
i 

 

{ƻǳǘƘ IŀƳǎ wƛǾŜǊ LƳǇǊƻǾŜƳŜƴǘ tǊƻƧŜŎǘǎ 

 
2ÅÓÔÏÒÁÔÉÏÎ ÏÆ ÔÈÅ 5ÐÐÅÒ !ÖÏÎȡ 

'ÒÁÖÅÌ !ÕÇÍÅÎÔÁÔÉÏÎ -ÏÎÉÔÏÒÉÎÇ 3ÔÕÄÙ 
 

 

 

Cƛƴŀƭ wŜǇƻǊǘ 
5ŜŎŜƳōŜǊ нлмр 

 

 

 

 



ii 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Prepared for:  Westcountry Rivers Trust  
Rain Charm House  
Kyl Cober Parc, Callington  
Stoke Climsland, Cornwall PL17 8PH  

 
Prepared by:  Plymouth University  

School of Geography, Earth and Environmental Sciences  
Drake Circus  
Plymouth, Devon PL4 8AA  

 
Authors:  Peter Downs PhD, FRGS, CGeog (Geomorph)  

Claire Bithell BSc 
Victoria Keele BSc    

 



iii 

 

Table of Contents 

¢ŀōƭŜ ƻŦ /ƻƴǘŜƴǘǎ ............................................................................................. ƛƛƛ 

[ƛǎǘ ƻŦ CƛƎǳǊŜǎ ................................................................................................... ƛǾ 

[ƛǎǘ ƻŦ ¢ŀōƭŜǎ ..................................................................................................... Ǿ 

м .ŀŎƪƎǊƻǳƴŘ .................................................................................................. с 

н {ǘǳŘȅ /ƻƴǘŜȄǘ ............................................................................................... у 

нΦм /ŀǘŎƘƳŜƴǘ ...................................................................................................... у 

нΦн tƛƭƻǘ !ǳƎƳŜƴǘŀǘƛƻƴ ........................................................................................ ф 

о aŜǘƘƻŘǎ..................................................................................................... мн 

оΦм wŜŎƻƴƴŀƛǎǎŀƴŎŜΥ ƳƻǊǇƘƻƭƻƎȅΣ Ƙŀōƛǘŀǘ ŀƴŘ ǎŜŘƛƳŜƴǘ .................................. мн 

оΦн IȅŘǊƻƭƻƎƛŎŀƭ /ƘŀǊŀŎǘŜǊƛǎŀǘƛƻƴ ...................................................................... мо 

оΦо .ǳƭƪ .ŜŘƭƻŀŘ {ŜŘƛƳŜƴǘ ¢ǊŀƴǎǇƻǊǘ - LƳǇŀŎǘ tƭŀǘŜǎ ...................................... мо 

оΦп wCL5 {ŜŘƛƳŜƴǘ ¢ŀƎƎƛƴƎ ................................................................................ мп 

оΦпΦм ¢ǊŀŎŜǊ tǊŜǇŀǊŀǘƛƻƴ ............................................................................................ мп 

оΦпΦн 5ŜǇƭƻȅƳŜƴǘ ...................................................................................................... мс 

оΦпΦо ¢ǊŀŎƪƛƴƎ ............................................................................................................. мт 

п wŜǎǳƭǘǎ ....................................................................................................... му 

пΦм /ƘŀƴƴŜƭ ŎƘŀǊŀŎǘŜǊƛǎŀǘƛƻƴ ............................................................................. му 

пΦн IȅŘǊƻƭƻƎȅ ..................................................................................................... нл 

пΦо .ŜŘƭƻŀŘ {ŜŘƛƳŜƴǘ ¢ǊŀƴǎǇƻǊǘ ....................................................................... но 

пΦп 5ȅƴŀƳƛŎǎ ƻŦ ¢ŀƎƎŜŘ tŀǊǘƛŎƭŜǎ ...................................................................... нр 

р !ƴŀƭȅǎŜǎ ..................................................................................................... ол 

рΦм tŀǊǘƛŎƭŜ ŘƛǎǇŜǊǎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ .................................................................. ол 

рΦн 9ǾŜƴǘ-ōŀǎŜŘ Ƴƻōƛƭƛǘȅ ƻŦ ŀǳƎƳŜƴǘŜŘ ƎǊŀǾŜƭǎ ............................................... ор 

рΦнΦм {ŜŘƛƳŜƴǘ ǘǊŀƴǎǇƻǊǘ ǾƻƭǳƳŜ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ŜƴŜǊƎȅ ŀǇǇƭƛŜŘ ............................... ос 

рΦнΦн {ŜŘƛƳŜƴǘ ǘǊŀƴǎǇƻǊǘ ŘƛǎǘŀƴŎŜ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ŜƴŜǊƎȅ ŀǇǇƭƛŜŘ .............................. оу 

рΦнΦо {ŜŘƛƳŜƴǘ ǘǊŀƴǎǇƻǊǘ ŘƛǎǘŀƴŎŜ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǎŜŘƛƳŜƴǘ ǘǊŀƴǎǇƻǊǘ ǾƻƭǳƳŜ.......... пл 

с hōǎŜǊǾŀǘƛƻƴǎ ŀƴŘ tǊƻǾƛǎƛƻƴŀƭ wŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ........................................ пм 

сΦм aŜǘƘƻŘǎ ....................................................................................................... пм 

сΦмΦм LƳǇŀŎǘ tƭŀǘŜǎ .................................................................................................... пм 

сΦмΦн wCL5 ǘǊŀŎŜǊǎ ....................................................................................................... пм 

сΦн ¢ǊŀŎŜǊ ŘȅƴŀƳƛŎǎ ŀƴŘ ƭŜǎǎƻƴǎ ŦƻǊ ŀǳƎƳŜƴǘŀǘƛƻƴ .......................................... пн 

т wŜŦŜǊŜƴŎŜǎ ................................................................................................. пр 

 



iv 

 

List of Figures 

CƛƎǳǊŜ мΦ [ƻŎŀǘƛƻƴ ƻŦ wƛǾŜǊ !ǾƻƴΣ 5ŜǾƻƴ όǎƻǳǊŎŜΥ bΦ WŀŎƪǎƻƴ нлмпΣ ǳƴǇǳōƭƛǎƘŜŘ  a{Ŏ 

5ƛǎǎŜǊǘŀǘƛƻƴύ ........................................................................................................... ф 

CƛƎǳǊŜ нΦ hǾŜǊǾƛŜǿ ƻŦ ŀǳƎƳŜƴǘŀǘƛƻƴ ǎƛǘŜǎ ŀƴŘ ǘǊŀŎŜǊ ƎǊŀǾŜƭ ƭƻŎŀǘƛƻƴǎΦ .............................. мм 

CƛƎǳǊŜ оΦ !Σ . ŀƴŘ / ŀȄŜǎ ƻŦ ƎǊŀǾŜƭ ό¦ƴƛǾŜǊǎƛǘȅ ƻŦ ²ƛǎŎƻƴǎƛƴύΦ  .ȅ ŎƻƴǾŜƴǘƛƻƴΣ ƎǊŀǾŜƭ ǎƛȊŜ ƛǎ 

ŎƘŀǊŀŎǘŜǊƛǎŜŘ ōȅ ƛǘǎ ō-ŀȄƛǎΣ ǿƘƛŎƘ ƛǎ ǘƘŜ ŀȄŜǎ ǘƘŀǘ ŎƻƴǎǘǊŀƛƴǎ ǎŜŘƛƳŜƴǘ ǇŀǎǎƛƴƎ 

ǘƘǊƻǳƎƘ ŀ ǎƛŜǾŜΦ .................................................................................................... мн 

CƛƎǳǊŜ пΦ όŀύ {ŎƘŜƳŀǘƛŎ ŘƛŀƎǊŀƳ ƻŦ ŀ Ǝƭŀǎǎ ǘǊŀƴǎǇƻƴŘŜǊ όCƛƴƪŜƴȊŜƭƭŜǊΣ нллоύ ŀƴŘ όōύ 

ǇƘƻǘƻƎǊŀǇƘ ƻŦ ǘƘŜ ǘŀƎ ǳǎŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ .............................................................. мр 

CƛƎǳǊŜ рΦ ¢ŀƎƎŜŘ ŀǳƎƳŜƴǘŜŘ ǘǊŀŎŜǊ ǎŜŘƛƳŜƴǘǎ ŘǳǊƛƴƎ ǇǊŜǇŀǊŀǘƛƻƴ .................................... мр 

CƛƎǳǊŜ сΦ CƛŜƭŘ ǘǊŀŎƛƴƎ ƻŦ tL¢ ǘŀƎƎŜŘ ǎŜŘƛƳŜƴǘǎ ŀǘ ǘƘŜ 5ƛŘǿƻǊǘƘȅ ǎƛǘŜΦ  ²ƛǘƘƛƴ лΦпр Ƴ ƻŦ ǘƘŜ 

ǘŀƎƎŜŘ ǇŀǊǘƛŎƭŜΣ ǘƘŜ ǊŜŀŘŜǊ ǎŜƴŘǎ ŀƴ ŀǳŘƛōƭŜ ōƭŜŜǇ ǘƻ ǘƘŜ ƘŜŀŘǇƘƻƴŜǎ όŀǾƻƛŘƛƴƎ 

ǘƘŜ ŎƻƳǇŜǘƛƴƎ ǎƻǳƴŘ ƻŦ ǿŀǘŜǊύ ǿƘƛƭŜ ǘƘŜ ǘŀƎ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƛǎ ŘƛǎǇƭŀȅŜŘ ƻƴ ǘƘŜ 

ǊŜŀŘŜǊ ŀǊƻǳƴŘ ǘƘŜ ǎǳǊǾŜȅƻǊΩǎ ǿŀƛǎǘΦ ..................................................................... мт 

CƛƎǳǊŜ тΦ DǊŀƛƴ ǎƛȊŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ΨŀǳƎƳŜƴǘŜŘΩΣ ΨƴŀǘƛǾŜΩ ŀƴŘ ΨŀōƻǾŜ ŘŀƳ ƴŀǘƛǾŜΩ ǎŜŘƛƳŜƴǘ 

ǎŀƳǇƭŜǎ ................................................................................................................. мф 

CƛƎǳǊŜ уΦ Cƭƻǿ ŘǳǊŀǘƛƻƴ ŎǳǊǾŜ ƻŦ Řŀƛƭȅ ƳŜŀƴ Ŧƭƻǿ ŜƭŜǾŀǘƛƻƴǎ ŀōƻǾŜ ŘŀǘǳƳ ŀǘ ǘƘŜ 5ƛŘǿƻǊǘƘȅ 

ƎŀǳƎŜ ŦǊƻƳ ²ŀǘŜǊ ¸ŜŀǊ нллп ǘƻ нлмрΣ ƛƴŎƭǳǎƛǾŜΦ   !ǇǇŀǊŜƴǘƭȅ  ŘƛŦŦŜǊŜƴǘ ōŀǎŜ ƭŜǾŜƭǎ 

ŦƻǊ ǘƘŜ ƎŀǳƎŜΣ ŜǎǇŜŎƛŀƭƭȅ ŘǳǊƛƴƎ нлмр όǊŜŘ ŎǳǊǾŜύ ŎƻƳǇƭƛŎŀǘŜ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴΦ ..... нм 

CƛƎǳǊŜ фΦ Cƭƻǿ ŘǳǊŀǘƛƻƴ ŎǳǊǾŜ ƻŦ ǘƘŜ ƘƛƎƘŜǎǘ нл҈ ƻŦ Řŀƛƭȅ ƳŜŀƴ Ŧƭƻǿ ŜƭŜǾŀǘƛƻƴǎ ŀōƻǾŜ 

ŘŀǘǳƳ ŀǘ ǘƘŜ 5ƛŘǿƻǊǘƘȅ ƎŀǳƎŜ ŦǊƻƳ ²ŀǘŜǊ ¸ŜŀǊ нллп ǘƻ нлмрΣ ƛƴŎƭǳǎƛǾŜΦ .......... нм 

CƛƎǳǊŜ млΦ όŀύ Cƭƻǿ ŘǳǊŀǘƛƻƴ ŎǳǊǾŜ ƻŦ Řŀƛƭȅ ƳŜŀƴ Ŧƭƻǿǎ ŀǘ [ƻŘŘƛǎǿŜƭƭΣ ƻƴ ǘƘŜ ƭƻǿŜǊ wƛǾŜǊ 

!ǾƻƴΣ ŦƻǊ ²ŀǘŜǊ ¸ŜŀǊǎ нлмн-нлмрΦ  όōύ aŀƎƴƛŦƛŜŘ ƛƭƭǳǎǘǊŀǘƛƻƴ ƻŦ ǘƘŜ ƘƛƎƘŜǎǘ нл҈ 

ƻŦ ƳŜŀƴ Řŀƛƭȅ Ŧƭƻǿǎ ŦƻǊ нлмн-нлмрΦ ...................................................................... нн 

CƛƎǳǊŜ ммΦ wŜŎƻǊŘǎ ƻŦ ǎŜŘƛƳŜƴǘ ƛƳǇŀŎǘ Ŏƻǳƴǘǎ ŀǘ ŜŀŎƘ ƻŦ ǘƘŜ ƛƳǇŀŎǘ ǇƭŀǘŜǎΦ  ¢ƘŜ ƛƳǇŀŎǘ 

ǇƭŀǘŜǎ ǊŜŎƻǊŘ ǎŜŘƛƳŜƴǘ ǇŀǊǘƛŎƭŜǎ ƛƴ ŜȄŎŜǎǎ ƻŦ Ϥмл ƳƳ ŀǎ  ōŜƭƻǿ ŜŀŎƘ ƻŦ ǘƘŜ 

ŀǳƎƳŜƴǘŀǘƛƻƴ ǎƛǘŜǎΦ  bƻǘŜ ŘƛŦŦŜǊŜƴŎŜ ƛƴ ȅ-ŀȄƛǎ ǎŎŀƭŜ ōŜǘǿŜŜƴ ŜŀŎƘ ǎƛǘŜΦ ............. нп 

CƛƎǳǊŜ мнΦ 5ƛǎǘǊƛōǳǘƛƻƴ ƻŦ ǊŜŎƻǾŜǊŜŘ ǘǊŀŎŜǊ ǇŀǊǘƛŎƭŜǎ ōŜƭƻǿ ǘƘŜ 5ƛŘǿƻǊǘƘȅ ŀǳƎƳŜƴǘŀǘƛƻƴ ǎƛǘŜ 

όǊŜŘ ōƻȄύΦ  όŀύ ǇŀǊǘƛŎƭŜ ǊŜŎƻǾŜǊȅ ƛƴ ƭŀǘŜ WŀƴǳŀǊȅ нлмрΣ όōύ ǇŀǊǘƛŎƭŜǎ ǊŜŎƻǾŜǊȅ ƛƴ 

ŜŀǊƭȅ {ŜǇǘŜƳōŜǊ нлмрΦ   tŀǊǘƛŎƭŜǎ ǎƘƻǿƴ ƻǳǘ ƻŦ ŎƘŀƴƴŜƭ ŀǊŜ ƛƴ ŎƘŀƴƴŜƭ ƳŀǊƎƛƴǎ 

ƴƻǘ ǿŜƭƭ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ ōŀǎŜ ƳŀǇΦ ................................................................ нс 

CƛƎǳǊŜ моΦ wŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǇŀǊǘƛŎƭŜ ǘǊŀǾŜƭ ŘƛǎǘŀƴŎŜ ŀƴŘ ǇŀǊǘƛŎƭŜ ǎƛȊŜ όŀΣ ŎΣ ŜΣ Ǝύ ŀƴŘ 

