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The regulation of storm overflows needs to be reviewed:  

event duration monitors are not fit for purpose 

tŜǘŜǊ IŀƳƳƻƴŘΣ ²ƛƴŘǊǳǎƘ !Ǝŀƛƴǎǘ {ŜǿŀƎŜ tƻƭƭǳǝƻƴ ό²!{tύΣ WǳƴŜ нлнп όǾŜǊǎƛƻƴ мύ 

EXECUTIVE SUMMARY 

¢ƘŜ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ǎǘƻǊƳ ƻǾŜǊƅƻǿǎ ǿŀǎ ŬǊǎǘ proposed ƛƴ нлмо ŀƴŘΣ ŀǇŀǊǘ ŦǊƻƳ ŜƳŜǊƎŜƴŎȅ ƻǾŜǊƅƻǿǎ 

ŀǘ ǎŜǿŀƎŜ ǇǳƳǇƛƴƎ ǎǘŀǝƻƴǎΣ ƛǘ ƛǎ ŎƭŀƛƳŜŘ ǘƘŀǘ ŀƭƭ ǎǘƻǊƳ ƻǾŜǊƅƻǿǎ ŀǊŜ ƴƻǿ ŬǧŜŘ ǿƛǘƘ ŀƴ 9ǾŜƴǘ 

5ǳǊŀǝƻƴ aƻƴƛǘƻǊ ό95aύ ǘƻ ǊŜŎƻǊŘ ǘƘŜ ǎǘŀǊǘκǎǘƻǇ ǝƳŜǎ ƻŦ ŘƛǎŎƘŀǊƎŜǎ ƻŦ ǳƴǘǊŜŀǘŜŘ ǎŜǿŀƎŜ ǘƻ 

ǿŀǘŜǊŎƻǳǊǎŜǎ ŀƴŘ ǎŜŀǎΦ 5ǳǊƛƴƎ tǊƛƳŜ aƛƴƛǎǘŜǊΩǎ vǳŜǎǝƻƴǎ ƻƴ aŀǊŎƘ моǘƘ нлнпΣ Rishi Sunak saidΥ 

²Ŝ ƴƻǿ ƳƻƴƛǘƻǊ ŜǾŜǊȅ ǎƛƴƎƭŜ ǎǘƻǊƳ ƻǾŜǊƅƻǿ ŀŎǊƻǎǎ 9ƴƎƭŀƴŘΣ ŀƴŘ ǿŜ ƘŀǾŜ ƭŜƎƛǎƭŀǘŜŘ ǘƻ 

ƛƴǘǊƻŘǳŎŜ ǳƴƭƛƳƛǘŜŘ ǇŜƴŀƭǝŜǎ ƻƴ ǿŀǘŜǊ ŎƻƳǇŀƴƛŜǎ ǘƘŀǘ ōǊŜŀŎƘ ǘƘŜƛǊ ƻōƭƛƎŀǝƻƴǎΦ ¢ƘŜ 

ƛƴŘŜǇŜƴŘŜƴǘ ǊŜƎǳƭŀǘƻǊ ŀƴŘ ǘƘŜ 9ƴǾƛǊƻƴƳŜƴǘ !ƎŜƴŎȅ ƘŀǾŜ ǘƘŜ ǇƻǿŜǊǎ ǘƘŜȅ ƴŜŜŘ ǘƻ ƘƻƭŘ ǿŀǘŜǊ 

ŎƻƳǇŀƴƛŜǎΣ ǿƘŜǊŜǾŜǊ ǘƘŜȅ ŀǊŜΣ ǘƻ ŀŎŎƻǳƴǘΦ 

95aǎ Ǉƭŀȅ ŀ ŎǊǳŎƛŀƭ ǊƻƭŜ ƛƴ ǘƘŜ ǊŜƎǳƭŀǝƻƴ ƻŦ ǳƴǘǊŜŀǘŜŘ ǎŜǿŀƎŜ ŘƛǎŎƘŀǊƎŜǎ ŀƴŘ ƴŜŀǊ ǊŜŀƭπǝƳŜ 

Ǉƻƭƭǳǝƻƴ ǿŀǊƴƛƴƎǎ ǘƻ ǊŜŎǊŜŀǝƻƴŀƭ ǳǎŜǊǎ ƻŦ ǊƛǾŜǊǎ ŀƴŘ Ŏƻŀǎǘŀƭ ǿŀǘŜǊǎΦ CƻǊ ǊŜƎǳƭŀǝƻƴ ŀƴŘ ǿŀǊƴƛƴƎǎ ǘƻ 

ōŜ ŜũŜŎǝǾŜΣ 95aǎ Ƴǳǎǘ ƻǇŜǊŀǘŜ нпκт ŀƴŘ ǇǊƻŘǳŎŜ ǊŜƭƛŀōƭŜ ŘŀǘŀΦ ¢Ƙƛǎ ǊŜǇƻǊǘ ŘƻŜǎ ƴƻǘ ƛƎƴƻǊŜ 

ƻǇŜǊŀǝƻƴŀƭ ǊŜƭƛŀōƛƭƛǘȅ ōǳǘ ŦƻŎǳǎŜǎ ƳƻǊŜ ƻƴ Řŀǘŀ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ ǘƘŜ ŬǘƴŜǎǎ ƻŦ 95aǎ ǘƻ ǎǳǇǇƻǊǘ 

ŜũŜŎǝǾŜ ǊŜƎǳƭŀǝƻƴ ōȅ ǘƘŜ 9ƴǾƛǊƻƴƳŜƴǘ !ƎŜƴŎȅ ό9!ύΣ hŦǿŀǘ ŀƴŘ bŀǝƻƴŀƭ wŜǎƻǳǊŎŜǎ ²ŀƭŜǎ όbw²ύΦ 

tǊŜǾƛƻǳǎƭȅΣ ²!{t ŎƻƳǇƭŜǘŜŘ a small study of EDM data reliability ŦƻǊ пл ƻǊ ǎƻ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ 

ǿƻǊƪǎ ό{¢²ǎύ ŀŎǊƻǎǎ ŀƭƭ мл ǿŀǘŜǊ ŀƴŘ ǎŜǿŜǊŀƎŜ ŎƻƳǇŀƴƛŜǎ ό²ŀ{/ǎύ ƛƴ 9ƴƎƭŀƴŘ ŀƴŘ ²ŀƭŜǎΦ wŜŎŜƴǘƭȅΣ 

95a ŀƴŘ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ Řŀǘŀ ǿŀǎ ǇǊƻǾƛŘŜŘ ǘƻ ²!{t ōȅ ǘƘŜ 9ƴǾƛǊƻƴƳŜƴǘ !ƎŜƴŎȅ ό9!ύ ŦƻǊ ŀ ƭŀǊƎŜ 

ƴǳƳōŜǊ ƻŦ {¢²ǎ ƻǇŜǊŀǘŜŘ ōȅ ²ŀ{/ǎ ƛƴ 9ƴƎƭŀƴŘ ǘƘŀǘ ƛǎ ŜƴŀōƭƛƴƎ ŀ ƳƻǊŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǊŜǾƛŜǿΦ 

²!{t Ƙŀǎ ŀƴŀƭȅǎŜŘ 95a Řŀǘŀ ŦƻǊ нлл {¢²ǎ ƻǇŜǊŀǘŜŘ ōȅ {ŜǾŜǊƴ ¢ǊŜƴǘ ²ŀǘŜǊ ŦƻǊ нлнм ŀƴŘ нлннΦ ¢ƘŜ 

ǎƘƻŎƪ ŬƴŘƛƴƎ ƛǎ ǘƘŀǘ 220 (55%) of the 400 annual data series analysed involve errors ǎǳŎƘ ŀǎΥ 

extended interval ŀƴ 95a ƅŀƎƎŜŘ ŘƛǎŎƘŀǊƎŜ ƛǎ ƭƻƴƎŜǊ ǘƘŀƴ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǊŀƛƴŦŀƭƭ Řŀǘŀ 
ǎǳƎƎŜǎǘΣ ƻƊŜƴ ŀƳŀƭƎŀƳŀǝƴƎ ŎƻƴǎŜŎǳǝǾŜ ǎǇƛƭƭǎ ŀƴŘ ǎǇƛƭƭπŦǊŜŜ ƎŀǇǎ ōŜǘǿŜŜƴ 

false positive ŀƴ 95a Ƙŀǎ ƅŀƎƎŜŘ ŀƴ ǳƴǘǊŜŀǘŜŘ ǎŜǿŀƎŜ ŘƛǎŎƘŀǊƎŜ ǘƘŀǘ ƛǎ ƛƴŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ 
ŎƻƴǘŜƳǇƻǊŀƴŜƻǳǎ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǊŀƛƴŦŀƭƭ Řŀǘŀ 

false negative ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǊŀƛƴŦŀƭƭ Řŀǘŀ ǎǳƎƎŜǎǘ ǘƘŜǊŜ ǿŀǎ ŀƴ ǳƴǘǊŜŀǘŜŘ ǎŜǿŀƎŜ 
ŘƛǎŎƘŀǊƎŜ ōǳǘ ǘƘŜ 95a ŦŀƛƭŜŘ ǘƻ ǊŜŎƻǊŘ ƛǘ 

{ǳŎƘ ŜǊǊƻǊǎ ǿƛƭƭ ǇǊƻŘǳŎŜ ƛƴŎƻǊǊŜŎǘ ŀŘǾƛŎŜ ǘƻ ǊŜŎǊŜŀǝƻƴŀƭ ǿŀǘŜǊ ǳǎŜǊǎ ŀƴŘ ŎŀǳǎŜ ǇŜǊƳƛǘ ōǊŜŀŎƘŜǎ1 ǘƻ 

ōŜ ƳƛǎǎŜŘ ƻǊ ƅŀƎƎŜŘ ƛƴ ŜǊǊƻǊΦ 59Cw! ǎŀȅǎ 95a Řŀǘŀ ñis a tool to trigger further investigation on those 

storm overflows that spill most often and for the greatest durationò. .ǳǘ ²!{tΩǎ ŀƴŀƭȅǎƛǎ ǎƘƻǿǎ ǇǊŜŎƛǎŜƭȅ 

ǘƘŀǘ 95a Řŀǘŀ ŀǊŜ ǳƴǊŜƭƛŀōƭŜ ŀƴŘ ǎƻ ŀǊŜ ŀ ǾŜǊȅ ƛƴŀŎŎǳǊŀǘŜ ŀƴŘ ƛƴŜŶŎƛŜƴǘ ǘǊƛƎƎŜǊΦ LŦ ŀƭƭ ƻŦ ǘƘŜ 95a 

Řŀǘŀ ŀƴŀƭȅǎŜŘ ƘŜǊŜ ŀǊŜ ŀǎǎǳƳŜŘ ǊŜƭƛŀōƭŜ ǘƘŜƴ ǘƘŜȅ ƅŀƎ ǘƘƻǳǎŀƴŘǎ ƻŦ ǇƻǘŜƴǝŀƭ ǇŜǊƳƛǘ ōǊŜŀŎƘŜǎΦ 

CƻŎǳǎƛƴƎ ƻƴ Ƨǳǎǘ ǊŜƭƛŀōƭŜ 95a Řŀǘŀ ǎǝƭƭ ƘƛƎƘƭƛƎƘǘǎ ƘǳƴŘǊŜŘǎ ƻŦ ǇƻǘŜƴǝŀƭ ǇŜǊƳƛǘ ōǊŜŀŎƘŜǎΦ  

¦ƴǊŜƭƛŀōƭŜ 95a Řŀǘŀ ŀƭǎƻ ǳƴŘŜǊƳƛƴŜ ǘƘŜ 9!Ωǎ ŀƴƴǳŀƭ Environmental Performance Assessment ƻŦ 

²ŀ{/ǎ ǿƘƛŎƘΣ ƛƴ ǘǳǊƴΣ ŀũŜŎǘǎ hŦǿŀǘΩǎ ŎƻƴǎƛŘŜǊŀǝƻƴ ƻŦ ²ŀ{/ ōǳǎƛƴŜǎǎ ǇƭŀƴǎΦ DƛǾŜƴ ǘƘŜ ǎƘƻŎƪƛƴƎ 

 
1 A permit breach occurs at a sewage treatment works if a discharge of untreated sewage is not due to 
rainfall/snowmelt (often called a “dry” spill) or treatment is not maintained above the capacity of the works 
throughout the discharge (often called an “early” spill). 

https://assets.publishing.service.gov.uk/media/5a7ef106ed915d74e622771a/letter_2013_07_18_RB_to_CEOs_-_CSO_spills__2_.pdf
https://hansard.parliament.uk/Commons/2024-03-13/debates/8AF41032-4C61-491E-AB7A-7FDED19E64AA/PrimeMinister
https://drive.google.com/file/d/11pxRkAx56kpTm-zsveXAOJqf_Bx7zBGQ/view?usp=drive_link
https://www.gov.uk/government/publications/water-and-sewerage-companies-in-england-environmental-performance-report-2022/water-and-sewerage-companies-in-england-environmental-performance-report-2022
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ŘŜƎǊŜŜ ƻŦ ǳƴǊŜƭƛŀōƛƭƛǘȅ ƻŦ 95a Řŀǘŀ ǳƴŎƻǾŜǊŜŘ ƘŜǊŜΣ ƛǘ ƛǎ Ǿƛǘŀƭ ǘƘŀǘΣ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ƎŜƴŜǊŀƭ ŜƭŜŎǝƻƴΣ 

ǘƘŜ ƛƴŎƻƳƛƴƎ ƎƻǾŜǊƴƳŜƴǘ ǊŜǾƛŜǿǎ ǘƘŜ ŬǘƴŜǎǎ ƻŦ 95aǎ ǘƻ ǎǳǇǇƻǊǘ ǊŜƎǳƭŀǝƻƴ ƻŦ ǎǘƻǊƳ ƻǾŜǊƅƻǿǎΦ  

DƻǾŜǊƴƳŜƴǘ ǎƘƻǳƭŘ ŎƻƴǎƛŘŜǊ volume measurement ƻŦ ǎǇƛƭƭǎ ŀǘ {¢²ǎΣ ŀ recommendation by WASP 

ƛƴ нлнм ǘƻΣ ŀƴŘ ŜƴŘƻǊǎŜŘ ōȅΣ ǘƘŜ House of Commons Environmental Audit CommitteeΣ ƛƴ ǘƘŜ ŦƻǊƳ 

ƻŦ ŎŜǊǝŬŜŘ ƅƻǿ ƳŜǘŜǊǎ ǿƘƛŎƘ  

ŀύ ƘŀǾŜ ǇǊƻǾŜƴ ǾŜǊȅ ǊŜƭƛŀōƭŜ ŦƻǊ ŘŜŎŀŘŜǎΤ  

ōύ ǿƻǳƭŘ ŘŜǘŜŎǘ ǎǇƛƭƭ ǎǘŀǊǘπǎǘƻǇ ǝƳŜǎ ŀƴŘ ǊŜŎƻǊŘ discharge volume ŀŎŎǳǊŀǘŜƭȅΤ ŀƴŘΣ 

