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Executive Summary 
 
Essex & Suffolk Water (ESW) is required to update its quinquennial Water 
Resource Management Plan under the current periodic review for 2009.  As 
part of this work the Company is redeveloping the Supply Demand Balance 
for each of its four resource zones, as required under the Environment 
Agency’s Water Resource Planning Guidelines (April 2007).  This report 
details the determination of the outage allowance for the Essex Resource 
Zone.  A separate report presents the outage allowances for the Suffolk 
Resource Zones (Blyth, Hartismere and Northern/Central). 
 
The methodology described in this report demonstrates how ESW has 
followed the approach set out in the recommended UKWIR methodology.  The 
method used is intended to be fully auditable and has incorporated all the 
available data on outages in the Essex Resource Zone.   
 
The results of the outage data analysis are summarised and presented in 
tables and graphs.  Monte Carlo simulation was used to quantify predicted 
outage at four treatment works in the Essex Resource Zone using triangular 
distributions developed from the available data on previous outage events.  
The figure corresponding to the 90 percentile from the table of results 
summarising the 5000 trials conducted during the simulation was chosen to 
represent the outage allowance in the Essex Resource Zone.  This gave a 
result of 14.79 Ml/d , which is 4.8% of the total deployable output for the Essex 
Resource Zone. 
 
Return periods were also assessed using the simulation results. This 
illustrated that outage allowance for the Essex Resource Zone decreases with 
increasing return period frequency.   
 
The results were compared with those from the previous periodic review and a 
decrease of 4.65 Ml/d was calculated, which corresponds to a 1.2% reduction 
in outage, as represented as a percentage of deployable output. 
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1. Introduction 
 

1.1. PR09 Water Resource Planning Context 
 

Essex & Suffolk Water (ESW) is required to update its quinquennial Water 
Resource Management Plan under the current periodic review.  As part of this 
work the Company is redeveloping the Supply Demand Balance for each of its 
four resource zones, as required under the Environment Agency’s Water 
Resource Planning Guidelines (April 2007).    
 
A key element of the Supply Demand Balance for each resource zone is 
outage allowance, a value expressed in Ml/d, which affects Water Available 
For Use (WAFU) to the extent that it contributes to a supply shortfall (UKWIR, 
1995). 
 
Outage allowances are determined on a resource zone basis.  This report 
presents the results of the outage assessment for the Essex Resource Zone.  
The results of the outage assessment for the three Suffolk Resource Zones 
(Hartismere, Blyth and Northern/Central) are presented in a separate report 
(Essex & Suffolk Water, November 2008).   
 
 

1.2. Aims & Objectives 
 
The aims of this report are as follows: 
 
1. Provide a clear summary of the methodology used to calculate the outage 

allowance for the Essex Resource Zone. 
 
2. To present the results of the Monte Carlo analysis conducted and to 

provide a clear interpretation of these results and how they have been 
used to derive an overall outage allowance for the Essex Resource Zone.   
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2. Background 
 

2.1. Outage Definitions 
 
Outage is defined in the UKWIR report Outage Allowances for Water 
Resource Planning (1995) as: 
 
“A temporary loss of deployable output” 
 
Outage events can be divided into planned outage and unplanned outage.  
The UKWIR report defines planned outage as: 
 
“A foreseen and pre-planned outage resulting from a requirement to maintain 
sourceworks asset serviceability” 
 
Unplanned outage is defined as: 
 
“An outage caused by an unforeseen or unavoidable legitimate outage event 
affecting any part of the sourceworks and which occurs with sufficient 
regularity that the probability of occurrence and severity of effect may be 
predicted from previous events or perceived risk” 
 
The report also provides a definitive list of what is to be considered as 
legitimate unplanned outage.  The categories include: 
 
1. Pollution of Source 
2. Turbidity 
3. Nitrate 
4. Algae 
5. Power Failure 
6. System Failure 
 
Under the assessment carried out here for the Essex Resource Zone both 
planned and unplanned outage events were considered.  Appendix A 
provides further definitions of terms related to the assessment of outage.   

 
 
2.2. The Essex Resource Zone 

 
The Essex Resource Zone is supplied through a network of large diameter 
trunk mains, which transfer water into and across the zone. Water is 
transferred into supply from the five treatment works at Layer, Langham 
Langford, Chigwell and Hanningfield.  A map outlining the Essex supply 
system can be seen in figure 1.   
 
The Essex Resource Zone is an integrated network; therefore any resource 
shortfall becomes a shared problem throughout the supply system.  In the 
summer, all works except Hanningfield are normally kept at or above a 
minimum threshold production rate, unless constrained.  Hanningfield then 
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normally makes up the remaining difference between production and demand.  
The thresholds for each works are as follows: 
 
 

Treatment 
Works 

Minimum Threshold  
Production Rate 

Langham 45 Ml/d 
Langford 45 Ml/d 
Chigwell 90 Ml/d  

Layer 120 Ml/d 
 
 
However, at times there are constraints on output from the works.  Such 
constraints are also known as outage.   
 
 

2.3. Approach to Outage in PR04 
 
The recommended methodology detailed in the UKWIR report Outage 
Allowances for Water Resource Planning (1995) was used as the basis for 
calculating the outage allowance for the Essex Resource Zone for the PR04 
Water Resource Plan submission.  This methodology involves using the 
Monte Carlo analysis technique to define the level of outage allowance to be 
incorporated into the Water Available For Use (WAFU) calculation.  Although 
the UKWIR methodology provided a good basis for assessing the outage 
data, it left a number of areas open to interpretation.  Therefore, several 
assumptions had to be made and the methodology adapted to the available 
data and the resulting modelling software output.  All of these assumptions 
have again been made for the PR09 assessment and are outlined in section 
3.2.         
 