Ƴŀǎǎ όōΣ ŘΣ ŦΣ Ƙύ ŦƻƭƭƻǿƛƴƎ ŦƛǊǎǘ ǘǊŀŎŜǊ ǊŜŎƻǾŜǊȅΦ .................................................... ом 



v 

 

CƛƎǳǊŜ мпΦ wŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǘƻǘŀƭ ǇŀǊǘƛŎƭŜ ǘǊŀǾŜƭ ŘƛǎǘŀƴŎŜ ŀƴŘ ǇŀǊǘƛŎƭŜ ǎƛȊŜ όŀΣ ŎΣ ŜΣ Ǝύ 

ŀƴŘ Ƴŀǎǎ όōΣ ŘΣ ŦΣ Ƙύ ŦƻƭƭƻǿƛƴƎ ǎŜŎƻƴŘ ǘǊŀŎŜǊ ǊŜŎƻǾŜǊȅΦ ........................................ он 

CƛƎǳǊŜ мрΦ wŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ǇŀǊǘƛŎƭŜ ǘǊŀǾŜƭ ŘƛǎǘŀƴŎŜ ŀƴŘ ǇŀǊǘƛŎƭŜ ǎƛȊŜ όŀΣ ŎΣ ŜΣ Ǝύ ŀƴŘ 

Ƴŀǎǎ όōΣ ŘΣ ŦΣ Ƙύ ŦƻƭƭƻǿƛƴƎ ŦƛǊǎǘ ǘǊŀŎŜǊ ǊŜŎƻǾŜǊȅΦ .................................................... оп 

CƛƎǳǊŜ мсΦ 9ǾŜƴǘ-ǎŎŀƭŜ ōŜŘƭƻŀŘ ǘǊŀƴǎǇƻǊǘΣ ŜȄǇǊŜǎǎŜŘ ŀǎ ǘƻǘŀƭ ƛƳǇŀŎǘǎΣ ŀǎ ŀ ŦǳƴŎǘƛƻƴ ƻŦ 

ŀǇǇƭƛŜŘ ŜƴŜǊƎȅ ŦƻǊ ǎŜŘƛƳŜƴǘ ǘǊŀƴǎǇƻǊǘ ǇŜǊ ŜǾŜƴǘΣ ŜȄǇǊŜǎǎŜŘ ŀǎ ǇŜŀƪ ǎǘŀƎŜ ƻǾŜǊ 

ōŀǎŜŦƭƻǿ όƳύΥ όŀύ ŦƻǊ ǘƘŜ ŜƴǘƛǊŜ ƳƻƴƛǘƻǊƛƴƎ ǇŜǊƛƻŘΣ όōύ ŦƻǊ ǘƘŜ ǇŜǊƛƻŘ ƳƻƴƛǘƻǊƛƴƎ 

ǇŜǊƛƻŘǎΣ ǎŜǇŀǊŀǘŜƭȅΦ ............................................................................................... от 

CƛƎǳǊŜ мтΦ 9ǾŜƴǘ-ǎŎŀƭŜ ǘǊŀƴǎǇƻǊǘ ŘƛǎǘŀƴŎŜǎΣ ōȅ ƎǊŀƛƴ ǎƛȊŜ ŎŀǘŜƎƻǊȅΣ ŀǎ ŀ ŦǳƴŎǘƛƻƴ ƻŦ 

ŎǳƳǳƭŀǘƛǾŜ ŀǇǇƭƛŜŘ ŜƴŜǊƎȅ ŦƻǊ ǎŜŘƛƳŜƴǘ ǘǊŀƴǎǇƻǊǘΣ ŜȄǇǊŜǎǎŜŘ ŀǎ ǘƻǘŀƭ ŜǾŜƴǘ ǇŜŀƪ 

ǎǘŀƎŜ ƻǾŜǊ ōŀǎŜŦƭƻǿ όƳύΥ όŀύ ŎƻƭǳƳƴ ŎƘŀǊǘ ƘƛƎƘƭƛƎƘǘƛƴƎ ƛƴŘƛǾƛŘǳŀƭ Řŀǘŀ ǇƻƛƴǘǎΣ όōύ 

ǎŎŀǘǘŜǊ ƎǊŀǇƘ ƘƛƎƘƭƛƎƘǘƛƴƎ ƭƛƴŜŀǊ ǊŜƭŀǘƛƻƴǎƘƛǇǎΦ .................................................... оф 

CƛƎǳǊŜ муΦ 9ǾŜƴǘ-ǎŎŀƭŜ ǘǊŀƴǎǇƻǊǘ ŘƛǎǘŀƴŎŜǎΣ ōȅ ƎǊŀƛƴ ǎƛȊŜ ŎŀǘŜƎƻǊȅΣ ŀǎ ŀ ŦǳƴŎǘƛƻƴ ƻŦ 

ŎǳƳǳƭŀǘƛǾŜ ƛƳǇŀŎǘǎ ǊŜǇǊŜǎŜƴǘƛƴƎ ōŜŘƭƻŀŘ ǘǊŀƴǎǇƻǊǘΦ  tƻǿŜǊ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ǎƘƻǿƴ 

ŀǎ ǇƻǿŜǊǎ ŘŜǇŀǊǘ ŦǊƻƳ ǳƴƛǘȅΦ ................................................................................ пл 

 

List of Tables 

¢ŀōƭŜ мΥ  ¢ŀǊƎŜǘ ǎƛǘŜǎ ŦƻǊ ǎŜŘƛƳŜƴǘ ǘǊŀŎƛƴƎ .......................................................................... мл 

¢ŀōƭŜ нΥ  {ǳƳƳŀǊȅ ǎƛȊŜ ǇŀǊŀƳŜǘŜǊǎ ƻŦ ǘǊŀŎŜǊ ǎŜŘƛƳŜƴǘǎ .................................................... мф 

¢ŀōƭŜ пΥ  wŜŎƻǾŜǊȅ ǊŀǘŜǎ ŦǊƻƳ ŦƛǊǎǘ ǘǊŀŎŜǊ ǊŜŎƻǾŜǊȅ ............................................................. нр 

¢ŀōƭŜ рΥ   tŀǊǘƛŎƭŜ ǊŜŎƻǾŜǊȅ ǎǘŀǘƛǎǘƛŎǎ ŀǘ 5ƛŘǿƻǊǘƘȅ .............................................................. нт 

¢ŀōƭŜ сΥ   ¢ǊŀǾŜƭ ŘƛǎǘŀƴŎŜ ǎǘŀǘƛǎǘƛŎǎ ŦƻǊ ǇŀǊǘƛŎƭŜǎ ǊŜŎƻǾŜǊŜŘ ŦƻƭƭƻǿƛƴƎ ŦƛǊǎǘ ǎǳǊǾŜȅ ................ нт 

¢ŀōƭŜ тΥ   /ǳƳǳƭŀǘƛǾŜ ǘǊŀǾŜƭ ŘƛǎǘŀƴŎŜ ǎǘŀǘƛǎǘƛŎǎ ŦƻǊ ǇŀǊǘƛŎƭŜǎ ǊŜŎƻǾŜǊŜŘ ŦƻƭƭƻǿƛƴƎ ǎŜŎƻƴŘ 

ǎǳǊǾŜȅ.................................................................................................................... нт 

¢ŀōƭŜ уΥ   ¢ǊŀǾŜƭ ŘƛǎǘŀƴŎŜ ǎǘŀǘƛǎǘƛŎǎ ŦƻǊ ǇŀǊǘƛŎƭŜǎ ǊŜŎƻǾŜǊŜŘ ƛƴ ōƻǘƘ ǎǳǊǾŜȅǎ ......................... нт 

 



6 

 

1 Background 

¢ƘŜ ƛƳǇŀŎǘ ƻŦ ƭŀǊƎŜ ŘŀƳǎ ƻƴ ǊƛǾŜǊ ǎȅǎǘŜƳǎ ƛǎ ǘƻ ŦǊŀƎƳŜƴǘ ŎŀǘŎƘƳŜƴǘ ŦƭǳȄŜǎ ƻŦ ǿŀǘŜǊΣ 

ǎŜŘƛƳŜƴǘ ŀƴŘ ƴǳǘǊƛŜƴǘǎ ǿƛǘƘ ǇƻǘŜƴǘƛŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇŀŎǘ ƻƴ ƴŀǘƛǾŜ ŦƭƻǊŀ ŀƴŘ Ŧŀǳƴŀ 

ό/ŀƛǊƴǎ мффрΤ DǊŀŦ нллмύΦ hŦ ǇŀǊǘƛŎǳƭŀǊ ƴƻǘŜΣ ƭŀǊƎŜ ŘŀƳǎ ǘƻǘŀƭƭȅ ŘƛǎŎƻƴƴŜŎǘ ǘƘŜ ǳǇπ

ǎǘǊŜŀƳ ŎƻŀǊǎŜ ǎŜŘƛƳŜƴǘ ǎǳǇǇƭȅ ƻŦǘŜƴ ǊŜǎǳƭǘƛƴƎ ƛƴ ǇǊƻƎǊŜǎǎƛǾŜ ǎŜŘƛƳŜƴǘ ŜȄƘŀǳǎǘƛƻƴ 

ŘƻǿƴǎǘǊŜŀƳ ŀƴŘ ƭŜŀŘƛƴƎ ǘƻ ŎƘŀƴƴŜƭ ƛƴŎƛǎƛƻƴΣ Ƙŀōƛǘŀǘ ǎƛƳǇƭƛŦƛŎŀǘƛƻƴ ŀƴŘ ŀƴ ƛƳōŀƭŀƴŎŜ 

ōŜǘǿŜŜƴ ǾƻƭǳƳŜǎ ƻŦ ŎƻŀǊǎŜ ŀƴŘ ŦƛƴŜ ǎŜŘƛƳŜƴǘ ƻƴ ǘƘŜ ŎƘŀƴƴŜƭ ōŜŘ όŜΦƎΦΣ tŜǘǘǎ мфтфΣ 

мфунΣ мфупΤ ²ƛƭƭƛŀƳǎ ŀƴŘ ²ƻƭƳŀƴ мфупΤ [ƛƎƻƴ Ŝǘ ŀƭΦ мффрύΦ !ǇǇǊƻŀŎƘŜǎ ǘƻ ƻŦŦǎŜǘ ǘƘƛǎ 

ƛƳǇŀŎǘ ƛƴŎƭǳŘŜ ǘƘŜ ǳǎŜ ƻŦ ǇǊƻƎǊŀƳƳŀǘƛŎ ƎǊŀǾŜƭ ŀǳƎƳŜƴǘŀǘƛƻƴΣ ǎƻƳŜǘƛƳŜǎ ƛƴ ŎƻƳōƛƴŀπ

ǘƛƻƴ ǿƛǘƘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ Ŧƭƻǿ ǊŜƭŜŀǎŜǎ όŀƪŀ ŦƭǳǎƘƛƴƎ ŦƭƻǿǎύΣ ǘƻ ōƻǘƘ ŘƛǊŜŎǘƭȅ ǊŜǇƭŜƴƛǎƘ 

ǎǇŀǿƴƛƴƎ ŀƴŘ ǊŜŀǊƛƴƎ Ƙŀōƛǘŀǘǎ ŘƻǿƴǎǘǊŜŀƳ ŀƴŘ ǘƻ ǇŀǊǘƛŀƭƭȅ ǊŜǎǘƻǊŜ ǘƘŜ ǎŜŘƛƳŜƴǘ 

ǘǊŀƴǎǇƻǊǘ ŘȅƴŀƳƛŎǎ ǘƘŀǘ ŀǊŜ ƛƴǘŜƎǊŀƭ ǘƻ ǘƘŜ ƭƛŦŜŎȅŎƭŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ǎŜƴǘƛƴŜƭ ǎǇŜŎƛŜǎ 

ǎǳŎƘ ŀǎ ǎŀƭƳƻƴƛŘǎΦ 

 

Programmes of gravel augmentation ideally require careful planning to maximise 

their potential for benefit, including: 

¶ YƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ ƭƛŦŜŎȅŎƭŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ǘƘŜ ǘŀǊƎŜǘ ōƛƻƭƻƎƛŎŀƭ ǇƻǇǳƭŀǘƛƻƴ 

ǎǳŎƘ ŀǎ  ǇǊŜŦŜǊǊŜŘ ǎŜŘƛƳŜƴǘ ǎƛȊŜǎ ŦƻǊ ǎǇŀǿƴƛƴƎ ŀƴŘ ǊŜŀǊƛƴƎ ŀƴŘ ǘƘŜ ǇǊŜŦŜǊǊŜŘ 

Ŧƭƻǿ ǊŜƎƛƳŜΤ 

¶ !ƴ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ ōŜǎǘ ǇǊŀŎǘƛŎŀōƭŜ ƭƻŎŀǘƛƻƴǎ ŦƻǊ ŀǳƎƳŜƴǘŀǘƛƻƴ ŀƴŘ ǇǊŜπ

ŦŜǊǊŜŘ ƳŜǘƘƻŘǎ ƻŦ ƛƴǎǘǊŜŀƳ ǇƭŀŎŜƳŜƴǘ ƻŦ ǘƘŜ ƎǊŀǾŜƭΦ  ¢ƘŜǎŜ ŘŜǇŜƴŘ ƻƴ 

ǇƘȅǎƛŎŀƭ ŦŀŎǘƻǊǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ŜƴŜǊƎŜǘƛŎǎ ƻŦ ǎŜŘƛƳŜƴǘ ǘǊŀƴǎǇƻǊǘ ǇǊƻŎŜǎǎŜǎ 

ŀƴŘ ǎƛǘŜ-ǎǇŜŎƛŦƛŎ ŎƻƴǎǘǊŀƛƴǘǎ ƻƴ ŀŎŎŜǎǎƛōƛƭƛǘȅ ǿƛǘƘƛƴ ǘƘŜ ŀǳƎƳŜƴǘŀǘƛƻƴ ȊƻƴŜΤ  

¶ !ƴ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǎŜŘƛƳŜƴǘ ǾƻƭǳƳŜ ŀƴŘ ŎŀƭƛōǊŜ ǊŜǉǳƛǊŜŘΣ ŀƴŘ ŦǊŜǉǳŜƴŎȅ ƻŦ 

ŀǳƎƳŜƴǘŀǘƛƻƴΣ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘŜ ǊƛǾŜǊΩǎ ŎŀǇŀŎƛǘȅ ŦƻǊ ǎŜŘƛƳŜƴǘ ǘǊŀƴǎǇƻǊǘ 

ŀƴŘ ǘƘŜ ǊŜǎƻǳǊŎŜǎ ŀǾŀƛƭŀōƭŜ ŦƻǊ ƻōǘŀƛƴƛƴƎ ǎŜŘƛƳŜƴǘΦ 

 

²ƘƛƭŜ ǘŜŎƘƴƛǉǳŜǎ ŦƻǊ ǘƘŜ ƳƛǘƛƎŀǘƛƻƴ ƻŦ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ƭŀǊƎŜ ŘŀƳǎ ŀǊŜ ǿŜƭƭ ƪƴƻǿƴ ŀƴŘΣ 

ƛƴ ǎƻƳŜ ǊŜƎŀǊŘǎΣ ǎƛƳǇƭŜ ǘƻ ƛƳǇƭŜƳŜƴǘΣ ǘƘŜƛǊ ǎȅǎǘŜƳŀǘƛŎ ŀǇǇƭƛŎŀǘƛƻƴ ŀƴŘ ƳƻƴƛǘƻǊƛƴƎ ƛǎ 

ŦŀǊ ƭŜǎǎ ǿŜƭƭ ŜǎǘŀōƭƛǎƘŜŘ ŀƴŘ ǎƻ ǘƘŜ ƭŜŀǊƴƛƴƎ ǇƻǘŜƴǘƛŀƭ ŦǊƻƳ ǇǊŜǾƛƻǳǎ ǇǊƻƧŜŎǘǎ ƛǎ ƎŜƴŜǊπ

