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Executive summary 
South East Water (SEW) commissioned HR Wallingford to undertake a Deployable Output 
(DO) assessment for a number of potential options as part of their WRMP19.  The DO 
assessment makes use of the conjunctive use water resources models that 
HR Wallingford have developed for SEW for WRMP19 in order to understand the wider 
water resource zone (WRZ) benefits of each option and their interaction with existing 
sources and other parallel options.  This report documents the data, models and results of 
the options DO assessment for the 8 single options and 5 combination of options 
assessed.  Options were considered in the context of the historical record, climate change 
and the droughts selected under the main WRMP19 DO assessment. 

The work has built upon the WRMP baseline DO assessment undertaken by HR Wallingford and with 
additional developments which composed of: 

 Developing a hydrological model of the River Adur for use in the options DO assessment. 

 Integrating WRZ 2 and WRZ 3 water resources models into a single model integrated (IWRM) in order to 
model cross WRZ options. 

 Development of a drought library containing historic droughts, stochastics drought and a third dry winter 
drought previous developed in the baseline DO assessment. 

A new water supply system configuration was developed within IWRM for each option that has been tested 
as part of this assessment. The historical record, drought library and climate change scenarios were 
subsequently used to calculate the DO of each of the 8 single options and 5 combinations. The outcome of 
the assessment is an historical DO for each option and an understanding of the resilience of each option to 
more severe droughts and climate change. 

Benefits were identified from all of the options tested. The new reservoir options provide the largest 
additional DO, however the biggest constraint which influenced the benefits of some of the reservoir options 
is the existing abstraction licence at the River Ouse at Barcombe. 

The effluent return options were similarly constrained by the existing licence at both Barcombe and Arlington 
and therefore did not provide as large a benefit as might be expected. However, these options did 
demonstrate a good resilience to drought and climate change which is to be expected given they are not 
hydrological constrained. 

The River Adur transfer has the potential to improve the resilience of WRZ 2 to multi-season drought and in 
particular to improve the resilience of Ardingly Reservoir when used as an additional inflow. 

This assessment has provided an initial understanding of the DO that might be achieved from the options 
subject to a number of assumptions. If any of the options were to be considered as part of future investment 
programme it is recommended that the assumptions are reviewed to determine their influence on the DO of 
a scheme. 
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1. Introduction 
South East Water (SEW) commissioned HR Wallingford to undertake a Deployable Output (DO) assessment 
for a number of potential options as part of their WRMP19.  The DO assessment makes use of the 
conjunctive use water resources models that HR Wallingford have developed for SEW for WRMP19 in order 
to understand the wider water resource zone (WRZ) benefits of each option and their interaction with existing 
sources and other parallel options.  This report documents the data, models and results of the options DO 
assessment for the 8 single options and 5 combinations of options assessed.  Options were considered in 
the context of the historical record, climate change and the droughts selected under the main WRMP19 DO 
assessment. 

1.1. Options for testing 
Table 1.1: Potential options for DO assessment 

# Option name Description 
SEW option 
reference 

Option 
combinations 

1 2 3 4 5 

1 Transfer River Adur 
to Ardingly Reservoir 

Additional abstraction location to Ardingly 
Reservoir. 

SEW-RZ2-NSW-1 Y  Y  Y 

2 WRZ2 Reservoir 
Supplied by River 
Adur 

New reservoirs (2 assessed in combination 
due to same abstraction point; Reservoirs at 
Ashurst and Cowfold) in WRZ2 supplied from 
the River Adur. 

SEW-RZ2-RES-11 
SEW-RZ2-RES-12 

     

3 WRZ2 Reservoir 
Supplied by River 
Ouse 

New reservoirs (2 assessed in combination 
due to same abstraction point; Reservoirs at 
Broyle Place and Halland Farm) in WRZ2 
supplied from the River Ouse. 

SEW-RZ2-RES-26 
SEW-RZ2-RES-28 

 Y    

4 New Arlington 
Reservoir supplied 
by River Ouse 

New reservoirs (2 assessed in combination 
due to same abstraction point; New Arlington 
Reservoir and Broad Farm) in WRZ3 
supplied from River Ouse. 

SEW-RZ3-RES-24 
SEW-RZ3-RES-29 

Y Y  Y  

5 Raising existing 
Arlington reservoir 

Increase the storage capacity of the existing 
Arlington reservoir. 

SEW-RZ3-RES-25      

6 Effluent Re-Use 
Peacehaven to 
Cuckmere 

Peacehaven to River Cuckmere: upgraded 
WwTW; 21.0 km effluent transfer pipeline; 
extended Arlington WTW. 

SEW-RZ3-EFF-24      

7 Effluent Re-Use 
Peacehaven to Ouse 

Peacehaven to River Ouse: new tertiary 
WwTW; 24.0 km effluent transfer pipeline; 
assumption Barcombe WTW does not need 
expanding. 

SEW-RZ2-EFF-35    Y Y 

8 Raising existing 
Ardingly reservoir 

Increase the storage capacity of the existing 
Ardingly reservoir 

SEW-RZ2-RES-30   Y   

Source: n/a 
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2. Method 
This section describes the steps taken and methods and data used to calculate DO for the 8 different 
individual options and 5 combinations, and is summarised in Figure 2.1. 
 

 
Figure 2.1: Summary of method 

2.1. Data 
The input data used in this assessment is described below: 

 This assessment uses the baseline WRZ 2 and WRZ 3 conjunctive use models as described in 
HR Wallingford, 2017.  

 Historic time series as described in HR Wallingford, 2017. 

 Stochastic drought library and third dry winter (3DW) time series (derivation described in HR Wallingford, 
2017). The approximate return period and event durations of the stochastic droughts are given in 
Table 2.1 and Table 2.2. 

 Three UKCP09 climate change scenarios were selected from the DO assessment (HR Wallingford, 
2017).  The water resource models for WRZ 2 and 3 were separate for the DO assessment but 
integrated for this options analysis.  Therefore, the UKCP09 scenarios used in the DO assessment could 
not be used directly as the two WRZs differ slightly in their selection.  Instead, the UKCP09 scenarios for 
the two zones were each ranked according to their respective baseline results.  The mean of the rank for 
each UKCP09 scenario for the two zones combined was then used to select the 5th, 50th and 95th 
percentile scenarios for an integrated zone.  These scenarios are shown in Table 2.3. 

 Historic, climate change, third dry winter (3DW) and drought library time series for the River Adur 
(derivation described in Section 2.2 below).  
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Table 2.1: WRZ 2 drought library event summary 
Drought 
event ID Year Duration (months) Approximate return period (years) 

Worst 
Historical 
Drought 

H002 1944 12 100 

Design (AP 
= 1%) 

S52 1945 12 100 

S191 1959 18 100 

S111 1941 24 100 

Severe (AP 
= 0.5%) 

S114 1959 12 200 

S197 1968 18 200 

S148 1984 24 200 

Extreme (AP 
= 0.2%) 

S62 1939 12 500 

S23 1930 18 500 

S55 1960 24 500 

3DW 3DW 2012 N/A N/A 

Source: n/a 

Table 2.2: WRZ 3 drought library event summary 
Drought 
event ID Year Duration (months) Approximate return period (years) 

Worst 
Historical 
Drought 

H001 1921 12 100 

Design (AP 
= 1%) 

S174 1995 12 100 

S99 1957 18 100 

S134 1976 24 100 

Severe (AP 
= 0.5%) 

S36 1966 12 200 

S23 1930 18 200 

S177 1941 24 200 

Extreme (AP 
= 0.2%) 

S12 1941 12 500 

S61 1981 18 500 

S122 1950 24 500 

3DW 3DW 2012 N/A N/A 

Source: n/a 

Table 2.3: Selected UKCP09 climate change scenarios 
UKCP09 ID Approximate percentile Scenario 

1213 5th Lower 

2561 50th Middle 

7857 95th Higher 

Source: n/a 
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2.2. Adur Hydrological modelling 

2.2.1. Objectives 

A number of the WRMP options South East Water are exploring include the potential use of the River Adur. 
South East Water do not currently have a hydrological model of the River Adur with which to simulate river 
flows. Without a hydrological model there are two limitations in evaluating related WRMP options; firstly any 
yield analysis would rely on a gauged flow record which includes artificial influences and may not reflect 
contemporary design conditions; secondly the analysis is limited to testing drought conditions within just the 
historic record (1967 to 2015).  Many of the droughts selected as part of South-East Water’s baseline DO 
analysis are pre-1960 droughts and the yield assessment also needs to consider the potential impacts of 
climate change and option resilience under a range of droughts outside the historical record. 