For the PR04 assessment, the resulting adapted methodology calculated the 
average daily outage in the Essex Resource Zone to be 19.44 Ml/d.  This 
figure corresponded to the 95 percentile or 1 in 20 year return period.   
 
 

2.4. Approach to Outage in PR09 
 

The recommended methodology detailed in the UKWIR report Outage 
Allowances for Water Resource Planning (1995) has not been superseded 
since PR04, and therefore has again been used as the basis for calculating 
the outage allowance for the Essex Resource Zone for the PR09 Water 
Resource Management Plan submission.  As mentioned in section 2.3, a 
number of assumptions were required to be made during the PR04 
assessment and these were again made for this PR09 assessment.  Much of 
the adapted methodology used in PR04 was replicated for this PR09 
assessment although three minor changes were made.  These were: 
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i. Data gathering and interpretation - Additional data on the planned 

output of the sourceworks was available for this PR09 assessment that 
was not previously available.  This was used to refine the method so 
that the identification of outage events and their duration was more 
accurate.   

 
ii. Development of triangular distributions - For this PR09 assessment, 

where insufficient outage events existed to enable calculation of the 
most frequent (mode) duration figure, histogram analysis was used to 
provide a standard method to determine the most likely monthly outage 
duration figure in order to develop the required triangular distributions. 

 
iii. Interpretation of results - A new version of the Crystal Ball software 

(Crystal Ball®7.3.1) was used to conduct the Monte Carlo analysis for 
this PR09 assessment.  The forecast report presenting the results of 
the Monte Carlo analysis can be customized to give a set of 
percentiles, such as 90%, 95%, 96%, and 98%.  These relate to pre-
defined return periods, for example 90% relates to a 1 in 10 return 
period and 98% relates to a 1 in 50 return period. 

 
 
Section 3 provides a detailed outline of the methodology used for this PR09 
outage assessment.  
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3. Methodology 
 

3.1. UKWIR Recommended Methodology 
 
The Environment Agency’s Water Resources Planning Guidelines (April 2007) 
advises water companies to use the methodology developed by UKWIR 
(1995) for determining outage events.  This methodology aimed to promote 
better understanding of the impact of legitimate outage events on water 
resources and ultimately calculate an outage allowance for individual resource 
zones suitable for input into the Supply Demand Balance.   
 
The Environment Agency suggests that the degree to which outage is 
explored by water companies will vary.  As a minimum ‘a company should 
justify outage allowances in relation to the likelihood of events recurring, given 
the magnitude, duration and timing of actual outage circumstances. This 
should be supported by recorded data.’ (Environment Agency, April 2007).   
 
The UKWIR methodology encompasses a clear set of definitions, the most 
significant of which are reproduced in the glossary in appendix A.  The 
method relies on the user possessing a large amount of information on outage 
events, including details of the outage magnitude and duration, outage type, 
and the start and end date of the event.   
 
The initial stages of the UKWIR methodology are summarised in the Outage 
Allowance Methodology Decision Tree illustrated in figure 2.  The aim of this 
decision tree is to focus the user on the identification of legitimate outage 
events and the need for detailed analysis and calculation in a resource zone.  
The steps in the decision tree are designed to identify whether calculation 
should apply to all, some or none of the sourceworks in a resource zone.  
When the decision tree is applied to the Essex Resource Zone it shows that 
the calculation should apply to all the sourceworks in this resource zone.    
 
The methodology requires the delineation of outage event duration and event 
magnitude.  It is intended that this data should be collated by sourceworks 
and then sorted into the type of outage (planned or unplanned and the cause 
of the unplanned outage) and the month in which the outage event occurred.  
For each outage event the least credible, most likely and maximum credible 
duration and magnitude is identified from the data for each month of the year.   
 
The UKWIR recommended methodology suggests that outage should be 
estimated using a frequency based methodology based on a Monte Carlo 
analysis technique using triangular distributions created for the duration and 
magnitude of each outage event at each sourceworks, from the least credible, 
most likely and maximum credible figures.  The triangular distribution was 
chosen as it provides ‘a reasonable representation of actual distribution, given 
the limited data normally available and the perceived poor quality of that data’ 
(UKWIR, 1995).  The methodology recommends the use of software 
packages (such as Crystal Ball® or @RISK®) to carry out the Monte Carlo 
simulations.   
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The output resulting from the Monte Carlo simulations can then be used to 
identify the level of outage in the resource zone under analysis associated with 
a specific return period. 

 
 
3.2. ESW Approach & Assumptions 

 
Following the recommendation of the Environment Agency, ESW has adopted 
the overall approach and principles used in the UKWIR methodology (1995).  
However, it should be recognised that this methodology contains several 
areas that are open to interpretation.  In particular, the UKWIR method is 
unclear as to how the triangular distributions and Monte Carlo simulations 
should be used to determine the final outage allowance used in water 
resource planning.  Accordingly, a number of assumptions have been made 
during the implementation of the methodology and interpreting the results.  
These assumptions are outlined as follows: 
 
(1) The definition of the term sourceworks is crucial to the identification of 

legitimate outage events on a location basis, as described in the 
UKWIR methodology.  The methodology defines a sourceworks as, ‘all 
assets used between and including the point of abstraction and the 
point at which the water is first fit for purpose’ (UKWIR, 1995).  For the 
Essex Resource Zone sourceworks output has been interpreted as 
being represented by the output from each water treatment works. 

