farmoor is 4500 Ml, equivalent to 76 days of 59 Ml/d throughput. 

 
4 Data from EIR-22-23-390 file “AR20 Q4 Sc1 - London DO – 2302.xlsx” 
5 Data from WARMS2 output supplied to GARD in file “GARD Upper Thames DO 245 AR16.xlsx” 
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Thames Water’s allowance of 6% emergency storage in Abingdon reservoir is far lower than 

allowed in other UK reservoirs, as shown below with references for the source data: 

• Clywedog reservoir   13%6 

• Llyn Brianne reservoir   14%7 

• Bristol Water (Chew, Blagdon) 18%8 

• Welsh Dee system   20%9 (of gross storage) 

• TW London reservoirs   24%10 

• TW Farmoor reservoir   33% 

Yorkshire Water’s policy is for “30 days supply at the reservoir or group yield, or 12.5 per cent 

of reservoir stocks, whichever is greater”. 11 

Bearing in mind the poor winter refill of Abingdon reservoir and the vulnerability of the 

London supply system to longer duration droughts, GARD’s proposal that the Abingdon 

reservoir emergency storage should be 15% of live storage seems reasonable. For the 

137,400 Ml live storage that GARD has calculated for the nominal 150 Mm3 reservoir, 15% 

emergency storage would be 20,600 Ml which is 64 days of throughput of the planned 

regulation release of 321 Ml/d – consistent with the 64 days of throughput for emergency 

storage in Thames Water’s London reservoirs. 

Thames Water’s justification of an average dead storage water depth of only 2.5 m (ie 5 m 

maximum depth at the deepest point of the borrow pit) seems to be dependent on water 

quality modelling which I have not seen. Bearing in mind the incorrect analysis that Thames 

Water has used to justify their 6% Abingdon reservoir emergency storage, I suggest the dead 

storage allowance needs to be carefully scrutinised by the Environment Agency, taking 

account of experience of algal blooms in other reservoirs and the impact of releasing algae-

laden water into the River Thames. 

3.6 Resilience of Abingdon reservoir to long duration droughts 

GARD’ Addendum to the response to Thames Water’s WRMP24 consultation concluded 

that, if proper consideration is given to the occurrence of long duration droughts, the 

deployable output of Abingdon reservoir would be far less than that claimed by Thames 

Water, perhaps in the region of only 50% of the claimed amounts. GARD’s evidence for this 

is shown in Extract 7 from the Addendum: 

 

 

 
6 South Staffs Water Draft Drought plan, Figure 2, August 2017 
7 DCWW Welsh Water Drought Plan, Figure 20, July 2015 
8 Bristol Water Draft Final Drought Plan, Figure 2, July 2017 
9 United Utilities Revised Draft Drought Plan, Figure A6.11, January 2017 
10 TW WARMS2 modelling of London and Farmoor systems, as provided to GARD 
11 Yorkshire Water Draft Drought Plan, Section 2.1, January 2018 
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Extract 7 from GARD’s Addendum pages 33-36 
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Extract 7 from GARD’s Addendum pages 33-36 continued … 
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Extract 7 from GARD’s Addendum pages 33-36 continued … 
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Extract 7 from GARD’s Addendum pages 33-36 continued … 
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Thames Water’s response to the criticism of their failure to consider long duration droughts 

starts by claiming that they have followed the Water Resource Planning Guideline and 

criticising GARD’s general approach: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I agree that assessment of deployable output should use a ‘system approach’ and that some 

supply systems may be vulnerable to short droughts, for example direct river abstractions 

with no reservoir storage,  whereas others may be vulnerable to very long droughts, 

particularly if the reservoir storage is large in relation to the water available for re-filling – 

this already applies to the existing London supply system and will apply even more if 

Abingdon reservoir is added to the supply system, with no additional source of re-fill. 

Thames Water is incorrect to say that “GARD’s focus is solely on the Deployable Output of 

the reservoir”. GARD’s modelling simulates the entire London and SWOX supply system in 

the same way as Thames Water’s WARMS, Aquator and Pywr modelling. The deployable 

output changes assessed by GARD’s modelling are for the whole supply system, not just for 

Abingdon reservoir. 