ŀƭƭȅ ƳƛƴƛƳŀƭΦ CǳǊǘƘŜǊΣ ƛǘ Ƙŀǎ ƭƻƴƎ ōŜŜƴ ǳƴŘŜǊǎǘƻƻŘ ǘƘŀǘ ŀŎƘƛŜǾƛƴƎ ŀ ōŀƭŀƴŎŜ ōŜǘǿŜŜƴ 

ǘƘŜ ǾƻƭǳƳŜ ƻŦ ƳŀǘŜǊƛŀƭ ƛƴǘǊƻŘǳŎŜŘ ŀƴŘ ǘƘŜ ŎŀǇŀŎƛǘȅ ƻŦ ǘƘŜ ǊŜƎǳƭŀǘŜŘ Ŧƭƻǿǎ ǘƻ 

ǘǊŀƴǎǇƻǊǘ ǘƘŜ ƳŀǘŜǊƛŀƭ ǘƻ ƳŜŜǘ Ƙŀōƛǘŀǘ Ǝƻŀƭǎ ŀǎ ŜŦŦƛŎƛŜƴǘƭȅ ŀǎ ǇƻǎǎƛōƭŜ ƛǎ ǘŜŎƘƴƛŎŀƭƭȅ 

ǾŜǊȅ ŎƘŀƭƭŜƴƎƛƴƎ όYƻƴŘƻƭŦ ŀƴŘ ²ƛƭŎƻŎƪ мффсύΦ 

 

!ǎ ǇŀǊǘ ƻŦ ŀ ǎǳŎŎŜǎǎŦǳƭ ōƛŘ ǘƻ ǘƘŜ /ŀǘŎƘƳŜƴǘ wŜǎǘƻǊŀǘƛƻƴ CǳƴŘΣ ǘƘŜ ²ŜǎǘŎƻǳƴǘǊȅ wƛǾŜǊǎ 

¢Ǌǳǎǘ ό²w¢ύ ŀǊŜ ǳƴŘŜǊǘŀƪƛƴƎ ŀƴ ŜȄǇŜǊƛƳŜƴǘŀƭ ǇǊƻƎǊŀƳƳŜ ǿƘŜǊŜōȅ ƎǊŀǾŜƭǎ ƛƴ ǊŜŀŎƘŜǎ 

ōŜƭƻǿ ǘƘŜ !Ǿƻƴ 5ŀƳ ƘŀǾŜ ōŜŜƴ ŀǳƎƳŜƴǘŜŘ ƛƴ ƻǊŘŜǊ ǘƻ ƛƳǇǊƻǾŜ ǎŀƭƳƻƴƛŘ ǎǇŀǿƴƛƴƎ 

ŀƴŘ ǊŜŀǊƛƴƎ Ƙŀōƛǘŀǘ ƛƴ ǘƘŜ ǳǇǇŜǊ ǊŜŀŎƘŜǎ ƻŦ ǘƘŜ 5ŜǾƻƴ wƛǾŜǊ !ǾƻƴΦ !ǳƎƳŜƴǘŀǘƛƻƴ ƻŦ 
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ƎǊŀǾŜƭǎΣ ŘƻǿƴǎǘǊŜŀƳ ƻŦ ǘƘŜ оо-Ƴ ƘƛƎƘ ŎƻƴŎǊŜǘŜ ǎǘǊǳŎǘǳǊŜ ǘƘŀǘ ƛǎ ǘƘŜ !Ǿƻƴ 5ŀƳΣ ƛǎ ŜȄπ

ǇŜŎǘŜŘ ǘƻ ǇŀǊǘƛŀƭƭȅ ƻŦŦǎŜǘ ƛƴǘŜǊǊǳǇǘƛƻƴǎ ƛƴ ŘƻǿƴǎǘǊŜŀƳ ŎƻŀǊǎŜ ǎŜŘƛƳŜƴǘ ŎƻƴƴŜŎǘƛǾƛǘȅ 

ŎŀǳǎŜŘ ōȅ ǘƘŜ ǎŜŘƛƳŜƴǘ ǘǊŀǇǇƛƴƎ ŎŀǇŀōƛƭƛǘȅ ƻŦ ǘƘŜ ŘŀƳ ǿƘƛŎƘ Ƙŀǎ ōŜŜƴ ƻŎŎǳǊǊƛƴƎ 

ǎƛƴŎŜ ŎƻƳǇƭŜǘƛƻƴ ƻŦ ǘƘŜ ŘŀƳ ŀƴŘ ƛǘǎ ƛƳǇƻǳƴŘƳŜƴǘ ƛƴ мфртΦ 

 

¢ƘŜ Ǝƻŀƭ ƻŦ ǘƘƛǎ ǇǊƻƧŜŎǘ ǿŀǎ ǘƻ ƳƻƴƛǘƻǊ ǘƘŜ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ ƎǊŀǾŜƭ ŀǳƎƳŜƴǘŀǘƛƻƴ ǇǊŀŎπ

ǘƛŎŜǎ ŘǳǊƛƴƎ ǘƘŜ ŦƛǊǎǘ ȅŜŀǊ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ Ǉƛƭƻǘ ŀŎǘƛƻƴǎ ƛƴ ǘǿƻ 

ƭƻŎŀǘƛƻƴǎ ƻƴ ǘƘŜ ǳǇǇŜǊ wƛǾŜǊ !Ǿƻƴ ŀƴŘ ƛǘǎ ǘǊƛōǳǘŀǊȅ .ŀƭŀ .ǊƻƻƪΦ   

 

{ǇŜŎƛŦƛŎ ƻōƧŜŎǘƛǾŜǎ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ƛƴŎƭǳŘŜŘΥ  

1. Initial advice on the calibre, volume and location strategy for gravel augmen-

tation for the upper River Avon. 

2. Characterisation of the surface channel bed sediments and assess apparent 

morphological impacts of the dams on the upper River Avon. 

3. Laboratory preparation and field distribution of a sample of RFID-tagged 

tracer gravels within the upper Avon pilot augmentation reaches. 

4. Installation of three impact plate geophones in the bed of the upper Avon to 

provide corroboratory understanding of sediment transporting events. 

5. Periodic tracking of RFID gravels following high flow events. Located tags will 

be left in situ to record further movements. Techniques will be refined as we 

better understand challenges associated with tracing in this upland channel. 

6. Report on the apparent gravel mobility on the Avon based on a combination 

tracer movement, rates of transport indicated by the impact plate, and a 

record of instantaneous discharges obtained from the upper Avon gauge. 

The results will be used to provide further advice on best-practice augmenta-

tion for the Avon. 

 
¢Ƙƛǎ ǊŜǇƻǊǘ ǇǊŜǎŜƴǘǎ ŀƴ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ǘǊŀŎŜǊ ƳƻƴƛǘƻǊƛƴƎ ƻƴ ǘƘŜ ǳǇǇŜǊ wƛǾŜǊ !Ǿƻƴ ŘǳǊπ

ƛƴƎ ²ŀǘŜǊ ¸ŜŀǊ нлмрΦ  ¢ƘŜ ƪƴƻǿƭŜŘƎŜ ƎŀƛƴŜŘ ŦǊƻƳ ǘƘƛǎ ǘǊƛŀƭ ǘǊŀŎƛƴƎ ǇŜǊƛƻŘ ǿƛƭƭΣ ƛŘŜŀƭƭȅΣ 

ŦƻǊƳ ǘƘŜ ōŀǎƛǎ ŦƻǊ ŘŜǎƛƎƴƛƴƎ ŀ ŦǳǊǘƘŜǊ ƳƻƴƛǘƻǊƛƴƎ ǇǊƻƎǊŀƳƳŜ ƛƴǘŜƴŘŜŘ ǘƻ ƳŀȄƛƳƛǎŜ 

ǘƘŜ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ ŦǳǘǳǊŜ ƎǊŀǾŜƭ ŀǳƎƳŜƴǘŀǘƛƻƴ ƻƴ ǘƘŜ ǳǇǇŜǊ wƛǾŜǊ !ǾƻƴΦ  ¢ƘŜǊŜ ƛǎΣ ŀǘ 

ǇǊŜǎŜƴǘΣ ƻƴƭȅ ƭƛƳƛǘŜŘ ƪƴƻǿƭŜŘƎŜ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŦǳƴŘŀƳŜƴǘŀƭ ǉǳŜǎǘƛƻƴ ƻŦ Ƙƻǿ ǘƻ ōŜǎǘ 

ŀǳƎƳŜƴǘ ƎǊŀǾŜƭǎ ǘƻ ōŜƴŜŦƛǘ ǎŀƭƳƻƴƛŘ ǎǇŀǿƴƛƴƎ Ƙŀōƛǘŀǘ ƛƴ ōŜŘǊƻŎƪ-ŎƻƴǘǊƻƭƭŜŘΣ ōƻǳƭπ

ŘŜǊ-ōŜŘŘŜŘ ŦƭǳǾƛŀƭ ŜƴǾƛǊƻƴƳŜƴǘǎ ƭƛƪŜ ǘƘŜ ǳǇǇŜǊ wƛǾŜǊ !ǾƻƴΦ  /ŜƴǘǊŀƭ ǘƻ ǘƘŜ ŀǇǇǊƻŀŎƘ 

ƛǎ ŀƴ ŀƴŀƭȅǘƛŎŀƭ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ŘȅƴŀƳƛŎǎ ƻŦ ŀǳƎƳŜƴǘŜŘ ƎǊŀǾŜƭ ŘƛǎǇŜǊǎƛƻƴ ŀƴŘ ǎǳōπ

ǎŜǉǳŜƴǘ ŘŜǇƻǎƛǘƛƻƴ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ Ŧƭƻǿǎ ǘƘŀǘ ŀǊŜ ŘǊƛǾƛƴƎ ǘƘŜ ŘƛǎǇŜǊǎŀƭΦ  
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2 Study Context 

2.1 Catchment 

¢ƘŜ wƛǾŜǊ !Ǿƻƴ όƻǊ !ǳƴŜ ŀǎ ƛǘ ƛǎ ŀƭǎƻ ƪƴƻǿƴύ ƛǎ ƭƻŎŀǘŜŘ ƛƴ {ƻǳǘƘ 5ŜǾƻƴΣ ǿƘŜǊŜ ƛǘ ǊƛǎŜǎ 

псл ƳŜǘǊŜǎ ŀōƻǾŜ ǎŜŀ ƭŜǾŜƭ ƻƴ ǘƘŜ !ǳƴŜ IŜŀŘ ƳƛǊŜǎ ƛƴ ǘƘŜ ǎƻǳǘƘŜǊƴ ƘŀƭŦ ƻŦ 5ŀǊǘƳƻƻǊ 

ό CƛƎǳǊŜ мύΦ  ¢ƘŜ wƛǾŜǊ !Ǿƻƴ ŎŀǘŎƘƳŜƴǘ ŀǊŜŀ ŜȄǘŜƴŘǎ ƻǾŜǊ ммлΦр ƪƳн ŀƴŘ Ŧƭƻǿǎ ŦƻǊ ŀǇπ

ǇǊƻȄƛƳŀǘŜƭȅ пл ƪƳ ŦǊƻƳ ǎƻǳǊŎŜ ǘƻ ǎŜŀ ǇŀǎǎƛƴƎ ǘƘǊƻǳƎƘ ǘƘŜ !Ǿƻƴ wŜǎŜǊǾƻƛǊΣ ŀƴŘ ǘƘŜ 

ǾƛƭƭŀƎŜǎ ƻŦ {ƻǳǘƘ .ǊŜƴǘΣ !ǾƻƴǿƛŎƪΣ [ƻŘŘƛǎǿŜƭƭ ŀƴŘ !ǾŜǘƻƴ DƛŦŦƻǊŘ ōŜŦƻǊŜ ǊŜŀŎƘƛƴƎ ǘƘŜ 

ŜǎǘǳŀǊȅ ƳƻǳǘƘ ŀǘ .ŀƴǘƘŀƳ ŀƴŘ .ƛƎōǳǊȅ ƻƴ {ŜŀΦ  aŀƧƻǊ ǘǊƛōǳǘŀǊƛŜǎ ǘƻ ǘƘŜ !Ǿƻƴ ƛƴŎƭǳŘŜ 

.ŀƭŀ .Ǌƻƻƪ ŀƴŘ DƭŀȊŜ .ǊƻƻƪΣ ōƻǘƘ ƻŦ ǿƘƛŎƘ ƘŀǾŜ ǘƘŜƛǊ ǎƻǳǊŎŜ ƻƴ ǘƘŜ ƳƻƻǊ ό9! нллоύΦ  

DŜƻƭƻƎƛŎŀƭƭȅΣ ǘƘŜ ǳǇǇŜǊ ŎŀǘŎƘƳŜƴǘ ƛǎ ŘƻƳƛƴŀǘŜŘ ōȅ ƛƎƴŜƻǳǎ ƎǊŀƴƛǘŜΦ  [ŀƴŘ ǳǎŜ ǿƛǘƘƛƴ 

ǘƘŜ ŎŀǘŎƘƳŜƴǘ ŎƻƳǇǊƛǎŜǎ ƻŦ ƻǇŜƴ ƳƻƻǊƭŀƴŘ ƛƴ ǘƘŜ ǳǇǇŜǊ ǇŀǊǘ ƻƴ 5ŀǊǘƳƻƻǊΣ ǿƘƛŎƘ ƛǎ 

ǳǎŜŘ ŦƻǊ ŜȄǘŜƴǎƛǾŜ ƎǊŀȊƛƴƎ ōȅ ŎŀǘǘƭŜΣ ǎƘŜŜǇ ŀƴŘ ǇƻƴƛŜǎΦ !ǎ ǘƘŜ ǊƛǾŜǊ Ŧƭƻǿǎ ŦǊƻƳ ǘƘŜ 

ƻǇŜƴ ƳƻƻǊƭŀƴŘΣ ƛǘ Ŧƭƻǿǎ ǘƘǊƻǳƎƘ ǎǘŜŜǇ ǎƛŘŜŘ ǾŀƭƭŜȅǎΣ ǘȅǇƛŎŀƭƭȅ ǎǳǊǊƻǳƴŘŜŘ ōȅ ǎƳŀƭƭ 

ŜƴŎƭƻǎǳǊŜǎ ǳǎŜŘ ŦƻǊ ǎƳŀƭƭ-ǎŎŀƭŜ ƭƛǾŜǎǘƻŎƪ ŦŀǊƳƛƴƎ ό9! нллоύΦ  

 

¢ƘŜ оо-Ƴ ƘƛƎƘ !Ǿƻƴ 5ŀƳΣ ōǳƛƭǘ ƛƴ мфрт ό.ƻƎƭŜ Ŝǘ ŀƭΦ мфрфύΣ ƛƳǇƻǳƴŘǎ ǘƘŜ мΣомо a[ 

!Ǿƻƴ ǊŜǎŜǊǾƻƛǊ ŀƴŘ ƛǎ ǎƛǘǳŀǘŜŘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ уƪƳ ƴƻǊǘƘ ƻŦ {ƻǳǘƘ .ǊŜƴǘ ŀǎ ǘƘŜ !Ǿƻƴ 

wƛǾŜǊ ƭŜŀǾŜǎ 5ŀǊǘƳƻƻǊΦ  ¢ƘŜ ǊŜǎŜǊǾƻƛǊ ǎŜǊǾŜǎ ŀǎ ŀ ǇǳōƭƛŎ ǿŀǘŜǊ ǎǳǇǇƭȅ ǘƻ {ƻǳǘƘ 5ŜǾƻƴ 