Ŏύ ǿƻǳƭŘ ŜƴŀōƭŜ ƭŜǾƛŜǎ ƛƴ ǊŜƭŀǝƻƴ ǘƻ volume ƻŦ ŘƛǎŎƘŀǊƎŜ ŀǎ ǿŜƭƭ ŀǎ ŬƴŜǎ ǿƘŜƴ ǎǇƛƭƭǎ ŀǊŜ ƛƭƭŜƎŀƭΦ 

 

DATA SOURCES 

{ŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ŀƴŘ 95a Řŀǘŀ ǿŜǊŜ ǇǊƻǾƛŘŜŘ ōȅ {ŜǾŜǊƴ ¢ǊŜƴǘ ²ŀǘŜǊ ǘƻ ǘƘŜ 9! ǿƘƻ ǎǳǇǇƭƛŜŘ ǘƘŜ 

Řŀǘŀ ǘƻ ²!{t ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ŀƴ 9Lw ǊŜǉǳŜǎǘΦ ¢ƘŜ 9! ǿƛǘƘƘŜƭŘ нлнл Řŀǘŀ ŎƛǝƴƎ ǘƘŜƛǊ ƻƴƎƻƛƴƎ 

ƛƴǾŜǎǝƎŀǝƻƴǎ ƛƴǘƻ ²ŀ{/ǎ ŀƴŘ ŀƭǎƻ ǎŀƛŘ ƛǘ ŘƛŘ ƴƻǘ ǇƻǎǎŜǎǎ нлно Řŀǘŀ ŀǘ ǘƘŜ ǝƳŜ ƻŦ ǘƘŜ ǊŜǉǳŜǎǘΦ 

wŀƛƴŦŀƭƭ Řŀǘŀ ǿŀǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ ƘǧǇǎΥκκǿǿǿΦǾƛǎǳŀƭŎǊƻǎǎƛƴƎΦŎƻƳΦ 

 

EXAMPLES ILLUSTRATING RELIABLE EDM DATA AND THE 3 TYPES OF EDM ERROR IDENTIFIED  

1 Reliable EDM data – ŘŜǘŜŎǘŜŘ ǎǇƛƭƭ ƛƴǘŜǊǾŀƭǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǊŀƛƴŦŀƭƭ 

 
Figure 1Υ EDM detected spill intervals ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ sewage treatment flow ŀƴŘ rainfall data  

!ƭƭ EDM detected spill intervals ŀǘ .ŀǊƭŜǎǘƻƴŜ {¢² ŀǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ sewage treatment flow 

(FFT) ŀƴŘ rainfall data ŀǎ ƛƭƭǳǎǘǊŀǘŜŘ ƛƴ CƛƎǳǊŜ м ŦƻǊ WŀƴΩнмΦ ¢ƘŜ ƅŀǧŜƴƛƴƎ ƻŦ ǘƘŜ sewage treatment 

flow ƛǎ ŀ ǘȅǇƛŎŀƭ ǊŜǎǳƭǘ ƻŦ ŜȄŎŜǎǎ ǳƴǘǊŜŀǘŜŘ ǎŜǿŀƎŜ ōŜƛƴƎ ŘƛǎŎƘŀǊƎŜŘ ǿƘƛƭŜ ǘǊŜŀǘƳŜƴǘ ŎƻƴǝƴǳŜǎΦ !ǎ 

ǘƘŜǎŜ ǎǇƛƭƭǎ ŦǊƻƳ .ŀǊƭŜǎǘƻƴŜ {¢² ƻŎŎǳǊ ŘǳǊƛƴƎ ǊŀƛƴŦŀƭƭ ŀƴŘ ǘƘŜ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƛǎ ƳŀƛƴǘŀƛƴŜŘ ŀǘ ƻǊ 

ŀōƻǾŜ ǘƘŜ ǿƻǊƪǎ ŎŀǇŀŎƛǘȅ ǘƘŜȅ Ŏŀƴ ŀƭƭ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŎƻƳǇƭƛŀƴǘ ǿƛǘƘ ǇŜǊƳƛǘ ƻōƭƛƎŀǝƻƴǎΦ 

2 Unreliable EDM data - ŜȄǘŜƴŘŜŘ ǎǇƛƭƭ ƛƴǘŜǊǾŀƭ ƛƴŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǎŜǿŀƎŜ ƅƻǿ ŀƴŘ ǊŀƛƴŦŀƭƭ 

  
Figure 2Υ ŜȄŀƳǇƭŜǎ ƻŦ ŜȄǘŜƴŘŜŘ 95a ƛƴǘŜǊǾŀƭ ŜǊǊƻǊǎ 

https://committees.parliament.uk/writtenevidence/22501/pdf/
https://publications.parliament.uk/pa/cm5802/cmselect/cmenvaud/74/report.html
https://www.visualcrossing.com/
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EDM detected spills ŦƻǊ {ƘǊŜǿǎōǳǊȅ {¢² Ŏƻƴǘŀƛƴ Ƴŀƴȅ ŜȄŀƳǇƭŜǎ ƻŦ ƛƴǘŜǊǾŀƭǎ ǿƛǘƘ ƭƻƴƎ άǘŀƛƭǎέ όŜΦƎΦΣ 

Fig. нΥ aŀȅ нлπнмύ ōŜȅƻƴŘ ǿƘŀǘ ŎƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ŎƻƴǘŜƳǇƻǊŀƴŜƻǳǎ sewage 

treatment ŀƴŘ rainfall dataΦ Lƴ ǎƻƳŜ ƭƻƴƎ ǎǇƛƭƭ ƛƴǘŜǊǾŀƭǎΣ ǘƘŜǊŜ ŀǇǇŜŀǊǎ ǘƻ ōŜ ŀƴ ŀƳŀƭƎŀƳŀǝƻƴ ƻŦ 

ǎŜǾŜǊŀƭΣ ǾŀƭƛŘ ǎƘƻǊǘ ǎǇƛƭƭǎ ŀƴŘ ǘƘŜ ǇŜǊƛƻŘǎ ƛƴ ōŜǘǿŜŜƴ ǿƘŜǊŜ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿ ŀƴŘ ǊŀƛƴŦŀƭƭ Řŀǘŀ 

ǎǳƎƎŜǎǘ ǘƘŜǊŜ Ƴŀȅ ƴƻǘ ƘŀǾŜ ōŜŜƴ ŀƴȅ ǳƴǘǊŜŀǘŜŘ ǎŜǿŀƎŜ ŘƛǎŎƘŀǊƎŜ όFig. нΥ aŀȅ оπмпΤ aŀȅ нрπнтύΦ LŦ 

ǘƘŜ 95a Řŀǘŀ ŀǊŜ ŀǎǎǳƳŜŘ ǘƻ ōŜ ŎƻǊǊŜŎǘ ǘƘŜƴ ƛǘ ǿƻǳƭŘ ǎǳƎƎŜǎǘΣ ŦƻǊ ŜȄŀƳǇƭŜΣ ǘƘŀǘ ǘƘŜǊŜ ǿŜǊŜ ǇŜǊƳƛǘ 

ōǊŜŀŎƘŜǎ ƻƴ aŀȅ сΣтΣмоΣмпΣнмΣнт ǿƘŜƴ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ǿŀǎ ǿŜƭƭ ōŜƭƻǿ ǘƘŜ {¢²Ωǎ ŎŀǇŀŎƛǘȅΦ 

3 Unreliable EDM data - ŦŀƭǎŜ ǇƻǎƛǝǾŜǎ ƛƴŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǊŀƛƴŦŀƭƭ 

 
Figure 3Υ ŜȄŀƳǇƭŜǎ ƻŦ ŦŀƭǎŜ ǇƻǎƛǝǾŜ 95a ŜǊǊƻǊǎ ό!ǳƎ уπмпύ 

CƛƎǳǊŜ о ƛƴŎƭǳŘŜǎ т Řŀȅǎ ǿƛǘƘ 95a ƅŀƎƎŜŘ ǎǇƛƭƭ ƛƴǘŜǊǾŀƭǎ ŀǘ ¢ǊŜǎŎƻǧ {¢² ǿƘƛŎƘ ƛŦ ǾŀƭƛŘ ǿƻǳƭŘ ōŜ 

ŎƻƴǎƛŘŜǊŜŘ ŀǎ ōƻǘƘ άŜŀǊƭȅέ ŀƴŘ άŘǊȅέ ǇŜǊƳƛǘ ōǊŜŀŎƘŜǎΦ 5ǳǊƛƴƎ ǘƘŜǎŜ 95a ƅŀƎƎŜŘ ŜǾŜƴǘǎΣ ǘƘŜǊŜ ǿŀǎ 

ƴƻ ǊŀƛƴŦŀƭƭ ŀƴŘ ǘƘŜ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿ ǎƘƻǿǎ ŀ ǘȅǇƛŎŀƭ ŘƛǳǊƴŀƭ ǇŀǧŜǊƴ ƻŦ ŘǊȅ ǿŜŀǘƘŜǊ ǿƘƛŎƘ 

ǎǳƎƎŜǎǘǎ ǘƘŜȅ ŀǊŜ ŦŀƭǎŜ ǇƻǎƛǝǾŜǎΦ ¢ƘŜȅ ŀǊŜ ƴŜƛǘƘŜǊ άŘǊȅέ ƴƻǊ άŜŀǊƭȅέ ǇŜǊƳƛǘ ōǊŜŀŎƘŜǎΦ 

4 Unreliable EDM data series - ŦŀƭǎŜ ƴŜƎŀǝǾŜǎ ƛƴŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǊŀƛƴŦŀƭƭ 

 
Figure 4Υ ŜȄŀƳǇƭŜǎ ƻŦ ƭƛƪŜƭȅ ŦŀƭǎŜ ƴŜƎŀǝǾŜ 95a ŜǊǊƻǊǎ 

CƛƎǳǊŜ п Ŏƻƴǘŀƛƴǎ ŜȄŀƳǇƭŜǎ ǿƘŜǊŜ ǘƘŜ ƅŀǧŜƴŜŘ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿ ŀƴŘ ǊŀƛƴŦŀƭƭ ǎǳƎƎŜǎǘ ǘƘŜǊŜ 

ǿŜǊŜ ƭƛƪŜƭȅ ŘƛǎŎƘŀǊƎŜǎ ƻŦ ǳƴǘǊŜŀǘŜŘ ǎŜǿŀƎŜ ŀǘ CƭŜŎƪƴŜȅ {¢² ƛƴ CŜōΩнн ōǳǘ ǘƘŜ 95a ŘƛŘ ƴƻǘ ǊŜŎƻǊŘ 

ǘƘŜƳΦ ! ǎŜƴǎƻǊ ŦŀƛƭǳǊŜ ǿŀǎ ǊŜǇƻǊǘŜŘ ǿƛǘƘ ŀƴƴǳŀƭ ƻǇŜǊŀǝƻƴ ŘŜŎƭŀǊŜŘ ŀǎ усΦс҈Φ 
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STW annual data series with EDM data errors (U) or which appear to be error free (R) 

RECEVING WATERCOURSE NGR STW PE 2021 2022 
ALFRETON BROOK SK4121856847 Alfreton 17,441 R R 
TRIBUTARY OF RIVER HUMBER SE8793022120 Alkborough 277 R R 
RIVER ARROW SP0325071710 Alvechurch 9,078 R R 
RIVER AMBER SK3547351622 Ambergate 1,929 R R 
SHROPSHIRE BROOK SK0884016240 Armitage 6,739 R R 
RIVER AMBER SK3460062880 Ashover 671 R R 
TRIB OF BRANDON BROOK SP0352262064 Astwood Bank 2,791 R R 
TRIB OF MIDDLE BECK SK8121150901 Balderton 10,715 R R 
TRIBUTARY OF THE RIVER BLYTHE SP2218177829 Balsall Common 7,292 R R 
OSBASTON BROOK SK4276305176 Barlestone 2,764 R R 
RIVER DERWENT SK3457346678 Belper 22,330 R R 
RAINWORTH WATER SK6412061530 Bilsthorpe 3,637 R R 
BADSEY BROOK SP0665744611 Blackminster 8,119 R R 
RIVER SEVERN SO6911006040 Blakeney 10,609 R R 
BLOCKLEY BROOK SP1817936324 Blockley 1,971 R R 
BEVERCOTES BECK SK6786967583 Boughton 12,020 R R 
BRADWELL BROOK SK1799082230 Bradwell 4,312 R R 
RIVER SEVERN SO7350891062 Bridgnorth Slads 14,176 R R 
BROUGHTON ASTLEY BROOK SP5253294748 Broughton Astley 10,870 R R 
TRIBUTARY OF CRANE BROOK SK0797007880 Burntwood 31,973 R R 
PRESTWOLD HALL BROOK SK5910020300 Burton On The Wolds 2,624 R R 
BURTON STATHER DRAIN SE8649217654 Burton Stather 2,196 R R 
SAREDON/ RIDINGS BROOK SJ9746708837 Cannock 62,623 R R 
CAM BROOK SP1634739222 Chipping Campden 2,269 R R 
RIVER SEVERN SJ7098201406 Coalport 70,700 R R 
THE BILBROOK SJ8835503736 Codsall 13,298 R R 
CRADLEY BROOK SO7368042960 Colwall 2,235 R R 
RIVER PENK SJ8995005550 Coven Heath 25,666 R R 
CRESSWELL ARM - MILLWOOD BROOK SK5369074319 Creswell 5,644 R R 
CROPWELL BISHOP BROOK SK6890936033 Cropwell Bishop 2,135 R R 
RIVER DERWENT SK3904034740 Derby 284,138 R R 
TRIBUTARY OF RIVER LEAM SP4724069931 Dunchurch 2,787 R R 
EARL SHILTON BROOK SP4758497357 Earl Shilton 25,026 R R 
PIPE STRINE SJ7043319700 Edgmond 2,619 R R 
ENDON BROOK SJ9377354135 Endon 3,808 R R 
RIVER TORNE SE7598006570 Epworth 7,318 R R 
TWYFORD BROOK SK3163030210 Findern 1,701 R R 
TRIBUTARY OF RIVER LEAM SP4332069411 Frankton 2,463 R R 
DOWNMEADOW BROOK SK3650350405 Heage 2,682 R R 
PASTUREFIELDS BROOK SK0016024500 Hixon 6,447 R R 
RIVER SOAR SK4920027850 Kegworth 3,774 R R 
BOTTLE BROOK SK3734544954 Kilburn 10,966 R R 
RIVER STOUR SO8524082350 Kinver 5,624 R R 
FOOTHERLEY BROOK SK0922501949 Little Aston 22,888 R R 
BOBS & HOLBECHE BROOK SO9020090910 Lower Gornal 33,397 R R 
RIVER SWIFT SP5302782774 Lutterworth 10,382 R R 
RIVER SEVERN SO8366045370 Malvern 33,920 R R 
HOUNDHILL BROOK SK1567030290 Marchington 2,601 R R 
RIVER DERWENT SK3150055994 Matlock Lea 21,857 R R 
RIVER IDLE SK6728090160 Mattersey Thorpe 5,973 R R 
GILT BROOK SK4778044660 Newthorpe 45,052 R R 
GILWISKAW BROOK SK3598214071 Packington 16,344 R R 
RIVER TRENT SJ9072032740 Pirehill 18,326 R R 
RIVER TRENT SK6415037860 Radcliffe-On-Trent 8,432 R R 
RIVER IDLE SK6976083010 Retford 25,753 R R 
RIVER TERN SJ6130013540 Rushmoor 83,067 R R 
SKEGBY BROOK SK4969461467 Skegby 10,206 R R 
HOOTON DIKE SK5242888747 Slade Hooton 5,602 R R 
RIVER FROME SO7933004970 Stanley Downton 66,234 R R 
TIDESWELL BROOK SK1542074490 Tideswell 2,041 R R 
RIVER EREWASH SK5082433616 Toton 64,290 R R 
RIVER DOVE SK1062034380 Uttoxeter 17,966 R R 
RIVER ISBOURNE SP0302029451 Winchcombe 4,418 R R 
RIVER SEVERN SO8462053410 Worcester 97,789 R R 