 
(2) Under the UKWIR methodology unplanned outages are divided into six 

categories; pollution of source, turbidity, nitrate, algae, power failure 
and system failure.  When categorising the data available it was not 
always possible to trace the cause of an outage at a treatment works.  
In order to capture these unknown outage events into the calculation 
an additional category of unplanned unknown was used.  Also, in some 
circumstances analysis showed that one outage event may fall into two 
categories, for example both nitrate and turbidity.  In such cases a 
decision was made to classify the event to the most relevant type of 
outage. Such decisions were based on judgement backed up by 
experience from ESW production staff. 

 
(3) Hanningfield water treatment works has not been included in the 

outage calculation for the Essex Resource Zone because the output 
from this works merely makes up the difference between the base-load 
provided by the other Essex treatment works and demand.  The impact 
of any outage that may occur at Hanningfield works on WAFU in Essex 
is therefore assumed to be minimal. 

 
(4) The UKWIR methodology fails to give an indication of the time period 

that should be investigated.  The PR09 outage calculations are based 
on 7 years worth of data (2000-2006 inclusive).  This is the same data 
set length as for PR04 but shifted to include more recent data only.  
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This should account for any changes over time in raw water quality and 
source-works management and infrastructure. 

 
(5) There were too few outage events in each category to be able to create 

the required triangular distributions for each outage category, in each 
month at each works.  Therefore, the triangular distributions were 
created by combining all outage, without breaking it down into the 
different outage categories.  Thus, triangular distributions were 
developed for the magnitude and duration of all outage for each month 
of the year at each treatment works. 

 
(6) For this PR09 outage assessment, an assumption was made regarding 

likely future outage due to pesticides at Chigwell WTWs.  A programme 
of secondary sand filter upgrading to GAC sandwich filters was 
completed in 2006 which has prevented further pesticide outage 
events.  As a result, historical pesticide events occurring at Chigwell 
WTWs in the data set were excluded from the assessment to prevent 
overestimation of outage allowance.    

 
 

3.3. ESW Adapted Methodology 
 
The methodology used by ESW can be broken down into 4 clear stages: 
 
1. Data gathering and interpretation. 
2. Development of triangular distributions. 
3. Population of the Crystal Ball spreadsheet and Monte Carlo analysis.  
4. Interpretation of results 
 
 

3.3.1. Data Gathering and Interpretation 
 
Treatment works daily output data for the period 2000 to 2006 inclusive were 
compiled by the ESW Networks Department and used as the basis to 
calculate outage magnitude and duration.   
 
A second set of spreadsheets, also compiled by the Networks Department, 
were made available to the Water Resources Planning Team. The data 
compared the planned daily output and actual daily output of each treatment 
works on a monthly basis and contained ad-hoc notes which recorded 
reasons for when the planned output was not achieved.  Although it was 
noted in section 2.2 that the treatment works are run at a minimum threshold 
production rate, occasionally the Production and Networks Departments will 
plan 4 to 6 weeks in advance to reduced the output at a treatment works due 
to maintenance, reduction in demand, expected raw water quality or cost of 
treatment.  This additional information, not previously available during the 
PR04 assessment, was used in conjunction with the minimum threshold 
production rates to make the identification of outage duration and magnitude 
more accurate. 
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If treatment works output was unconstrained (i.e. no outage event occurring), 
actual output was compared against planned output (which may be below the 
minimum threshold production rate) instead of the minimum threshold 
production rate.  This ensured that outage was not over-estimated.  During the 
PR04 assessment, if output fell below the minimum threshold production rate 
at any time, then outage would have been recorded and categorized as 
unplanned unknown if no evidence of cause could be found.   
 
During a confirmed outage event, magnitude was calculated using the 
minimum threshold production rate only and not the planned output.  If during 
the event planned output was below the minimum threshold production rate 
then this method ensured that outage was not under-estimated.   
 
If the treatment works output data indicated an outage event but no 
explanation was provided by the ad-hoc notes, Water Quality Department 
weekly reports were used to confirm if a legitimate outage event had occurred.  
If no information was found in these reports, confirmation was sought from the 
Production Department using their own records. Based on the data and 
information available legitimate outage events were identified and their 
duration and daily magnitude calculated.   
 
The following flow diagram summarizes the methodology used during the data 
gathering and interpretation stage: 
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Data Gathering and Interpretation Stage Methodology for the 
Essex Outage Assessment 

Actual Daily Works 
Output Ml/d (raw data) 

Was actual output 
< minimum 
production 

threshold rate? 

No outage event 
occurring 

No 

Yes 

Was actual output < 
the planned output? 

 

No 

No 

Yes 

Yes 

Calculate daily outage 
magnitude using 

minimum production 
threshold rate value 

No outage event 
occurring 

Cross-reference with qualitative records 
to confirm occurrence of legitimate 
outage events and outage events 

duration 

Could the Works 
output be instantly 

increased to the minimum 
 threshold production rate 

if required? 
 