ǿƛǘƘ ŀƴ ŀƴƴǳŀƭ ŀǳǘƘƻǊƛǎŜŘ ŀōǎǘǊŀŎǘƛƻƴ ƻŦ тΣсуо a[Σ ǿƘƛŎƘ Ƙŀǎ ǊŜǎǳƭǘŜŘ ƛƴ ŀƴ ŀƭǘŜǊŜŘ 

ŀƴŘ ǊŜƎǳƭŀǘŜŘ Ŧƭƻǿ ƻŦ ǿŀǘŜǊ ό9! нллоύΦ  ¢ƘŜ ǳǇǇŜǊ wƛǾŜǊ !Ǿƻƴ Ŏƻƴǎƛǎǘǎ ƭŀǊƎŜƭȅ ƻŦ 

ǊŜŀŎƘŜǎ ŎƘŀǊŀŎǘŜǊƛǎŜŘ ōȅ ƭŀǊƎŜ ŎƻōōƭŜ ŀƴŘ ōƻǳƭŘŜǊǎ ŀƴŘ ǿƛǘƘ ǎƛƎƴƛŦƛŎŀƴǘ ŀǊŜŀǎ ƻŦ ŜȄπ

ǇƻǎŜŘ ōŜŘǊƻŎƪΦ  .ƻǳƭŘŜǊ-ǎƛȊŜŘ ƳŀǘŜǊƛŀƭ ƛƴ ǘƘŜ ŎƘŀƴƴŜƭǎ ƛǎ ǇǊŜǎǳƳŜŘ ǘƻ ŘŜǊƛǾŜ ŦǊƻƳ 

ǊŜƭƛŎǘ ǇŜǊƛƎƭŀŎƛŀƭ ŎƻƴŘƛǘƛƻƴǎ ό.ŀƭƭŀƴǘȅƴŜ ŀƴŘ IŀǊǊƛǎ мффпύΣ ƻǊ Ǉƻǎǎƛōƭȅ ŦǊƻƳ ƎƭŀŎƛŀƭ ŘŜπ

Ǉƻǎƛǘǎ ό9Ǿŀƴǎ Ŝǘ ŀƭΦ нлмнύΦ  ²ƘƛƭŜ ǘƘŜ ƎǊŀƴƛǘŜ ǳǇƭŀƴŘǎ ƻŦ 5ŀǊǘƳƻƻǊ ǇǊƻōŀōƭȅ ǇǊƻŘǳŎŜ 

ǊŜŀǎƻƴŀōƭȅ ƭƻǿ ǊŀǘŜǎ ƻŦ ŎƻŀǊǎŜ ǎŜŘƛƳŜƴǘ ǎǳǇǇƭȅΣ ǘƘŜ ŘŀƳ ǿƛƭƭ ƘŀǾŜ ǊŜŘǳŎŜŘ ǎŜŘƛƳŜƴǘ 

ǎǳǇǇƭȅ ǘƻ ǘƘŜ ǊŜŀŎƘŜǎ ōŜƭƻǿ ǘƘŜ ŘŀƳ ǿƛǘƘ ǇƻǘŜƴǘƛŀƭƭȅ ŘŜƭŜǘŜǊƛƻǳǎ ŜŦŦŜŎǘǎ ƻƴ ŀǉǳŀǘƛŎ 

ƘŀōƛǘŀǘΦ  ¢ƘŜ ŜȄǘŜƴǘ ƻŦ ƳƻǊǇƘƻƭƻƎƛŎŀƭ ƛƳǇŀŎǘ ƻŦ ǘƘŜ ŘŀƳ ƻƴ ǘƘŜ ŘƻǿƴǎǘǊŜŀƳ ŎƘŀƴƴŜƭ 

ƳƻǊǇƘƻƭƻƎȅ ƛǎ ŎƻƳǇƭƛŎŀǘŜŘ ōȅ ǘƘŜ ōŜŘǊƻŎƪ-ŘƻƳƛƴŀǘŜŘ ǊŜŀŎƘŜǎ ōǳǘ ōȅ ǘƘŜ ƳƛŘ-мфтлǎ 

ǿŀǎ ŜǎǘƛƳŀǘŜŘ ǘƻ ƘŀǾŜ ǊŜǎǳƭǘŜŘ ƛƴ όǾŀǊƛŀōƭŜ ŜȄǘŜƴǘǎ ƻŦύ ŎƘŀƴƴŜƭ ŎŀǇŀŎƛǘȅ ŎƻƴǘǊŀŎǘƛƻƴ 

ǘƘŀǘ ŜȄǘŜƴŘŜŘ ǎƻƳŜ ŘƛǎǘŀƴŎŜ ōŜƭƻǿ ǘƘŜ ŎƻƴŦƭǳŜƴŎŜ ƻŦ ǘƘŜ .ŀƭŀ .Ǌƻƻƪ ǘǊƛōǳǘŀǊȅ όtŜǘǘǎ 

ŀƴŘ DǊŜŜƴǿƻƻŘ мфумύΦ      

 

¢ƘŜ wƛǾŜǊ !Ǿƻƴ ƛǎ ŎǳǊǊŜƴǘƭȅ ƘƻƳŜ ǘƻ ŀ ƴǳƳōŜǊ ƻŦ ŦƛǎƘ ǎǇŜŎƛŜǎΣ ǎǳŎƘ ŀǎ ōǊƻǿƴ ǘǊƻǳǘΣ 

ǎŜŀ ǘǊƻǳǘ ŀƴŘ !ǘƭŀƴǘƛŎ ǎŀƭƳƻƴΣ ōǳǘ ǘƘŜƛǊ ƴǳƳōŜǊǎ ŀǊŜ ŦŀƭƭƛƴƎ ό9! нллоύΦ  WǳǾŜƴƛƭŜ ǎŀƭƳπ

ƻƴ ŀǊŜ ǇǊŜǎŜƴǘ ƛƴ ǎŀǘƛǎŦŀŎǘƻǊȅ ƴǳƳōŜǊǎ ǘƘǊƻǳƎƘƻǳǘ ƳǳŎƘ ƻŦ ǘƘŜ Ƴŀƛƴ wƛǾŜǊ !Ǿƻƴ ǳǇ ǘƻ 

{ƻǳǘƘ .ǊŜƴǘ ōǳǘΣ ǳǇǎǘǊŜŀƳ ƻŦ ǘƘƛǎ ƭƻŎŀǘƛƻƴΣ Ƙŀōƛǘŀǘ ǉǳŀƭƛǘȅ ŀƴŘ ǉǳŀƴǘƛǘȅ ƛǎ ǎǳǎǇŜŎǘŜŘ 

ƻŦ ōŜƛƴƎ ƭƛƳƛǘŜŘ ōȅ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ŀǾŀƛƭŀōƭŜ ŀƴŘ ǎǳƛǘŀōƭŜ ǎǇŀǿƴƛƴƎ ƘŀōƛǘŀǘǎΦ  Lƴ ǇŀǊǘ 

ǘƘƛǎ ƛǎ ŘǳŜ ǘƻ ƴŀǘǳǊŀƭƭȅ ƭƻǿ ǊŀǘŜǎ ƻŦ ǎŜŘƛƳŜƴǘ ǎǳǇǇƭȅ ŦǊƻƳ ǘƘŜ ǳǇǎǘǊŜŀƳ ŎŀǘŎƘƳŜƴǘ 
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ōǳǘ ƛǘ ƛǎ ŀƭǎƻ ŀǎǎǳƳŜŘ ŎƘŀƴƴŜƭ ōŜŘ ƳŀǘŜǊƛŀƭ Ƙŀǎ ōŜŎƻƳŜ ƳƻǊŜ ǎŎŀǊŎŜ ŀƴŘ ŎƻŀǊǎŜƴŜŘ 

ǎƛƴŎŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ ǘƘŜ !Ǿƻƴ 5ŀƳΦ  .ŜŎŀǳǎŜ ǇŀǊǘǎ ƻŦ ǘƘŜ !Ǿƻƴ ŎŀǘŎƘƳŜƴǘ ŀǊŜ ŎǳǊπ

ǊŜƴǘƭȅ ŦŀƛƭƛƴƎ ǘƻ ƳŜŜǘ ΨƎƻƻŘΩ ƻǾŜǊŀƭƭ ƘŜŀƭǘƘ ŘǳŜ ǘƻ ŀ ƳƻŘŜǊŀǘŜ ƻǊ ǇƻƻǊ ²C5 ŦƛǎƘŜǊƛŜǎ 

ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ό9! нлммύΣ ǘƘŜǊŜ ƛǎ ŀ ŘŜǎƛǊŜ ǘƻ ŜȄŀƳƛƴŜ ǘƘŜ ǳǘƛƭƛǘȅ ƻŦ ǇŜǊƛƻŘƛŎ ƎǊŀǾŜƭ 

ŀǳƎƳŜƴǘŀǘƛƻƴ ŦƻǊ ƛƳǇǊƻǾƛƴƎ ǎǇŀǿƴƛƴƎ Ƙŀōƛǘŀǘ ǉǳŀƭƛǘȅ ŀƴŘ ǉǳŀƴǘƛǘȅΦ 

 

 

Figure 1. ,ÏÃÁÔÉÏÎ ÏÆ 2ÉÖÅÒ !ÖÏÎȟ $ÅÖÏÎ ɉÓÏÕÒÃÅȡ .Ȣ *ÁÃËÓÏÎ ςπρτȟ ÕÎÐÕÂÌÉÓÈÅÄ  

-3Ã $ÉÓÓÅÒÔÁÔÉÏÎɊ 

 

2.2 Pilot Augmentation 

²ŜǎǘŎƻǳƴǘǊȅ wƛǾŜǊǎ ¢Ǌǳǎǘ ό²w¢ύ ŀǳƎƳŜƴǘŜŘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ол ǘƻƴƴŜǎ ƻŦ ƭƻŎŀƭ ǉǳŀǊǊȅ-

ŘŜǊƛǾŜŘ ƎǊŀƴƛǘƛŎ ǇŀǊǘƛŎƭŜǎ ƛƴǘƻ ǘƘŜ wƛǾŜǊ !Ǿƻƴ ƻƴ ǘƘŜ мо-мпǘƘ hŎǘƻōŜǊ нлмп ƛƴ ŀ Ǉƛƭƻǘ 

ŀǇǇǊƻŀŎƘ ǘƻ ŀǳƎƳŜƴǘŀǘƛƻƴΦ  !ǳƎƳŜƴǘŀǘƛƻƴ ƭƻŎŀǘƛƻƴǎ ǿŜǊŜ ŎƘƻǎŜƴ ŦƻƭƭƻǿƛƴƎ ŘƛǎŎǳǎπ

ǎƛƻƴǎ ǊŜƎŀǊŘƛƴƎ ŀǊŜŀǎ ƻŦ ǇƻǘŜƴǘƛŀƭ Ƙŀōƛǘŀǘ ǎǳƛǘŀōƛƭƛǘȅ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ 

ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ŀǊŜŀǎ ǿƛǘƘ ǎǳƛǘŀōƭŜ ŀŎŎŜǎǎƛōƛƭƛǘȅΣ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ нΦ  !ǇǇǊƻȄƛƳŀǘŜƭȅ р 

ǘƻƴƴŜǎ ƻŦ ƎǊŀǾŜƭǎ ǿŜǊŜ ŀǳƎƳŜƴǘŜŘ ƻƴ .ŀƭŀ .ǊƻƻƪΣ ŀƴŘ нп-ну ǘƻƴƴŜǎ ƻƴ ǘƘŜ Ƴŀƛƴ wƛǾπ

ŜǊ !Ǿƻƴ ōŜƭƻǿ 5ƛŘǿƻǊǘƘȅ .ǊƛŘƎŜ ό¢ŀōƭŜ мύΦ  !ǳƎƳŜƴǘŀǘƛƻƴ ŀǘ ŀ ǘƘƛǊŘ ǎƛǘŜΣ ŦǳǊǘƘŜǊ 

ǳǇǎǘǊŜŀƳ ƻƴ ǘƘŜ !Ǿƻƴ Ƴŀƛƴ ǎǘŜƳ ŀǘ ²ƻƻƭƘƻƭŜǎΣ ƛǎ ǇƭŀƴƴŜŘ ǘƻ ŎƻƳƳŜƴŎŜ ƭŀǘŜ ƛƴ нлмрΦ 

 

¢ǊŀŎŜǊ ǇŀǊǘƛŎƭŜǎ ŦƛǘǘŜŘ ǿƛǘƘ wCL5 ǘŀƎǎ ǿŜǊŜ ŘŜǇƭƻȅŜŘ ƛƴ ǘƘŜ Ǉƛƭƻǘ ŀǳƎƳŜƴǘŀǘƛƻƴ ƭƻŎŀπ

ǘƛƻƴǎ ǎƘƻǊǘƭȅ ŀŦǘŜǊ ŀǳƎƳŜƴǘŀǘƛƻƴΦ  CƛŦǘȅ ŜŀŎƘ ƻŦ ǇŀǊǘƛŎƭŜǎ ŘǊŀǿƴ ŦǊƻƳ ƻŦ ǘƘŜ 

ŀǳƎƳŜƴǘŜŘ ƎǊŀǾŜƭǎ ŀƴŘ ƭƻŎŀƭ ΨƴŀǘƛǾŜΩ ƎǊŀǾŜƭǎ ǿŜǊŜ ǘŀƎƎŜŘ ǘƻ ǇǊƻǾƛŘŜ ŀ ŎƻƳǇŀǊŀǘƛǾŜ 

ŀǎǎŜǎǎƳŜƴǘ ƻŦ ƳƻōƛƭƛǘȅΦ  hƴ ǘƘŜ ǊŜƎǳƭŀǘŜŘ Ƴŀƛƴ ǎǘŜƳ ǎƛǘŜǎΣ ŀ ŦǳǊǘƘŜǊ рл ǇŀǊǘƛŎƭŜǎ ǎŀƳπ

ǇƭŜŘ ŦǊƻƳ ŀōƻǾŜ ǘƘŜ ŘŀƳ ǿŜǊŜ ŀƭǎƻ ŀŘŘŜŘΦ  ¢ƘŜ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ŀǳƎƳŜƴǘŜŘΣ ƭƻŎŀƭ 
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ƴŀǘƛǾŜ ŀƴŘ ΨŀōƻǾŜ ŘŀƳΩ ƴŀǘƛǾŜ ǘǊŀŎŜǊ ǇŀǊǘƛŎƭŜǎ ƛǎ ƛƴǘŜƴŘŜŘ ǘƻ ǇǊƻǾƛŘŜ ŀƴ ƛƴŘƛŎŀǘƛƻƴ ƻŦ 

ǘƘŜ ǊŜƭŀǘƛǾŜ Ƴƻōƛƭƛǘȅ ƻŦ ǘƘŜ ŀǳƎƳŜƴǘŜŘ ƎǊŀǾŜƭǎ ǘƻ ƴŀǘǳǊŀƭ ǊŀǘŜǎ ƻŦ ǘǊŀƴǎǇƻǊǘ ƻŦ ƭƻŎŀƭ 

ƴŀǘƛǾŜ ǎŜŘƛƳŜƴǘǎ ŀƴŘ ǇǊŜ-ŘŀƳ ƴŀǘƛǾŜ ǎŜŘƛƳŜƴǘǎ ǊŜǎǇŜŎǘƛǾŜƭȅΦ  ¢ƘŜ ǘŀƎƎŜŘ ǇŀǊǘƛŎƭŜǎ 

ǿŜǊŜ ǎǳōǎŜǉǳŜƴǘƭȅ ǘǊŀŎŜŘ ǳǎƛƴƎ ŀ ƘŀƴŘ-ƘŜƭŘ wCL5 ŘŜǘŜŎǘƻǊ ǎȅǎǘŜƳΦ   

 

tǊƛƻǊ ǘƻ ŀǳƎƳŜƴǘŀǘƛƻƴΣ ǎŜǾŜǊŀƭ ƛƳǇŀŎǘ ǇƭŀǘŜ ƎŜƻǇƘƻƴŜǎ ǿŜǊŜ ƛƴǎǘŀƭƭŜŘ ƛƴ ǘƘŜ ōŜŘ ƻŦ 