Therefore, the objective of this project task was to rapidly develop a rainfall-runoff model of the River Adur. 
However, it should be noted that the time available for model development was limited with the focus on 
enabling reasonable estimates of the potential benefits that may be offered by options that seek to exploit 
the River Adur. A detailed hydrological investigation, data collation and quality assurance review and 
extensive development and calibration of the model itself has not possible as part of this project. 
Consequently, the assumptions and processes used to develop the model should be reviewed before its use 
outside of this study’s aims. 

2.2.2. Sources of data  

The Adur catchment to be modelled is presented in Figure 2.2, with the data used to develop and calibrate 
the Adur hydrological model presented in Table 2.4. NRFA describes this catchment as having no 
substantial abstractions but a small net import of water with Burgess Hill sewage effluent having a 
substantial impact on low flows. 
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Figure 2.2: Adur East Branch at Sakeham 
Source: National River Flow Archive. Base map taken from NRFA Hydrometric Register. © NERC. Crown copyright 

2008. All rights reserved 

Table 2.4: Data used to develop Adur hydrological model 
Data Source Description 

Adur catchment shapefile  NRFA Downloaded shapefile from NRFA  

Climate data  GEAR (Tanguy et al., 2014) precipitation data (1910 – 2015) 
and Met Office temperature data (1910 – 2015). Historical 
potential evapotranspiration was calculated using the Oudin 
(2005) temperature based method. 

Observed flow record NRFA Downloaded gauge daily flow record for station 41012 (Adur 
East Banch to Sakeham) from NRFA 

Abstraction and discharges  The only data made available was a fixed estimate of effluent 
returns at Burgess Hill of 0.12m3/s. 

Hydrogeological data BGS National hydrogeology data set - BGS Hydrogeology 1:625k.  

Source: n/a 

The stochastic sequences generated as part of the WRSE project and used as part of South-East Water’s 
baseline DO assessment did not include the River Adur catchment. In order to derive stochastic droughts for 
the River Adur, a linear regression model was used to transpose rainfall and potential evapotranspiration 
from Houndean Bottom to the River Adur catchment for the selected stochastic drought events used as part 
of the baseline DO assessment (those included as part of WRMP Table 10). Houndean Bottom was chosen 
as the donor site because it was the closest location included in the WRSE stochastic generation. 
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The linear regression models were based on aggregating daily rainfall and potential evapotranspiration data 
to monthly totals and developing relationships for each season separately using these monthly totals.  This 
translation between sites ensured that spatially coherent stochastic design drought events were considered 
across all sources in the WRZs being modelled including the River Adur. The regression co-efficients are 
presented in Table 2.5. 

Table 2.5: Seasonal regression factors  
Climate variable Spring Summer Autumn Winter 

Precipitation 0.935 0.970 0.906 0.925 

Potential 
Evapotranspiration 

0.981 1.008 1.008 0.994 

Source: n/a 

2.2.3. Model development 

The rainfall-runoff model has been developed using HR Wallingford’s hydrological mode Kestrel-IHM which 
incorporates alternative model structures and allows for rapid calibration of new hydrological models. The 
development considered the use of both the CatchMOD and a form of the PDM model structures. During the 
modelling process the PDM model outperformed the CatchMOD model structure and was used to develop 
the final model of the River Adur. 

The Probability Distributed Model (PDM) is described as a general conceptual rainfall-runoff model (Moore, 
2007) which has been employed in many forms to suit different modelling objectives (Bell et al., 2007, 
Reynard et al., 2010, UKWIR, 2007). All forms of PDM include a ‘mass-balance’ probability distributed soil 
moisture accounting component, with resulting direct runoff and recharge routed via ‘slow’ and ‘fast’ 
pathways to the basin outlet. A Pareto distribution is typically (and has been for this study) used to describe 
the distribution of the storage capacity across a catchment, with the distribution shape altered to reflect 
different proportions of deep or shallow stores. If the storage capacity at a point is exceeded, direct runoff 
occurs, otherwise water remains in storage with losses to evaporation and via recharge to the groundwater 
store. The ‘fast’ and ‘slow’ pathways use linear and non-linear reservoirs to route flows (see Moore, 2007, for 
a detailed description which is not repeated here). 

As part of the model development the River Adur catchment was disaggregated into sub-catchment areas 
based on the area of the catchment that is significantly urban and the proportion of the catchment underlain 
by different hydrogeological classifications as set-out in the BGS hydrogeology 625k dataset. The BGS 
dataset provides a high level dataset which indicates aquifer potential based on geological formations; 
aquifers in which intergranular flow in the saturated zone is dominant, aquifers in which flow is controlled by 
fissures or discontinuities and less permeable formations including aquifers concealed at depth beneath 
covering layers.  

Model calibration was undertaken with an emphasis on reproducing low to medium flows and overall flow 
volumes most relevant to water resources, as opposed to capturing the timing and magnitude of flood peaks. 
The flow duration curve (FDC) and flow hydrographs were used to visually assess the performance of each 
model calibration with a number of model performance metrics used to guide the calibration process (e.g. 
Nash Sutcliffe criterion on normal and the natural log of flows (Nash and Sutcliffe, 1970) and overall flow 
volume error (%)).  

As part of the calibration / validation  process a naturalised flow time series was developed by taking into 
account the fixed estimate of effluent returns at Burgess Hill. It is recognised that the actual effluent returns 
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are variable and likely to have increased significantly during the period of the historic record but without the 
availability of data this could not be reflected in the model calibration. Whilst this assumption is appropriate 
for an options yield assessment, any future applications of the hydrological model must consider whether this 
assumption remains valid. 

The historical flow record from 1967 to 2011 was split into calibration (2001 to 2011) and validation periods 
(1967 to 2000). Model performance targeted towards lower flows with evaluated using a range of flow 
metrics and visual inspection of flow duration curves (FDCs) and flow hydrographs during significant low flow 
periods.  

A comparison of modelled and historical flow duration curves for the 2001 to 2011 and 1967 to 2000 periods 
are presented in Figure 2.3 and Figure 2.4 (the natural logarithm of flows has been shown to emphasise 
lower flows) with a  summary of the flow metrics for calibration and validation periods presented in Table 2.6.  
 

 
Figure 2.3: Modelled and historic flow duration curves for the 2001 to 2011 period 
Source: N/A 
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Figure 2.4: Modelled and historic flow duration curves for the 1967 to 2000 period 
Source: N/A 

Table 2.6: Summary of performance flow metrics 

 

NSE (natural 
logarithm of 
daily flows) 

Volume error 
(all flows) (%) 

Volume error 
(Q50 to Q90) 

(%) 

NSE (natural 
logarithm of 
rolling 7-day 

flows) 
RMSE (Q50 to 

Q90) 

Calibration (2001 
– 2011) 

0.83 -6.93 -4.48 0.88 0.20 

Validation (1967 
– 2000) 

0.79 3.36 1.34 0.85 0.26 

Source:  N/A 

2.2.4. Simulation of design droughts and climate change scenarios  

The River Adur model has been simulated under the following climate sequences (for further details of the 
selection of the drought libraries and climate change scenarios please see HR Wallingford, 2017): 

 Hindcast record (1920 to 2013); 

 Selected translated drought events from the WRSE stochastics; 
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 Third dry winter scenario; 

 Selected climate change scenarios as outlined in Table 2.3. 

The resulting inflows have been denaturalised, as part of their use in the water resources modelling (see 
Section 2.3), by adding back on the fixed effluent return volume of 0.12m3/s at Burgess Hill. 

2.3. WRM modelling 
This section outlines the overall modelling approach, the integration of the WRZ 2 and 3 models and 
common assumptions that cover all options assessed within this study. 