Planned output Ml/d  
(Networks Department spreadsheets) 



 
Periodic Review 2009 Essex Outage Assessment 

 

18 

 

3.3.2. Development of Triangular Distributions  
 
As found during the PR04 assessment, there were insufficient outage events 
to enable triangular distributions to be developed for each category of outage.  
Therefore, all outage events at each works were collated by month and the 
minimum, mode and maximum daily magnitude and outage event duration 
calculated.  These figures correspond to the least credible; most likely and 
maximum credible values discussed in the UKWIR methodology and required 
to form the triangular distributions.  
 
In order to calculate the most likely daily outage magnitude it was necessary 
to round the data to the nearest whole number (Ml) because there were 
insufficient data points to identify a most frequently occurring figure if the data 
were presented to one decimal place or more.    
 
In several cases the data set for outage duration was also too small to 
calculate the most likely value. In these instances the available data was used 
to create a histogram using three categories of 1-10 days, 11-20 days and 21-
31 days. The mid-value of the category with the highest frequency was 
entered as the most likely figure in the triangular distributions.  
 
 

3.3.3. Population of the Crystal Ball Spreadsheet a nd Monte Carlo 
Analysis 

 
The UKWIR methodology recommends a proforma for data input associated 
with an analysis spreadsheet developed with the original methodology and 
recommends that a Monte Carlo sampling with 500 iterations would be 
considered sufficient to provide a good derived distribution.  However, the 
UKWIR report An Improved Methodology for Assessing Headroom 
(2001/2002) recommends that a typical number of trials might be 5000 and 
this figure has been used in preference.  The report also provides an example 
of a spreadsheet for data to be entered into for the Monte Carlo simulations to 
be carried out for the Headroom calculations.  ESW used this structure as a 
basis for the outage calculation spreadsheet for the Essex Resource Zone in 
PR04 and it has been replicated here for the PR09 calculation.  This 
spreadsheet can be seen in figure 3. 
 
The minimum, most frequent and maximum results from the data set were 
entered into the spreadsheet and used to define triangular distributions to 
represent the spread of both the magnitude and duration of outage events 
recorded over the 7 year record at each water treatment works for each month 
of the year.   
 
The triangular distributions formed the basis of Monte Carlo analysis using the 
risk analysis software package Crystal Ball®7.3.1.  A total of 5000 trials were 
conducted combining outage magnitude and duration for each month, at each 
works, based on random sampling across each triangular distribution.  During 
the course of the simulation the results from each trial are combined in pre-
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defined forecast cells which calculate the total monthly outage in Ml for each 
month at each water treatment works.  These results were then combined in a 
second tier of forecast cells to calculate the total monthly outage for the Essex 
Resource Zone in Ml/d.  This calculation was carried out using the following 
formula: 
 
 

                                                    Total monthly outage of 
Essex Total Monthly Outage   =       Langham + Layer + Langford + Chigwell 

 
                                                           Total number of         Total number of 
                                                           days in data set          treatment works 

                                                                
 
In this calculation the total monthly outage for the Essex Resource Zone is 
calculated by summing the total monthly outage from each water treatment 
works, giving a value in Ml.  This is then converted into Ml/d by dividing this 
monthly total by the total number of days in the data set for each month (for 
example the January data set for each water treatment works contains 7 
years of data comprising of 31 days, giving a total of 217 days) and 
multiplying by the number of treatment works in the Essex Resource Zone (in 
this case 4).  The final multiplication allows for the double counting of days 
that would result if an outage event occurred at the same time at different 
water treatment works.   
 
A final forecast cell was created that sums the total monthly outage volumes 
for the resource zone to produce an average daily outage for the Essex 
Resource Zone in Ml/d. 
 
 

3.3.4. Interpretation of Results 
 
The UKWIR methodology (1995) does not provide any significant guidance on 
how the output from the Monte Carlo simulation should be interpreted.  The 
interpretation of the results was therefore guided by the requirements of the 
Supply Demand Balance.  Outage is deducted from the Deployable Output of 
the Essex Resource Zone as part of the calculation of Water Available for Use 
(WAFU).  An outage figure in Ml/d for the Essex Resource Zone as a whole is 
therefore required.  This figure was obtained from the results produced in 
Crystal Ball for the average daily outage for the Essex Resource Zone in Ml/d. 
 
The output from Crystal Ball consists of a forecast report for the Essex 
Resource Zone summarising the statistics of the results from the 5000 trials 
carried out in the Monte Carlo analysis.  The results are displayed in a 
frequency chart and as a list of percentiles (e.g. 80%, 90%, 95%) indicating 
the percent of the distribution that is equal to or below a stated value.  The 
percentiles displayed can be customized to correspond to a range of pre-
defined return periods as required under the Agency Water Resource 
Planning Guideline (Environment Agency, 2003). For example the 90 

X 
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percentile relates to a 1 in 10 return period and the 98 percentile relates to a 1 
in 50 return period. These results were used to define the outage figure for the 
Essex Resource Zone. 
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4. Results 
 
This section presents the results obtained from applying the methods and 
assumptions outlined in Section 3.  The large volume of data gathered 
detailing outages in the Essex Resource Zone means that it is not practical to 
present the raw data tables in this report.  If this data is required it can be 
requested from ESW and provided on a data CD. 
 
 

4.1. Outage Results 
 
The table in appendix B lists the Company contacts that provided data and 
information during the data gathering and interpretation stage of the 
assessment. 
 
The output data received from the ESW Networks Department for the four 
Essex treatment works under consideration for the period 2000 to 2006 
inclusive is shown in the graphs in appendix C.  The graphs also show the 
planned output and are annotated with the legitimate outage events identified 
during this assessment using the information available.  
 