ǘƘŜ ŎƘŀƴƴŜƭ ōŜƭƻǿ ǘƘŜ ǇǊƛƳŀǊȅ ŀǳƎƳŜƴǘŀǘƛƻƴ ƭƻŎŀǘƛƻƴǎ ŀǘ 5ƛŘǿƻǊǘƘȅΣ .ŀƭŀ .Ǌƻƻƪ ŀƴŘ 

²ƻƻƭƘƻƭŜǎΦ  ¢ƘŜ ƛƳǇŀŎǘ ǇƭŀǘŜǎ ǇǊƻǾƛŘŜ ŀ ƳŜŀƴǎ ƻŦ Ŏƻƴǘƛƴǳƻǳǎƭȅ ƳƻƴƛǘƻǊƛƴƎ ŦƻǊ ŎƻŀǊǎŜ 

ōŜŘƭƻŀŘ ǘǊŀƴǎǇƻǊǘ όǇŀǊǘƛŎƭŜǎ ƎǊŜŀǘŜǊ ǘƘŀƴ Ϥмл ƳƳύΦ  ¢ƘŜȅ ǘƘǳǎ ǇǊƻǾƛŘŜ ŀƴ ŜǎǘƛƳŀǘŜ ƻŦ 

ǘƘŜ ǊŜƭŀǘƛǾŜ ǾƻƭǳƳŜ ƻŦ ŘƻǿƴǎǘǊŜŀƳ ǎŜŘƛƳŜƴǘ ǘǊŀƴǎǇƻǊǘ ǿƘƛŎƘΣ ŀƭƻƴƎ ǿƛǘƘ ƛƴŦƻǊƳŀǘƛƻƴ 

ǊŜƎŀǊŘƛƴƎ Ŧƭƻǿ ŘƛǎŎƘŀǊƎŜΣ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ōŜǘǘŜǊ ŎƻƴǘŜȄǘǳŀƭƛǎŜ ǘƘŜ ǊŜǎǳƭǘǎ ŦǊƻƳ ǘƘŜ 

wCL5 ǘŀƎǎΦ   

 

4ÁÂÌÅ ρȡ 4ÁÒÇÅÔ ÓÉÔÅÓ ÆÏÒ ÓÅÄÉÍÅÎÔ ÔÒÁÃÉÎÇ 

Site name River Grid     
Reference 

Site Description Augmentation actions 
taken 

Tracers deployed  

Didworthy Avon 268504, 
61890 

Approx. 300m 
downstream from 
Didworthy Bridge  

Approx. 24-28 tonnes of 
gravels augmented on 
13/10/14 

28/10/14: 
50 augmented gravels  
рл ΨŀōƻǾŜ ŘŀƳΩ ƎǊŀǾŜƭ-
cobbles  
 
06/11/14 
50 local native gravel-
cobbles 
 

Bala Bala 
Brook 

267212, 
62883 

At footbridge, 
80m downstream 
from weir 

Approx. 5 tonnes of 
gravels augmented on 
14/10/14 

11/11/14: 
50 augmented gravels 
50 local native gravel-
cobbles 
 

Woolholes Avon  268038, 
64029 

Downstream of 
Avon Dam,      
approx. 30m be-
low weir 

No gravels augmented 
during 1st inventory pe-
riod 

28/10/14: 
50 above dam gravel-
cobbles 
  
06/11/14: 
50 local native gravel-
cobbles  
50 augmented gravels 
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Figure 2. /ÖÅÒÖÉÅ× ÏÆ ÁÕÇÍÅÎÔÁÔÉÏÎ ÓÉÔÅÓ ÁÎÄ ÔÒÁÃÅÒ ÇÒÁÖÅÌ ÌÏÃÁÔÉÏÎÓȢ 
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3 Methods 

¢Ƙƛǎ ŎƘŀǇǘŜǊ ƻǳǘƭƛƴŜǎ ǘƘŜ ŦƛŜƭŘ ŀƴŘ ƭŀōƻǊŀǘƻǊȅ ƳŜǘƘƻŘǎ ǳƴŘŜǊǘŀƪŜƴ ǘƻ ƳŜŜǘ ǘƘŜ ƻōƧŜŎπ

ǘƛǾŜǎ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘΦ 

 

3.1 Reconnaissance: morphology, habitat and sediment 

¢ƘŜ ŎƻƴǘŜƳǇƻǊŀǊȅ ŎƘŀƴƴŜƭ ŎƻƴŘƛǘƛƻƴ ƛƴ ǘƘŜ ǳǇǇŜǊ !Ǿƻƴ ŎŀǘŎƘƳŜƴǘ ƛǎ ŜǎǘŀōƭƛǎƘŜŘ 

ŦǊƻƳ ǇǊƛƻǊ ǎǘǳŘƛŜǎΣ ƛƴŎƭǳŘƛƴƎ ǘƘǊŜŜ ǇǊŜǾƛƻǳǎ tƭȅƳƻǳǘƘ ¦ƴƛǾŜǊǎƛǘȅ aŀǎǘŜǊǎ ŘƛǎǎŜǊǘŀπ

ǘƛƻƴǎ ŎƻǾŜǊƛƴƎ ǘƘŜ ƎŜƻƎǊŀǇƘƛŎ ŀǊŜŀ ƻŦ ǘƘŜ ǳǇǇŜǊ !ǾƻƴΦ  {ǘǳŘƛŜǎ ƛƴŎƭǳŘŜŘ ŎŀǘŎƘƳŜƴǘ-

ǿƛŘŜ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ŦŀŎǘƻǊǎ ƭƛƳƛǘƛƴƎ ǎŀƭƳƻƴƛŘ ǇƻǇǳƭŀǘƛƻƴǎ όIŜŘŘŜǊǎƻƴ нлмнύ ŀƴŘ ŦŀŎπ

ǘƻǊǎ ŀŦŦŜŎǘƛƴƎ ŎƻŀǊǎŜ ǎŜŘƛƳŜƴǘ ŎƻƴƴŜŎǘƛǾƛǘȅ ό¢ǿƻƘƛƎ нлмпύΦ  ¢ƘŜ ǘƘƛǊŘ ǿŀǎ ŘƛǊŜŎǘŜŘ 

ŜȄǇƭƛŎƛǘƭȅ ŀǘ ŜǎǘŀōƭƛǎƘƛƴƎ ōŀǎŜƭƛƴŜ ŎƻƴŘƛǘƛƻƴǎ ŀƘŜŀŘ ƻŦ ƎǊŀǾŜƭ ŀǳƎƳŜƴǘŀǘƛƻƴ όWŀŎƪǎƻƴ 

нлмпύΦ  

 

¢ǿƻ ƻŦ ǘƘŜ ǎǘǳŘƛŜǎ όWŀŎƪǎƻƴΣ ¢ǿƻƘƛƎύ ƛƴŎƭǳŘŜ ƳŜŀǎǳǊŜǎ ƻŦ ǎŜŘƛƳŜƴǘ ŎƘŀǊŀŎǘŜǊƛǎŀǘƛƻƴ 

ƛƴ ǘƘŜ ǳǇǇŜǊ !Ǿƻƴ ς ǘƘŜ ǎǘǳŘȅ ƻŦ WŀŎƪǎƻƴ ǿŀǎ ǳǎŜŘ ŀǎ ǘƘŜ ōŀǎƛǎ ŦƻǊ ŜǎǘŀōƭƛǎƘƛƴƎ ƎǊŀƛƴ 

ǎƛȊŜǎ ŦƻǊ ǘƘŜ ǘŀƎƎƛƴƎ ǎǳǊǾŜȅǎΣ ŀƴŘ ǎŜŘƛƳŜƴǘǎ ŎƻƭƭŜŎǘŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘƛǎ ǎǘǳŘȅ ǿŜǊŜ ƭŀǘŜǊ 

ǘŀƎƎŜŘΦ  /ƘŀǊŀŎǘŜǊƛǎŀǘƛƻƴ ƻŦ ŎƻŀǊǎŜ ǎŜŘƛƳŜƴǘ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ŎƘŀƴƴŜƭ ōŜŘ ǿŀǎ 

ŀŎƘƛŜǾŜŘ ǳǎƛƴƎ ǘƘŜ Ψ²ƻƭƳŀƴ ƳŜǘƘƻŘΩ ό²ƻƭƳŀƴ мфрпΣ CƛƎǳǊŜ оύ ŀǘ ƳǳƭǘƛǇƭŜ Ǉƻƛƴǘǎ ƻƴ 

ǘƘŜ !Ǿƻƴ ƳŀƛƴǎǘŜƳ ŀƴŘ .ŀƭŀ .Ǌƻƻƪ ǘǊƛōǳǘŀǊȅ ŀƴŘ ƛƴŎƭǳŘŜ ŀƭƭ ƻŦ ǘƘŜ ƭƻŎŀǘƛƻƴǎ ƛƴ ǿƘƛŎƘ 

ƎǊŀǾŜƭǎ ƘŀǾŜ ōŜŜƴ ŀǳƎƳŜƴǘŜŘ όƻǊ ƘŀǾŜ ōŜŜƴ ǘŀǊƎŜǘŜŘ ŦƻǊ ŀǳƎƳŜƴǘŀǘƛƻƴύΦ  CǳǊǘƘŜǊ ǎǳǊπ

ŦŀŎŜ ōŜŘ Ŏƻǳƴǘǎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘƛǎ ǎǘǳŘȅΦ 

 

 
Figure 3. !ȟ " ÁÎÄ # ÁØÅÓ ÏÆ ÇÒÁÖÅÌ ɉ5ÎÉÖÅÒÓÉÔÙ ÏÆ 7ÉÓÃÏÎÓÉÎɊȢ  "Ù ÃÏÎÖÅÎÔÉÏÎȟ 

ÇÒÁÖÅÌ ÓÉÚÅ ÉÓ ÃÈÁÒÁÃÔÅÒÉÓÅÄ ÂÙ ÉÔÓ Â-ÁØÉÓȟ ×ÈÉÃÈ ÉÓ ÔÈÅ ÁØÅÓ ÔÈÁÔ ÃÏÎÓÔÒÁÉÎÓ ÓÅÄȤ

ÉÍÅÎÔ ÐÁÓÓÉÎÇ ÔÈÒÏÕÇÈ Á ÓÉÅÖÅȢ 
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3.2 Hydrological Characterisation 

! ƳŜŀǎǳǊŜ ƻŦ Ŧƭƻǿ ŘƛǎŎƘŀǊƎŜ ƛǎ ǊŜǉǳƛǊŜŘ ǘƻ ǇǊƻǾƛŘŜ ŀƴ ƛƴŘƛŎŀǘƛƻƴ ƻŦ ǘƘŜ ΨŘǊƛǾƛƴƎ ŦƻǊŎŜΩ 

ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǘƘŜ ƳƻǾŜƳŜƴǘ ƻŦ ǘǊŀŎŜǊ ǇŀǊǘƛŎƭŜǎ ŀƴŘ ǘƘŜ ǊŜƭŀǘƛǾŜ ƛƴǘŜƴǎƛǘȅ ƻŦ ǎŜŘƛπ

ƳŜƴǘ ǘǊŀƴǎǇƻǊǘΦ  LƴŦƻǊƳŀǘƛƻƴ ǿŀǎ ŘǊŀǿƴ ŦǊƻƳ ǘƘŜ 9ƴǾƛǊƻƴƳŜƴǘ !ƎŜƴŎȅ ƎŀǳƎŜ 

ǊŜŎƻǊŘƛƴƎ мр-ƳƛƴǳǘŜ Ŧƭƻǿ ŜƭŜǾŀǘƛƻƴǎ ƻƴ ǘƘŜ wƛǾŜǊ !Ǿƻƴ ŀǘ 5ƛŘǿƻǊǘƘȅΦ  ²ƘƛƭŜ ƴƻǘ 

ǇǊƻǾƛŘƛƴƎ ŘƛǎŎƘŀǊƎŜ ŘƛǊŜŎǘƭȅΣ ǘƘŜ Ŧƭƻǿ ŜƭŜǾŀǘƛƻƴǎ ŀǊŜ ŎƻǊǊŜƭŀǘŜŘ ǘƻ Ŧƭƻǿ ŘƛǎŎƘŀǊƎŜ 

ŘƻǿƴǎǘǊŜŀƳ ŀǘ ǘƘŜ [ƻŘŘƛǎǿŜƭƭ ƎŀǳƎƛƴƎ ǎǘŀǘƛƻƴ ŀƴŘ ŀŘƧǳǎǘŜŘ ŦƻǊ ŀǊŜŀ ǘƻ ǇǊƻǾƛŘŜ ŀƴ 

ŀǇǇǊƻȄƛƳŀǘŜ ƛƴŘƛŎŀǘƛƻƴ ƻŦ ŘƛǎŎƘŀǊƎŜ ŀǘ ǘƘŜ 5ƛŘǿƻǊǘƘȅ ǎƛǘŜΦ .ȅ ǳǎƛƴƎ Ƴǳƭǘƛ-ȅŜŀǊ ŎƻƳπ

ǇŀǊƛǎƻƴ ƻŦ Ŧƭƻǿ ŘǳǊŀǘƛƻƴ ǎǘŀǘƛǎǘƛŎǎΣ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƻ ŎƘŀǊŀŎǘŜǊƛǎŜ ǘƘŜ Ŧƭƻǿ ȅŜŀǊ ǘȅǇŜ 

ŘǳǊƛƴƎ ²ŀǘŜǊ ¸ŜŀǊ нлмп-мр ƛƴ ŎƻƳǇŀǊƛǎƻƴ ǘƻ ƻǘƘŜǊ ȅŜŀǊǎ ŜȄǘŜƴŘƛƴƎ ōŀŎƪ ǘƻ нллоΦ    

 

3.3 Bulk Bedload Sediment Transport - Impact Plates 

¢ƻ ǊŜŎƻǊŘ ǘƘŜ ƳƻǾŜƳŜƴǘ ƻŦ ōŜŘƭƻŀŘ ǎŜŘƛƳŜƴǘ ǘǊŀƴǎǇƻǊǘΣ ǘƘǊŜŜ Ψ.Ŝƴǎƻƴ ǘȅǇŜΩ ǎŜƛǎƳƛŎ 

ƛƳǇŀŎǘ ǇƭŀǘŜǎ ǿŜǊŜ ƛƴǎǘŀƭƭŜŘ ŘƻǿƴǎǘǊŜŀƳ ƻŦ ǘƘŜ ǘƘǊŜŜ ǇǊƻǇƻǎŜŘ ŀǳƎƳŜƴǘŀǘƛƻƴ ǎƛǘŜǎ ƛƴ 

Wǳƭȅ нлмпΦ  ¢ƘŜ ŘŜǾƛŎŜǎΣ ōŀǎŜŘ ƻƴ ŀ мрл Ȅ мол Ȅ с ƳƳ ǎǘŜŜƭ ǘƻǇ ǇƭŀǘŜ ƳƻǳƴǘŜŘ ƻƴǘƻ ŀ 

ǇŀǾƛƴƎ ǎƭŀō όŦƻǊ ǎǘŀōƛƭƛǘȅύΣ ŀǊŜ ƳƻǳƴǘŜŘ ŦƭǳǎƘ ǘƻ ǘƘŜ ŎƘŀƴƴŜƭ ōŜŘ ŀƴŘ ǊŜŎƻǊŘ ŀƴ ƛƳǇŀŎǘ 