2.3.1. Kestrel-WRM Overview 

WRM modelling was undertaken using Kestrel-WRM. Kestrel-WRM is a water resources model developed 
by HR Wallingford which allows the simulation of water supply systems resolving the overall supply-demand 
balance. The principles of Kestrel-WRM are similar to most water resources model such that it is simply 
resolving the balance of meeting the system demand using the resource available to supply which may be 
constrained by infrastructure (e.g. pump abstraction limits) and control rules (e.g. abstraction licences, 
operating procedures). 

Kestrel-WRM allows a user to create the water resources supply system by adding nodes for demands and 
supplies and establishing connections between the nodes. Where a system has a more complicated 
operating rule or constraint which cannot be implemented using the rules of the underlying model, bespoke 
code needs to be written to implement these rules/controls. 

2.3.2. Integrated Water Resources Model 

One purpose of this study was to understand what benefit can be realised from options that would result in 
connecting WRZs 2 and 3. There are several individual options and combinations that include resource or 
demand centres from both WRZs. As such, the individual Kestrel-WRM WRZ 2 and WRZ 3 conjunctive use 
models that have been previously developed for SEW, as used for the baseline WRMP 2019 DO 
assessment, have been combined to form an integrated water resources model (IWRM). The development of 
these individual models, including assumptions and operating rules, is described and explained in full, along 
with details of all input data used, in HR Wallingford, 2017. The existing HYSIM hydrological models have 
been used to provide surface water inflows for the River Ouse and River Cuckmere and the WRMP 2019 
groundwater baseline DO modelling used to provide estimated groundwater inputs. 

2.3.3. Constraints on Deployable Output 

SEW define their DO subject to meeting their Levels of Service constraint in terms of the frequency they 
trigger customer side restrictions which is defined by a matrix of indicators including; reservoir storage, 
groundwater levels, cumulative recharge and demand. In the IWRM, the reservoir and groundwater triggers 
are included, however recharge and demand are not. The DO is therefore calculated with respect to the 
reservoir and groundwater triggers as described below but is referred to here as LoS. 
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For the historic and climate change runs, DO is calculated as the maximum demand that is supplied  
resulting in only two moderate reservoir curve transgressions and one severe curve transgression1. For the 
drought library and third dry winter (3DW) scenarios, the DO is calculated as the demand that draws down 
the reservoir to its emergency storage. This is because the stochastic sequences do not 100% recreate the 
natural variability that is expected in comparison with the historic record and therefore the LoS that would be 
achieved from using the stochastics would be inconsistent with the historical record. Further to this, for the 
analysis that has been undertaken here a “drought library” has been constructed to minimise computational 
resource requirements which uses the drought events as a continuous sequence with the droughts 
interspersed with periods of run in/out average climatology to establish “normal” antecedent conditions. 
Consequently the drought library cannot be used in a LoS type of DO assessment (see HR Wallingford, 
2017 for further discussion). 

Reservoir control curves, emergency storage and unfulfilled demand 

The main metrics for measuring DO are reservoir control curve transgressions and the drawdown of a 
reservoir to the emergency storage value. Reservoir control curves and emergency storage values for 
Arlington and Ardingly reservoirs are well established, with control curves optimised as part of the main 
WRMP19 DO assessment (HR Wallingford, 2017) . The method of deriving the emergency storage and 
reservoir control curves for new reservoirs is outlined below. 

Emergency storage is normally estimated as 30 days demand but includes other local operational 
constraints. However, as this study forms the first step in reservoir sizing, with multiple demands and 
reservoir capacities tested, it is not considered feasible to accurately estimate emergency storage based on 
this method. Emergency storage values were therefore calculated by averaging the existing Ardingly and 
Arlington values as percentages of total existing capacity, and scaling for the new reservoir size. Where 
Ardingly and Arlington reservoirs are tested with increased capacities, the emergency storage value was 
scaled for the corresponding reservoir capacity. 

Table 2.7: Emergency storage derivation 

Reservoir 
Existing capacity 
(Ml) 

Emergency storage 
(Ml) 

Emergency storage 
percentage 

Average emergency 
storage 

Ardingly 5206 1619 31.1% 
27.35% 

Arlington 3546 838 23.6% 

Source: n/a 

Reservoir control curves are used to assess drought conditions within a water resource zone. The control 
curves are therefore intrinsically linked to the WRZ LoS, meaning they should only be crossed with a certain 
frequency in order to ensure SEW’s current LoS are met. The process of reservoir control curve derivation 
and optimisation is complex, and is not considered appropriate for options testing at this stage. Reservoir 
control curve profiles have been derived from the existing Ardingly and Arlington reservoirs, and then scaled 
for the assessed reservoir capacity. Demand restrictions for WRZ 2 and WRZ 3 are based on reservoir 
control curve transgressions at Ardingly and Arlington reservoirs respectively and the groundwater trigger. 
This operational control rule was retained for all options tested, however, for options that include the raising 

                                                      
1 At SEW, LoS are made up of four separate drought triggers with respect to; reservoir storage, signature site 

groundwater levels, cumulative recharge and demand.  Therefore, the number of transgressions of the moderate and 
severe reservoir control curves makes up only one out of four of the drought triggers that contributes to SEW’s overall 
LoS.  SEW’s current LoS are 1 in 10 TUBS (Temporary Use Bans), 1 in 40 NEUS (Non-Essential Use Bans), 1 in 50 
drought permits and orders, never standpipes or rota cuts. 
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of either Ardingly or Arlington reservoirs, these control curves were scaled based on the new reservoir 
capacity. 

2.3.4. Estimating Deployable Output 

The DO calculation method involves systematically increasing the demand that is place upon the water 
supply system until the system failure constraint is reached. The system failure constraints that have been 
considered are an unfulfilled demand, breaching the reservoir emergency storage or failing to meet the LoS. 
A similar approach has been adopted in quantifying the impacts of climate change on DO – for each 
UKCP09 scenario demand has been incrementally increased to identify the demand which most closely 
replicates the historical LoS (see HR Wallingford, 2017 for further details). 

For the individual options assessment, the DO assessment was undertaken for each reservoir capacity for 
options 2, 3, 4, 5 and 8, and for each effluent discharge rate for options 6 and 7. Reservoir capacities and 
effluent discharge rates are given for each option below. A range of yields are therefore available for each 
reservoir capacity or effluent discharge rate.  

2.4. Options Assessment 
The assumptions and model schematic for each option are summarised below. The assumptions stated are 
unique to that option, with all assumptions, licences and operating conditions intrinsic to the baseline IWRM 
unchanged unless stated otherwise (see HR Wallingford, 2017). 
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2.4.1. Option 1: Transfer River Adur to Ardingly Reservoir 

 

 
Figure 2.5: Option 1 model schematic 

Assumptions: 
 Abstraction from the Adur is limited to the Q95 flow value of 0.158m3/s, as taken from the NRFA record. 

This value was used as any licence imposed by the Environment Agency (EA) is likely to be based on 
the NRFA record. 

 Abstraction from the Adur to Ardingly reservoir would be via a pump that would operate at 12Ml/d for 41 
days per year, only when Ardingly reservoir is drawn down. The yearly abstraction rule has been 
volumetrically implemented for the purpose of the model runs, with a maximum annual abstraction set at 
492Ml (12 Ml/d multiplied by 41 days), operating when Ardingly reservoir is 5% below maximum capacity. 
Maximum daily abstraction has been set at 12Ml/d. 

 Abstraction from the Adur is the final priority, only operating if there is a reservoir refill deficit from 
existing inflows. 

Model run parameters: 
 River Adur flow timeseries. 
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2.4.2. Option 2: WRZ2 Reservoir Supplied by River Adur 

 

 
Figure 2.6: Option 2 model schematic 

Assumptions: 
 Abstraction from the Adur is limited to the Q95 value of 0.158m3/s, as taken from the NRFA record. This 

value was used as any licence imposed by the Environment Agency (EA) is likely to be based on the 
NRFA record. 

 Max abstraction from the Adur has been set at 50Ml/d, with no annual licence restriction. 

 Reservoir control curves have been scaled from Ardingly reservoir, as a factor of the new reservoir 
capacity. 

 The emergency storage level has been estimated as the average of the emergency storage values of 
Ardingly and Arlington (as a percentage of reservoir capacity) and scaled for the new reservoir capacity. 

Model run parameters: 
 Reservoir capacity range from 1000Ml to 3000Ml at 500Ml increments. 