Although I agree that the critical drought duration for the existing London supply system 

From pages 114-115 of Appendix G2 of TW’s SoR: 

 The approach GARD have taken to assessing the Deployable Output benefit of the reservoir is 

incorrect and does not comply with the Water Resources Planning Guideline. We do not agree that 

we should amend our Deployable Output assessment of the reservoir to focus on long-duration 

droughts, for the reasons set out below.  

The Water Resources Planning Guideline states clearly (Section 5.1) that, in our calculation of 

Deployable Output, we should use a ‘system response’ approach, viz., when assessing our 

Deployable Output, or the Deployable Output benefit that new interventions may bring, we should 

consider how our different sources work together to provide resilience to drought. This guidance 

reflects the fact that some systems are particularly vulnerable to “short, sharp” drought events, 

while other systems are vulnerable to more extended but less intense drought events and thus 

assessment of supply capability should reflect the vulnerabilities of a given supply system. It 

follows that a given intervention will provide different benefits within different supply systems, 

according to the existing vulnerabilities of that supply system.  

GARD’s focus solely on the Deployable Output “of the reservoir” is, as such, irrelevant, and it is the 

“Deployable Output benefit that the reservoir brings to our supplies” which we should consider. As 

GARD highlight in an earlier section of their response, the critical vulnerability of the London WRZ 

is to events of two consecutive dry summers with an intervening dry winter. SESRO is of particular 

benefit during events of this duration, and the proposed release volumes have been tuned to 

ensure that the scheme would have maximum benefit when considering the vulnerabilities of the 

existing London supply system.  
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over the past 100 years has been two consecutive dry summers with an intervening dry 

winter, the critical drought duration is likely to change with the addition of Abingdon 

reservoir, thereby almost doubling the available system storage with no additional source of 

re-fill water. The threat of long duration droughts becomes greater if the system is expected 

to be resilient to 1 in 500 year events, rather than a 1 in 100 year or worst historic event.  

Thames Water then goes on to reject GARD’s use of WRSE’s suggested approach of using 

artificial long drought events, which recognises that long droughts probably won’t be 

generated by stochastic data trained on the 1950-97 period because it contained no severe 

long duration droughts: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thames Water’s rejection of GARD’s example of the 1996-97 drought being followed by the 

1933-34 drought is based on the argument that this would be a 1:1000 year occurrence 

From pages 115-116 of Appendix G2 of TW’s SoR: 

   As a related point, the use of “dry” [as in creating artificial droughts by combining two dry but 

separate years] does not capture the range of “dryness” which could occur. If there is a 1 in 500-

year drought event of 18 months duration, while longer droughts could occur, they would either 

be:  

• Equally dry (in terms of mm rainfall per month) for a longer duration, and thus more severe 

than a 1 in 500-year event (each month of very low rainfall being an unlikely event)  

• Less dry (in terms of rainfall per month) and thus not as much of a risk for the existing 

London supplies  

GARD have presented modelling of an event which is a composite of 1996-97 preceding the 1933-

34 event. According to the Standard Precipitation Index (12m accumulation period) data available 

from the UK CEH Water Resources Portal, the SPI-12 for the Thames catchment for Jul 96 to Jun 97 

was minus 1.4, meaning that the event was a c.1 in 10-year event from a rainfall deficit 

perspective. Preceding the c.1 in 100-year  

1933-34 event with a 1 in 10-year event means that this event could represent something more like 

a 1 in 1000-year event, i.e., an event less likely than we should consider in our planning.  

As noted in our previous responses, we do not agree that the stochastic dataset under-represents 

long-duration droughts.  

As also noted in a previous response, what GARD refer to as “advice” from WRSE is not advice, and 

is instead an allowance from WRSE to diverge from the preferred methodology should companies 

consider that a key vulnerability of their supply system is omitted. Our consideration is that the 

stochastic datasets properly consider drought events which may occur and to which our supply 

system is vulnerable.  
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(1:10 for 1996-97 x 1:100 for 1933-34), and therefore more severe than the 1:500 year 

resilience standard. This argument misses the point that the 1996-97 drought being followed 

by the 1933-34 drought was simply an example of what could happen in artificially 

generated droughts based on changes in the sequencing of droughts of the past 100 years.  