ǿƘŜƴŜǾŜǊ ŀ ǇŀǊǘƛŎƭŜ ƎǊŜŀǘŜǊ ǘƘŀƴ Ϥмл ƳƳ ǎǘǊƛƪŜǎ ǘƘŜ ǇƭŀǘŜΦ  ¢ƘŜ ǇƭŀǘŜǎ ŀǊŜ ǎŜǘ ǘƻ ǊŜŎπ

ƻǊŘ ŀǘ ŀ ƳŀȄƛƳǳƳ ƻŦ р IȊ όƛΦŜΦΣ р ǇŀǊǘƛŎƭŜǎ ǇŜǊ ǎŜŎƻƴŘύ ŀƴŘ ŦŜŀǘǳǊŜ ŀƴ ƛƴǘŜƎǊŀǘŜŘ 

ŘŀǘŀƭƻƎƎŜǊ ƳŀƪƛƴƎ ǘƘŜƳ ŎŀǇŀōƭŜ ƻŦ Ŏƻƴǘƛƴǳƻǳǎƭȅ ƳƻƴƛǘƻǊƛƴƎ ǎŜŘƛƳŜƴǘ ƳƻǾŜƳŜƴǘ 

ƻǾŜǊ спΣллл ǇǊŜ-ŘŜŦƛƴŜŘ ǇŜǊƛƻŘǎ όƳŀȄƛƳǳƳ ƻŦ нрр Ŏƻǳƴǘǎ ƛƴ ŜŀŎƘ ǇŜǊƛƻŘύ ōŜŦƻǊŜ ǘƘŜ 

Řŀǘŀ ƭƻƎƎŜǊǎ ǊŜǉǳƛǊŜŘ ŘƻǿƴƭƻŀŘƛƴƎ ŀƴŘ ǊŜ-ǎŜǘǘƛƴƎΦ  ¢ƘŜ ǇƭŀǘŜǎ ǿŜǊŜ ǎŜǘ ƘŜǊŜ ŀǘ нΦр 

ƳƛƴǳǘŜ ƛƴǘŜǊǾŀƭǎ ŀƴŘ ǎƻ ǊŜǉǳƛǊŜ ŘƻǿƴƭƻŀŘƛƴƎ ŀǘ ƭŜŀǎǘ ŜǾŜǊȅ оΦр ƳƻƴǘƘǎΦ        

 

LƳǇŀŎǘ ǇƭŀǘŜǎ ǘƘǳǎ ǇǊƻǾƛŘŜ ŀ ǇƻǊǘŀōƭŜΣ ƴƻƴ-ƛƴǘǊǳǎƛǾŜ Ŏƻƴǘƛƴǳƻǳǎ ƛƴŘƛŎŀǘƛƻƴ ƻŦ ǘƘŜ 

ǎǘŀǊǘΣ ŜƴŘ ŀƴŘ ǊŜƭŀǘƛǾŜ ƛƴǘŜƴǎƛǘȅ ƻŦ ōŜŘƭƻŀŘ ƳƻǾŜƳŜƴǘΦ  ¢ƘŜȅ Ŏŀƴ ōŜ ŎƻƳǇŀǊŜŘ ŘƛǊŜŎǘπ

ƭȅ ǘƻ Ŧƭƻǿ ǊŜŎƻǊŘǎ ǘƻ ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ŘȅƴŀƳƛŎǎ ƻŦ ǎŜŘƛƳŜƴǘ ƳƻǾŜƳŜƴǘ ƛƴ 

ŎƻƳǇŀǊƛǎƻƴ ǘƻ ǊŜŎŜƛǾŜŘ Ŧƭƻǿǎ ǿƘƛŎƘ ƛǎ ƻƴŜ ƻŦ ǘƘŜƛǊ ǘǿƻ ǇǊƛƳŀǊȅ ǇǳǊǇƻǎŜǎ ƘŜǊŜΦ  ¢ƘŜ 

ǎŜŎƻƴŘ ƛǎ ǘƘŀǘ ǘƘŜȅ ǇƻǘŜƴǘƛŀƭƭȅ ǇǊƻǾƛŘŜ ŀ ƎƻƻŘ ƛƴŘƛŎŀǘƛƻƴ ƻŦ ǿƘŜƴ ǘƘŜ ŀǳƎƳŜƴǘŜŘ 

ƎǊŀǾŜƭǎ ƳƻǾŜŘΣ ƛƴŦƻǊƳŀǘƛƻƴ ǘƘŀǘ Ŏŀƴ ōŜ ŎƻƳōƛƴŜŘ ǿƛǘƘ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ Ƙƻǿ ŦŀǊ ǘƘŜ 

ŀǳƎƳŜƴǘŜŘ ƎǊŀǾŜƭ Ƙŀǎ ǘǊŀǾŜƭƭŜŘ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǊŜŎƻǾŜǊƛƴƎ ǘƘŜ wCL5-ǘŀƎƎŜŘ ǇŀǊǘƛŎƭŜǎΦ  

hǾŜǊ ŜȄǘŜƴŘŜŘ ǘƛƳŜ ǇŜǊƛƻŘǎΣ ǘƘƛǎ ƛƴŦƻǊƳŀǘƛƻƴ Ŏŀƴ ƘŜƭǇ ǳƴŘŜǊǎǘŀƴŘƛƴƎ Ƙƻǿ ƳǳŎƘ ŀƴŘ 

Ƙƻǿ ŦǊŜǉǳŜƴǘƭȅ ǘƻ ŀǳƎƳŜƴǘ ƎǊŀǾŜƭǎΦ 

 

¢ƘŜ ǊŜǎŜŀǊŎƘ ǘŜŀƳ Ƙŀǎ ƎŀƛƴŜŘ ŎƻƴǎƛŘŜǊŀōƭŜ ŜȄǇŜǊƛŜƴŎŜ ǿƛǘƘ ƛƳǇŀŎǘ ǇƭŀǘŜǎ ǿƘƛƭŜ Ƴƻƴπ

ƛǘƻǊƛƴƎ ƎǊŀǾŜƭ ƳƻǾŜƳŜƴǘ ƛƴ ǘƘŜ ƭƻǿŜǊ !Ǿƻƴ ŦƻǊ ǘƘŜ Ǉŀǎǘ ǘƘǊŜŜ ȅŜŀǊǎ ό5ƻǿƴǎ Ŝǘ ŀƭΦΣ 

нлмрΤ {ƻŀǊ ŀƴŘ 5ƻǿƴǎΣ ƛƴ ǇǊŜǇŀǊŀǘƛƻƴύΦ  Lƴ ŎƻƳǇŀǊƛǎƻƴΣ ǘƘŜ ōƻǳƭŘŜǊ-ōŜŘŘŜŘ ǳǇǇŜǊ 

!Ǿƻƴ ǎƛǘŜ ǇǊŜǎŜƴǘǎ ŀ ŦŀǊ ƳƻǊŜ ŎƻƳǇƭŜȄ ǇŀǘǘŜǊƴ ƻŦ Ŧƭƻǿ ŀƴŘ ƳƻǊǇƘƻƭƻƎȅ ƳŀƪƛƴƎ ǘƘŜ 

ǇŀǘƘ ƻŦ ōŜŘƭƻŀŘ ƳƻǾŜƳŜƴǘ ŦŀǊ ƭŜǎǎ ǇǊŜŘƛŎǘŀōƭŜΦ  tƭŀǘŜǎ ǿŜǊŜ ǎƛǘǳŀǘŜŘ ǿƘŜǊŜ ŦƛŜƭŘ 

ƧǳŘƎƳŜƴǘ ǎǳƎƎŜǎǘŜŘ ǘƘŀǘ ŀ ǊŜƭƛŀōƭŜ ǘǊŀŎƪ ƻŦ ǎŜŘƛƳŜƴǘ ƳƛƎƘǘ ōŜ ƻōǎŜǊǾŜŘΣ ǎǳŎƘ ŀǎ ƛƳπ
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ƳŜŘƛŀǘŜƭȅ ŘƻǿƴǎǘǊŜŀƳ ƻŦ ǎƛǘŜǎ ǿƘŜǊŜ Ŧƭƻǿ ǿŀǎ ŦƻǊŎŜŘ ōȅ ōŜŘǊƻŎƪ ƛƴǘƻ ƻƴŜ ƻǊ ǘǿƻ 

ŎƘǳǘŜǎ ǘƘŀǘ Ŏŀƴ ōŜ ŜȄǇŜŎǘŜŘ ǘƻ ŎƻƴŎŜƴǘǊŀǘŜ ƳƻǾƛƴƎ ōŜŘƭƻŀŘΦ  IƻǿŜǾŜǊΣ ŜǊǊƻǊǎ ƛƴ ǘƘƛǎ 

ƧǳŘƎƳŜƴǘ Ƴŀȅ ŎŀǳǎŜ ǎŜŘƛƳŜƴǘ ƛƳǇŀŎǘǎ ōŜ Ǿŀǎǘƭȅ ǳƴŘŜǊŜǎǘƛƳŀǘŜŘ όŦƻǊ ƛƴǎǘŀƴŎŜΣ ƛŦ ǎŜŘπ

ƛƳŜƴǘ ǇŀǎǎŜǎ ǇǊŜŦŜǊŜƴǘƛŀƭƭȅ ǘƘǊƻǳƎƘ ŀ ŎƘǳǘŜ ƻǘƘŜǊ ǘƘŀƴ ǘƘŜ ƻƴŜ ŎƘƻǎŜƴΣ ƻǊ ƛŦ ǘƘŜ 

ǇƭŀǘŜǎ ŀǊŜ ǎƛǘǳŀǘŜŘ ǎǳŎƘ ǘƘŀǘ ǇŀǊǘƛŎƭŜ Ǉŀǎǎ ƻǾŜǊ ǘƘŜƳ ǿƛǘƘƻǳǘ ƘƛǘǘƛƴƎ ǘƘŜƳύΦ  ¢ƘŜ 

ǇƭŀǘŜǎ ǿŜǊŜ ŀƭǎƻ ǎƛǘǳŀǘŜŘ ƛƴ ŀŘǾŀƴŎŜ ƻŦ Ŧƛƴŀƭ ŎƘƻƛŎŜǎ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŀǳƎƳŜƴǘŀǘƛƻƴ ƭƻŎŀπ

ǘƛƻƴǎΦ  9ȄǇŜǊƛŜƴŎŜ ƎŀƛƴŜŘ ƛƴ ǘƘŜ ŦƛǊǎǘ ȅŜŀǊ ƻŦ ƳƻƴƛǘƻǊƛƴƎ Ƴŀȅ ōŜ ǳǎŜŘ ǘƻ ǊŜŦƛƴŜ ǇƭŀǘŜ 

Ǉƻǎƛǘƛƻƴ ƛƴ ŦǳǘǳǊŜ ȅŜŀǊǎΦ 

 

3.4 RFID Sediment Tagging  

±ŀǊƛƻǳǎ ǘŜŎƘƴƛǉǳŜǎ ƘŀǾŜ ōŜŜƴ ǳǎŜŘ ǘƻ ǘŀƎ ǘǊŀŎŜǊ ǎǘƻƴŜǎ ŦƻǊ ǳǎŜ ƛƴ ǎŜŘƛƳŜƴǘ ǘǊŀƴǎǇƻǊǘ 

ǎǘǳŘƛŜǎ ŀƴŘ ǘƘŜǊŜ ƛǎ ƎŜƴŜǊŀƭƭȅ ŀ ŎƻƳǇǊƻƳƛǎŜ ōŜǘǿŜŜƴ ǘƘŜ Ŏƻǎǘ ƻŦ ǘƘŜ ǘŀƎƎƛƴƎ ŀƴŘ ƛǘǎ 

ŀŎŎǳǊŀŎȅ ŀƴŘ ŜŀǎŜ ƻŦ ǊŜǘǊƛŜǾŀƭΦ  wŀŘƛƻ CǊŜǉǳŜƴŎȅ L5ŜƴǘƛŦƛŎŀǘƛƻƴ όƛΦŜΦΣ wCL5ύ ǘŜŎƘƴƻƭƻƎȅ 

Ƙŀǎ ōŜŜƴ ƛƴŎǊŜŀǎƛƴƎƭȅ ǇƻǇǳƭŀǊ ƛƴ ōŜŘƭƻŀŘ ƳƻǾŜƳŜƴǘ ǎǘǳŘƛŜǎ ƛƴ ǘƘŜ ƭŀǎǘ ŘŜŎŀŘŜ ŘǳŜ ǘƻ 

ŘŜŎǊŜŀǎŜǎ ƛƴ ǘƘŜ Ŏƻǎǘ ƻŦ ƳŀƴǳŦŀŎǘǳǊƛƴƎ ŀƴŘ ŎƻƴǘƛƴǳƛƴƎ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ƛƳǇǊƻǾŜƳŜƴǘǎ 

ǿƘƛŎƘ ƘŀǾŜ ƳŀŘŜ ǘƘŜ ǘŜŎƘƴƛǉǳŜ ŀ ǇƭŀǳǎƛōƭŜ ΨƳƛŘŘƭŜ ƎǊƻǳƴŘΩ ǘŜŎƘƴƻƭƻƎȅ ŎƻƳōƛƴƛƴƎ 

ǊŜƭŀǘƛǾŜƭȅ ƘƛƎƘ ǊŀǘŜǎ ƻŦ ǘǊŀŎŜǊ ǊŜǘǊƛŜǾŀƭ όƛΦŜΦΣ ƎŜƴŜǊŀƭƭȅ Ҕсл҈ύ ǿƛǘƘ ǊŜƭŀǘƛǾŜ ƭƻǿ Ŏƻǎǘǎ ŦƻǊ 

ǘƘŜ ǘŀƎǎ ŀƴŘ ǘƘŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ƛƴ ǎƛǘǳ ŘŜǘŜŎǘƛƻƴΦ  wCL5 ǘŜŎƘƴƻƭƻƎȅ Ŏƻƴǎƛǎǘǎ ƻŦ ŀ ǘǊŀƴπ

ǎǇƻƴŘŜǊ ǇǊƻǾƛŘƛƴƎ ƛƴŘƛǾƛŘǳŀƭ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ŦƻǊ ǘƘŜ ƻōƧŜŎǘ ƻŦ ƛƴǘŜǊŜǎǘ ŀƴŘ ŀ 

ǊŜŀŘŜǊκŎƻƴǘǊƻƭ ǳƴƛǘ ǘƘŀǘ Ŏƻƴǘŀƛƴǎ ŀ ǘǊŀƴǎƳƛǘǘŜǊ ŀƴŘ ǊŜŎŜƛǾŜǊ όCƛƴƪŜƴȊŜƭƭŜǊ нллоύΦ  !Ŏπ

ǘƛǾŜ ŀƴŘ ǇŀǎǎƛǾŜ ǘǊŀƴǎǇƻƴŘŜǊǎ ŜȄƛǎǘΦ  !ǎ ǘƘŜ ƴŀƳŜ ƛƳǇƭƛŜǎΣ ǇŀǎǎƛǾŜ ƛƴǘŜƎǊŀǘŜŘ 

ǘǊŀƴǎǇƻƴŘŜǊ ǘŀƎǎ όƛΦŜΦΣ tL¢ ǘŀƎǎύ Řƻ ƴƻǘ ǊŜǉǳƛǊŜ ǘƘŜƛǊ ƻǿƴ ŜƴŜǊƎȅ ǎǳǇǇƭȅ ŀƴŘ ŀǊŜ ǘƘǳǎ 

ŎƘŜŀǇŜǊΣ ŀƴŘ Ŏƻƴǎƛǎǘ ƻŦ ŀ ǎŜƳƛŎƻƴŘǳŎǘƻǊ ŎƘƛǇΣ ŀ ŎŀǇŀŎƛǘƻǊ ŀƴŘ ŀƴ ŀƴǘŜƴƴŀ ǘƻ ǎŜƴŘ ŀƴŘ 