 River Adur flow timeseries. 
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2.4.3. Option 3: WRZ2 Reservoir Supplied by River Ouse 

 

 
Figure 2.7: Option 3 model schematic 

Assumptions: 
 For the purpose of the model runs, the reservoirs have been aggregated into one resource within the 

model. 

 The abstraction rate from the Ouse has been limited to 40Ml/d per reservoir. 

 Reservoir control curves have been scaled from Ardingly reservoir, as a proportion of the new reservoir 
capacity. 

 The emergency storage level has been estimated as the average of the emergency storage values of 
Ardingly and Arlington (as a percentage of reservoir capacity) and scaled for the new reservoir capacity. 

 The new reservoir is supplied by the remainder of the available daily licence at Barcombe, after the 
baseline demand has been satisfied. 

 Abstraction at Barcombe for the new reservoir is not included within the regulation flow from Ardingly 
reservoir. As such, the new reservoir is not supplemented by regulation flows from Ardingly reservoir, 
which operates as per the baseline. 

 Abstraction from the Ouse for the new reservoir is subject to the existing daily and annual licence 
constraints currently applicable to abstraction for public water supply from the Ouse. If the annual licence 
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is reached, water supply from the existing water treatment works at Barcombe and Ardingly, and the new 
works, will be restricted to 0Ml/d until the start of the next calendar year. 

 The supply infrastructure from the new reservoir(s) to the demand centre have not been considered to be 
a restriction. 

Model run parameters: 
 Reservoir capacity range from 3900Ml to 11900Ml at 500Ml increments. This is based on the estimated 

reservoir capacity ± 1000Ml per reservoir. 

2.4.4. Option 4: New Arlington Reservoir supplied by River Ouse 

 

 
Figure 2.8: Option 4 model schematic 

Assumptions: 
 For the purpose of the model runs, the reservoirs have been lumped into one resource within the model. 

 The abstraction rate from the Ouse has been limited to 40Ml/d per reservoir. 

 Reservoir control curves have been scaled from Arlington reservoir, as a proportion of the new reservoir 
capacity. Arlington was selected based on the direct supply nature of the new reservoir that is similar to 
Arlington. 

 The emergency storage level has been estimated as the average of the emergency storage values of 
Ardingly and Arlington (as a percentage of reservoir capacity) and scaled for the new reservoir capacity. 
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 The new reservoir is supplied by the remainder of the available daily licence at Barcombe, after the 
baseline demand has been satisfied.  

 Abstraction at Barcombe for the new reservoir is not included within the regulation flow from Ardingly 
reservoir. As such, the new reservoir is not supplemented by regulation flows from Ardingly reservoir, 
which operates as per the baseline. 

 Abstraction from the Ouse for the new reservoir is subject to the existing daily and annual licence 
constraints currently applicable to abstraction for public water supply from the Ouse. If the annual licence 
is reached, water supply from the existing water treatment works at Barcombe and Ardingly, and the new 
works, will be restricted to 0Ml/d until the start of the next calendar year. 

 The supply infrastructure from the new reservoir(s) to the demand centre have not been considered to be 
a restriction. 

Model run parameters: 
 Reservoir capacity range from 3000Ml to 11500Ml at 500Ml increments. This is based on the estimated 

reservoir capacity ± 1000Ml per reservoir. 
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2.4.5. Option 5: Raising existing Arlington reservoir 

 

 
Figure 2.9: Option 5 model schematic 

Assumptions: 
 Reservoir control curves have been scaled from Arlington reservoir, as a factor of the increased reservoir 

capacity. 

Model run parameters: 
 Reservoir capacity range increase from 600Ml to 1500Ml at 300Ml increments, in addition to 3546Ml (the 

existing capacity of Arlington reservoir). 
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2.4.6. Option 6: Effluent Re-Use Peacehaven to Cuckmere 

 

 
Figure 2.10: Option 6 model schematic 

Assumptions: 
 Effluent re-use is only available for 6 months between the 1st May and the 31st October. 

 No time lag has been assumed for the effluent, given the regular, long-term nature of the discharge. 

 The resource is discharged at a fixed rate at the Cuckmere abstraction location, and abstracted within 
the current licence constraints at this location. As such, this resource mimics a higher flow within the 
River Cuckmere during summer months. 

Model run parameters: 
 Effluent discharge varied from 25Ml/d to 75Ml/d at 25Ml/d increments. 
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2.4.7. Option 7: Effluent Re-Use Peacehaven to Ouse 

 

 
Figure 2.11: Option 7 model schematic 

Assumptions: 
 Effluent re-use is only available for 6 months between the 1st May and the 31st October. 

 No time lag has been assumed for the effluent, given the regular, long-term nature of the discharge. 

 The resource is available within the current licence constraints at the existing Barcombe Ouse 
abstraction location, and is therefore called upon when required, based on the level of demand. 

 Effluent discharge to the Ouse is included within the forecast at Barcombe and will therefore have an 
impact on the regulation release from Ardingly reservoir. 

Model run parameters: 
 Effluent discharge varied from 25Ml/d to 75Ml/d at 25Ml/d increments. 
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2.4.8. Option 8: Raising existing Ardingly reservoir 

 

 
Figure 2.12: Option 8 model schematic 

Assumptions: 
 Reservoir control curves have been scaled from Ardingly reservoir, as a factor of the increased reservoir 

capacity. 

Model run parameters: 
 Reservoir capacity range increase from 950Ml to 1900Ml at 475Ml increments, in addition to 5206Ml (the 

existing capacity of Ardingly reservoir). 

2.5. Options Combinations Assessment 
The options can also be considered in combination with each other to determine whether there are combined 
benefits that can be realised. Therefore in addition to the option specific DO assessment, the following 
combinations have also been tested to establish the DO of the combined options. These options have been 
determined based on an understanding of the interdependencies between options that could provide 
additional benefit when considered in combination. 
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The assumptions within the combinations are the same as those for the individual options. The reservoir 
capacity and effluent discharge rate were fixed based on the results of the corresponding individual options. 
As such, a range of yields is available for only the selected effluent discharge rate or reservoir capacity. The 
reservoir capacities and effluent discharge rates to be tested in the combinations assessment were selected 
through consultation with SEW, and are based on the highest yield benefit before being limited by unfulfilled 
demand or the current LoS, based on the historical record. 

If the combinations are assumed to be made up of two options elements, in order to assess the benefit of the 
combinations, one option element of the combination must be fixed for those combinations that contain new 
reservoirs. This is taken as the selected DO (see Table 3.4) of the option element that is not being assessed, 
allowing the Scottish Method to be applied to the other element. 

2.5.1. Combination 1: Transfer River Adur to Ardingly Reservoir and New 
Arlington Reservoir Supplied by the River Ouse 

 

 
Figure 2.13: Combination 1 model schematic 

This option combines options 1 and 4; the Transfer River Adur to Ardingly Reservoir and New Arlington 
Reservoir Supplied by the River Ouse. 
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Assumptions: 
 Abstraction from the Adur is limited to the Q95 value of 0.158m3/s, as taken from the NRFA record. This 

value was used as any licence imposed by the Environment Agency (EA) is likely to be based on the 
NRFA record. 

 Abstraction from the Adur to Ardingly reservoir would be via a pump that would operate at 12Ml/d for 41 
days per year, only when Ardingly reservoir is drawn down. The yearly abstraction rule has been 
volumetrically implemented for the purpose of the model runs, with a maximum annual abstraction set at 
492Ml (12 Ml/d multiplied by 41 days), operating when Ardingly reservoir is 5% below maximum capacity. 
Maximum daily abstraction has been set at 12Ml/d. 

 Abstraction from the Adur is the final priority, only operating if there is a deficit from existing inflows. 

 The abstraction rate from the Ouse has been limited to 40Ml/d. 

 Reservoir control curves have been scaled from Arlington reservoir, as a proportion of the new reservoir 
capacity. Arlington was selected based on the direct supply nature of the new reservoir that is similar to 
Arlington. 

 The emergency storage level has been estimated as the average of the emergency storage values of 
Ardingly and Arlington (as a percentage of reservoir capacity) and scaled for the new reservoir capacity. 

 The new reservoir is supplied by the remainder of the available daily licence at Barcombe, after the 
baseline demand has been satisfied.  