The results of the data analysis are summarized in the following tables and as 
pie charts in figures 4 to 8, which show the proportion of each outage type that 
occurred at each treatment works and in the Essex Resource Zone as a 
whole.  When the results are presented as percentages, the figures for outage 
duration and magnitude are very similar.  
 
Algae was the primary cause of outage affecting the Essex Resource Zone 
during the period 2000 to 2006, followed by planned outage, contributing 37% 
and 27% to total outage magnitude respectively (figure 8).  This reflects that 
for three of the four treatment works, Chigwell, Langham and Layer, outage 
caused by algae contributed the greatest proportion (figures 4, 6 and 7).  
Together, outage due to system failure and nitrate represented around a 
quarter of total outage with 14% and 13% respectively.  The remaining 
categories (turbidity, pollution of source, unplanned unknown and power 
failure) together made up around 10% of total outage.   
 
The majority of outage affecting Layer Treatment Works was due to algae 
(figure 7). Recent and continuing work at Layer Treatment Works has involved 
refurbishment of the primary filters in order to reduce this type of outage 
affecting the works performance in the future.  However, it is impossible to 
predict the extent to which outage due to algae will be reduced by the 
improvement works and so unfeasible to attempt to take this into account 
during this PR09 assessment.    
 
Outage due to nitrate, turbidity and pollution of source only occurred at 
Langford and Langham treatment works, reflecting their river raw-water 
sources.  Nearly a third of outage affecting Langford works was due to nitrate 
(figure 5). 
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At Langford works, two pollution of source incidents occurred during the time 
period under consideration, one in May and one in September 2000, the first 
due to accidental spillage of pesticide into the river and the second was a 
storm-water alert from Anglian Water.  The pollution incident affecting 
Langham works also occurred in 2000 and involved a perfume odour being 
detected in the River Stour.  During the 1980s and 1990s this was a common 
occurrence with two incidents in 1995, 1996 and 1997, but the incident in 2000 
is the last to date.  The polluting discharge was traced to a chemical factory 
and the problem rectified. 
 
The proportion of outage assigned to the unplanned unknown category was 
relatively minor but similar in magnitude to that of outage caused by power 
failure, one of the legitimate outage categories.  It was therefore decided to 
include the unplanned (unknown) category in the assessment.  The 
operational policy within the Essex Resource Zone of maintaining water 
treatment works at a minimum threshold production rate unless it is planned 
and documented not to do so, means that the method of identification of 
outage events from the works output data is relatively robust, and thus even if 
it was not possible to determine the cause of the event it is likely that some 
form of outage occurred.   
 
The results show that not every water treatment works is affected by all types 
of outage.  The type of unplanned outages experienced by treatment works is 
a reflection of the treatment processes employed at the works and the nature 
of the raw water source being treated.  For example constraints due to algae 
are most common on the slow sand filters at Layer, Langham and Chigwell.  
Constraints due to nitrates and turbidity tend to occur at Langford and 
Langham as a result of the source river water quality. 
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Treatment Works
River (Riv) or 

Reservoir (Res) 
water source

Algae Planned
System 
Failure

Nitrate Turbidity
Pollution      
of Source

Unplanned 
Unknown

Power 
Failure

Total          
(Ml)

Percentage 
of total zone 
outage (%)

Chigwell Res 5,312 110 1,314 128 6,864 11

Langford Riv 510 9,020 2,360 7,320 2,861 346 37 177 22,631 37

Langham Riv 3,698 1,962 1,587 706 1,626 256 9,835 16

Layer Res 13,355 5,104 3,207 131 21,797 36

22,875 16,196 8,468 8,026 4,487 602 296 177 61,127

37 27 14 13 7 1 0.5 0.3

Summary of Essex Outage Magnitude (Ml) 2000-2006

Percentage of total zone outage (%)

Total (Ml)

 
 
 

Treatment Works
River (Riv) or 

Reservoir (Res) 
water source

Algae Planned
System 
Failure

Nitrate Turbidity
Pollution     
of Source

Unplanned 
Unknown

Power 
Failure

Total            
(Days)

Percentage 
of total zone 
outage (%)

Chigwell Res 413 8 78 44 543 14

Langford Riv 100 376 141 327 145 39 13 10 1,151 29

Langham Riv 442 227 211 86 185 31 1,182 30

Layer Res 486 265 265 15 1,031 26

1,441 876 695 413 330 70 72 10 3,907

37 22 18 11 8 2 2 0.3

Total (Days)

Percentage of total zone outage (%)

Summary of Essex Outage Duration (Days) 2000-2006
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4.2. Monte Carlo Simulation Results 
 
The results from the Monte Carlo simulation in Crystal Ball are summarised in 
the form of a forecast report.  The report consists of a list of summary 
statistics, a frequency chart showing the probability distribution for the 
forecast, and a table detailing the percentile probability of an average daily 
outage volume being equal to or below a defined value. 
 
The output from the Monte Carlo simulation produced a total of 61 forecast 
reports detailing the results from each tier of analysis in the outage 
spreadsheet.  However, it is the results from the final forecast cell, detailing 
the outage for the Essex Resource Zone in Ml/d that provided the results 
required for producing an outage figure for the Essex Resource Zone that can 
be incorporated into the Supply Demand Balance.   
 