ǊŜŎŜƛǾŜ ǎƛƎƴŀƭǎ ƘƻǳǎŜŘ ƛƴǎƛŘŜ ŀ Ǝƭŀǎǎ ŎȅƭƛƴŘŜǊǎ ƻŦ оΦуƳƳ ƛƴ ŘƛŀƳŜǘŜǊ ŀƴŘ мнΣ но ƻǊ 

онƳƳ ƛƴ ƭŜƴƎǘƘ όǎŜŜ CƛƎǳǊŜ пύΦ  IŜǊŜΣ ноƳƳ IŀƭŦ-5ǳǇƭŜȄ όI5·ύ ²a5 tL¢ ǘŀƎǎ ό¢!D-I-

нопD[ύ ǿŜǊŜ ǳǎŜŘ ƛƴ ŎƻƴƧǳƴŎǘƛƻƴ ǿƛǘƘ ŀ ΨǿŀƭƪŜǊ ǎǘȅƭŜΩ ǊŜŀŘŜǊ ǳƴƛǘ ƳŀƴǳŦŀŎǘǳǊŜŘ ōȅ 

²ȅǊŜ aƛŎǊƻ 5ŜǎƛƎƴ [ǘŘ όƳƻŘŜƭ 59/-I5·-²![Y-aYмύ όǎŜŜ ǎŜŎǘƛƻƴ оΦоΦоύΦ 

3.4.1 Tracer Preparation 

Lƴ ǘƘŜ ƎǊƻǿƛƴƎ ōƻŘȅ ƻŦ ǎŜŘƛƳŜƴǘ ǎǘǳŘƛŜǎΣ ǘƘŜ tL¢ ǘŀƎǎ ŀǊŜ ŦǊŜǉǳŜƴǘƭȅ ƛƴǎŜǊǘŜŘ ƛƴǘƻ ǘƘŜ 

ǊƻŎƪ ōȅ ŘǊƛƭƭƛƴƎ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜƭȅ ǎƛȊŜŘ ƘƻƭŜ ōǳǘ ǘƘƛǎ ŦǊŜǉǳŜƴǘƭȅ ǊŜǎǳƭǘǎ ƛƴ ǎƘŀǘǘŜǊƛƴƎ ƻŦ 

ǊƻŎƪǎ ŀƴŘ ōǊŜŀƪƛƴƎ ƻŦ ŘǊƛƭƭ ōƛǘǎΦ  /ƻƴǎŎƛƻǳǎ ƻŦ ǘƘŜ ƘŀǊŘƴŜǎǎ ƻŦ ƎǊŀƴƛǘŜΣ ŀƴŘ ŦƻƭƭƻǿƛƴƎ 

ŀŘǾƛŎŜ ŦǊƻƳ ŀƴ ŜȄǇŜǊƛŜƴŎŜŘ ǳǎŜǊ ό!Φ {ŎƘǿŜƴŘŜƭΣ ǇŜǊǎΦ ŎƻƳƳΦΣ ŀƴŘ ǎŜŜ {ŎƘǿŜƴŘŜƭ Ŝǘ 

ŀƭΦΣ нлмлύΣ ǘƘƛǎ ǎǘǳŘȅ ƛƴǎǘŜŀŘ ŀǘǘŀŎƘŜŘ ǘƘŜ ǘŀƎǎ ǘƻ ǘƘŜ ƻǳǘǎƛŘŜ ƻŦ ǘƘŜ ǊƻŎƪǎ ǳǎƛƴƎ ŘǊȅ 

ŎǳǊƛƴƎ ŜǇƻȄȅ-ŎƻƴŎǊŜǘŜΦ ¢ƘŜ ǘŀƎǎ ǿŜǊŜ ŀǘǘŀŎƘŜŘ ǿƛǘƘƛƴ ƴŀǘǳǊŀƭ ƎǊƻƻǾŜǎ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ 

ƻŦ ǘƘŜ ǇŀǊǘƛŎƭŜ όǿƘŜǊŜ ǇƻǎǎƛōƭŜύ ƛƴ ƻǊŘŜǊ ǘƻ ƳƛƴƛƳƛǎŜ ǘƘŜƛǊ ǇǊƻǘǊǳǎƛƻƴ ŀƴŘ ǘƘǳǎ ŀƴȅ 

ǇƻǘŜƴǘƛŀƭ ƛƳǇŀŎǘǎ ƻƴ ǘƘŜ ƘȅŘǊƻŘȅƴŀƳƛŎǎ ƻŦ ǊƻŎƪ ǘǊŀƴǎǇƻǊǘΦ  ¢Ƙƛǎ ǿŀǎ ŀƛŘŜŘ ōȅ ǘƘŜ ŀƴπ

ƎǳƭŀǊ ŀƴŘ ǎǳō-ŀƴƎǳƭŀǊ ǎƘŀǇŜ ƻŦ ōƻǘƘ ǘƘŜ ŀǳƎƳŜƴǘŜŘ ŀƴŘ ƴŀǘƛǾŜ ǇŀǊǘƛŎƭŜǎΦ  CƛƎǳǊŜ р 

ǎƘƻǿǎ ŀ ǎŀƳǇƭŜ ƻŦ ŀǳƎƳŜƴǘŜŘ ƎǊŀǾŜƭǎ ŦƛǘǘŜŘ ǿƛǘƘ wCL5 ǘŀƎǎ ŘǳǊƛƴƎ ǇǊŜǇŀǊŀǘƛƻƴ ƛƴ ǘƘŜ 

ƭŀōƻǊŀǘƻǊȅΦ   
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(a)  

(b)  

Figure 4. ɉÁɊ 3ÃÈÅÍÁÔÉÃ ÄÉÁÇÒÁÍ ÏÆ Á ÇÌÁÓÓ ÔÒÁÎÓÐÏÎÄÅÒ ɉ&ÉÎËÅÎÚÅÌÌÅÒȟ ςππσɊ 

ÁÎÄ ɉÂɊ ÐÈÏÔÏÇÒÁÐÈ ÏÆ ÔÈÅ ÔÁÇ ÕÓÅÄ ÉÎ ÔÈÉÓ ÓÔÕÄÙ 

 

 

Figure 5. 4ÁÇÇÅÄ ÁÕÇÍÅÎÔÅÄ ÔÒÁÃÅÒ ÓÅÄÉÍÅÎÔÓ ÄÕÒÉÎÇ ÐÒÅÐÁÒÁÔÉÏÎ 

 

tŀǊǘƛŎƭŜǎ ǿŜǊŜ ŘǊŀǿƴ ŦǊƻƳ ǘƘŜ Ƴŀǎǎ ƻŦ ǉǳŀǊǊƛŜŘ ƎǊŀǾŜƭǎ ǳǎŜŘ ŦƻǊ ŀǳƎƳŜƴǘŀǘƛƻƴ 

όΨŀǳƎƳŜƴǘŜŘΩ ǇŀǊǘƛŎƭŜǎύΣ ŀƴŘ ǎǳǊŦŀŎŜ ǎŀƳǇƭŜǎ ǘŀƪŜƴ ŦǊƻƳ ǘƘŜ ǎǘǊŜŀƳ ōŜŘ ŜƛǘƘŜǊ ŀǘ ǘƘŜ 

ƛƴǘŜƴŘŜŘ ŀǳƎƳŜƴǘŀǘƛƻƴ ƭƻŎŀǘƛƻƴ όΨƴŀǘƛǾŜΩ ǇŀǊǘƛŎƭŜǎύ ƻǊ ŦǊƻƳ ǳǇǎǘǊŜŀƳ ƻŦ !Ǿƻƴ 5ŀƳ 

όΨŀōƻǾŜ ŘŀƳ ƴŀǘƛǾŜΩ ǇŀǊǘƛŎƭŜǎύΦ  ¢ƘŜ ǾŀǊƛƻǳǎ ǎŀƳǇƭŜ ǇƻǇǳƭŀǘƛƻƴǎ ǿŜǊŜ ƛƴǘŜƴŘŜŘ ǘƻ Ŝƴπ
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ŀōƭŜ ŎƻƳǇŀǊƛǎƻƴǎ ōŜǘǿŜŜƴ ǘƘŜ Ƴƻōƛƭƛǘȅ ƻŦ ǘƘŜ ŀǳƎƳŜƴǘŜŘ ǇŀǊǘƛŎƭŜǎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǘƘŜ 

ƴŀǘƛǾŜ ǇŀǊǘƛŎƭŜǎ ŎƻƴǎŎƛƻǳǎ ǘƘŀǘ ǘƘŜ ŀǳƎƳŜƴǘŜŘ ǇŀǊǘƛŎƭŜǎ ŀǊŜ ŘŜƭƛōŜǊŀǘŜƭȅ ŦƛƴŜǊ ǘƘŀƴ ǘƘŜ 

ƴŀǘƛǾŜ ōŜŘ ǎŜŘƛƳŜƴǘǎ ŀǎ ŀƴ ŀǘǘŜƳǇǘ ǘƻ ƳŀǘŎƘ ǎǇŀǿƴƛƴƎ Ƙŀōƛǘŀǘǎ ǿƘƛŎƘ ŀǊŜ ǇǊŜǎǳƳŜŘ 

ǘƻ ƘŀǾŜ ŎƻŀǊǎŜƴŜŘ ƻǾŜǊ ǘƛƳŜ ǎƛƴŎŜ ŘŀƳ ŎƭƻǎǳǊŜΦ  ¢ƘŜ ŀōƻǾŜ ŘŀƳ ǇŀǊǘƛŎƭŜǎ ǿŜǊŜ ƛƴπ

ǘŜƴŘŜŘ ǘƻ ǎƛƳǳƭŀǘŜ ǇƻǘŜƴǘƛŀƭ ǇŀǊǘƛŎƭŜ ǎƛȊŜ όŀƴŘ ǘƘŜƛǊ Ƴƻōƛƭƛǘȅύ ƛƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ !Ǿƻƴ 

5ŀƳΦ  Lƴ ŜŀŎƘ ŎŀǎŜΣ ǎŀƳǇƭŜǎ ǎƛȊŜǎ ǿŜǊŜ ƳŜŀǎǳǊŜŘ ŀƴŘ ǘƘŜ ǘŀƎƎŜŘ ǎŀƳǇƭŜǎ ǘŀƪŜƴ ŦǊƻƳ 

ǘƘŜ рл ŎŜƴǘǊŀƭ ǇŀǊǘƛŎƭŜǎ ƛƴ ǘƘŜ ƻǾŜǊŀƭƭ ŘƛǎǘǊƛōǳǘƛƻƴ όƛΦŜΦΣ ōŜǘǿŜŜƴ ǘƘŜ нрǘƘ ŀƴŘ трǘƘ ǇŜǊπ

ŎŜƴǘƛƭŜ ƻŦ ǘƘŜ ǎƛȊŜ ŘƛǎǘǊƛōǳǘƛƻƴύΦ  !ǎ ǎǳŎƘΣ ŜŀŎƘ ǎŀƳǇƭŜ ǊŜǇǊŜǎŜƴǘǎ ŀƴ ŀǇǇǊƻȄƛƳŀǘŜ 

ΨŎŜƴǘǊŀƭ ǘŜƴŘŜƴŎȅΩ ƻŦ ǘƘŜ ǎŀƳǇƭŜ ǇƻǇǳƭŀǘƛƻƴ ŀƴŘ ŀǾƻƛŘǎ ǇŀǊǘƛŎǳƭŀǊƭȅ ƭŀǊƎŜ ƻǊ ǎƳŀƭƭ ǇŀǊπ

ǘƛŎƭŜǎΦ  9ŀŎƘ ǇŀǊǘƛŎƭŜ ǿŀǎ ƳŜŀǎǳǊŜŘ ŦƻǊ ƛǘϥǎ ŀ-Σ ō- ŀƴŘ Ŏ-ŀȄƛǎ ŘƛƳŜƴǎƛƻƴǎΣ ǿŜƛƎƘŜŘ ŀƴŘ 

Ƴŀƴǳŀƭƭȅ ƴǳƳōŜǊŜŘΦ 

3.4.2 Deployment 

Lƴ ǘǊŀŎƛƴƎ ǎǘǳŘƛŜǎΣ ǘƘŜ ǎǘǊŀǘŜƎȅ ŦƻǊ ŘŜǇƭƻȅƳŜƴǘ ƎŜƴŜǊŀƭƭȅ ƛƴǾƻƭǾŜǎ ŀ ǎȅǎǘŜƳŀǘƛŎ ŀǇπ

ǇǊƻŀŎƘ ǘƻ ΨƴŀǘǳǊŀƭΩ ǇƭŀŎŜƳŜƴǘ ƻŦ ǘƘŜ ǘŀƎƎŜŘ ǇŀǊǘƛŎƭŜ ς ōŀǎƛŎŀƭƭȅ ǎƛƳǳƭŀǘƛƴƎ ǘƘŜ ƴŀǘǳǊŀƭ 

Ǉƻǎƛǘƻƴ ƻŦ ǘƘŜ ǇŀǊǘƛŎƭŜ ǎƻ ǘƘŀǘ ƛǘǎ ƳƻǾŜƳŜƴǘ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ Ŏŀƴ ōŜ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ 

ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ƻŦ ǳƴǘŀƎƎŜŘ ǇŀǊǘƛŎƭŜǎ ƻŦ ǘƘŜ ǎŀƳŜ ǎƛȊŜ ŀǘ ǘƘŀǘ ǎƛǘŜΦ  Lƴ Ŧǳƭƭȅ ŀƭƭǳǾƛŀƭ ǊƛǾπ

ŜǊǎΣ ΨǎŜŜŘƛƴƎΩ ƛǎ ƎŜƴŜǊŀƭƭȅ ǎȅǎǘŜƳŀǘƛŎΣ ǇŀǊǘƛŎƭŜǎ ŀǊŜ ǇƭŀŎŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ŀ ǘǊŀƴǎŜŎǘ- ƻǊ 

ƎǊƛŘ-ōŀǎŜŘ ŀǊǊŀƴƎŜƳŜƴǘ ƛƴ ƻǊŘŜǊ ǘƻ ŜƴǎǳǊŜ ŀ ǿƛŘŜ ǾŀǊƛŜǘȅ ƻŦ Ŧƭƻǿ ŎƻƴŘƛǘƛƻƴǎ ŀƴŘ ƎŜπ

ƻƳƻǊǇƘƛŎ ǳƴƛǘǎ ǇǊŜǎŜƴǘ ǿƛǘƘƛƴ ǘƘŜ ǎǘǊŜŀƳ ǊŜŀŎƘ ŀǊŜ ǊŜǇǊŜǎŜƴǘŜŘ όŜΦƎΦΣ .ǊŀŘƭŜȅ ŀƴŘ 

¢ǳŎƪŜǊ нлмнΤ /ƘŀǇǳƛǎ Ŝǘ ŀƭΦ нлмрύΦ  ¢ƘŜ ǊŜǎŜŀǊŎƘŜǊ ǊŜƳƻǾŜǎ ŀ ǇŀǊǘƛŎƭŜ ŦǊƻƳ ǘƘŜ ōŜŘ 

ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ ǎŜŜŘƛƴƎ ƭƻŎŀǘƛƻƴ ŀƴŘ ǊŜǇƭŀŎŜǎ ƛǘ ǿƛǘƘ ŀ ǘŀƎƎŜŘ ǇŀǊǘƛŎƭŜ ƻŦ ǎƛƳƛƭŀǊ ǎƛȊŜ 

ŀƴŘ ǎƘŀǇŜΦ   

 

IŜǊŜΣ ǘƘŜ ŘŜǇƭƻȅƳŜƴǘ ǎǘǊŀǘŜƎȅ ǿŀǎ ƳƻŘƛŦƛŜŘ ǘƻ ǎǳƛǘ ǘƘŜ ŎƘŀƴƴŜƭ ŎƻƴŘƛǘƛƻƴǎ ǿƘƛŎƘ ƛƴπ