 Abstraction at Barcombe for the new reservoir is not included within the regulation flow from Ardingly 
reservoir. As such, the new reservoir is not supplemented by regulation flows from Ardingly reservoir, 
which operates as per the baseline. 

 Abstraction from the Ouse for the new reservoir is subject to the existing daily and annual licence 
constraints currently applicable to abstraction for public water supply from the Ouse. Consequently, the 
additional storage resource may result in the simulation results differing from the baseline. If the annual 
licence is reached, water supply from the existing water treatment works at Barcombe and Ardingly, and 
the new works, will be restricted to 0Ml/d until the start of the next calendar year. 

 The supply infrastructure from the new reservoir(s) to the demand centre have not been considered to be 
a restriction. 

Model run parameters: 
 One New Arlington Reservoir tested, with a maximum intake of 40Ml/d and a capacity of 4500Ml. 

 River Adur flow timeseries. 

 The demand at East Grinstead was fixed at the baseline of Option 1, with the Scottish Method applied to 
the New Arlington Reservoir. The results will therefore illustrate what benefit can be realised in WRZ3 
using New Arlington Reservoir, if the Adur transfer option were to be implemented. 
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2.5.2. Combination 2: WRZ2 Reservoir Supplied by River Ouse and New 
Arlington Reservoir supplied by River Ouse 

 

 
Figure 2.14: Combination 2 model schematic 

This option combines options 3 and 4; the WRZ2 Reservoir Supplied by River Ouse and New Arlington 
Reservoir supplied by River Ouse. 

Assumptions: 
 The abstraction rate from the Ouse has been limited to 40Ml/d per reservoir. 

 Reservoir control curves have been scaled from Ardingly reservoir for the WRZ2 reservoir, and Arlington 
reservoir for the WRZ3 reservoir, as a factor of the new reservoir capacities. 

 The emergency storage level has been estimated as the average of the emergency storage values of 
Ardingly and Arlington (as a percentage of reservoir capacity) and scaled for the new reservoir capacity.  

 The new reservoirs are supplied by the remainder of the available daily licence at Barcombe, after the 
baseline demand has been satisfied. 

 Abstraction at Barcombe for the new reservoirs is not included within the regulation flow from Ardingly 
reservoir. As such, the new reservoirs are not supplemented by regulation flows from Ardingly reservoir, 
which operates as per the baseline. 
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 Abstraction from the Ouse for the new reservoirs is subject to the existing daily and annual licence 
constraints currently applicable to abstraction for public water supply from the Ouse. Consequently, the 
additional storage resource may result in the simulation results differing from the baseline. If the annual 
licence is reached, water supply from the existing water treatment works at Barcombe and Ardingly, and 
the new works, will be restricted to 0Ml/d until the start of the next calendar year. 

 The supply infrastructure from the new reservoirs to the demand centre have not been considered to be 
a restriction. 

Model run parameters: 
 One New Arlington Reservoir tested, with a maximum intake of 40Ml/d and a capacity of 4500Ml. 

 One New WRZ2 Reservoir tested, with a maximum intake of 40Ml/d and a capacity of 3900Ml. 

 The demand placed on the New Arlington Reservoir was fixed at the baseline of the Option 4 results, 
with the Scottish Method applied to the New WRZ2 reservoir, with the aim of assessing if this reservoir 
could be achieved, as well as the New Arlington Reservoir. 

2.5.3. Combination 3: Transfer River Adur to Ardingly Reservoir and Raising 
existing Ardingly reservoir 

 

 
Figure 2.15: Combination 3 model schematic 

This option combines options 1 and 8; the Transfer River Adur to Ardingly Reservoir and Raising existing 
Ardingly reservoir. 
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Assumptions: 
 Reservoir control curves have been scaled from Ardingly reservoir, as a factor of the increased reservoir 

capacity. 

 Abstraction from the Adur is limited to the Q95 value of 0.158m3/s, as taken from the NRFA record. This 
value was used as any licence imposed by the Environment Agency (EA) is likely to be based on the 
NRFA record. 

 Abstraction from the Adur to Ardingly reservoir would be via a pump that would operate at 12Ml/d for 41 
days per year, only when Ardingly reservoir is drawn down. The yearly abstraction rule has been 
volumetrically implemented for the purpose of the model runs, with a maximum annual abstraction set at 
492Ml (12 Ml/d multiplied by 41 days), operating when Ardingly reservoir is 5% below maximum capacity. 
Maximum daily abstraction has been set at 12Ml/d. 

 Abstraction from the Adur is the final priority, only operating if there is a deficit from existing inflows. 

Model run parameters: 
 River Adur flow timeseries. 

 Ardingly reservoir capacity tested at 7106Ml. 

 Demand incremented at the East Grinstead demand centre. 
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2.5.4. Combination 4: New Arlington Reservoir supplied by River Ouse and 
Effluent Re-Use Peacehaven to Ouse 

 

 
Figure 2.16: Combination 4 model schematic 

This option combines options 4 and 7; the New Arlington Reservoir supplied by River Ouse and Effluent Re-
Use Peacehaven to Ouse. 

Assumptions: 
 The abstraction rate from the Ouse has been limited to 40Ml/d. 

 Reservoir control curves have been scaled from Arlington reservoir, as a factor of the new reservoir 
capacity. Arlington was selected based on the direct supply nature of the new reservoir that is similar to 
Arlington. 

 The emergency storage level has been estimated as the average of the emergency storage values of 
Ardingly and Arlington (as a percentage of reservoir capacity) and scaled for the new reservoir capacity. 

 The new reservoir is supplied by the remainder of the available daily licence at Barcombe, after the 
baseline demand has been satisfied.  
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 Abstraction at Barcombe for the new reservoir is not included within the regulation flow from Ardingly 
reservoir. As such, the new reservoir is not supplemented by regulation flows from Ardingly reservoir, 
which operates as per the baseline. 

 Abstraction from the Ouse for the new reservoir is subject to the existing daily and annual licence 
constraints currently applicable to abstraction for public water supply from the Ouse. Consequently, the 
additional storage resource may result in the simulation results differing from the baseline. If the annual 
licence is reached, water supply from the existing water treatment works at Barcombe and Ardingly, and 
the new works, will be restricted to 0Ml/d until the start of the next calendar year. 

 The supply infrastructure from the new reservoir to the demand centre has not been considered to be a 
restriction. 

 Effluent re-use is only available for 6 months between the 1st May and the 31st October. 

 No time lag has been assumed for the effluent, given the regular, long-term nature of the discharge. 

 The resource is available within the current licence constraints at the existing Barcombe Ouse 
abstraction location, and is therefore called upon when required, based on the level of demand. 

 Effluent discharge to the Ouse is included within the forecast at Barcombe and will therefore have an 
impact on the regulation release from Ardingly reservoir. 

Model run parameters: 
 One New Arlington Reservoir tested, with a maximum intake of 40Ml/d and a capacity of 4500Ml. 

 Effluent discharge rate of 50Ml/d. 

 The demand at East Grinstead was fixed at the baseline of Option 7, with the Scottish Method applied to 
the New Arlington Reservoir. The results will therefore illustrate what benefit can be realised in WRZ3 
using New Arlington Reservoir, if the Peacehaven Effluent option were to be implemented. 
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2.5.5. Combination 5: Transfer River Adur to Ardingly Reservoir and Effluent Re-
Use Peacehaven to Ouse 

 

 
Figure 2.17: Combination 5 model schematic 

This option combines options 1 and 7; the Transfer River Adur to Ardingly Reservoir and Effluent Re-Use 
Peacehaven to Ouse. 

Assumptions: 
 Effluent re-use is only available for 6 months between the 1st May and the 31st October. 

 No time lag has been assumed for the effluent, given the regular, long-term nature of the discharge. 

 The resource is available within the current licence constraints at the existing Barcombe Ouse 
abstraction location, and is therefore called upon when required, based on the level of demand. 

 Effluent discharge to the Ouse is included within the forecast at Barcombe and will therefore have an 
impact on the regulation release from Ardingly reservoir. 

 Abstraction from the Adur is limited to the Q95 value of 0.158m3/s, as taken from the NRFA record. This 
value was used as any licence imposed by the Environment Agency (EA) is likely to be based on the 
NRFA record. 