In GARD’s Addendum and in Section 2.2.1 of this paper, I have provided evidence that the 

stochastic data generated different versions of the patterns of rainfall and drought 

sequences in the historic period 1950 to 1997, so was unable to generate the types of long 

drought, of more than 18 months duration, against which the London supplies have poor 

resilience if dependent on Abingdon reservoir. As I previously stated, this potential weakness 

in the stochastic data was identified in WRSE’s Method Statement for Stochastic Climate 

Datasets12: 

“As with any dataset generated based on existing datasets using statistical methods, the 

stochastic weather sequences are only as good as the datasets on which they are 

trained. As stated above, the stochastic dataset is formed of 400 48-year sequences and 

is trained on the 1950-1997 baseline period. There is a risk that extreme, extended 

droughts may not necessarily be well reflected in the dataset, although quantifying this 

risk is extremely difficult. Companies may complement the stochastic dataset with 

drought artificial weather series to represent prolonged drought events (which the 

stochastic generator will not have been trained on).”  

In my opinion, the example of the 1996-97 drought being followed by the 1933-34 drought 

shows that the London supply system, if dependent on Abingdon reservoir, would be 

vulnerable to droughts of three dry summers and two intervening dry winters. Therefore,  

there should be a proper investigation using artificial drought weather series as proposed in 

WRSE’s method statement. It is not acceptable for Thames Water to refuse to do this on the 

grounds that “Our consideration is that the stochastic datasets properly consider drought 

events which may occur and to which our supply system is vulnerable.” 

In view of the long running nature of the dispute over Abingdon reservoir resilience to long 

duration droughts and Thames Water’s entrenched position, I think it is essential that this 

matter is now subject to a detailed and genuinely independent investigation before any 

decision is taken on major new supply sources. 

  

 
12 WRSE Method Statement on Stochastic Climate Datasets: Consultation Version, July 2020, paragraph 2.7 
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4. Deployable output and operational usage of the STT 

4.1 Validity of Pywr STT modelling and deployable output of STT 

options 

GARD’s Addendum to the consultation on Thames Water’s draft WRMP24 concluded that 

the Pywr modelling has grossly under-estimated the deployable output of unsupported STT 

options.  

As commented upon in Section 2.3 of this paper, Appendix I of TW’s WRMP24 provided 

validation details for Pywr modelling of existing London supplies but no validation of 

modelling of STT options. As our own check on Pywr model validity, in Section 4.1 of the 

Addendum we compared our modelling of the unsupported transfer using historic flows 

with Pywr modelling using stochastic flows with no climate change. This was shown in Table 

8 on page 45 in the Addendum which is copied below: 

 

Our modelling showed that the 1:100 year DO of the unsupported 300 Ml/d transfer was 

129 Ml/d compared to Thames Water’s Pywr figure of about 90 Ml/d. For the 500 Ml/d 

unsupported transfer, we estimated the 1:100 year DO to be 182 Ml/d compared with 

Thames Water’s Pywr figure of about 130 Ml/d. These are large differences which could 

affect the decision on whether to proceed with an early development of the STT aqueduct. 

In the Addendum, we pointed out that the deployable output differences shown in Table 8 

are highly significant because the unsupported transfer would be a viable first phase of the 

STT, not dependent on the Minworth or Vyrnwy support sources, and the additional London 

deployable output would allow all the Chilterns chalk stream abstraction reductions to go 

ahead as soon as the Severn to Thames aqueduct is built, potentially in the early 2030s. It 

would also provide insurance against the planned PCC and leakage reductions not 

materialising over the next 10 years. 

Thames Water’s response to this criticism in Appendix G2 to the SoR is shown below: 
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TW’s response misses the point of the DO comparison in the Addendum Table 8 copied 

above and does not address GARD’s criticism. The DO values in the Addendum Table 8 are 

GARD’s assessment of DOs using historic flows since 1920 (ie no climate change) compared 

with Thames Water’s assessment with Pywr modelling using stochastic flows without 

climate change. Assuming the worst historic drought since 1920 to be about a 1:100 year 

event, this is a like-for-like comparison which tests the validity of the Pywr modelling. It 

shows that the Pywr modelling appears to have substantially under-estimated DO gains 

arising from unsupported transfers.  

To address GARD’s criticism Thames Water should be required to provide full details of: 

• Aquator model output of the unsupported transfer using historic flows derived from 

historic weather and river gauge data, as for WARMS2 

• Equivalent Pywr model output of the unsupported transfer using historic flows 

derived using the Pywr hydrological modelling 

• Explanation of a) any significant differences between the Pywr and Aquator 

modelling and b) any significant differences between the DOs assessed using historic 

flows and the 1:100 year DOs assessed using stochastic flows (ie the equivalent 

comparison to that shown in Table 8 of our Addendum). 