 

bDw Ґ bŀǝƻƴŀƭ DǊƛŘ wŜŦŜǊŜƴŎŜ w Ґ ǊŜƭƛŀōƭŜ όŀǇǇŜŀǊ ǘƻ ōŜ ŦǊŜŜ ƻŦ 95a ŜǊǊƻǊǎύ 

t9 Ґ tƻǇǳƭŀǝƻƴ 9ǉǳƛǾŀƭŜƴǘ ¦ Ґ ǳƴǊŜƭƛŀōƭŜ όŀǇǇŜŀǊ ǘƻ Ŏƻƴǘŀƛƴ 95a ŜǊǊƻǊǎύ 
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RECEVING WATERCOURSE NGR STW PE 2021 2022 

RIVER WORFE SK0789023990 Beckbury 400 R U 
RIVER SOW SJ9543822415 Brancote 72,314 R U 
TRIBUTARY OF THE BADSEY BROOK SP0804037770 Broadway 3,695 R U 
THE RIVER CAM SO7562002170 Coaley 18,071 R U 
TRIBUTARY OF BURTON BROOK SP6575694618 Fleckney 4,874 R U 
LAUGHERNE BROOK SO8248057450 Hallow 1,498 R U 
RIVER CHURNET SJ9811053970 Leek 22,242 R U 
RIVER TAME SP1740691455 Minworth 1,555,364 R U 
ELL BROOK SO7327326180 Newent 5,573 R U 
TRIBUTARY OF RIVER MEASE SK2901014905 Overseal 2,404 R U 
GLYNCH BROOK SO7850028392 Pitts Mill 3,083 R U 
TRIB OF REA BROOK SJ3999106576 Pontesbury 2,067 R U 
BLACK BROOK SK1203004320 Shenstone 3,648 R U 
HALLOUGHTON DUMBLE SK7265052630 Southwell 9,893 R U 
HYDE BROOK SO9247026890 Stoke Orchard 857 R U 
SMESTOW BROOK SO8550897624 Trescott 32,277 R U 
RIVER TRENT SK7861093060 Walkeringham 4,637 R U 
TRIB OF RIVER TAME SK1818015150 Alrewas 3,856 U R 
TRIB OF FORES DRAIN SE6428004440 Armthorpe 14,465 U R 
BENTLEY BROOK SK1633046190 Ashbourne 9,652 U R 
TRIBUTARY OF CAR DYKE SK7268840586 Aslockton 13,571 U R 
TRIB OF RIVER ANKER SP3174098110 Atherstone 11,354 U R 
PASTURE LANE DYKE SK5409336648 Beeston 17,597 U R 
RIVER AVON SP0828050760 Bidford On Avon 7,422 U R 
RIVER DEVON SK8002039690 Bottesford 3,621 U R 
RIVER TORNE SE6403000630 Branton 21,173 U R 
RIVER LEAM SP5304865701 Braunston 1,709 U R 
SUGAR BROOK SO9590068350 Bromsgrove 47,305 U R 
PRESS BROOK SK3875062150 Clay Cross 2,932 U R 
RIVER TRENT SK2685025510 Claymills 94,268 U R 
CRAMFIT BROOK SK5152485980 Dinnington 24,932 U R 
RIVER MAUN SK6402066940 Edwinstowe 14,947 U R 
COTTON MILL DYKE, TRIB R GREET SK6598056300 Farnsfield 3,285 U R 
BURTON BROOK SP6599097416 Great Glen 3,419 U R 
HARWORTH SEWAGE DYKE SK6111692053 Harworth 8,189 U R 
FULL BROOK SK1270712894 Lichfield 36,862 U R 
RIVER MAUN SK5483062420 Mansfield - Bath Lane 85,187 U R 
FARLEY BROOK SJ6296300596 Much Wenlock 2,230 U R 
DALBY BROOK SK6889025287 Nether Broughton 1,326 U R 
GRAND UNION CANAL STREAM SP1844074770 Norton Green 10,244 U R 
WASH BROOK SK6141000000 Oadby 20,104 U R 
RIVER TRENT SK0332020270 Rugeley 24,592 U R 
RIVER POULTER SK5011168438 Scarcliffe 1,295 U R 
BLACK BROOK SK4914020790 Shepshed 13,792 U R 
SHIRE BROOK SK5299467547 Shirebrook 11,134 U R 
YOCKERTON BROOK SJ8767039229 Strongford 324,775 U R 
SLUTWELL STREAM SK6019593636 Tickhill 5,172 U R 
FORD BROOK SK0355703884 Walsall Wood 22,953 U R 
RIVER SOAR SK5987011820 Wanlip 504,206 U R 
RIVER SALWARPE SO9158065790 Wychbold 1,631 U R 
LONGFORD BROOK SK1906040180 Yeaveley 231 U R 

 

bDw Ґ bŀǝƻƴŀƭ DǊƛŘ wŜŦŜǊŜƴŎŜ w Ґ ǊŜƭƛŀōƭŜ όŀǇǇŜŀǊ ǘƻ ōŜ ŦǊŜŜ ƻŦ 95a ŜǊǊƻǊǎύ 

t9 Ґ tƻǇǳƭŀǝƻƴ 9ǉǳƛǾŀƭŜƴǘ ¦ Ґ ǳƴǊŜƭƛŀōƭŜ όŀǇǇŜŀǊ ǘƻ Ŏƻƴǘŀƛƴ 95a ŜǊǊƻǊǎύ 

 

RECEVING WATERCOURSE NGR STW PE 2021 2022 
MIRES BROOK SK0789023990 Abbots Bromley 1,414 U U 
ALBRIGHTON BROOK SJ8012004710 Albrighton 5,577 U U 
RIVER TRENT  NEW IDLE RIVER SE8301011030 Althorpe 1,983 U U 
RIVER CHURNET SK0744042620 Alton 1,607 U U 
LAKEHOUSE DINGLE BROOK SO7596085070 Alveley 1,662 U U 
COUNTESTHORPE BROOK SP6088891599 Arnesby 1,402 U U 
GADDESBY BROOK SK7021012340 Ashby Folville 697 U U 
EASTCOTE BROOK SP1912680058 Barston 61,300 U U 
COLLETTS BROOK SP1448098650 Bassetts Pole 223 U U 
LEATON BROOK SJ4731018260 Bomere Heath 1,279 U U 
HYDE BROOK SO9462325931 Brockhampton 14,549 U U 
WEM BROOK SP3803986433 Bulkington 5,880 U U 
RIVER WYE SK06682728 Buxton 22,836 U U 
GRIMESMOOR DYKE SK6306048980 Calverton 9,073 U U 
RIVER TEAN SK0319937501 Checkley 50,840 U U 
RIVER STOUR SP2885036910 Cherington 1,335 U U 
TRIB OF ELLERTON BROOK SJ7190428802 Cheswardine 706 U U 
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TRIB OF RIVER MEDEN SK5830669083 Church Warsop 12,157 U U 
DANFORD BROOK SO7951093720 Claverley 762 U U 
RIVER REA SO6815076150 Cleobury Mortimer 2,858 U U 
MILLWOOD BROOK SK5026375421 Clowne 6,660 U U 
RIVER TAME SP1938091390 Coleshill 208,530 U U 
RIVER FLEET SK8264062790 Collingham 2,851 U U 
TRIBUTARY OF RIVER SENCE SP5933096280 Countesthorpe 6,268 U U 
OLD RIVER DRAIN SE7657012590 Crowle (Scunthorpe) 4,748 U U 
BOW BROOK SO9348055680 Crowle (Worcestershire) 942 U U 
DERRINGTON BROOK SJ8924023023 Derrington 692 U U 
RIVER TRENT SK6832043410 East Bridgford 2,057 U U 
TRIBUTARY OF KINGSTON BROOK SK5383326369 East Leake 9,256 U U 
RIVER TAME SK1895610294 Elford 560 U U 
ETWALL BROOK SK2660031310 Etwall 2,792 U U 
RIVER DEVON SK7813051620 Farndon 2,462 U U 
UNNAMED TRIB OF SNOW SEWER SK6822098520 Finningley 1,830 U U 
R SEVERN (TIDAL) SO7361008630 Frampton 2,811 U U 
CRICH BROOK (TRIB RIVER 
AMBER) 

SK3614052550 Fritchley 2,243 U U 

RIVER CHURNET SK0255046950 Froghall 3,200 U U 
RIVER SEVERN ESTUARY SO8083016120 Gloucester 157,365 U U 
DIGMER BROOK SK1217060300 Hartington 251 U U 
RIVER DERWENT SK2363080620 Hathersage 1,763 U U 
TRIB OF BORLE BROOK SO7400482602 Highley 3,845 U U 
SKETCHLEY BROOK SP4213092830 Hinckley 43,344 U U 
NUNN BROOK SK4678558185 Huthwaite 5,659 U U 
IBSTOCK BROOK SK3994709081 Ibstock 7,660 U U 
RIVER EREWASH SK4836039290 Ilkeston 48,453 U U 
RIVER ITCHEN SP4068962839 Itchen Bank 14,773 U U 
RIVER SEVERN SO8422048180 Kempsey 3,281 U U 
A TRIB OF THE FAIRHAM BROOK SK6051430296 Keyworth 7,006 U U 
RAINS BROOK SP5540471291 Kilsby 2,153 U U 
WOOD BROOK SK5314021500 Loughborough 65,643 U U 
RIVER TEME SO5178673272 Ludlow 12,506 U U 
RIVER SEVERN ESTUARY SO6365000550 Lydney 19,718 U U 
BOTTLE BROOK SK3981048200 Marehay 5,831 U U 
CARLTON BROOK SK3907404253 Market Bosworth 2,420 U U 
RIVER TRENT SK3319227862 Milton 16,713 U U 
RIVER POULTER SK5448070251 Nether Langwith 2,982 U U 
RIVER MEASE SK2830012470 Netherseal 836 U U 
STRINE BROOK SJ7355819248 Newport 12,988 U U 
RIVER PENK SJ9375816242 Penkridge 14,156 U U 
CAREYS BROOK SO8394050940 Powick 11,585 U U 
RIVER EREWASH SK4406452578 Pye Bridge 8,835 U U 
RAINWORTH WATER SK5976059200 Rainworth 22,224 U U 
TRIBUTARY OF BLOWER'S BROOK SK3955313137 Ravenstone 2,300 U U 
RIVER STOUR/GALLOWS BROOK SO8532782749 Roundhill 249,737 U U 
RIVER ISBOURNE SP0233039040 Sedgeberrow 

 
U U 

TRENT AND MERSEY CANAL SK4552030680 Shardlow 4,608 U U 
RIVER SEVERN SJ5240013420 Shrewsbury 82,287 U U 
RIVER MEASE SK3369009480 Snarestone 1,930 U U 
GRACE DIEU BROOK SK4344018490 Snarrows 38,702 U U 
ALFRETON BROOK SK4485057680 South Normanton 7,158 U U 
RIVER SOAR SP5056795110 Stoney Stanton 12,247 U U 
THE MILL AVON SO8812031860 Tewkesbury 19,070 U U 
SCOTS BROOK SK3647923844 Ticknall 543 U U 
TRIBUTARY OF RIVER AVON SO9084036910 Twyning 1,383 U U 
RIVER SEVERN SO8505040810 Upton On Severn 2,656 U U 
GROUNDWATER SK0936950247 Waterhouses 1,217 U U 
RIVER DENE SP2710055780 Wellesbourne 6,422 U U 
GREEN LANE BROOK SK2889042460 Weston Underwood 257 U U 
RIVER LEAM SP3717068650 Weston-Under-Wetherley 895 U U 
WESTWOOD BROOK SK4203059620 Westwood Brook 7,235 U U 
LONGNOR BROOK SJ8560312647 Wheaton Aston 2,280 U U 
RIVER SENCE SP5543098350 Whetstone 24,157 U U 
RIVER ECCLESBOURNE SK2845052264 Wirksworth 6,132 U U 
OWLAND WOOD DYKE SK5620083450 Woodsetts 1,734 U U 
RIVER ALNE SP1493062350 Wootton Wawen 4,426 U U 
YELVERTOFT BROOK SP5985975993 Yelvertoft 789 U U 

 

bDw Ґ bŀǝƻƴŀƭ DǊƛŘ wŜŦŜǊŜƴŎŜ w Ґ ǊŜƭƛŀōƭŜ όŀǇǇŜŀǊ ǘƻ ōŜ ŦǊŜŜ ƻŦ 95a ŜǊǊƻǊǎύ 

t9 Ґ tƻǇǳƭŀǝƻƴ 9ǉǳƛǾŀƭŜƴǘ ¦ Ґ ǳƴǊŜƭƛŀōƭŜ όŀǇǇŜŀǊ ǘƻ Ŏƻƴǘŀƛƴ 95a ŜǊǊƻǊǎύ 
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MORE DETAILED EXAMPLES OF RELIABLE EDM DATA SERIES 

Minworth STW t9 Ґ мΦтр Ƴƛƭƭƛƻƴ нлнм ƻǇŜǊŀǝƻƴ Ґ ффΦс҈ нлнн ƻǇŜǊŀǝƻƴ Ґ трΦн҈ 

aƛƴǿƻǊǘƘ ƛǎ {ŜǾŜǊƴ ¢ǊŜƴǘ ²ŀǘŜǊΩǎ ƭŀǊƎŜǎǘ {¢² ǎŜǊǾƛƴƎ ŀ ǇƻǇǳƭŀǝƻƴ ŜǉǳƛǾŀƭŜƴǘ όt9ύ ƻŦ мΦтр ƳƛƭƭƛƻƴΦ 