The full forecast report for the Essex Resource Zone outage is shown in 
appendix D.  Values relating to a defined set of percentiles are listed in the 
report, for example 90%, 95%, 96%, 98% and 100%.  These can be related to 
pre-defined return periods, as discussed in section 4.4. 
 
A sensitivity assessment was conducted by repeating the Monte Carlo 
simulation three times and comparing the results for each percentile. Results 
varied between model runs by an average of 0.11 Ml/d. Due to this high level 
of repeatability it was decided to use the results from the first model run as the 
final outage allowance figures.    
 
A decision was taken to use the result corresponding to the 90 percentile (one 
in ten year equivalent) to represent the outage in the Essex Resource Zone 
for an average demand scenario. This return period is coincident with the 
Company’s specified level of service for frequency of an ‘appeal for restraint’ 
on water use, and represents a change from the previous ESW PR04 outage 
methodology in the which the 95 percentile figure was selected to represent 
outage allowance.  For PR09 it was decided that the level of risk associated 
with using the 90 percentile was acceptable and better reflected the amount of 
outage likely to be experienced over the future planning horizon. 
 
The 90 percentile for outage allowance in the Essex Resource Zone is 
calculated from the Monte Carlo simulation to be 14.79 Ml/d. 
 
This outage allowance figure will be one of the factors subtracted from 
deployable output in the Supply Demand Balance to derive Water Available 
For Use (WAFU).  The outage allowance calculated in this assessment, when 
represented as a percentage of deployable output is on average 4.8% over 
the planning horizon.    
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4.3. Outage for Critical Periods/Peak Demands 
 
The integrated nature of the Essex Resource Zone means that there is little 
risk of the outage events that may occur during peak demand periods 
affecting the WAFU.  As outlined in Section 2.2, during periods of high 
demand in the summer months the four water treatment works considered in 
this assessment are maintained at a minimum threshold production rate, with 
Hanningfield treatment works making up the difference between production 
and demand.  In addition the works being run at the minimum threshold 
production rate have the capacity to treat additional water should it be 
required in order to make up a deficit caused by an outage event elsewhere. 
Such flexibility within the Essex supply zone means that the outage allowance 
for critical periods and peak demands should remain the same as that 
calculated for average demand scenarios.    
 
 

4.4. Return Period Evaluation 
 
As stated in the Environment Agency’s Water Resources Planning Guidelines 
(April 2007), outage allowances should be made in relation to the likelihood of 
events recurring and so a range of return periods have therefore been 
evaluated.  To obtain the figures reference was made to the relevant 
percentiles in the forecast report from the Essex Resource Zone outage 
assessment (appendix D). The results are presented in the following table: 
 
 

Percentile Return Period Outage volume 
(Ml/d) 

50 % 1 in 2 years 13.07 

80 % 1 in 5 years 14.19 

90 % 1 in 10 years 14.79 

95 % 1 in 20 years 15.32 

96 % 1 in 25 years 15.46 

98 % 1 in 50 years 15.85 

 
 
The results show that the outage allowance for the Essex Resource Zone 
decreases with increasing return period frequency.  Thus a one in two year 
return period has a lower outage volume than a one in twenty year return 
period.  There is only a slight increase of 1.06 Ml/d in outage allowance 
between the 90 percentile (1 in 10 years) and the 98 percentile (1 in 50 years).   
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4.5. Comparison with PR04 Results 
 
The outage allowance for the Essex Resource Zone was reported in the Essex 
& Suffolk Water’s PR04 Water Resource Plan (2004) as 19.44 Ml/d.  Based on 
the result of 14.79 Ml/d obtained through this assessment there has been a 
24% decrease of 4.65 Ml/d in the outage allowance for Essex. This is in part 
due to the selection of the 90 percentile for this PR09 assessment whereas the 
95 percentile figure was used to represent outage for PR04.  If equivalent 90 
percentile figures are compared (PR04 90 percentile: 18.84 Ml/d) there has 
been a relative reduction in outage of 4.05 Ml/d. 
 
The methodology used for this PR09 assessment was only slightly amended 
from the previous PR04 assessment.  The decrease in outage partly reflects 
the improvement in treatment processes at Chigwell and Layer, and the 
reduction of pollution incidents in the River Stour; but also the use of an 
additional information source made available by the ESW Networks 
Department for this assessment, which recorded planned reductions in works 
output below the minimum threshold production rate. These planned 
reductions do not correspond to an outage event but may have previously 
been recorded as doing so under the category of unplanned unknown during 
the PR04 assessment.  
 
Water Quality Department and Production Department records were also 
available for this PR09 assessment, which were not previously used for the 
PR04 assessment.  This facilitated the identification of outage cause so that 
the proportion of outage magnitude categorised as unplanned unknown has 
reduced from 33% in PR04 to just 0.5% in PR09, resulting in an increase in 
percentage of all of the legitimate outage categories (except pollution of 
source) of between 10% (system failure) and 0.2% (power failure). 
 
For PR04 the outage allowance figure was calculated to be 6% of deployable 
output.  There has been a reduction in both outage allowance and deployable 
output as calculated during this PR09 assessment (Northumbrian Water 
Limited, 2008), resulting in an overall reduction in outage allowance, when 
represented as a percentage of deployable output, to around 4.8%.  
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5. Summary and Conclusions 
 
This report has presented the methodology and results used to calculate the 
outage allowance for input into the 2009 Periodic Review Supply Demand 
Balance for the Essex Resource Zone. 
 