4.2 The need for UU replacement sources for Vyrnwy support 

option 

Thames Water appear to have assumed that at least 80% of the nominal support from 

Vyrnwy reservoir will require replacement of deployable output through new United Utilities 

sources, with high associated costs which make this option much less attractive. GARD’s 

modelling shows that only about 50% replacement deployable output is needed. This would 

mean that the costs of STT options with Vyrnwy support may have been inflated by the cost 

of up to about 70 Ml/d of unnecessary replacement sources. 

From page 119 of Appendix G2 of TW’s SoR: 

 GARD have undertaken modelling to identify a Deployable Output using historical flow data 

and not including the impacts of climate change. A “worst historical” Deployable Output 

assessment is not appropriate for ascertaining the DO benefit of the STT when planning for “1 

in 500-year” conditions, and it is also not appropriate to ignore the impact of climate change 

in this case. As such, GARD’s modelling is inadequate for the production of Deployable Output 

benefit figures for the STT for use in WRMP24. The modelling undertaken to produce the DO 

benefit values adopted in our WRMP is robust.  
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GARD’s evidence in support of this is shown below in Extract 8 from the Addendum: 

 

 

 

 

  

 

Extract 8 from GARD’s Addendum pages 46-47  
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Thames Water’s response to this detailed and evidence-base criticism is shown below: 

 

 

 

 

 

 

 

 

In other words, Thames Water have not questioned United Utilities’ assessment of the need 

for replacement sources, despite the criticism raised by GARD in Extract 8. Instead GARD 

Extract 8 from GARD’s Addendum pages 46-47 continued … 

 

 

 

Thames Water have not made any assumptions about the resource which United Utilities would 

need to invest in, in order to replace water traded to facilitate a supported Severn Thames Transfer. 

These calculations have been undertaken by United Utilities. Instead, United Utilities have provided 

Thames with prices for water from Vyrnwy, which incorporate the need to invest in new sources, 

making use of utilisation series from WRSE (which have been provided to GARD). We have not, 

however, been provided with information regarding the derivation of these prices for reasons of 

commercial confidentiality.  

Our consideration is that this is an issue which should have been raised in relation to the United 

Utilities WRMP24 consultation.  

 

From page 119 of Appendix G2 of TW’s SoR: 
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have been criticised for not raising the matter directly with United Utilities. In my opinion 

this is unacceptable and United Utilities and Thames Water together should be required to 

address GARD’s criticism in a transparent manner, with proper supporting evidence, 

including modelling equivalent to that undertaken by GARD in Extract 8. 

4.3 Operational usage of the STT 

On page 47 of the Addendum, GARD said that In the WRMP and Gate 2 documents we had 

found no statement of the assumed annual amounts of STT operation for assessing 

operating costs. No time series data had been supplied for Pywr modelling of operational 

use of the STT. This is another failure of transparency, particularly as the high pumping costs, 

energy use and carbon impact of the STT are frequently touted as factors against the 

scheme.  

 

 

 

 

 

 

 

 

 

 

 

I now realise that some Pywr model output of STT usage had indeed been provided in the 

suite of data files in EIR-21-22-749 and I apologise for the oversight. 

The modelling of the utilisation is described in the extract below from EIR-21-22-749 and the 

result is summarised in the extract copied from the Pywr output file 

“Utilisation_STT_300_200.xlsx” show usage of a 300 Ml/d transfer with 200 Ml/d of support 

sources: 

 

 

Operational costs of the STT are presented in the WRMP Tables, including fixed opex (£/yr) and 

variable opex (£/Ml). These figures are used in our WRMP programme appraisal. Appendix W of 

the dWRMP included weightings applied to different scenarios considered in the investment 

modelling.  

We note that elsewhere in GARD’s response they have criticised the utilisation assumptions 

which they have found in the Gate 2 reports, while here they criticise not being able to find the 

same utilisation assumptions.  