¢ƘŜ ƳƻƴǘƘƭȅ Řŀǘŀ ǎŜǊƛŜǎ ŦƻǊ !ǇǊƛƭ нлнм όFigΦ рύ ǎƘƻǿǎ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿ όCC¢ύ ƳŜŀǎǳǊŜŘ ŜǾŜǊȅ мр 

Ƴƛƴǎ ŘǳǊƛƴƎ ŀ ǾŜǊȅ ŘǊȅ ƳƻƴǘƘ ǿƛǘƘ ƭƛǧƭŜ ŘƛǎǘǳǊōŀƴŎŜ ŘǳŜ ǘƻ ǊŀƛƴŦŀƭƭΦ ¢ƘŜ ǎŜǊƛŜǎ ŦƻǊ WŀƴǳŀǊȅ нлнм 

ǎƘƻǿǎ ǊŜǇƻƴǎŜǎ ǘƻ ǊŀƛƴŦŀƭƭ ƛƴŎƭǳŘƛƴƎ ŀ ōǊƛŜŦ ŘƛǾŜǊǎƛƻƴ ƻŦ ŜȄŎŜǎǎ ǳƴǘǊŜŀǘŜŘ ǎŜǿŀƎŜ ǘƻ ǘƘŜ ǎǘƻǊƳ ǘŀƴƪ 

ƻƴ Wŀƴ мн ōǳǘ ǿƛǘƘƻǳǘ ŀ ǎǇƛƭƭ ōŜƛƴƎ ƅŀƎƎŜŘΦ ¢ǿƻ ŘŀȅǎΩ ƭŀǘŜǊ ǘƘŜ ǊŀƛƴŦŀƭƭ ƛƴŎǊŜŀǎŜǎ ǘƘŜ ƛƴƅƻǿ 

ǎǳŶŎƛŜƴǘƭȅ ǘƻ ŎŀǳǎŜ ŀ ǎǇƛƭƭ ǘƘǊƻǳƎƘƻǳǘ ǿƘƛŎƘΣ ŀƴŘ ŦƻǊ ƴƻ ƭƻƴƎŜǊΣ CC¢ ƛǎ ŀōƻǾŜ ǘƘŜ ǎǘƻǊƳ ƻǾŜǊƅƻǿ ƻǊ 

ǿƻǊƪǎ ŎŀǇŀŎƛǘȅ ǘƘǊŜǎƘƻƭŘΦ ¢ƘŜ 95a ƛƴǘŜǊǾŀƭǎ ŀǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǊŀƛƴŦŀƭƭΦ 

 
Figure 5: ǊŜƭƛŀōƭŜ 95a Řŀǘŀ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǊŀƛƴŦŀƭƭ ǿƛǘƘ ƴƻ ǇŜǊƳƛǘ ōǊŜŀŎƘŜǎ 

¢ƘŜ 9! ŀƭƭƻǿǎ у҈ ƅƻǿ ƳŜǘŜǊ ƛƴŀŎŎǳǊŀŎȅ ǎƻ ǘƘŀǘ ǘƘŜ άŘƛǾŜǊǎƛƻƴκǎǇƛƭƭƛƴƎέ ǘƘǊŜǎƘƻƭŘ ƛǎ ŀŎǘǳŀƭƭȅ ǎŜǘ ŀǘ 

фн҈Φ Lƴ нлннΣ ŘǳǊƛƴƎ ŀ ƴǳƳōŜǊ ƻŦ 95a ŘŜǘŜŎǘŜŘ ǎǇƛƭƭǎΣ ǘƘŜ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿ ŘƛǇǎ ǿŜƭƭ ōŜƭƻǿ 

фн҈ όǎŜŜ ŜȄŀƳǇƭŜ ƛƴ FigΦ сύΦ {ǘǊƛŎǘƭȅ ǎǇŜŀƪƛƴƎΣ ǘƘŜǎŜ ǎǇƛƭƭǎ ŀǊŜ άŜŀǊƭȅέ ŀƴŘ ƛƴ ōǊŜŀŎƘ ƻŦ ǇŜǊƳƛǘΦ 

 

Figure 6: ǘƘŜ 95a ƅŀƎǎ н ǎǇƛƭƭǎ ǿƛǘƘ ŀ άǘŀƛƭέ ǘƘŀǘ ƻŎŎǳǊǎ ǿƘŜƴ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿ ƛǎ ōŜƭƻǿ ŎŀǇŀŎƛǘȅ 

Lǘ Ƴŀȅ ōŜ ǘƘŀǘ ǘƘŜ ǎǇƛƭƭ ƘŀŘ ǎǘƻǇǇŜŘ ŀƴŘ ǘƘŀǘ ŘŜƭŀȅŜŘ ǎǘƻǊƳ ǘŀƴƪ ŜƳǇǘȅƛƴƎ ŎŀǳǎŜŘ ǘƘŜ 95a ǘƻ 

άŘŜǘŜŎǘέ ǘƘŜ ǎǇƛƭƭ ǘƻ ōŜ ŎƻƴǝƴǳƛƴƎΦ ! ƅƻǿ ƳŜǘŜǊ ƻƴ ǘƘŜ ƻǾŜǊƅƻǿ ǿƻǳƭŘ ŀǾƻƛŘ ǎǳŎƘ ŀƳōƛƎǳƛǘȅΦ 



8 
 

Lƴ ŜŀŎƘ ƻŦ ǘƘŜ ƴŜȄǘ п {¢²ǎ ƻŦ ǾŀǊȅƛƴƎ ǎƛȊŜ ό¢ŀōƭŜ н !b5 FigΦ тύΣ ǘƘŜ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿ ƛǎ 

ƳŀƛƴǘŀƛƴŜŘ ŀōƻǾŜ фн҈ ƻŦ {¢² ŎŀǇŀŎƛǘȅ ŀƴŘ ŜŀŎƘ ǎǇƛƭƭ ŀǇǇŜŀǊǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ 

ŀƴŘ ǊŀƛƴŦŀƭƭ ŘŀǘŀΦ ! ǎƛƴƎƭŜ ƳƻƴǘƘƭȅ ƻǾŜǊǾƛŜǿ ƛǎ ǳǎŜŘ ǘƻ ǇǊƻǾƛŘŜ ǎǳŶŎƛŜƴǘ ŘŜǘŀƛƭ ǘƻ ǎŜŜ ǘƘŀǘ ǘƘŜ 95a 

ƛƴǘŜǊǾŀƭǎ ŀǊŜ ŎǊƛǎǇƭȅ ǎŜǇŀǊŀǘŜŘ ŀƴŘ ŀǊŜ ƴƻǘ ŀƳŀƭƎŀƳŀǘŜŘ ǘƻ ŎƻǾŜǊ ǇŜǊƛƻŘǎ ǿƘŜƴ ǘƘŜ ǎŜǿŀƎŜ 

ǘǊŜŀǘƳŜƴǘ ƅƻǿ ƛǎ ōŜƭƻǿ ǘƘŜ {¢² ŎŀǇŀŎƛǘȅ όϪфн҈ύ ƻǊ ǎǇƛƭƭπŦǊŜŜ ƎŀǇǎΦ ¢ƘŜǊŜ ŀǊŜ ƴƻ ǇŜǊƳƛǘ ōǊŜŀŎƘŜǎΦ 

Table 2 .ŀǊƭŜǎǘƻƴŜ {ƪŜƎōȅ aŀƭǾŜǊƴ /ƻŀƭǇƻǊǘ 

tƻǇǳƭŀǝƻƴ ŜǉǳƛǾŀƭŜƴǘ нΣтсп млΣнлс ооΣфнл тлΣтлл 

 

 

 

 
Figure 7: ŜȄŀƳǇƭŜǎ ƻŦ ƳƻƴǘƘƭȅ Řŀǘŀ ŦƻǊ {¢²ǎ ǿƛǘƘ ǊŜƭƛŀōƭŜ 95a Řŀǘŀ ŀƴŘ ƴƻ ŀǇǇŀǊŜƴǘ ǇŜǊƳƛǘ ōǊŜŀŎƘŜǎ 
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MORE DETAILED EXAMPLES OF UNRELIABLE EDM DATA SERIES 

Colwall STW t9 Ґ нΣнор 

²!{t ŀŘƻǇǘǎ ŀ ŎƻƴǎŜǊǾŀǝǾŜ ŀǇǇǊƻŀŎƘ ǘƻ ǇŜǊƳƛǘ ōǊŜŀŎƘŜǎ ƛƴǾƻƭǾƛƴƎ ǎǇƛƭƭǎ ƴƻǘ ŘǳŜ ǘƻ ǊŀƛƴŦŀƭƭΦ ! ǎǇƛƭƭ ƛǎ 

ƭŀōŜƭƭŜŘ ŀǎ ŀ άŘǊȅέ ǇŜǊƳƛǘ ōǊŜŀŎƘ ƻƴƭȅ ƛŦ ƻƴ ǘƘŜ Řŀȅ ƻŦ ǘƘŜ ǎǇƛƭƭ ǘƘŜǊŜ ƛǎ ƴƻ ǊŀƛƴŦŀƭƭ ŀƴŘ ǘƘŜ ǇǊŜǾƛƻǳǎ 

Řŀȅ ƛǎ άŘǊȅέ ƛƴ ǘŜǊƳǎ ƻŦ ǘƘŜ 9!Ωǎ ŘŜŬƴƛǝƻƴ ƻŦ ƭŜǎǎ ǘƘŀƴ лΦнр ƳƳ ƻŦ ǊŀƛƴŦŀƭƭΦ 

/ƻƭǿŀƭƭ {¢² ƎŜƴŜǊŀǘŜǎ ǊŜƭƛŀōƭŜ 95a Řŀǘŀ ƅŀƎƎƛƴƎ Ƴŀƴȅ ǎǇƛƭƭǎ ƛƴ WŀƴǳŀǊȅ ŀƴŘ CŜōǊǳŀǊȅ нлнм ǿƛǘƘ 

ŎǊƛǎǇƭȅ ŘŜŬƴŜŘ ƛƴǘŜǊǾŀƭǎ ŀƴŘ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿ ŀōƻǾŜ фн҈ ƻŦ ǘƘŜ {¢² ŎŀǇŀŎƛǘȅΦ IƻǿŜǾŜǊΣ ǘƘŜǊŜ 

ŀǇǇŜŀǊ ǘƻ ōŜ “dry” permit breaches όCŜō млπмо ƭŀōŜƭƭŜŘ ŀǎ Dύ ŀƴŘ false negative spilling όCŜō мфπнпύ 

ƛƳƳŜŘƛŀǘŜƭȅ ŦƻƭƭƻǿŜŘ ōȅ ŀ ŘǊŀƳŀǝŎ ƭƻǎǎ ƻŦ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ŦƻǊ ŀƭƳƻǎǘ нп ƘƻǳǊǎΦ ! άǎŜƴǎƻǊ ŦŀƛƭǳǊŜέ 

ǿŀǎ ǊŜǇƻǊǘŜŘ ƛƴ ǘƘŜ нлнм ŀƴƴǳŀƭ 95a ǊŜǇƻǊǘ ǘƻ ǘƘŜ 9! ǿƛǘƘ ƻǇŜǊŀǝƻƴ ŀǘ умΦф҈Φ !ƴ ŜǎǝƳŀǘŜŘ мпп 

ƘƻǳǊǎ Ƴŀȅ ƴŜŜŘ ǘƻ ōŜ ŀŘŘŜŘ ǘƻ ǘƘŜ ǊŜǇƻǊǘŜŘ ŀƴƴǳŀƭ ǎǇƛƭƭƛƴƎ ǘƻǘŀƭΦ 

 

 
Figure 8Υ ŘǊȅ όCŜō млπмо нлнмύ ϧ ŜŀǊƭȅ ǎǇƛƭƭǎ ό5ŜŎ нπп нлннύΤ ŦŀƭǎŜ ƴŜƎŀǝǾŜǎ όCŜō мфπнп нлнмΤ 5ŜŎ ноπнф нлннύ 

{ƛƳƛƭŀǊƭȅΣ ŀ άŎƻƳƳǎ ŦŀƛƭǳǊŜκƛǎǎǳŜέ ƛƴ нлнн ǊŜŘǳŎŜŘ ƻǇŜǊŀǝƻƴ ǘƻ упΦр҈ ǿƘƛŎƘ Ƴŀȅ ŜȄǇƭŀƛƴ ǎƻƳŜ ƻŦ 

ǘƘŜ false negative spills ŜΦƎΦΣ 5ŜŎ ноπнфΦ CǳǊǘƘŜǊƳƻǊŜΣ ŜŀǊƭȅ ƛƴ ǘƘŜ ǎŀƳŜ ƳƻƴǘƘΣ ǘƘŜǊŜ ŀǊŜ ǎƘƻǊǘ 

άǎǇƛƭƭǎέ ǿƘƛŎƘ ǿŜǊŜ ŜƛǘƘŜǊ ǊŜǇƻǊǘŜŘ ŜǊǊƻƴŜƻǳǎƭȅ ƻǊ ŎƻǊǊŜŎǘƭȅ ƛƴ ǿƘƛŎƘ ŎŀǎŜ ǘƘŜȅ ŀǊŜ άŜŀǊƭȅέ ŀǎ 

ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿ ƛǎ ǿŜƭƭ ōŜƭƻǿ фн҈ ƻŦ ǘƘŜ ǿƻǊƪǎ ŎŀǇŀŎƛǘȅΦ !ƴ ŀŘŘƛǝƻƴŀƭ мсу ƘƻǳǊǎ ƻǊ ǎƻ ǿƻǳƭŘ 

ǘƘŜƴ ƴŜŜŘ ǘƻ ōŜ ŀŘŘŜŘ ǘƻ ǘƘŜ ŀƴƴǳŀƭ ǎǇƛƭƭƛƴƎ ǘƻǘŀƭ ŦƻǊ нлннΦ 
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Chipping Campden STW t9 Ґ нΣнсф нлнн ƻǇŜǊŀǝƻƴ Ґ ффΦфт҈ 

CƻǊ Ƴƻǎǘ ƻŦ нлннΣ ǘƘŜ 95a ƅŀƎǎ ǎǇƛƭƭǎ ŀǘ /ƘƛǇǇƛƴƎ /ŀƳŘŜƴ {¢² ǿƘŜƴ ǘƘŜ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿ ƛǎ 

ŀōƻǾŜ ƻǊ ǾŜǊȅ ŎƭƻǎŜ ǘƻ фн҈ ƻŦ ŎŀǇŀŎƛǘȅΦ !ƊŜǊ ƳƛŘπbƻǾŜƳōŜǊΣ ǘƘŜǊŜ ŀǇǇŜŀǊǎ ǘƻ ōŜ ŀ ŎƘŀƴƎŜ ƛƴ 

ōŜƘŀǾƛƻǳǊ ŀƴŘ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ƅŀƎƎŜŘ ǎǇƛƭƭǎ ƻƴ мр ƻǊ ǎƻ Řŀȅǎ ƻŎŎǳǊ ǿƛǘƘ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿ 

ŎƻƴǎƛǎǘŜƴǘƭȅ ōŜƭƻǿ фн҈Σ ŀƴŘ ƻŎŎŀǎƛƻƴŀƭƭȅ ŀǎ ƭƻǿ ŀǎΣ сл҈ ƻŦ ŎŀǇŀŎƛǘȅΦ ¢ƘŜ 95a ǿŀǎ ǊŜǇƻǊǘŜŘ ŀǎ 

ффΦфт҈ ƻǇŜǊŀǝƻƴŀƭΣ ǎƻ ƛǘ ŎƻǳƭŘ ōŜ ƛƴŦŜǊǊŜŘ ǘƘŀǘ ƻƴ ŀǘ ƭŜŀǎǘ мл Řŀȅǎ ǘƘŜǊŜ ǿŜǊŜ “early” spills ŀƴŘ 

ƘŜƴŎŜ ǇŜǊƳƛǘ ōǊŜŀŎƘŜǎΦ 

 

 

 
Figure 9Υ ŎƘŀƴƎŜ ƛƴ 95a ōŜƘŀǾƛƻǳǊ ŘŜǎǇƛǘŜ ŀƭƳƻǎǘ млл҈ ƻǇŜǊŀǝƻƴŀƭΥ WŀƴπƳƛŘ bƻǾ Ǿǎ ƳƛŘ bƻǾπ5ŜŎ 
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Clay Cross STW t9 Ґ нΣфон нлнм ƻǇŜǊŀǝƻƴ Ґ ффΦр҈ нлнн ƻǇŜǊŀǝƻƴ Ґ ффΦфф҈ 

¢ƘŜ 95a ƻƴ ǘƘŜ ǎǘƻǊƳ ǘŀƴƪ ŀǘ /ƭŀȅ /Ǌƻǎǎ {¢² ǎƘƻǿǎ ǾŜǊȅ ƛƴŎƻƴǎƛǎǘŜƴǘ ōŜƘŀǾƛƻǳǊΦ Lƴ нлнмΣ ǘƘŜ 95a 

ƅŀƎƎŜŘ ǎǇƛƭƭǎ ǊŜƭƛŀōƭȅ όWǳƭȅ оπуΣнуΣолΤ hŎǘ мΣнΣрΣнуπомύ ǿƛǘƘ ǿŜƭƭπŘŜŬƴŜŘ ƛƴǘŜǊǾŀƭǎ ŎƻƛƴŎƛŘƛƴƎ ǿƛǘƘ 

ŎƻƴǎƛǎǘŜƴǘ ǊŀƛƴŦŀƭƭ ŀƴŘ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿ ŀǘ ƻǊ ŀōƻǾŜ фн҈ ƻŦ ŎŀǇŀŎƛǘȅΦ !ǘ ƻǘƘŜǊ ǝƳŜǎΣ ǘƘŜǊŜ ŀǊŜ 

“early” spills όWŀƴ оΣмнΣноΣнсΤ ŀƭƭ ǎǇƛƭƭǎ ƛƴ CŜōύΣ extended spills with tails ǿƘŜǊŜ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ 

ƅƻǿ ƛǎ ǿŜƭƭ ōŜƭƻǿ ŎŀǇŀŎƛǘȅ όWŀƴ мрΣ мтΣ нмΣ ннΣ нфΣ олύ ŀƴŘ false positives όhŎǘ млΣммΣмнΣмпύΦ 
 

 

 

 

 
Figure 10Υ 95a ŀǘ /ƭŀȅ /Ǌƻǎǎ {¢² ǎƘƻǿƛƴƎ ǎƛƎƴƛŬŎŀƴǘ ǾŀǊƛŀǝƻƴ ƛƴ ōŜƘŀǾƛƻǳǊ ƛƴ нлнм 

 

Lƴ нлннΣ ǘƘŜ 95a ƛǎ ƳǳŎƘ ƳƻǊŜ ǊŜƭƛŀōƭŜΦ tŜǊƘŀǇǎΣ /ƭŀȅ /Ǌƻǎǎ {¢² Ψǎ 95a ƛƴǎǘŀƭƭŀǝƻƴ ƛǎ ƭŜǎǎ ǊŜƭƛŀōƭŜ 

ƛƴ ǿŜǧŜǊ ȅŜŀǊǎ ǎǳŎƘ ŀǎ нлнм ŀƴŘ нлно ς ƛƴ нлно ƳƻǊŜ ǘƘŀƴ мΣллл ǎǇƛƭƭƛƴƎ ƘƻǳǊǎ ǿŜǊŜ ǊŜǇƻǊǘŜŘ ŀƴŘ ŀ 

ǿŀǎ ǊŜŦŜǊŜƴŎŜ ƳŀŘŜ ǘƻ ŜȄŎŜǇǝƻƴŀƭ ǿŜŀǘƘŜǊ ƛƴ ǘƘŜ ŀƴƴǳŀƭ ǎǳōƳƛǎǎƛƻƴ ǘƻ ǘƘŜ 9!Φ   
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Rushmoor STW t9 Ґ уоΣлст нлнм ƻǇŜǊŀǝƻƴ Ґ млл҈ нлнн ƻǇŜǊŀǝƻƴ Ґ млл҈ 

¢ƘŜ 95a ƻƴ ǘƘŜ ǎǘƻǊƳ ǘŀƴƪ ŀǘ wǳǎƘƳƻƻǊ {¢² ƛǎ ŀƴƻǘƘŜǊ ǿƛǘƘ ƛƴŎƻƴǎƛǎǘŜƴǘ ōŜƘŀǾƛƻǳǊΦ Lƴ нлнмΣ ǘƘŜ 

95a ƅŀƎƎŜŘ ǎǇƛƭƭǎ ǊŜƭƛŀōƭȅ όWŀƴ нлπннΣнуπомΤ hŎǘ мΣнфπомύ ǿƛǘƘ ǿŜƭƭπŘŜŬƴŜŘ ƛƴǘŜǊǾŀƭǎ ŎƻƛƴŎƛŘƛƴƎ ǿƛǘƘ 

ŎƻƴǎƛǎǘŜƴǘ ǊŀƛƴŦŀƭƭ ŀƴŘ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿ ŀǘ ƻǊ ŀōƻǾŜ фн҈ ƻŦ ŎŀǇŀŎƛǘȅΦ .ǳǘΣ ŀǘ ƻǘƘŜǊ ǝƳŜǎΣ ǘƘŜǊŜ 

ƘŀǾŜ ōŜŜƴ ŘƛǎǇƭŀŎŜŘ “early” spills όWǳƴ тΤ !ǳƎ рύΣ false positive ”early” spills όWǳƴ мнΤ!ǳƎ мнύΦ {ƻΣ ƛǎ 

ǘƘƛǎ 95a ǳƴǊŜƭƛŀōƭŜ ƻǊ ŀǊŜ ǘƘŜǎŜ ǎǇƛƭƭǎ ƛƴ ōǊŜŀŎƘ ƻŦ ǇŜǊƳƛǘΚ 

 

 

 

 
Figure 11Υ 95a ŀǘ wǳǎƘƳƻƻǊ {¢² ǎƘƻǿƛƴƎ ǎƛƎƴƛŬŎŀƴǘ ǾŀǊƛŀǝƻƴ ƛƴ ōŜƘŀǾƛƻǳǊ ƛƴ нлнм 
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Bidford-on-Avon t9 Ґ тΣпнн нлнм ƻǇŜǊŀǝƻƴ Ґ ффΦс҈ нлнн ƻǇŜǊŀǝƻƴ Ґ ррΦо҈ 

Lƴ нлнмΣ ǘƘŜ 95a ƻƴ .ƛŘŦƻǊŘπƻƴπ!ǾƻƴΩǎ ǎǘƻǊƳ ǘŀƴƪ ōŜƎƛƴǎ ǘƘŜ ȅŜŀǊ ǿƛǘƘ ǊŜŀǎƻƴŀōƭŜ ōŜƘŀǾƛƻǳǊΦ CƻǊ 

ŜȄŀƳǇƭŜΣ ƛǘ ƅŀƎǎ ŀ ǿƘƻƭŜ ƳƻƴǘƘ ƻŦ ǎǇƛƭƭƛƴƎ ƛƴ CŜōǊǳŀǊȅ ǿƘŜǊŜ ǘƘŜ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿ ƛǎ ŀƭƳƻǎǘ 

ŜƴǝǊŜƭȅ ŀōƻǾŜ фн҈ ƻŦ ǘƘŜ ǎǘƻǊƳ ƻǾŜǊƅƻǿ ǊŀǘŜ ŀƴŘ ƻƴ ƻƴƭȅ р Řŀȅǎ ŘƻŜǎ ǘƘŜǊŜ ŀǇǇŜŀǊ ǘƻ ōŜ ǾŜǊȅ ƭƻǿ 

ƻǊ ƴƻ ǊŀƛƴŦŀƭƭ ǘƻ ǎǳƎƎŜǎǘ “dry” spills ŀƴŘ ƘŜƴŎŜ ǇŜǊƳƛǘ ōǊŜŀŎƘŜǎ όCŜō мπмоΣнпΣнтύΦ .ǳǘ ŀǎ ǘƘŜ ȅŜŀǊ 

ǇǊƻƎǊŜǎǎŜǎΣ ǘƘŜ 95a ōŜƘŀǾƛƻǳǊ ōŜŎƻƳŜǎ ƳƻǊŜ ŜǊǊŀǝŎ ǿƛǘƘ ŜȄǘŜƴŘŜŘ 95a ƛƴǘŜǊǾŀƭǎ ƛƴ WǳƴŜ όмπ

оΣнлΣнмΣнрΣнсύ ŀƴŘ Wǳƭȅ όрπфΣолΣомύ ŀƴŘ ƛƴ ŀŘŘƛǝƻƴ ǇƻǘŜƴǝŀƭƭȅ άŜŀǊƭȅέ ƻǊ ŜǊǊƻƴŜƻǳǎƭȅ ƅŀƎƎŜŘ ǎǇƛƭƭǎ ƛƴ 

hŎǘƻōŜǊ όмπтύΦ Lƴ ŀƭƭΣ мт Řŀȅǎ ƛƴǾƻƭǾŜŘ άŘǊȅέ ǎǇƛƭƭǎΦ Lƴ нлнн ǘƘŜ 95a Řŀǘŀ ŀǊŜ ƳǳŎƘ ƳƻǊŜ ǊŜƭƛŀōƭŜΦ 

 

 

 
Figure 12Υ 95a Řŀǘŀ ŀǘ .ƛŘŦƻǊŘ ƻƴ !Ǿƻƴ {¢² ǎƘƻǿƛƴƎ ƘǳƎŜ ǾŀǊƛŀǝƻƴ ƛƴ ǊŜƭƛŀōƛƭƛǘȅ ƛƴ нлнм 
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Scarcliffe STW  t9 Ґ мΣнфр нлнм ƻǇŜǊŀǝƻƴ Ґ ффΦп҈ нлнн ƻǇŜǊŀǝƻƴ Ґ флΦм҈ 

{ŎŀǊŎƭƛũŜ {¢²Ωǎ 95a ōŜƎƛƴǎ нлнм ǿƛǘƘ ƛƳǇŜŎŎŀōƭŜ ōŜƘŀǾƛƻǳǊ ƛƴ WŀƴǳŀǊȅ ŀƴŘ CŜōǊǳŀǊȅ ƛŘŜƴǝŦȅƛƴƎ нф 

ŎƻƴǎŜŎǳǝǾŜ Řŀȅǎ ƻŦ ǎǇƛƭƭƛƴƎ ǘƘŀǘ ƛƴŎƭǳŘŜ о Řŀȅǎ ǿƛǘƘ “dry” spilling ŀƴŘ ƘŜƴŎŜ ǇŜǊƳƛǘ ōǊŜŀŎƘŜǎΦ Lƴ 

aŀǊŎƘ ŀƴŘ !ǇǊƛƭΣ ǘƘŜ 95a ōŜŎƻƳŜǎ Ƴƻǎǘ ǳƴǊŜƭƛŀōƭŜ ŀƴŘ ƅŀƎǎ ŀƭƳƻǎǘ ǘƘŜ ǎŀƳŜ ƴǳƳōŜǊ ƻŦ 

ŎƻƴǎŜŎǳǝǾŜ Řŀȅǎ ŀǎ ƛƴǾƻƭǾƛƴƎ “dry” spills ǿƘŜƴ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿ ŀƴŘ ǊŀƛƴŦŀƭƭ Řŀǘŀ ǎǳƎƎŜǎǘ 

ƻǘƘŜǊǿƛǎŜΦ {ƻΣ ƻƴŎŜ ŀƎŀƛƴΣ ŜƛǘƘŜǊ ǘƘŜ 95a ƛǎ ǳƴǊŜƭƛŀōƭŜ ƻǊ ǘƘŜǊŜ ŀǊŜ ƴŜŀǊƭȅ ол Řŀȅǎ ǿƛǘƘ ǇŜǊƳƛǘ 

ōǊŜŀŎƘŜǎΦ {ŜǾŜǊƴ ¢ǊŜƴǘ ²ŀǘŜǊΩǎ ǎǳōƳƛǎǎƛƻƴ ǘƻ ǘƘŜ 9! ƛƴ нлнм ŘŜǎŎǊƛōŜŘ ǘƘƛǎ 95a ŀǎ ффΦпп҈ 

ƻǇŜǊŀǝƻƴŀƭΦ !ǎ ǿƛǘƘ ƻǘƘŜǊ {¢²ǎΣ ǘƘŜ 95a Řŀǘŀ ŀǊŜ ƳǳŎƘ ƳƻǊŜ ǊŜƭƛŀōƭŜ ƛƴ нлнн ǿƛǘƘ ƭŜǎǎ ǊŀƛƴŦŀƭƭΦ 

 
Figure 13Υ 95a Řŀǘŀ ŀǘ {ŎŀǊŎƭƛũŜ {¢² ǎƘƻǿƛƴƎ ƎǊŜŀǘ ǾŀǊƛŀǝƻƴ ƛƴ ǊŜƭƛŀōƛƭƛǘȅ ƛƴ нлнм  
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Tickhill STW t9 Ґ рΣмтн нлнм ƻǇŜǊŀǝƻƴ Ґ флΦу҈ нлнн ƻǇŜǊŀǝƻƴ Ґ тлΦп҈ 