The report demonstrates how ESW has followed the principles of the 
approach set out in the UKWIR methodology.  The method used is fully 
auditable and has taken all the available data and information on outages into 
account.   
 
Monte Carlo simulation was used to generate results on predicted outage 
events at four treatment works in the Essex Resource Zone from the 
triangular distributions developed from the available outage data. The figure 
corresponding to the 90 percentile produced from the 5000 trials carried out 
during the simulation was used to represent the outage in the Essex Resource 
Zone.  This gave a result of 14.79 Ml/d.   
 
Return periods were also calculated from the simulation results.  These 
illustrated that outage allowance for the Essex Resource Zone decreases with 
increasing return period frequency.   
 
When the results were compared to those from the previous Periodic Review 
they were shown to be of a similar magnitude but with a decrease of 4.65 Ml/d 
between the PR04 and PR09 figures.  This decrease is likely to be partly due 
to the additional information sources available for this assessment, making 
outage event identification more accurate. When representing outage 
allowance as a percentage of deployable output, there is a decrease from 
PR04 of 1.2%, with the figure for this PR09 assessment being calculated as 
4.8% of deployable output in the Essex Resource Zone. 
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Figure 1: Essex area supply system 
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Figure 2: Outage Allowance Methodology Decision Tree (UKWIR, 1995) 
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Figure 3: Crystal Ball spreadsheet for Monte Carlo analysis 
 

Company Name: Essex & Suffolk Water 
Resource Zone: Essex Assumption Cell Forecast cell Mode values based on histogram analysis
Probability Distribution: Triangular
Date: August 2007 

Sourceworks Name
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Langham 
Min 1 2 1 1 7 1 1 1 3 1 1 4 1 2 1 1 1 3 2 5 1 1 1 1

Mode 5 20 1 15 25 2 5 23 13 8 10 11 10 10 8 9 9 9 10 10 9 2 10 10
Max 31 28 7 30 31 30 11 23 27 31 30 15 22 18 10 21 24 19 18 17 19 18 22 23

Define 
Assumption 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Total monthly outage for sourceworks 1 1 1 1 1 1 1 1 1 1 1 1
Layer

Min 1 1 1 2 8 1 3 6 5 1 1 5 2 1 1 2 1 4 3 2 3 1 1 1
Mode 15 3 31 15 8 5 5 31 30 3 20 10 14 1 14 19 24 14 8 24 23 34 10 2
Max 30 29 31 30 22 6 15 31 30 31 30 19 29 37 64 72 29 14 35 39 51 39 39 44

Define 
Assumption 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Total monthly outage for sourceworks 1 1 1 1 1 1 1 1 1 1 1 1
Langford

Min 11 2 5 1 2 1 1 1 1 2 2 1 6 1 2 1 1 1 1 1 1 1 1 1
Mode 31 28 5 5 5 5 5 4 2 7 30 31 45 45 45 45 2 3 1 5 3 45 45 45
Max 31 29 29 21 31 15 18 21 26 31 30 31 45 45 45 45 45 13 9 8 41 45 45 45

Define 
Assumption 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Total monthly outage for sourceworks 1 1 1 1 1 1 1 1 1 1 1 1
Chigwell (not incl.HPB)

Min 2 3 1 16 1 2 3 4 3 24 2 9 1 2 1 1 1 1 1 1 1 2 1 1
Mode 5 3 1 20 5 5 5 4 3 25 15 10 7 4 17 10 5 24 2 5 11 4 13 1
Max 19 17 31 30 14 22 24 19 30 31 30 14 29 28 28 27 37 26 38 8 17 37 27 3

Define 
Assumption 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Total monthly outage for sourceworks 1 1 1 1 1 1 1 1 1 1 1 1

Total monthly outage for Resource Zone 0 0 0 0 0 0 0 0 0 0 0 0

Outage for Essex Resource Zone (Ml/d) 0

Outage Duration Outage Magnitude
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Figure 4: Pie Charts of Chigwell WTW Outage 
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Figure 5: Pie Charts of Langford WTW Outage 
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Figure 6: Pie Charts of Langham WTW Outage 
 
 
     Magnitude        Duration 
 
 

Algae Planned System Failure Turbidity Nitrate Pollution of Source

20%

17%

16%

7%
3%

38% 37%

19%

18%

16%

7%
3%



 
Periodic Review 2009 Essex Outage Assessment 

 

36 

 

Figure 7: Pie Charts of Layer WTW Outage 
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Figure 8: Pie Charts of Essex Resource Zone Outage 
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Appendix A 

Glossary 

 
Definitions as stated in UKWIR (1995) Outage Allowances for Water 
Resource Planning; Outage Methodology. 
 
Allowable Outage The outage (calculated from legitimate unplanned and 

planned events) which affects the ‘water available for 
use’ to the extent that it contributes to a supply 
shortfall. 

 
Deployable Output  The output of a commissioned source, group of 

sources or bulk supply as constrained by: 
 

·  Licence 
·  Treatment capacity 
·  Raw water mains and/or aqueducts 
·  Pumping plant and/or well aquifer properties 
·  Transfer constraints and/or output main 
·  Water quality (non-retrievable) 
·  Environmental issues 
 
for specified conditions and demands. 

 
Outage A temporary loss of deployable output. 
 
Outage Allowance  The value of allowable outage in Ml/d. 
 
Planned Outage  A foreseen and pre-planned outage resulting from a 

requirement to maintain sourceworks asset 
serviceability.  