We note that GARD have been sent detailed pywr model data:  

• Flows for the Severn at Deerhurst for the stochastic river flow timeseries  

• Control Curve Crossing data for DO calculations from an unsupported and fully 

supported STT  

• A timeseries of utilisation from an STT DO run using the full stochastic dataset  

 

From page 121 of Appendix G2 of TW’s SoR: 
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The overall utilisation of 14% is similar to that shown by GARD’s modelling using historic 

river flow data and seems reasonable.  However, this usage is much less that stated in the 

Gate 2 report for the STT as shown in the extract below: 

  

 

From EIR-21-22-749: 

 

From Pywr output file “Utilisation_STT_300_200.xlsx” 
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It appears that the utilisation assumed in the Gate 2 costings, and we presume in WRSE’s 

option comparisons and WRMP conclusions, was based 22% rather than 14% as per the 

Pywr model output supplied with EIR-21-22-749. 

I conclude that Thames Water should be required to provide full and transparent details of 

the utilisation assumptions inherent in evaluating STT options, including the relevant Pywr 

output. This information should be scrutinised by the regulators as well as being made 

available to GARD. 

  

 

From Pywr output file “Utilisation_STT_300_200.xlsx” 
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5. Ofwat’s response to GARD’s concerns about deployable output 

assessments 

GARD’s Addendum to the response to Thames Water’s WRMP24 was also included as an 

Addendum to GARD’s response to Ofwat’s draft Gate 2 decisions to ensure that RAPID and 

the regulators were fully aware of GARD’s major concerns over Thames Water’s assessment 

of the deployable outputs of the Abingdon reservoir and STT options. 

5.1 Recognition of GARD’s concerns in final Gate 2 Decisions 

Ofwat’s final response to the Gate 2 decision on Abingdon reservoir (SESRO) recognised 

GARD’s concerns as shown in the extracts below: 

 

 

  

From pages 16-20 of Ofwat’s final Gate 2 decision report for SESRO: 
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In addition, Ofwat’s final response to the Gate 2 decision on the STT recognised GARD’s 

concerns about the deployable output of the STT as below: 

 

 

 

 

 

 

The above extracts from Ofwat’s final Gate decision reports, have acknowledged GARD’s 

concerns about the validity of the deployable output assessments for Abingdon reservoir 

and the STT. 

5.2 Ofwat’s proposed actions to deal with GARD’s concerns 

In the final Gate 2 decision report for Abingdon reservoir (SESRO), Ofwat put forward the 

following response to GARD’s concerns: 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix A to Ofwat’s final Gate 2 report contains no required actions for the water 

companies to undertake to address the concerns raised by GARD. 

 

From page 18 of Ofwat’s final Gate 2 decision report for STT: 

 

 

 

From pages 35-36 and 37 of Ofwat’s final Gate 2 decision report for SESRO: 
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In the final Gate 2 decision report for the STT, Ofwat put forward the following response to 

GARD’s concerns: 

 

 

 

 

 

 

 

Appendix A to Ofwat’s final decision report for the STT contains no actions to address 

GARD’s concerns about the deployable output and operational utilisation of the STT. 

In my opinion, Ofwat have not adequately dealt with the concerns raised by GARD. The only 

actions proposed are (from the excerpts on the previous page): 

1. As these matters concern water resources planning, it is the responsibility of WRSE and 

Thames Water to answer these queries as part of the consultation response process. 

2. The areas raised by GARD are within the ambit of the town and country planning process 

or other statutory controls. To satisfy the requirements of these controls, the solution 

owners will need to satisfy the independent regulatory authorities which governs these 

processes. This independent regulation will address the concerns raised by GARD. 

I appreciate that Ofwat’s final Gate 2 decision reports were published in June 2023 before 

publication of Thames Water’s statement of response at the end of September 2023. 

However, it is now apparent from the analysis of Thames Water’s statement of response 

presented in this paper that they are unwilling or unable to make proper evidence-based 

responses to GARD’s concerns. In my opinion, the views of Thames Water and their 

consultants on these matters are now so entrenched that they will never concede the need 

to make any changes, regardless of the evidence presented. 

Therefore, I think the time has come for the independent expert view called for by GARD. It 

is not clear whether the statement above “This independent regulation will address the 

concerns raised by GARD” refers to regulation of planning consent for major schemes or to 

regulation of the Water Resource Management Plans by Ofwat and the Environment Agency. 

However, in my opinion the independent review needs to be undertaken before any 

decisions are made on acceptance of the final WRMPs. 

John Lawson, FREng, FICE, FCIWEM 

6th October 2023 

From page 22 of Ofwat’s final Gate 2 decision report for the STT: 

 

 