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ 95a ƻƴ ǘƘŜ ǎǘƻǊƳ ǘŀƴƪ ŀǘ ¢ƛŎƪƘƛƭƭ {¢²Σ ǘƘŜ ǿƻǊƪǎ ǿŀǎ ǎǇƛƭƭƛƴƎ ŜǾŜǊȅ ŘŀȅΣ ŀƭƳƻǎǘ 

ǿƛǘƘƻǳǘ ŀ ōǊŜŀƪΣ ŦǊƻƳ Wŀƴ мǎǘ ǘƻ aŀǊ нƴŘΦ IƻǿŜǾŜǊΣ ǘƘŜ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿ ŀƴŘ ǊŀƛƴŦŀƭƭ Řŀǘŀ 

ǎǳƎƎŜǎǘ ǘƘŀǘ ǎǇƛƭƭǎ ǿŜǊŜ ǳƴƭƛƪŜƭȅ ǘƻ ƘŀǾŜ ƻŎŎǳǊǊŜŘ ƛƴ ǘƘŜ ŬǊǎǘ мл Řŀȅǎ ƻŦ WŀƴǳŀǊȅ ƻǊ ǘƘŜ ƭŀǎǘ ǿŜŜƪ ƻŦ 

CŜōǊǳŀǊȅΦ ¢ƘŜǊŜ ƛǎ ŀƭǎƻ ǎƻƳŜ ǇŜŎǳƭƛŀǊ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿ ōŜƘŀǾƛƻǳǊ ƛƴ ƳƛŘπCŜōǊǳŀǊȅΣ ƳƛŘπaŀǊŎƘ 

ŀƴŘ ƛƴ ǘƘŜ ǎŜŎƻƴŘ ǿŜŜƪ ƻŦ aŀȅ ǿƘŜƴ ǘƘŜ 95a ŀƭǎƻ ƅŀƎǎ ǳǇ ǎǇƛƭƭǎΦ .ǳǘ ƛǘ ƛǎ ǳƴŎƭŜŀǊ ƛŦ ǘƘŜǎŜ ŀǊŜ ǾŀƭƛŘΣ 

ƘŜƴŎŜ άŜŀǊƭȅέ ŀƴŘ ǎƻ ƛƴ ōǊŜŀŎƘ ƻŦ ǇŜǊƳƛǘ ƻǊ ǘƘŜ 95a Řŀǘŀ ŀǊŜ ǘƻǘŀƭƭȅ ǳƴǊŜƭƛŀōƭŜΦ hƴŎŜ ƳƻǊŜΣ ǘƘŜ 

нлнн 95a Řŀǘŀ ƭƻƻƪǎ ǘƻ ōŜ ƳƻǊŜ ǊŜƭƛŀōƭŜΦ 

 

 
Figure 14Υ 95a Řŀǘŀ ŀǘ ¢ƛŎƪƘƛƭƭ {¢² ǎƘƻǿƛƴƎ ƎǊŜŀǘ ǾŀǊƛŀǝƻƴ ƛƴ ǊŜƭƛŀōƛƭƛǘȅ ƛƴ нлнм  
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Armthorpe STW t9 Ґ мпΣпср нлнм ƻǇŜǊŀǝƻƴ Ґ ффΦр҈ нлнн ƻǇŜǊŀǝƻƴ Ґ ффΦф҈ 

¢ƘŜ 95a Řŀǘŀ ŦƻǊ !ǊƳǘƘƻǊǇŜ {¢² ƛƴ нлнм όFigΦ мрύ ƛƴŎƭǳŘŜ Ƴŀƴȅ extended spill intervals ǿƘƛŎƘ ŀǊŜ 

ƴƻǘ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǊŀƛƴŦŀƭƭ Řŀǘŀ ŀŎǊƻǎǎ ǘƘŜ Ŧǳƭƭ ŜȄǘŜƴǘ ƻŦ ǘƘŜ ƅŀƎƎŜŘ ǎǇƛƭƭƛƴƎΦ 

¢Ƙƛǎ ƛǎ ŜǎǇŜŎƛŀƭƭȅ ǘǊǳŜ ŦƻǊ aŀȅ нлнм ǿƘŜǊŜ ǘƘŜǊŜ ŀǊŜ Řŀȅǎ ƻŦ άŘǊȅ ǿŜŀǘƘŜǊέ ŘƛǳǊƴŀƭ ǎŜǿŀƎŜ ƅƻǿ ŀƴŘ 

ƭƛǧƭŜ ƻǊ ƴƻ ǊŀƛƴŦŀƭƭΦ {ƻΣ ƻƴŎŜ ŀƎŀƛƴΣ ŜƛǘƘŜǊ ǘƘŜ 95a Řŀǘŀ ŀǊŜ ǊŜƭƛŀōƭŜ ŀƴŘ ǘƘŜǊŜ ŀǊŜ Ƴŀƴȅ ǇŜǊƳƛǘ 

ōǊŜŀŎƘŜǎ όǘȅǇƛŎŀƭƭȅ άearly” spillsύ ƻǊ ǘƘŜ 95a Řŀǘŀ ŀǊŜ ŦǊŜǉǳŜƴǘƭȅ ǳƴǊŜƭƛŀōƭŜΦ  

 

 
Figure 15Υ 95a Řŀǘŀ ŀǘ !ǊƳǘƘƻǊǇŜ {¢² ǎƘƻǿƛƴƎ ƎǊŜŀǘ ǾŀǊƛŀǝƻƴ ƛƴ ǊŜƭƛŀōƛƭƛǘȅ ƛƴ нлнм 
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Leek STW  t9 Ґ ннΣнпн нлнм ƻǇŜǊŀǝƻƴ Ґ фтΦп҈ нлнн ƻǇŜǊŀǝƻƴ Ґ ффΦс҈ 

¢ƘŜ нлнн 95a ŘŜǘŜŎǘŜŘ ǎǇƛƭƭ ƛƴǘŜǊǾŀƭǎ ŀǘ [ŜŜƪ {¢² ŦǊŜǉǳŜƴǘƭȅ ƘŀǾŜ extensive tails ƻǊ ŀǇǇŜŀǊ ǘƻ 

amalgamate several spills into one όFigΦ мсύΦ ¢Ƙƛǎ ƭŀŎƪ ƻŦ ŎƭƛǇǇŜŘ 95a ƛƴǘŜǊǾŀƭǎ ƛǎ ƛƴ ŎƻƴǘǊŀǎǘ ǘƻ ǘƘŜ 

ŜȄŀƳǇƭŜǎ ƻŦ ǊŜƭƛŀōƭŜ 95a Řŀǘŀ ŘŜƳƻƴǎǘǊŀǘŜŘ ōȅ {¢²ǎ ŎƻƴǎƛŘŜǊŜŘ ŀǘ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ǘƘƛǎ ŎŀǘŀƭƻƎǳŜ 

ƻŦ ǇŜǊŦƻǊƳŀƴŎŜ ǎǳŎƘ ŀǎ aƛƴǿƻǊǘƘ ŀƴŘ /ƻƭǿƻǊǘƘ {¢²ǎΦ LƴŘŜŜŘΣ ǘƘŜ 95a ƅŀƎƎŜŘ ƛƴǘŜǊǾŀƭǎ ŦƻǊ ǘƘŜ ƛǎ 

{¢² ŦƻǊ нлнм ŀǊŜ ƳƻǊŜ ǇǊŜŎƛǎŜ ǿƛǘƘ ƳǳŎƘ ǎƘƻǊǘŜǊ ǘŀƭŜǎΦ ¢ƘŜ 95a ǿŀǎ ǊŜǇƻǊǘŜŘ ōȅ {Ǿ¢ ŀǎ ффΦот҈ 

ŀƴŘ ффΦс҈ ƻǇŜǊŀǝƻƴŀƭ ƻǇŜǊŀǝƻƴŀƭ ƛƴ нлнм ŀƴŘ нлнн ǊŜǎǇŜŎǝǾŜƭȅΦ  

 
Figure 16Υ 95a ƅŀƎƎŜŘ ƛƴǘŜǊǾŀƭǎ ŀǘ [ŜŜƪ {¢² ǿƛǘƘ ƳǳŎƘ ŜȄǘŜƴŘŜŘ ǘŀƛƭǎ 

/ƻǳƭŘ ǘƘƛǎ ŘƛũŜǊŜƴŎŜ ƛƴ ǘƘŜ н ȅŜŀǊǎ ōŜ ŜȄǇƭŀƛƴŜŘ ōȅ ƭŜǎǎ ǳǊƎŜƴǘ ǊŜŎȅŎƭƛƴƎ ƻŦ ǎǘƻǊƳ ǘŀƴƪ ŎƻƴǘŜƴǘǎ ƛƴ 

нлннΚ ²ƛǘƘƻǳǘ ŀƴ ŜȄǇƭŀƴŀǝƻƴ ǘƘŜǊŜ ǊŜƳŀƛƴǎ ǘƘŜ ǇƻǎǎƛōƛƭƛǝŜǎ ƻŦ 95a ǳƴǊŜƭƛŀōƛƭƛǘȅ ƻǊ ǊŜƭƛŀōƛƭƛǘȅ ǿƛǘƘ 

ǇŜǊƳƛǘ ōǊŜŀŎƘŜǎ ŘǳŜ ǘƻ άŜŀǊƭȅέ ǎǇƛƭƭǎΦ 
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Fleckney STW  t9 Ґ пΣутп нлнм ƻǇŜǊŀǝƻƴ Ґ фо҈ нлнн ƻǇŜǊŀǝƻƴ Ґ усΦс҈ 

CƭŜŎƪƴŜȅ {¢²Ωǎ 95a ŘŜƳƻƴǎǘǊŀǘŜǎ immaculately separated spill intervals ǿƛǘƘ ŎƻƴǘŜƳǇƻǊŀƴŜƻǳǎ 

ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿ ŀƴŘ 95a Řŀǘŀ ŎƻƴŬǊƳƛƴƎ ǇŜǊƳƛǘ ŎƻƳǇƭƛŀƴŎŜ όŀǇŀǊǘ ŦǊƻƳ ǘƘŜ ƻŘŘ άŘǊȅέ 

ǎǇƛƭƭƛƴƎ ŘŀȅύΦ ¢ƘŜ 95a ǿŀǎ ŘŜŎƭŀǊŜŘ ƻǇŜǊŀǝƻƴŀƭ фоΦлм҈ ŀƴŘ усΦс҈ ŦƻǊ нлнм ŀƴŘ нлнн ǊŜǎǇŜŎǝǾŜƭȅ 

ǿƛǘƘ ǎŜƴǎƻǊ ŦŀƛƭǳǊŜ ǊŜǇƻǊǘŜŘ ƛƴ нлннΦ ¢Ƙƛǎ Ƴŀȅ ƘŀǾŜ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ф Řŀȅǎ with false negatives ƭƛƪŜƭȅ 

ǘƻ ƘŀǾŜ ōŜŜƴ ƳƛǎǎŜŘ ƛƴ нлнм όhŎǘ нΣрύ ŀƴŘ ƛƴ нлнн όCŜō мпΣмрΣмуπнмΣ нпύΦ hŦ ŎƻǳǊǎŜΣ ǘƘŜǎŜ ǿƻǳƭŘ 

ƘŀǾŜ ǊŜŘǳŎŜŘ ǘƘŜ ǘƻǘŀƭ ǎǇƛƭƭƛƴƎ ǊŜǇƻǊǘŜŘ ōȅ ƻǾŜǊ нлл ƘƻǳǊǎΦ 

 

 

 
Figure 17Υ ǊŜƭƛŀōƭŜ 95a Řŀǘŀ ŀǘ CƭŜŎƪƴŜȅ {¢² ƛƴ WŀƴπCŜō Ψнм ŀƴŘ ŦŀƭǎŜ ƴŜƎŀǝǾŜǎ όhŎǘΩнмΤ CŜōΩннύ 
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Frankton STW  t9 Ґ нΣпсо нлнм ƻǇŜǊŀǝƻƴ Ґ ффΦс҈ нлнн ƻǇŜǊŀǝƻƴ Ґ ффΦн҈ 

CǊŀƴƪǘƻƴ {¢² ŘƛǎŎƘŀǊƎŜǎ ǘƻ ŀ ǘǊƛōǳǘŀǊȅ ƻŦ ǘƘŜ wƛǾŜǊ [ŜŀƳΣ ƻƴŜ ƻŦ ǘƘŜ ǊƛǾŜǊǎ ǎŜƭŜŎǘŜŘ ōȅ {ŜǾŜǊƴ ¢ǊŜƴǘ 

²ŀǘŜǊ ŀǎ ǇŀǊǘ ƻŦ ƛǘǎ .ŀǘƘƛƴƎ wƛǾŜǊǎ ǇǊƻƎǊŀƳƳŜΦ 

Lƴ нлнмΣ ǘƘŜ 95a ƻƴ ǘƘŜ ǎǘƻǊƳ ǘŀƴƪ ŀǘ CǊŀƴƪǘƻƴ {¢² ǇǊƻŘǳŎŜŘ ǊŜƭƛŀōƭŜ ǎǇƛƭƭ ŘŀǘŀΣ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ 

ƳŀƴȅΣ ǎƘƻǊǘ ƛƴǘŜǊǾŀƭǎΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛƴ aŀȅ нлнм όFigΦ муύ ǘƘŜǊŜ ǿŜǊŜ ƻǾŜǊ млл ƛƴŘƛǾƛŘǳŀƭ 95a 

ŘŜǘŜŎǘŜŘ ǎǇƛƭƭ ƛƴǘŜǊǾŀƭǎ ōŜǘǿŜŜƴ ос ǎŜŎǎ ŀƴŘ нΦпп ƘƻǳǊǎ ƛƴ ƭŜƴƎǘƘ ŀƴŘ ǿƛǘƘ ŀƴ ƻǾŜǊŀƭƭ ǘƻǘŀƭ ƻŦ оуΦпу 

ƘƻǳǊǎΦ [ŀǘŜǊ ƛƴ ǘƘŜ ȅŜŀǊΣ ǘƘŜǊŜ ǿŜǊŜ ǎŜǾŜǊŀƭΣ ǝƴȅ false positive spills ƻƴ ǘƘŜ ǎŀƳŜ Řŀȅ όbƻǾ нпύ ŀƴŘ т 

ŎƻƴǎŜŎǳǝǾŜ Řŀȅǎ ό5ŜŎ рπммύ ǿƛǘƘ “early” spills ƛƴ ōǊŜŀŎƘ ƻŦ ǇŜǊƳƛǘΦ  

 

 
Figure 18Υ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿΣ 95a ŀƴŘ ǊŀƛƴŦŀƭƭ Řŀǘŀ ŦƻǊ CǊŀƴƪǘƻƴ {¢² ƛƴ aŀȅΣ bƻǾ ŀƴŘ 5ŜŎ нлнм 