 Abstraction from the Adur to Ardingly reservoir would be via a pump that would operate at 12Ml/d for 41 
days per year, only when Ardingly reservoir is drawn down. The yearly abstraction rule has been 
volumetrically implemented for the purpose of the model runs, with a maximum annual abstraction set at 
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492Ml (12 Ml/d multiplied by 41 days), operating when Ardingly reservoir is 5% below maximum capacity. 
Maximum daily abstraction has been set at 12Ml/d. 

 Abstraction from the Adur is the final priority, only operating if there is a deficit from existing inflows. 

Model run parameters: 
 River Adur flow timeseries. 

 Effluent discharge rate fixed at 50Ml/d. 

 Demand incremented at the East Grinstead demand centre. 

3. Results 
3.1. Deployable output assessment of single options 
The results of the DO assessment for the single options are summarised in Table 3.1, Table 3.2 and 
Table 3.3.  Table 3.1 shows the historic DO for all single options tested. The yields presented are the highest 
DOs subject to a maximum of two moderate curve transgressions and one severe curve transgression (and 
where relevant, zero unfulfilled demand). Where one or more reservoir capacity or effluent volume gave the 
same yield, the smaller was selected as this options would have a lower cost. These selected options were 
then taken forwards for assessment using the drought library and climate change time series. 

The drought library and climate change results shown in Table 3.2 and Table 3.3 include the baseline 
system DO for options 1, 5, 6, 7 and 8, and therefore indicate the resilience of the option in a given drought 
event and in the context of the wider WRZ, rather than the absolute DO. For options 2, 3, and 4, the DO 
stated is the DO available from the new reservoir in that option.  The results include the benefits of demand 
restrictions. 

Table 3.1: DO results for single options with respect to historical time series  

Option # Option name 
SEW option 
reference 

Reservoir 
capacity 
(Ml) 

Effluent 
discharge 
rate (Ml/d) 

Total yield 
of option 
(Ml/d; may 
include 
baseline 
yield) 

Yield benefit 
(Ml/d; 
baseline yield 
removed 
where 
applicable) 

1 Transfer River 
Adur to Ardingly 
Reservoir 

SEW-RZ2-NSW-1 n/a n/a 39 2 

2 WRZ2 Reservoir 
Supplied by 
River Adur 

SEW-RZ2-RES-11 
SEW-RZ2-RES-12 

1500 n/a 9 9 

2 WRZ2 Reservoir 
Supplied by 
River Adur 

SEW-RZ2-RES-11 
SEW-RZ2-RES-12 

3000 n/a 14.5 14.5 

3 WRZ2 Reservoir 
Supplied by 
River Ouse 

SEW-RZ2-RES-26 3900 n/a 12 12 

3 WRZ2 Reservoir 
Supplied by 

SEW-RZ2-RES-26 
SEW-RZ2-RES-28 

3900 n/a 12 12 
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Option # Option name 
SEW option 
reference 

Reservoir 
capacity 
(Ml) 

Effluent 
discharge 
rate (Ml/d) 

Total yield 
of option 
(Ml/d; may 
include 
baseline 
yield) 

Yield benefit 
(Ml/d; 
baseline yield 
removed 
where 
applicable) 

River Ouse 

4 New Arlington 
Reservoir 
supplied by 
River Ouse 

SEW-RZ3-RES-24 4500 n/a 11 11 

4 New Arlington 
Reservoir 
supplied by 
River Ouse 

SEW-RZ3-RES-24 
SEW-RZ3-RES-29 

5000 n/a 12 12 

5 Raising existing 
Arlington 
reservoir 

SEW-RZ3-RES-25 5046 n/a 15 1 

6 Effluent Re-Use 
Peacehaven to 
Cuckmere 

SEW-RZ3-EFF-24 n/a 50 16 2 

7 Effluent Re-Use 
Peacehaven to 
Ouse 

SEW-RZ2-EFF-35 n/a 50 45.5 8.5 

8 Raising existing 
Ardingly 
reservoir 

SEW-RZ2-RES-30 7106 n/a 40 3 

Source: n/a 

Table 3.2: Single option drought library DO results compared to baseline 

Drought 
event 

Stocha-
stic_ref_
Year 

Emergency Storage Yield (Ml/d) 

Option 
1 

Option 
2 

Option 
3 

Option 
4 

Option 
5 

Option 
6 

Option 
7 

Option 
8 

Worst 
Historical 
Drought 
(WRZ 3) 

1921 2.5 10.5 9.5 10 3.5 4.5 9 6 

Worst 
Historical 
Drought 
(WRZ 2) 

1944 3.5 17.5 11.5 11.5 4.5 4 11.5 4.5 

Design (AP 
= 1%) 

stoc_52_
1945 

2.5 6.5 12 12   7.5 6 

stoc_191
_1959 

0.5 17.5 11 11.5   9 6.5 

stoc_111
_1941 

2 9.5 11 11   9.5 4.5 
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Drought 
 

Stocha-

 

Emergency Storage Yield (Ml/d) 

Severe 
(AP = 
0.5%) 
 

stoc_114
_1959 

3 8 15 17.5   9 5 

stoc_197
_1968 

4 10.5 14 16   5 5 

stoc_148
_1984 

2.5 17.5 15.5 17   6.5 4 

Extreme 
(AP = 
0.2%) 
 

stoc_62_
1939 

3 7.5 13 15.5   6.5 5 

stoc_23_
1930 

3 9.5 12.5 14.5   3 5 

stoc_55_
1960 

3.5 18 16.5 18   7 4.5 

Design (AP 
= 1%) 

stoc_174
_1995 

   11 1.5 3.5   

stoc_99_
1957 

   14.5 3.5 4.5   

stoc_134
_1976 

   20 1.5 5   

Severe 
(AP = 
0.5%) 
 

stoc_36_
1966 

   14 3 4.5   

stoc_23_
1930 

   14.5 3 4.5   

stoc_177
_1941 

   14 2 5.5   

Extreme 
(AP = 
0.2%) 
 

stoc_12_
1941 

   13.5 2.5 6   

stoc_61_
1981 

   14.5 2 7.5   

stoc_122
_1950 

   14.5 2 8   

3DW  2 14.5 13 15 4.5 4 6.5 4.5 

Source: n/a 

Table 3.3: Single option climate change DO results compared to baseline 
Climate 
change 
scenario 

LoS Yield (Ml/d) 

Option 1 Option 2 Option 3 Option 4 Option 5 Option 6 Option 7 Option 8 

Lower 2.5 6.5 10 10 3 5 10 5.5 

Middle 2.5 6.5 11 10 2.5 3.5 2.5 4.5 

Higher 13 5 21 21 1 5.5 0 0 

Source: n/a 
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Option 1: Transfer River Adur to Ardingly Reservoir 

The DO based on the historic time series is shown to be 2Ml/d at East Grinstead. This 2Ml/d is realised by 
allowing greater regulation of flows at Barcombe from Ardingly reservoir through an increased resource 
within the reservoir. The drought library and climate change results indicate that this option is relatively 
resilient to droughts of increasing intensity and duration. A comparison of the DO for events of the same 
intensity but increasing duration indicates an increasing yield relative to the baseline. This could be expected 
where the input, in this case, the River Adur, results in the reservoir starting the year with a larger resource 
as a result of the reservoir not being as drawn down in the summer, allowing a greater winter recovery. 
Therefore during multi-year drought events there is a greater relative benefit as the reservoir itself 
experiences less of a multi-season impact. The 3DW scenario indicates no reduction in resource. 

This options also demonstrates the benefit of an input from a different catchment. The higher climate change 
scenario produces a large increase in yield, which indicates that the River Adur is not in as severe drought 
conditions as the Shell Brook reservoir inflows. This option is therefore able to provide a benefit in a resource 
zone that is impacted by multi-year events that result in increasing reservoir draw down throughout 
successive years, through both source resilience and increased resource volume within Ardingly Reservoir. 

Option 2: WRZ2 Reservoir Supplied by River Adur 

The DO of this option based on the historic time series is 9Ml/d. The climate change and drought library runs 
were undertaken whilst fixing the demand at East Grinstead to the respective baseline DO. Each scenario is 
therefore unique with respect to the number of drought restrictions triggered at a WRZ level, which impacts 
the demand placed on the new reservoir. As the emergency storage value is identical for each baseline run, 
the DO’s are similar across events of a similar return period, but the number of demand restrictions 
increases with scenario severity. Consequently, the DO of the new reservoir can sometimes increase with 
scenario severity, as demand is effectively decreased during periods of demand restrictions. However, the 
impact of demand restrictions alone is not sufficient to result in such a large increase in DO during severe 
events. 