 
Resource Zone  Largest possible zone in which all resources, 

including external transfers, can be shared and hence 
a zone in which all customers experience the same 
risk of supply failure from a resource shortfall. 

 
Source  A named input to a resource zone.  
 
Sourceworks  All assets used between and including the point of 

abstraction and the point at which water is first fit for 
purpose. These include: 
 
·  Abstraction works (reservoir and river intakes,  

boreholes) 
·  Raw water storage, pumping plant and mains 
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·  Water treatment plant 
·  Treated water storage 
·  Treated water pumping plant 

 
Unplanned outage  An outage caused by an unforeseen or unavoidable 

legitimate outage event affecting any part of the 
sourceworks and which occurs with sufficient 
regularity that the probability of occurrence and 
severity of the effect may be predicted from previous 
events or perceived risk. 

 
The definitive list of legitimate unplanned outage 
events is: 

 
Pollution of source 

 Turbidity  
 Nitrate 
 Algae 
 Power failure 
 System failure 
 
WAFU The value in Ml/d calculated by the deduction from 

deployable output of allowable outages and planning 
allowances in a resource zone. 
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Appendix B 

ESW Contacts 

 
 

ESW Contact Department Information Provided 
 

Andy Marrow 
 

Networks (South) - Network Analysis Raw data spreadsheets of daily treatment works output 

 

Bernard Bray 
 

Water Production (South) - Networks Provided access to ‘Essex Output vs. Plan’ spreadsheets  

 

Andrew Turner 
 

Water Production South - Process Support Used Production Department records to confirm occurrence of 
potential outage events as identified by TWs output raw data. 

 

Archived Records 
 

Water Quality  ‘Water Quality Comments’ reports accessed via the shared server 
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Appendix C 

Treatment Works Output Summary Graphs (2000-2006) 
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Chigwell WTW Output 2000

0

20

40

60

80

100

120
01

/0
1/

00

15
/0

1/
00

29
/0

1/
00

12
/0

2/
00

26
/0

2/
00

11
/0

3/
00

25
/0

3/
00

08
/0

4/
00

22
/0

4/
00

06
/0

5/
00

20
/0

5/
00

03
/0

6/
00

17
/0

6/
00

01
/0

7/
00

15
/0

7/
00

29
/0

7/
00

12
/0

8/
00

26
/0

8/
00

09
/0

9/
00

23
/0

9/
00

07
/1

0/
00

21
/1

0/
00

04
/1

1/
00

18
/1

1/
00

02
/1

2/
00

16
/1

2/
00

30
/1

2/
00

Date

M
l/d

Actual Output Minimum Production Threshold Rate Planned Output

Unplanned
(Unknown)

Algae
Unplanned
(Unknown)

Algae

 



 
Periodic Review 2009 Essex Outage Assessment 

 

45 

Chigwell WTW Output 2001
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Chigwell WTW Output 2002
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Chigwell WTW Output 2003
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Chigwell WTW Output 2004

0

20

40

60

80

100

120
01

/0
1/

20
04

15
/0

1/
20

04

29
/0

1/
20

04

12
/0

2/
20

04

26
/0

2/
20

04

11
/0

3/
20

04

25
/0

3/
20

04

08
/0

4/
20

04

22
/0

4/
20

04

06
/0

5/
20

04

20
/0

5/
20

04

03
/0

6/
20

04

17
/0

6/
20

04

01
/0

7/
20

04

15
/0

7/
20

04

29
/0

7/
20

04

12
/0

8/
20

04

26
/0

8/
20

04

09
/0

9/
20

04

23
/0

9/
20

04

07
/1

0/
20

04

21
/1

0/
20

04

04
/1

1/
20

04

18
/1

1/
20

04

02
/1

2/
20

04

16
/1

2/
20

04

30
/1

2/
20

04

Date

M
l/d

Actual Output Minimum Threshold Production Rate Planned Output

Quota
Restrictions*

System 
Failure

System 
Failure

Quota
Restrictions*

Low
Demand*

Algae Algae

Low 
Demand*

*Not included in outage calculation

 



 
Periodic Review 2009 Essex Outage Assessment 

 

49 

Chigwell WTW Output 2005
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Chigwell WTW Output 2006
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Layer WTW Output 2001
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Layer WTW Output 2002
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Layer WTW Output 2003
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Layer WTW Output 2004
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Layer WTW Output 2005
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Layer WTW Output 2006
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Appendix D 

Monte Carlo Forecast Report 
 
Worksheet: [AMP5 Monte Carlo Outage Calculation Spr eadsheet_

combined final.xls]AMP5 Outage
Forecast: Outage for Essex Resource Zone Cell: C36

Summary:
Entire range is from 8.71 to 18.56
Base case is 0.06
After 5,000 trials, the std. error of the mean is 0.02

Statistics: Forecast values
Trials 5,000
Mean 13.11
Median 13.07
Mode ---
Standard Deviation 1.29
Variance 1.68
Skewness 0.1291
Kurtosis 3.06
Coeff. of Variability 0.0987
Minimum 8.71
Maximum 18.56
Range Width 9.85
Mean Std. Error 0.02

Percentiles: Forecast values
0% 8.71
10% 11.46
20% 12.03
30% 12.41
40% 12.76
50% 13.07
60% 13.39
70% 13.77
80% 14.19
90% 14.79
95% 15.32
96% 15.46
98% 15.85
100% 18.56  