¢ƘŜ 95a Řŀǘŀ ŦƻǊ нлнн ŀƭǎƻ ŀǇǇŜŀǊǎ ǘƻ ōŜ ǊŜƭƛŀōƭŜ ŀƴŘ ǿƛǘƘ ƴƻ ƻōǾƛƻǳǎ ǇŜǊƳƛǘ ōǊŜŀŎƘŜǎΦ 
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Rugby (Newbold) STW t9 Υ ттΣмлп нлнм ƻǇŜǊŀǝƻƴ Ґ ффΦс҈ нлнн ƻǇŜǊŀǝƻƴ Ґ млл҈ 

wǳƎōȅ όbŜǿōƻƭŘύ {¢² ŘƛǎŎƘŀǊƎŜǎ ǘƻ ǘƘŜ wƛǾŜǊ !Ǿƻƴ ŀƴŘ ƛǎ ƴŀƳŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ {ŜǾŜǊƴ ¢ǊŜƴǘ ²ŀǘŜǊ 

.ŀǘƘƛƴƎ wƛǾŜǊ ǎŎƘŜƳŜΦ  

¢ƘŜ нлнм 95a Řŀǘŀ ŦƻǊ wǳƎōȅ {¢² ŀǇǇŜŀǊǎ ǘƻ ōŜ ǊŜƭƛŀōƭŜ ŀǇŀǊǘ ŦǊƻƳ мл Řŀȅǎ ǿƛǘƘ ǳƴǊŜƭƛŀōƭŜ 95a 

Řŀǘŀ ƅŀƎƎƛƴƎ ŘƛǎǇƭŀŎŜŘ όCŜō сΣтύ ƻǊ extended (Jan 20-22, 28-31) spill intervals ƻǊ ǊŜƭƛŀōƭŜ 95a Řŀǘŀ 

ƛƴǾƻƭǾƛƴƎ unpermitted “early” spilling ƛΦŜΦΣ ŘƛǎŎƘŀǊƎƛƴƎ ǳƴǘǊŜŀǘŜŘ ǎŜǿŀƎŜ ǿƘŜƴ ǘƘŜ ǎŜǿŀƎŜ ƅƻǿ ǘƻ 

Ŧǳƭƭ ǘǊŜŀǘƳŜƴǘ όCC¢ύ ƛǎ ōŜƭƻǿ фн҈ ƻŦ ŎŀǇŀŎƛǘȅ όWŀƴ нмΣолΣомΤ CŜō рΣсΣтΣнлΣнмΣннΤ aŀǊ пύΦ 

 
Figure 19Υ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿΣ 95a ŀƴŘ ǊŀƛƴŦŀƭƭ Řŀǘŀ ŦƻǊ CǊŀƴƪǘƻƴ {¢² ŦƻǊ WŀƴπaŀǊ нлнм 

¢ƘŜ нлнн 95a Řŀǘŀ ŦƻǊ wǳƎōȅ {¢² ŀǇǇŜŀǊǎ ǘƻ ōŜ ǊŜƭƛŀōƭŜ ŀƴŘ ǿƘŜƴ ŎƻƴǎƛŘŜǊŜŘ ŀƭƻƴƎǎƛŘŜ ǎŜǿŀƎŜ 

ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǊŀƛƴŦŀƭƭ Řŀǘŀ ŘƻŜǎ ƴƻǘ ǎǳƎƎŜǎǘ ŀƴȅ ǇŜǊƳƛǘ ōǊŜŀŎƘŜǎ ƻŎŎǳǊǊŜŘΦ 
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Itchen Bank STW t9 Ґ мпΣтто нлнм ƻǇŜǊŀǝƻƴ Ґ срΦлт҈ нлнн ƻǇŜǊŀǝƻƴ Ґ унΦм҈ 

LǘŎƘŜƴ .ŀƴƪ {¢² ŘƛǎŎƘŀǊƎŜǎ ǘƻ ǘƘŜ wƛǾŜǊ LǘŎƘŜƴ ŀƴŘ ƛǎ ƴŀƳŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ {ŜǾŜǊƴ ¢ǊŜƴǘ ²ŀǘŜǊ 

.ŀǘƘƛƴƎ wƛǾŜǊ ǎŎƘŜƳŜΦ ¢ƘŜ нлнм 95a Řŀǘŀ ǇǊƻǾƛŘŜŘ ŦƻǊ LǘŎƘŜƴ .ŀƴƪ {¢² ŀǇǇŜŀǊǎ ǘƻ ōŜ ǊŜƭƛŀōƭŜ ƛΦŜΦΣ 

ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǊŀƛƴŦŀƭƭΦ IƻǿŜǾŜǊΣ ŀ ǎŜƴǎƻǊ ŦŀƛƭǳǊŜ ǿŀǎ ǊŜǇƻǊǘŜŘ ŀƴŘ ǘƘŜ 95a 

ǿŀǎ ƻǇŜǊŀǝƻƴŀƭ ƻƴƭȅ срΦлт҈ ƻŦ ǘƘŜ ȅŜŀǊΣ ŦƻǊ ŜȄŀƳǇƭŜ ŘǳǊƛƴƎ aŀȅ нлнм όFigΦ нлύΦ Lƴ ƭŀǘŜǊ ƳƻƴǘƘǎΣ 

ǇǊŜǎǳƳŀōƭȅ ǿƘŜƴ ǘƘŜ 95a ǿŀǎ ƴƻǘ ǿƻǊƪƛƴƎΣ ǘƘŜǊŜ ŀǇǇŜŀǊ ǘƻ ōŜ false negative spills ƛΦŜΦ ŘƛǎŎƘŀǊƎŜǎ 

ƻŦ ǳƴǘǊŜŀǘŜŘ ǎŜǿŀƎŜ ƳƛǎǎŜŘ ōȅ ǘƘŜ 95aΦ WǳŘƎƛƴƎ ōȅ ǘƘŜ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǊŀƛƴŦŀƭƭ ŘŀǘŀΣ ǘƘŜǊŜ 

ǿŜǊŜ ǇǊƻōŀōƭȅ ŀǘ ƭŜŀǎǘ у missed untreated sewage discharges ƛƴ нлнм ŜΦƎΦΣ {ŜǇ фΣмпΣну ŀƴŘ hŎǘ 

нΣрΣнлΣнф ŀƴŘ омΦ 

 

 
Figure 20Υ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿΣ 95a ŀƴŘ ǊŀƛƴŦŀƭƭ Řŀǘŀ ŦƻǊ LǘŎƘŜƴ .ŀƴƪ {¢² ŦƻǊ aŀȅΣ  нлнм 

! ŦǳǊǘƘŜǊ 95a ǎŜƴǎƻǊ ŦŀƛƭǳǊŜ ŀǘ LǘŎƘŜƴ .ŀƴƪ {¢² ǿŀǎ ŘŜŎƭŀǊŜŘ ŦƻǊ нлнн ŀƴŘ ǊŜǇƻǊǘŜŘ ŀǎ ǊŜǎƻƭǾŜŘ ƛƴ 

aŀǊŎƘ нлннΦ .ȅ ŎƻƳǇŀǊƛƴƎ ŘŜǘŜŎǘŜŘ ǎǇƛƭƭǎ ƛƴ ƻǘƘŜǊ ƳƻƴǘƘǎ ŜΦƎΦΣ bƻǾŜƳōŜǊ нлнн ŀƴŘ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ 

ǘǊŜŀǘŜŘ ǎŜǿŀƎŜ ŀƴŘ ǊŀƛƴŦŀƭƭ ŘŀǘŀΣ ǘƘŜǊŜ ŀǇǇŜŀǊ ǘƻ ōŜ ǎŜǾŜǊŀƭ ŎŀƴŘƛŘŀǘŜǎ ŦƻǊ у ŦǳǊǘƘŜǊ false negatives 

ƛΦŜΦΣ ǳƴŘŜǘŜŎǘŜŘ ǎǇƛƭƭǎ ƛƴ нлннΣ ŦƻǊ ŜȄŀƳǇƭŜ Wŀƴ нΣуΤ CŜō пΣсΣмоΣмрΣнл ŀƴŘ нп όFigΦ нмύΦ 
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Figure 21Υ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿΣ 95a ŀƴŘ ǊŀƛƴŦŀƭƭ Řŀǘŀ ŦƻǊ LǘŎƘŜƴ .ŀƴƪ {¢² ŦƻǊ WŀƴΣ CŜōΣ bƻǾ нлнн 

  



23 
 

Scarcliffe STW  t9 Ґ мΣнфр нлнм ƻǇŜǊŀǝƻƴ Ґ ффΦп҈ нлнн ƻǇŜǊŀǝƻƴ Ґ флΦм҈ 

{ŎŀǊŎƭƛũŜ {¢² ŘƛǎŎƘŀǊƎŜǎ ǘƻ ǘƘŜ wƛǾŜǊ tƻǳƭǘŜǊΦ FigΦ нн ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜǊŜ ǿŜǊŜ ǳƴǘǊŜŀǘŜŘ ǎŜǿŀƎŜ 

ǎǇƛƭƭƛƴƎ ƻƴ ŜǾŜǊȅ Řŀȅ ŦǊƻƳ CŜō мǎǘ ǘƻ муǘƘΣ ŀƭƭ ƅŀƎƎŜŘ Ŝ 95aΦ ¢ƘŜǊŜ ŀǇǇŜŀǊ ǘƻ ōŜ ƎŜƴǳƛƴŜ “dry” spills 

ƛƴŎǳǊǊƛƴƎ ǇŜǊƳƛǘ ōǊŜŀŎƘŜǎ όCŜō ммπмоύΦ Lƴ ǘƘŜ ƴŜȄǘ н ƳƻƴǘƘǎΣ ǘƘŜǊŜ ǿŜǊŜ Ƴŀƴȅ ƅŀƎƎŜŘ ǎǇƛƭƭǎ ōǳǘ 

ƎƛǾŜƴ ǘƘŜ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǊŀƛƴŦŀƭƭ Řŀǘŀ ǘƘŜȅ ŀǊŜ ŜƛǘƘŜǊ false positives ƻǊ ƛŦ ǘƘŜ 95a Řŀǘŀ ƛǎ 

ōŜƭƛŜǾŜŘ ǘƘŜȅ ŀǊŜ άŜŀǊƭȅέ ŀƴŘ ƘŜƴŎŜ ōǊŜŀŎƘ ǘƘŜ {¢²Ωǎ ǇŜǊƳƛǘΦ {ŜǾŜƴ ƻŦ ǘƘŜƳ ƳƛƎƘǘ ƘŀǾŜ ōŜŜƴ 

ƭŀōŜƭƭŜŘ ŜǊǊƻƴŜƻǳǎƭȅ ŀǎ άŘǊȅέΦ 

 

 
Figure 22Υ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿΣ 95a ŀƴŘ ǊŀƛƴŦŀƭƭ Řŀǘŀ ŦƻǊ {ŎŀǊŎƭƛũŜ {¢² ŦƻǊ CŜōπ!ǇǊ нлнм 
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Kilburn STW  t9 Ґ млΣфсс нлнм ƻǇŜǊŀǝƻƴ Ґ ффΦр҈ нлнн ƻǇŜǊŀǝƻƴ Ґ млл҈ 

YƛƭōǳǊƴ {¢² ŘƛǎŎƘŀǊƎŜǎ ǘƻ ǘƘŜ .ƻǧƭŜ .ǊƻƻƪΦ DŜƴŜǊŀƭƭȅΣ ƛǘǎ 95a Řŀǘŀ ƛǎ ǾŜǊȅ ǊŜƭƛŀōƭŜΣ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ 

ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǊŀƛƴŦŀƭƭ Řŀǘŀ ŀƴŘ ŦǊŜŜ ŦǊƻƳ ǇŜǊƳƛǘ ōǊŜŀŎƘŜǎ π ŀǎ ǎŜŜƴ ƛƴ Fig 23 όaŀȅΩнмύΦ .ǳǘΣ 

ƛƴ WŀƴΩнмΣ ǘƘŜǊŜ ƛǎ ǎƻƳŜ ŀōŜǊǊŀƴǘ ōŜƘŀǾƛƻǳǊ ǿƛǘƘ ŎƻƳǇƭŜǘŜ ƭƻǎǎ ƻŦ ǎŜǿŀƎŜ ƅƻǿ Řŀǘŀ όWŀƴ нπоΣмнΣмрπ

мсΣноΣнуύ ŀƴŘ ƛƭƭŜƎŀƭ άŜŀǊƭȅέ ǎǇƛƭƭǎ όWŀƴ мсπнуύΦ {ŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿ ƛǎ ŜǾŜƴ ƳƻǊŜ ŘƛǎǊǳǇǘŜŘ ƛƴ 

5ŜŎΩнм ǿƘŜƴ ŜƛǘƘŜǊ ǘƘŜ 95a Řŀǘŀ ƛǎ ǳƴǊŜƭƛŀōƭŜ ƻǊ ƛǘ ƛǎ ǊŜƭƛŀōƭŜ ŀƴŘ ǎǇƛƭƭǎ ŀǊŜ ƻǾŜǊŜȄǘŜƴŘŜŘ ŀƴŘ 

ōǊŜŀŎƘ ƛǘǎ ǇŜǊƳƛǘ ŀǎ ƅƻǿ ƛǎ ƴƻǘ ƳŀƛƴǘŀƛƴŜŘ ŀōƻǾŜ фн҈ ƻŦ ǘƘŜ ǿƻǊƪǎ ŎŀǇŀŎƛǘȅΦ Lƴ {ŜǇǘΩнмΣ ǘƘŜ ǎŜǿŀƎŜ 

ǘǊŜŀǘƳŜƴǘ Řŀǘŀ ƎǊŀŘǳŀƭƭȅ ǎǘŀǊǘǎ ǘƻ ōŜŎƻƳŜ ƳƻǊŜ ŘƛǎǊǳǇǘŜŘ ǳƴǝƭ ōȅ 5ŜŎŜƳōŜǊ ƛǘ ƭƻƻƪǎ ŀǎ ƛƴ FigΦ ноΦ 

¢ƘŜ ŜȄǘŜƴŘŜŘ 95a ŘŜǘŜŎǘŜŘ ǎǇƛƭƭǎ ƭƻƻƪ ǳƴǊŜƭƛŀōƭŜ ōǳǘ ŜǾŜƴ ƛŦ ǘƘŜȅ ǿŜǊŜ ǊŜƭƛŀōƭŜ ǘƘŜǊŜ ŀǊŜ άŜŀǊƭȅέ 

ǎǇƛƭƭ ǇŜǊƳƛǘ ōǊŜŀŎƘŜǎΦ 

 

 