The DO of the reservoir can be seen to increase with drought severity and duration during the drought library 
scenarios. The drought library events have been selected based on their impact on WRZ 2, which is 
vulnerable to multi-year droughts. These events do not necessarily coincide with the drought events that 
produce the most extreme drought conditions on the River Adur. This is evident from the higher DO during 
the historic event (1944 - H002) which is the worst historical drought in WRZ 2. This effect can also be seen 
where the longer duration stochastic drought events have a higher DO than the shorter duration events for 
events that provide the same DO at Ardingly Reservoir. During these periods of multi-season drought in 
WRZ 2, the River Adur is not as severely affected, demonstrating increased resilience from an input that is 
subject to different hydrological and meteorological conditions. 

Options 3 (WRZ2 Reservoir Supplied by River Ouse) and 4 (New Arlington Reservoir supplied by 
River Ouse) 

The DO of these options based on the historic time series are 12Ml/d and 11Ml/d for Options 3 and 4 
respectively, based on one reservoir. The provision of two reservoirs gives no increase in reservoir size or 
yield for Option 3, and only a 1Ml/d increase for Option 4. This is a result of the annual River Ouse licence 
limiting the DO, rather than the reservoir intake or capacity. The daily licence also inhibits the new reservoirs 
taking 80Ml/d, and therefore there is no significant increased benefit to having more than one reservoir. The 
drought library results demonstrate an increasing resilience under more extreme droughts up to the 1 in 200 
year return period, before a reduction in resilience at the 1 in 500 year return period for droughts of 12 and 
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18 month duration. The increased resilience during scenario S55 appears to be as a result of the low DO of 
Ardingly reservoir during extreme hydrological drought. During such extreme events, Ardingly Reservoir 
experiences significant draw down even without a demand needing to be placed on it, resulting in extremely 
low yields. This means that during increasing severe events, the lower DO at Ardingly, frees up a greater 
volume of the licence for use elsewhere. The new reservoir abstracting from Barcombe is not subject to the 
same hydrological constraints, and therefore can access a greater proportion of the remaining licence when 
the DO at Ardingly Reservoir is reduced. This pattern is replicated in the climate change results, where the 
most extreme scenario gives a high DO, as the new reservoir is able to utilise the annual licence volume that 
Ardingly is no longer using. 

While the baseline system for both options is the same and therefore the resource available for abstraction is 
the same, the two options have different reservoir control curves, slightly different capacities, and have 
demand restrictions driven from different demand centres. The difference in yields is therefore symptomatic 
of these differences, as well as demonstrating that a new reservoir abstracting from the Ouse at Barcombe is 
potentially more resilient to drought when supplying WRZ 3, rather than WRZ 2, during droughts that more 
severely impact WRZ 2. During severe WRZ 3 drought events, New Arlington Reservoir offers no significant 
benefit in terms of additional resilience, with the exception of the 100 year return period.  

These options highlight the vulnerability of Ardingly Reservoir during extreme events, but also highlights the 
constraints of the existing River Ouse annual licence and the potential benefits for resilience depending on 
the WRZ supplied. 

Option 5: Raising existing Arlington reservoir 

The DO of this option based on the historic time series is 1Ml/d. The drought library results indicate that this 
system demonstrates improving resilience up to approximately the 1 in 200 year return period, declining at 
the 1 in 500 year return period. However, there is no marked change in DO between drought durations, 
indicating that increased reservoir size does not improve multi-year drought resilience. The climate change 
results show a decreasing resilience with an increase in scenario severity.  

Option 6: Effluent Re-Use Peacehaven to Cuckmere 

The DO of this option based on the historic time series is 2Ml/d. This DO is relatively low in comparison to 
the effluent discharge rate (50Ml/d), however, the timing of the discharge during the summer months is such 
that during higher annual average demands, the licence for abstraction from the River Cuckmere is used up 
during the early part of the year, and therefore is not available when the effluent discharge is operating. The 
drought library results show a relative increase in DO for increasing drought intensity and duration. This 
indicates that an effluent return scheme at this location could improve resilience to multi-year events, as well 
as more severe events. The climate change results also show an improved resilience during both higher and 
lower climate change scenarios, with a smaller relative increase for the central scenario. This is to be 
expected where the input is not susceptible to the effect of drought conditions.  

Option 7: Effluent Re-Use Peacehaven to Ouse 

The DO of this option based on the historic time series is 8.5Ml/d. The discharge allows for a greater 
resource to be available for direct abstraction at Barcombe, as well as saving the resource within Ardingly 
Reservoir through reducing the requirement for regulation. The climate change results demonstrate a 
decreasing resilience with increasing scenario severity, with a large range in DO and a complete failure of 
the system during the most severe climate change scenario. This is due to Ardingly Reservoir becoming 
hydrologically constrained in this scenario, and indicates a severe susceptibility of the reservoir to extreme 
events. The drought library results broadly demonstrate an increasing resilience with duration, but a 
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decreasing resilience with intensity. The input of a resource that is not affected by drought duration or 
intensity would expect to give an improved resilience to both duration and intensity, however, given that 
Ardingly Reservoir appears to be severely impacted by extreme drought events, there is an observed 
decreasing resilience with drought intensity. 

Option 8: Raising existing Ardingly reservoir 

The DO of this option based on the historic time series is 3Ml/d. The climate change results demonstrate a 
decreasing resilience with increasing scenario severity, and as explained in the Option 7 results above, a 
complete failure of the system during the most extreme scenario. The drought library results broadly indicate 
a decreasing resilience with drought duration and intensity, indicating that this option has a worse resilience 
to extreme scenarios than the baseline. The benefit of the increased capacity diminishes relative to the 
baseline the longer and more intense the drought event. 

3.2. Deployable output assessment of combination options 
The results of the DO assessment for the combined options are summarised in Table 3.4, Table 3.5 and 
Table 3.6. Table 3.4 shows the historic DO for the selected combinations, the selection of which is discussed 
in Section 2.5. 

For combinations that contain a new reservoir, Table 3.4 shows the benefit of the individual element of the 
combination that was tested (indicated by an asterisk), as well as the total benefit when considered in 
combination with the element not tested. For combinations that do not have new reservoirs, the total yield is 
given, as well as the yield with the baseline removed. Table 3.5 and Table 3.6 show the DO when compared 
with the baseline for combinations 3 and 5, with the DO reported for combinations 1, 2 and 4.  The results 
include the benefits of demand restrictions. 

Table 3.4: DO results for combinations with respect to historical time series 

Option # 
SEW option 
reference 

Reservoir 
capacity (Ml) 

Effluent 
discharge 
rate (Ml/d) 

Option yield of 
combination 
(Ml/d; may include 
baseline yield) 

Yield benefit 
(Ml/d; baseline 
yield removed 
or added where 
applicable) 

Combination 1 
SEW-RZ2-NSW-1 n/a n/a 

10 12 
SEW-RZ3-RES-24* 4500 n/a 

Combination 2 
SEW-RZ2-RES-26* 3900 

n/a 1 12 
SEW-RZ3-RES-24 4500 

Combination 3 
SEW-RZ2-RES-30 7106 

n/a 43 5 
SEW-RZ2-NSW-1 n/a 

Combination 4 
SEW-RZ2-EFF-35 n/a 50 

3 11.5 
SEW-RZ3-RES-24* 4500 n/a 

Combination 5 
SEW-RZ2-EFF-35 

n/a 
50 

45 7 
SEW-RZ2-NSW-1 n/a 

Source: n/a 
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Table 3.5: Combination drought library and 3DW DO results compared to baseline 

Drought 
event 

Stochastic_ref 
_Year 

Emergency Storage Yield (Ml/d) 

Comb. 1 Comb. 2 Comb. 3 Comb. 4 Comb. 5 

Worst 
Historical 
Drought 
(WRZ 3) 

1921 5.5 2 8 2 9.5 

Worst 
Historical 
Drought 
(WRZ 2) 