 
Figure 23Υ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿΣ 95a ŀƴŘ ǊŀƛƴŦŀƭƭ Řŀǘŀ ŦƻǊ YƛƭōǳǊƴ {¢² ŦƻǊ WŀƴΣaŀȅΣ5ŜŎ нлнм 
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Loughborough STW  t9 Ґ срΣспо нлнм ƻǇŜǊŀǝƻƴ Ґ фмΦу҈ нлнн ƻǇŜǊŀǝƻƴ Ґ млл҈ 

[ƻǳƎƘōƻǊƻǳƎƘ {¢² ŘƛǎŎƘŀǊƎŜǎ ǘƻ ǘƘŜ ²ƻƻŘ .ǊƻƻƪΦ {ƻƳŜ ƻŦ ǘƘŜ 95a ŘŜǘŜŎǘŜŘ ǎǇƛƭƭǎ ŀǊŜ ǿŜƭƭ ŎƭƛǇǇŜŘ 

ŀƴŘ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ŎƻƴǘŜƳǇƻǊŀƴŜƻǳǎ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǊŀƛƴŦŀƭƭ Řŀǘŀ όFigΦ нпΣ aŀȅ нлнмύΦ .ǳǘ 

ƻǘƘŜǊǎ ŀǊŜ extended by a long tail ōŜȅƻƴŘ ǘƘŜ Ǉƻƛƴǘ ǿƘŜǊŜ ǘƘŜȅ ŀǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǎŜǿŀƎŜ 

ǘǊŜŀǘƳŜƴǘ ŀƴŘ ǊŀƛƴŦŀƭƭ ŘŀǘŀΦ 9ȄŀƳǇƭŜǎ ŀǊŜ ǎƘƻǿƴ ƛƴ FigΦ нп όWǳƭȅ оπс нлнмύ ǿƘŜǊŜ ǘƘŜ 95a Řŀǘŀ ŀǊŜ 

ŜƛǘƘŜǊ ǳƴǊŜƭƛŀōƭŜ ƻǊ ǊŜƭƛŀōƭŜ ŀƴŘ ǘƘŜ ǎǇƛƭƭǎ ŀǊŜ ŜŀǊƭȅΦ ¢ƘŜ ǎŀƳŜ ƛǎǎǳŜ ƻŦ ŜȄǘŜƴŘŜŘ 95a ƛƴǘŜǊǾŀƭǎ ǊŜŎǳǊǎ 

ƛƴ  {ŜǇǘ нлнн ό{ŜǇ рΣсύ ŀƴŘ ƛƴ ŀŘŘƛǝƻƴ ǘƘŜǊŜ ŀǊŜ ŀǘ ƭŜŀǎǘ two false positives ό{ŜǇ уΣфύΦ 

 

 

 
Figure 24Υ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿΣ 95a ŀƴŘ ǊŀƛƴŦŀƭƭ Řŀǘŀ ŦƻǊ [ƻǳƎƘōƻǊƻǳƎƘ {¢² ŦƻǊ aŀȅΣ Wǳƭȅ нлнм 
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Wellesbourne STW  t9 Ґ сΣпнн нлнм ƻǇŜǊŀǝƻƴ Ґ ффΦс҈ нлнн ƻǇŜǊŀǝƻƴ Ґ млл҈ 

²ŜƭƭŜǎōƻǳǊƴŜ {¢² ŘƛǎŎƘŀǊƎŜǎ ǘƻ ǘƘŜ wƛǾŜǊ 5ŜƴŜΦ ¢ƘŜ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿ ǊŜƭŀǝǾŜ ǘƻ ǘƘŜ ǿƻǊƪǎ 

ŎŀǇŀŎƛǘȅ ŀƴŘ Řŀƛƭȅ ǊŀƛƴŦŀƭƭ ǾŀǊƛŜǎ ŜƴƻǊƳƻǳǎƭȅ ŘǳǊƛƴƎ нлнм ŀǎ Ŏŀƴ ōŜ ǎŜŜƴ ƛƴ FigΦ нрΦ Lƴ CŜōΩнмΣ ǘƘŜ 

ǘǊŜŀǘƳŜƴǘ ƅƻǿ ƛǎ ŀǊƻǳƴŘ млл҈ ŎŀǇŀŎƛǘȅ ŦƻǊ ǘƘŜ ŜƴǝǊŜ ƳƻƴǘƘ ŀƴŘ р ƎŜƴǳƛƴŜ ŘǊȅ ǎǇƛƭƭǎ ƭƻƻƪ ǘƻ ƻŎŎǳǊΦ 

Lƴ ŎƻƴǘǊŀǎǘΣ ƛƴ aŀǊΩнмΣ ŦƻǊ му Řŀȅǎ ŎƻƴǎŜŎǳǝǾŜƭȅΣ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿ ǇŀǧŜǊƴ ƛǎ ŀƭƳƻǎǘ ŘƛǳǊƴŀƭ ōǳǘ ŀǘ 

ŀ ƭŜǾŜƭ ǘƘŀǘ ǎǘǊŀŘŘƭŜǎ ǘƘŜ ŎŀǇŀŎƛǘȅ ǿƘƛƭŜ ǎǇƛƭƭƛƴƎΦ {ƻ ƛǎ ǘƘƛǎ ƭƻƴƎ ŘŜǘŜŎǘŜŘ 95a ƛƴǘŜǊǾŀƭ ǳƴǊŜƭƛŀōƭŜ ƻǊ ƛǎ 

ƛǘ ǊŜƭƛŀōƭŜ ŀƴŘ ǘƘŜǊŜ ŀǊŜ мр Řŀȅǎ ǿƛǘƘ ŜŀǊƭȅ ǎǇƛƭƭƛƴƎ ǿƛǘƘ ŀŘŘƛǝƻƴŀƭ dry spilling days ƛƴ ǊŜƭŀǝǾŜƭȅ ƭƻǿ 

ǊŀƛƴŦŀƭƭΚ Lƴ aŀȅΩнмΣ ǘƘŜ ǊŀƛƴŦŀƭƭ ƛǎ ƎǊŜŀǘŜǊ ŀƴŘ ǘƘŜ ƅƻǿ ƎǊƻǿǎ ƛƴ ǎƛȊŜ ǿƛǘƘ ǘǊŜŀǘƳŜƴǘ ŀǘ мнл҈ ƻŦ 

ŎŀǇŀŎƛǘȅΦ 

 

 

 
Figure 25Υ ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ƅƻǿΣ 95a ŀƴŘ ǊŀƛƴŦŀƭƭ Řŀǘŀ ŦƻǊ ²ŜƭƭŜǎōƻǳǊƴŜ {¢² ŦƻǊ CŜōΣ aŀǊΣaŀȅ нлнм 
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Hinckley STW  t9 Ґ поΣопп нлнм ƻǇŜǊŀǝƻƴ Ґ ффΦро҈ нлнн ƻǇŜǊŀǝƻƴ Ґ фсΦсо҈ 

IƛƴŎƪƭŜȅ {¢² ŘƛǎŎƘŀǊƎŜǎ ǘƻ ǘƘŜ {ƪŜǘŎƘƭŜȅ .ǊƻƻƪΦ Lƴ нлнмΣ {ŜǾŜǊƴ ¢ǊŜƴǘ ²ŀǘŜǊ ǊŜǇƻǊǘŜŘ ŀ ǘƻǘŀƭ 

ǎǇƛƭƭƛƴƎ ǝƳŜ ƻŦ пΣлмуΦо ƘƻǳǊǎ ŦǊƻƳ ƛǘǎ ǎǘƻǊƳ ǘŀƴƪ ōǳǘ ŘƛŘ ƴƻǘ ǊŜǇƻǊǘ ŀƴ 95a ǎŜƴǎƻǊ ŜǊǊƻǊΦ 9ǾŜƴ Ƨǳǎǘ ŀ 

ƎƭŀƴŎŜ ŀǘ ǘƘŜ нлнм ƻǾŜǊǾƛŜǿ ŎƘŀǊǘ ŎƻƴŬǊƳǎ ǘƘŀǘ ǘƘŜ 95a ŜǊǊƻƴŜƻǳǎƭȅ ǊŜŎƻǊŘŜŘ ŀ ǎƛƴƎƭŜ ǎǇƛƭƭ ƻŦ 

ŀƭƳƻǎǘ с ƳƻƴǘƘǎ ƛƴ ƭŜƴƎǘƘΦ Lƴ WŀƴΣ CŜō ŀƴŘ aŀȅ ǘƘŜǊŜ ŎƭŜŀǊƭȅ ŀǊŜ ƳǳƭǝǇƭŜ ǎŜǊƛŜǎ ƻŦ ƛƴŘƛǾƛŘǳŀƭ ǎǇƛƭƭǎ 

ŘǳǊƛƴƎ ǇŜǊƛƻŘǎ ƻŦ ǊŀƛƴŦŀƭƭΦ ¢ƘŜΣ ǘƘŜǊŜ ƛǎ ŀ ƎŀǇ ƻŦ ǎŜǾŜǊŀƭ ǿŜŜƪǎ ǿƛǘƘ ƭƛǧƭŜ ƻǊ ƴƻ ǊŀƛƴŦŀƭƭ ǿƘŜǊŜ ǘƘŜ 

ǎŜǿŀƎŜ ǘǊŜŀǘƳŜƴǘ ŘƛǎǇƭŀȅǎ ŀ ǘȅǇƛŎŀƭ ŘǊȅ ǿŜŀǘƘŜǊ ŘƛǳǊƴŀƭ ǇŀǧŜǊƴ όFigΦ нсύ ŀƴŘ ǎǇƛƭƭǎ ǿŜǊŜ ǳƴƭƛƪŜƭȅΦ  

 

 
Figure 26Υ ŀƴƴǳŀƭ нлнм  ƻǾŜǊǾƛŜǿ ŀƴŘ !ǇǊƛƭ ƳƻƴǘƘƭȅ ŎƘŀǊǘǎ ŦƻǊ IƛƴŎƪƭŜȅ {¢²  

¢ƘŜ 95a ƛǎ ǳƴŘƻǳōǘŜŘƭȅ ǳƴǊŜƭƛŀōƭŜ ŦƻǊ ǘƘŜ ŬǊǎǘ с ƳƻƴǘƘǎ ƻŦ нлнм ŀƴŘ ǘƘŜ ŀƴƴǳŀƭ ǎǇƛƭƭƛƴƎ ǘƻǘŀƭ ƛǎ 

ƳǳŎƘ ŜȄŀƎƎŜǊŀǘŜŘΦ 
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Crowle STW (Worcester) t9 Ґ фпн нлнм ƻǇŜǊŀǝƻƴ Ґ ффΦрс҈ нлнн ƻǇŜǊŀǝƻƴ Ґ сфΦст҈ 

/ǊƻǿƭŜ {¢² ό²ƻǊŎŜǎǘŜǊύ ŘƛǎŎƘŀǊƎŜǎ ǘƻ ǘƘŜ .ƻǿ .ǊƻƻƪΣ ŀ ǘǊƛōǳǘŀǊȅ ƻŦ ǘƘŜ wƛǾŜǊ !ƴƪŜǊΦ [ƛƪŜ ǘƘŜ ƳǳŎƘ 

ƭŀǊƎŜǊ IƛƴŎƪƭŜȅ {¢² όt9ҐпоΣоппύΣ ǘƘŜ ǎƳŀƭƭŜǊ /ǊƻǿƭŜ {¢² όt9Ґфпнύ ǊŜǇƻǊǘŜŘ ŀƴ ŜȄǘǊŜƳŜƭȅ ƘƛƎƘ 

ŀƴƴǳŀƭ ǎǇƛƭƭƛƴƎ ǘƻǘŀƭ ŦƻǊ нлнм όоΣуопύ ǿƛǘƘ ƴƻ ŀŘƳƛǎǎƛƻƴ ƻŦ 95a ǎŜƴǎƻǊ ƛǎǎǳŜΦ LƴǎǇŜŎǝƻƴ ƻŦ ǘƘŜ 

ŀƴƴǳŀƭ ƻǾŜǊǾƛŜǿ ŎƘŀǊǘ ǊŜǾŜŀƭǎ ŜƛǘƘŜǊ ǾŜǊȅ ǳƴǊŜƭƛŀōƭŜ 95a Řŀǘŀ ƻǊ ŀǎ Ƴŀƴȅ ŀǎ мнт Řŀȅǎ ǿƛǘƘ ǇŜǊƳƛǘ 

ōǊŜŀŎƘŜǎ ƛƴǾƻƭǾƛƴƎ ŘǊȅ ǎǇƛƭƭǎ όCŜō млπмоΣΦ ½ƻƻƳƛƴƎ ƛƴ ƻƴ ǘƘŜ ŬǊǎǘ о ƳƻƴǘƘǎ ƻŦ нлнмΣ ǘƘŜǊŜ ŀǊŜ ŜŀǊƭȅ 

ǇƻǘŜƴǝŀƭ ŜŀǊƭȅ ǎǇƛƭƭǎΣ ŘǊȅ ǎǇƛƭƭǎ ŀƴŘ ǳƴǊŜƭƛŀōƭŜ ŜȄǘŜƴŘŜŘ ƛƴǘŜǊǾŀƭǎΦ 

 

 
Figure 27Υ ŀƴƴǳŀƭ нлнм ƻǾŜǊǾƛŜǿ ŀƴŘ WŀƴπaŀǊ ƳƻƴǘƘƭȅ ŎƘŀǊǘǎ ŦƻǊ /ǊƻǿƭŜ {¢² ό²ƻǊŎŜǎǘŜǊύ 
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нлнн ōŜƎƛƴǎ ǿƛǘƘ о ƳƻƴǘƘǎ ƻŦ ǾŀǊƛŀōƭŜ 95a ōŜƘŀǾƛƻǳǊ ǎƛƳƛƭŀǊ ǘƻ нлнмΣ ƭƛǧŜǊŜŘ ǿƛǘƘ ŜŀǊƭȅ ŀƴŘ ŘǊȅ 

ǎǇƛƭƭƛƴƎ ŘŜǇŜƴŘƛƴƎ ƻƴ ǿƘŜǊŜ ǘƘŜ 95a ƛǎ ǘƻ ōŜ ōŜƭƛŜǾŜŘΦ ¢ƘŜ ƭŀǎǘ о ƳƻƴǘƘǎ ƻŦ нлнн ŀǇǇŜŀǊǎ ǘƻ ǎƘƻǿ 

ƳǳŎƘ ƳƻǊŜ ōŜƭƛŜǾŀōƭŜ 95a Řŀǘŀ όFigΦ нуύΦ  

 
Figure 28Υ ŀƴƴǳŀƭ нлнм ƻǾŜǊǾƛŜǿ ŀƴŘ WŀƴπaŀǊ ƳƻƴǘƘƭȅ ŎƘŀǊǘǎ ŦƻǊ /ǊƻǿƭŜ {¢² ό²ƻǊŎŜǎǘŜǊύ 

 