1944 6.5 2 7.5 2 10.5 

Design (AP 
= 1%) 
 

stoc_52_1945 8 2 8 2 10.5 

stoc_191_1959 9 2 6.5 2 10 

stoc_111_1941 7.5 2 7 2 10.5 

Severe (AP 
= 0.5%) 
 

stoc_114_1959 13.5 2 8 2 12 

stoc_197_1968 10.5 2 9 3 10.5 

stoc_148_1984 14 2 7 4.5 11 

Extreme (AP 
= 0.2%) 

stoc_62_1939 14.5 7.5 7.5 9.5 10.5 

stoc_23_1930 13.5 6 7.5 12.5 8 

stoc_55_1960 16 6 8 10 13 

Design (AP 
= 1%) 
 

stoc_174_1995 7   2  

stoc_99_1957 10   2  

stoc_134_1976 15   19  

Severe (AP 
= 0.5%) 
 

stoc_36_1966 13.5   4  

stoc_23_1930 13.5   12.5  

stoc_177_1941 13.5   11.5  

Extreme (AP 
= 0.2%) 

stoc_12_1941 11   13.5  

stoc_61_1981 12.5   12  

stoc_122_1950 12.5   15.5  

3DW  13 2 7 3.5 9.5 

Source: n/a 

Table 3.6: Combination climate change DO results compared to baseline 

Climate change 
scenario 

LoS Yield (Ml/d) 

Comb. 1 Comb. 2 Comb. 3 Comb. 4 Comb. 5 

Lower 7.5 0 7 0 10 

Middle 9.5 5 7 8.5 8.5 

Higher 10.5 5.5 17.5 22.5 17 

Source: n/a 
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Combination 1: Transfer River Adur to Ardingly Reservoir and New Arlington Reservoir Supplied by 
the River Ouse 

This combination of options gives a 10Ml/d DO from New Arlington reservoir, as well as a 2Ml/d benefit at 
East Grinstead through the Adur transfer. It is therefore possible to have both options, however, there is a 
1Ml/d decrease in comparison with each individual option. As highlighted from the individual option results, 
there is an increased resilience during longer duration, more extreme drought events as a result of the 
decreasing DO from Ardingly Reservoir. This combination also displays the same pattern of resilience for 
WRZ 3 specific droughts. When comparing the results of this combination to Option 4, the DO from New 
Arlington Reservoir is lower when implemented in combination with the Adur transfer. This demonstrates the 
impact of the relationship between the annual licence on the River Ouse, where the increased resource from 
the Adur transfer to East Grinstead allows for a greater proportion of the licence to be used, and therefore 
reduces the resource available for supply from New Arlington Reservoir. This is duplicated in the climate 
change results, which, while increasing with scenario severity, do not increase with the same magnitude as 
the individual New Arlington Reservoir option.  

Combination 2: WRZ2 Reservoir Supplied by River Ouse and New Arlington Reservoir supplied by 
River Ouse 

The aim of this combination was to assess whether a WRZ 2 reservoir could be operated, alongside the New 
Arlington Reservoir. The results of this assessment indicate that this is not possible. This is due to the 
individual option DO of New Arlington reservoir being limited by the annual licence on the River Ouse, which 
does not permit any further abstraction for public water supply. The drought library DO for 100 year and 200 
year return periods is given as 2Ml/d. However, these results should be considered to be 0Ml/d, as 2Ml/d is 
the lowest DO that can be reported in the drought library model. Both the drought library and climate change 
results demonstrate that this combination is only feasible during extreme events, where Ardingly Reservoir 
fails. 

Combination 3: Transfer River Adur to Ardingly Reservoir and Raising existing Ardingly reservoir 

The yield benefit of 5Ml/d from this combination is equal to the combined benefit from both individual options. 
There is therefore no additional benefit or detriment to this combination during the historic time series. The 
drought library results indicate no significant change in the vulnerability of the system when compared to the 
baseline, however, the climate change results demonstrate that this combination of options results in a 
marked increase in resilience during the extreme climate change scenario. It appears that implementing both 
options in combination results in an improved resilience of Ardingly Reservoir, but reduces the increased 
resilience from the Adur transfer. 

Combination 4: New Arlington Reservoir supplied by River Ouse and Effluent Re-Use Peacehaven to 
Ouse 

The historic DO of this combination is shown to be 11.5Ml/d, which is 8Ml/d less than the DO of both 
individual options combined. This combination is severely constrained by the annual licence at Barcombe, 
which prevents abstraction for public water supply. The drought library and climate change results show the 
same pattern of increasing yields in comparison to the baseline as a result of the failure of Ardingly 
Reservoir. This failure occurs at less extreme events than the individual option because the demand at East 
Grinstead is higher as a result of the effluent return as part of this DO. Once Ardingly Reservoir fails, there is 
an even greater resource available due to the effluent discharge, and therefore the comparative yield is 
significantly higher than Option 4. 
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Combination 5: Transfer River Adur to Ardingly Reservoir and Effluent Re-Use Peacehaven to Ouse 

The DO of this option based on the historic time series is 7Ml/d. This is 4.5Ml/d less than the combined DO 
of both individual options. This combination is heavily constrained by the annual licence at Barcombe, 
reducing the benefit that can be realised at East Grinstead. The drought library results demonstrate no 
improved resilience other than the greater resource available from these inputs. The climate change results 
indicate a much improved resilience during the extreme scenario. The combination of these options therefore 
has the ability to dramatically improve the resilience of this system during extreme drought events. 

4. Conclusions 
This DO options assessment highlights several key points regarding the benefits of the options, and the 
interrelationships with the existing system. These are summarised below: 

 The greatest DO’s can be achieved from new reservoirs both when used in combination and individually, 
based on the historic record. However, the DO and corresponding capacity of these reservoirs is 
severely limited by the annual abstraction licence on the River Ouse. Consequently, the greatest DO is 
from a reservoir supplied by the River Adur, which also experiences different hydrological droughts, and 
therefore increases resilience. 

 There appears to be no additional benefit that can be realised from combining more than one individual 
option, with some combinations reducing the DO of individual options. However, certain combinations of 
options improve resilience when compared to the individual options or the baseline. 

 The effluent return schemes have different DOs, which is symptomatic of the abstraction licence 
constraints at the discharge locations. Increased yields could be realised through a put and take 
arrangement, rather than abstracting this effluent within the existing licence constraints. 

 Raising existing reservoirs does not significantly increase DO in either WRZ, and also results in 
decreasing resilience with respect to the baseline. 

 The Adur transfer increases the DO at Ardingly Reservoir and also has a significant impact on improving 
the resilience of the existing system, based on drought events that are specific to WRZ 2. The use of the 
River Adur as a supply to a new reservoir could also improve the resilience of WRZ 2 to droughts, 
particularly given the vulnerability of Ardingly Reservoir to extreme drought events in excess of the 200 
year return period and the 95th percentile climate change scenario. 

This study is considered to be a starting point for the further assessment of options and combinations. The 
assumptions used in this assessment have the potential to have a high degree of influence on the results. 
These assumptions and their impacts are described below: 

 Reservoir control curves have been extrapolated based on reservoir size where an existing reservoir has 
been raised. Reservoir control curves have been imposed on new reservoirs from a donor reservoir, 
based on similar characteristics or inflows. As such, the curves used in this assessment are not final and 
have not been optimised for the reservoir use. They could therefore result in the overestimation or 
underestimation of DO. It is highly recommended that new reservoir curves are derived for use with any 
new reservoirs that are taken forward in further assessments. 

 The emergency storage values for new reservoirs have been averaged and scaled for new reservoirs 
based on the values at Ardingly and Arlington Reservoirs. It is highly recommended that new emergency 
storage values be derived for new reservoirs. 
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 For the purpose of this study, the DO of an individual option used within the combination assessment 
was fixed. Further benefit from certain combinations could be realised through optimisation of where this 
increased DO is utilised, through the changing of priorities between demand centres.  

This assessment has concluded that it is possible to increase the DO of both WRZ’s through all options and 
combinations tested, however the River Ouse licence has been shown to provide the largest constraint with 
respect to realising the full potential of new reservoir options. It is recommended that consideration is given 
to understand the resource issues in these areas, and any future arrangements that would benefit these 
schemes, particularly with respect to the effluent re-use schemes. 
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