ǾƻƭǾŜ ŀ ΨǎŜƳƛ-ŀƭƭǳǾƛŀƭΩ ŎƘŀƴƴŜƭ ƳƻǊǇƘƻƭƻƎȅ ŎƻƴǎƛǎǘƛƴƎ ƻŦ ŀ ǾŜǊȅ ǘƘƛƴ ŀƭƭǳǾƛŀƭ ŎƻǾŜǊ ǎŜǘ 

ƛƴ ŀ ŦǊŀƳŜǿƻǊƪ ƻŦ ƭŀǊƎŜ ŎƻōōƭŜǎ ŀƴŘ ƛƳƳƻōƛƭŜ ōƻǳƭŘŜǊǎΣ ŀƴŘ ŀ ŎƻƴǎŜǉǳŜƴǘƭȅ ŎƻƳǇƭŜȄ 

ŀƴŘ ŎƘŀƻǘƛŎ ǇŀǘǘŜǊƴ ƻŦ Ŧƭƻǿ ƘȅŘǊŀǳƭƛŎǎΦ  tŀǊǘƛŎƭŜǎ ŦǊŜǉǳŜƴǘƭȅ ƻŎŎǳǊ ƛƴ ŎƭǳǎǘŜǊǎ ōŜǘǿŜŜƴ 

ŀƴŘ ƛƴ ǘƘŜ ƭŜŜ ƻŦ ōƻǳƭŘŜǊǎΦ  ¢ǊŀŎŜǊǎ ǿŜǊŜ ŘƛǎǘǊƛōǳǘŜŘ ƛƴ ŀƴ ŜǎǎŜƴǘƛŀƭƭȅ ǎȅǎǘŜƳŀǘƛŎ Ƴŀƴπ

ƴŜǊ ŘƛǎǘǊƛōǳǘƛƴƎ ΨŀǳƎƳŜƴǘŜŘΩΣ ΨƴŀǘƛǾŜΩ ŀƴŘ ΨŀōƻǾŜ ŘŀƳ ƴŀǘƛǾŜΩ ǇŀǊǘƛŎƭŜǎ όǿƛǘƘƻǳǘ ǘƘŜ 

ƭŀǘǘŜǊ ƻƴ .ŀƭŀ .Ǌƻƻƪ ǿƘƛŎƘ ƛǎ ƴƻǘ ŘŀƳƳŜŘύ Ŝǉǳŀƭƭȅ ŀŎŎƻǊŘƛƴƎ ǘƻ ŀ Ǿƛǎǳŀƭ о Ȅ о ƎǊƛŘ 

ό¦ǇǇŜǊ [ŜŦǘΣ ¦ǇǇŜǊ aƛŘŘƭŜΣ ¦ǇǇŜǊ wƛƎƘǘΣ aƛŘ- [ŜŦǘΣ aƛŘ-ƳƛŘ ŜǘŎΦύΣ ǘŀƪƛƴƎ ŎŀǊŜ ǘƻ ǇƭŀŎŜ 

ǇŀǊǘƛŎƭŜǎ ƛƴ ŀ ǾŀǊƛŜǘȅ ƻŦ ǘƘŜ ƘȅŘǊŀǳƭƛŎ Ŧƭƻǿ ǘȅǇŜǎΦ  tƭŀŎŜƳŜƴǘ ǿŀǎ ŀǎ ΨƴŜŀǊ ƴŀǘǳǊŀƭΩ ŀǎ 

ǇƻǎǎƛōƭŜ ōǳǘ ƛƴŎƭǳŘŜŘ ǇƭŀŎƛƴƎ ǇŀǊǘƛŎƭŜ ƴŜȄǘ ǘƻ ŎƭǳǎǘŜǊǎΦ  ¢ǊŀŎŜǊ ǇŀǊǘƛŎƭŜǎ ƛƴ ǘƘŜ ŀǳƎπ

ƳŜƴǘŜŘ ǎŜŎǘƛƻƴǎ ƻŦ ǘƘŜ 5ƛŘǿƻǊǘƘȅ ǊŜŀŎƘ ǿŜǊŜ ǎƛƳǇƭȅ ŜƳōŜŘŘŜŘ ƛƴǘƻ ǘƘŜ ŀǳƎƳŜƴǘŜŘ 

Ƴŀǎǎ ǿƘƛŎƘ ƛǎ ƴƻǘ ŦƭǳǾƛŀƭƭȅ-ǎƻǊǘŜŘ ƛƴ ǘƘŜ ŦƛǊǎǘ ƛƴǎǘŀƴŎŜΦ  Lƴ .ŀƭŀ .ǊƻƻƪΣ ǿƘŜǊŜ ŀǳƎπ

ƳŜƴǘŜŘ ǎŜŘƛƳŜƴǘǎ ǿŜǊŜ ǇƭŀŎŜŘ ƛƴ ŀ ƭƻǿ ƎǊŀŘƛŜƴǘ ŀǊŜŀ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ǎƛƭƭ ƻŦ ŀ 

ŦƻƻǘōǊƛŘƎŜΣ ǘǊŀŎŜǊ ǊƻŎƪǎ ǿŜǊŜ ǇƭŀŎŜŘ Ƨǳǎǘ ǳǇǎǘǊŜŀƳ ƛƴ ŀ ǊŜŀŎƘ ǘƘŀǘ ŀǇǇŜŀǊǎ ǘƻ ƻŦŦŜǊ 

ƳƻǊŜ ΨǘȅǇƛŎŀƭΩ ŦƭǳǾƛŀƭ ŎƻƴŘƛǘƛƻƴǎΦ 
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3.4.3 Tracking 

Lƴ ŎƻƳƳƻƴ ǿƛǘƘ Ƴƻǎǘ ōŜŘƭƻŀŘ ǎǘǳŘƛŜǎΣ ǘƘŜ ǎǘǳŘȅ ǳǎŜǎ ŀ ǇƻǊǘŀōƭŜ ǊŜŀŘŜǊ ŦƻǊ ǘǊŀŎƛƴƎ 

tL¢ ǘŀƎǎΣ ǊŀǘƘŜǊ ǘƘŀƴ ŀ Ǉƻƛƴǘ ŎƻƴǘǊƻƭ ǎǘŀǘƛƻƴ ǿƘƛŎƘ ǊŜŎƻǊŘǎ ŀǎ ǘŀƎǎ Ǉŀǎǎ ǘƘŜ ǎǘŀǘƛƻƴ 

όƳƻǊŜ ŎƻƳƳƻƴ ƛƴ ǎǘǳŘƛŜǎ ƻŦ ƳƛƎǊŀǘƛƴƎ ŦƛǎƘύΦ  CƻǊ ŀ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǇǊŀŎǘƛŎŀƭ ŀƴŘ ǎŀŦŜǘȅ 

ŎƻƴǎƛŘŜǊŀǘƛƻƴǎΣ ŀ ƳƛƴƛƳǳƳ ƻŦ ǘǿƻ ŦƛŜƭŘ ǎǘŀŦŦ ŀǊŜ ǊŜǉǳƛǊŜŘΦ  {ǳǊǾŜȅǎ ǊŜǉǳƛǊŜ ƭƻǿ Ŧƭƻǿ 

ŎƻƴŘƛǘƛƻƴǎ ŀǎ ǘƘŜ ƘŜŀŘ ƻŦ ǘƘŜ ǊŜŀŘŜǊ ƴŜŜŘǎ ǘƻ Ǉŀǎǎ ǿƛǘƘƛƴ ŀǇǇǊƻȄƛƳŀǘŜƭȅ лΦпр Ƴ ƻŦ 

ǘƘŜ ǘŀƎƎŜŘ ǇŀǊǘƛŎƭŜ ǘƻ ŜƴŀōƭŜ ŘŜǘŜŎǘƛƻƴΦ  ¢ŀƎǎ ǘƘŀǘ ŀǊŜ ǎǘŀƴŘƛƴƎ ƻƴ ŜƴŘ ŀǊŜ ƳƻǊŜ ŘƛŦŦƛπ

Ŏǳƭǘ ǘƻ ǘǊŀŎŜ ǘƘŀƴ ǘƘƻǎŜ ƭȅƛƴƎ ƘƻǊƛȊƻƴǘŀƭƭȅ ŀƴŘ ǘƘŜ ǊŜŀŘ ǊŀƴƎŜ Ƴŀȅ ōŜ ƻƴƭȅ лΦнл Ƴ 

ό/ƘŀǇǳƛǎ Ŝǘ ŀƭΦ нлмпύΦ  hƴŜ ǎǳǊǾŜȅƻǊ ǿŀŘŜǎ ǘƘǊƻǳƎƘ ǘƘŜ ǊƛǾŜǊ ǿƛǘƘ ǘƘŜ ǊŜŀŘŜǊ ŀƴŘ ŀƴπ

ǘŜƴƴŀ ǎȅǎǘŜƳ όCƛƎǳǊŜ сύΣ ǎŎŀƴƴƛƴƎ ǘƘŜ ōŜŘ ŦƻǊ ǘǊŀŎŜǊ ǇŀǊǘƛŎƭŜǎΣ ǿƘƛƭŜ ǘƘŜ ƻǘƘŜǊ ǊŜŎƻǊŘǎ 

ǘƘŜƛǊ ƭƻŎŀǘƛƻƴǎ ŦǊƻƳ ǘƘŜ ōŀƴƪ ǳǎƛƴƎ ǘƘŜ Db{{ όDƭƻōŀƭ bŀǾƛƎŀǘƛƻƴ {ŀǘŜƭƭƛǘŜ {ȅǎǘŜƳύ Ŏŀπ

ǇŀŎƛǘȅ ƻŦ ǘƘŜ ¢ǊƛƳōƭŜ DŜƻ т· ƘŀƴŘƘŜƭŘ ŎƻƳǇǳǘŜǊ ǎȅǎǘŜƳΦ  ¢ŀƎƎŜŘ ǇŀǊǘƛŎƭŜǎ ŜƳƛǘ ŀƴ 

ŀǳŘƛōƭŜ ΨōƭŜŜǇΩ ƛƴ ǘƘŜ ƘŜŀŘǇƘƻƴŜǎ ƻŦ ǘƘŜ ǎǳǊǾŜȅƻǊ ŀƴŘ ǘƘŜ tL¢ ǘŀƎΩǎ ǳƴƛǉǳŜ ƛŘŜƴǘƛŦƛŎŀπ

ǘƛƻƴ ŎƻŘŜΣ ŘƛǎǇƭŀȅŜŘ ƻƴ ǘƘŜ ǎŎǊŜŜƴ ƻŦ ǘƘŜ ǊŜŀŘŜǊΣ ƛǎ ŎŀƭƭŜŘ ƻǳǘ ǘƻ ǘƘŜ ōŀƴƪ ŀƴŘ 

ǊŜŎƻǊŘŜŘ ǳǎƛƴƎ ǘƘŜ ƘŀƴŘƘŜƭŘ ŎƻƳǇǳǘŜǊ ǎȅǎǘŜƳ ό¢ŜǊǊŀǎȅƴŎ ǎƻŦǘǿŀǊŜ ǾрΦсмύΦ  /ŀƴƻǇȅ 

ŎƻǾŜǊ ǊŜǎǘǊƛŎǘǎ ǘƘŜ ŀŎŎǳǊŀǘŜ ǇƻǎƛǘƛƻƴƛƴƎ ƻŦ ǘƘŜ ƛƴǎǘǊŜŀƳ ǘŀƎƎŜŘ ǇŀǊǘƛŎƭŜΦ  LƴǎǘŜŀŘΣ ǿŜ 

ǳǎŜŘ ǘƘŜ ¢ǊƛƳōƭŜ CƭƛƎƘǘǿŀǾŜϰ ǊŀƴƎŜŦƛƴŘŜǊ ƛƴǘŜƎǊŀǘŜŘ ƛƴ ǘƘŜ DŜƻ т·Σ ŘƛǊŜŎǘƛƴƎ ǘƘŜ 

ǊŀƴƎŜŦƛƴŘŜǊ ŀǘ ǘƘŜ ǘǊŀŎŜǊ ǇŀǊǘƛŎƭŜ ŦǊƻƳ ǘƘŜ ōŀƴƪΥ ǇŀǊǘƛŎƭŜ ƭƻŎŀǘƛƻƴ ƛǎ ǊŜŎƻǊŘŜŘ ŀǳǘƻπ

ƳŀǘƛŎŀƭƭȅ ƛƴǘŜƎǊŀǘƛƴƎ ǘƘŜ ƻŦŦǎŜǘ ƻŦ ǘƘŜ ǇŀǊǘƛŎƭŜ ŦǊƻƳ ǘƘŜ ŘŜǾƛŎŜΦ  ¢Ƙƛǎ ŜƴŀōƭŜǎ ǘƘŜ 

ƘŀƴŘƘŜƭŘ ŎƻƳǇǳǘŜǊ ǎȅǎǘŜƳ ǘƻ ōŜ ǊŜǘŀƛƴŜŘ όƛƴ ǊŜƭŀǘƛǾŜ ǎŀŦŜǘȅύ ƻƴ ǘƘŜ ōŀƴƪ ǿƘŜǊŜ ǎŀǘŜƭπ

ƭƛǘŜ ǊŜŎŜǇǘƛƻƴ ƛǎ ōŜǘǘŜǊ ǿƘƛƭŜ ǇŀǊǘƛŎƭŜ ƭƻŎŀǘƛƻƴǎ Ŏŀƴ ōŜ ǊŜŎƻǊŘŜŘ ǳǇ ǘƻ мнл Ƴ ŀǿŀȅΦ 

 

 

Figure 6. &ÉÅÌÄ ÔÒÁÃÉÎÇ ÏÆ 0)4 ÔÁÇÇÅÄ ÓÅÄÉÍÅÎÔÓ ÁÔ ÔÈÅ $ÉÄ×ÏÒÔÈÙ ÓÉÔÅȢ  7ÉÔÈÉÎ 

πȢτυ Í ÏÆ ÔÈÅ ÔÁÇÇÅÄ ÐÁÒÔÉÃÌÅȟ ÔÈÅ ÒÅÁÄÅÒ ÓÅÎÄÓ ÁÎ ÁÕÄÉÂÌÅ ÂÌÅÅÐ ÔÏ ÔÈÅ ÈÅÁÄȤ

ÐÈÏÎÅÓ ɉÁÖÏÉÄÉÎÇ ÔÈÅ ÃÏÍÐÅÔÉÎÇ ÓÏÕÎÄ ÏÆ ×ÁÔÅÒɊ ×ÈÉÌÅ ÔÈÅ ÔÁÇ ÉÄÅÎÔÉÆÉÃÁÔÉÏÎ ÉÓ 

ÄÉÓÐÌÁÙÅÄ ÏÎ ÔÈÅ ÒÅÁÄÅÒ ÁÒÏÕÎÄ ÔÈÅ ÓÕÒÖÅÙÏÒȭÓ ×ÁÉÓÔȢ 
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4 Results 

4.1 Channel characterisation 

The focal section of the Didworthy reach has an average gradient of 0.0236 and is 

ƳƻǊǇƘƻƭƻƎƛŎŀƭƭȅ ǎƛƳƛƭŀǊ ǘƻ ŀ ΨŎŀǎŎŀŘŜΩ ǊŜŀŎƘ ǘȅǇŜΣ ŘŜǎǇƛǘŜ ƘŀǾƛƴƎ ŀ ƭƻǿŜǊ ƎǊŀŘƛŜƴǘ 

than classically observed for this type (Montgomery and Buffington 1997).  Reaches 

ǿƛǘƘ ǘƘƛǎ ƎǊŀŘƛŜƴǘ ŀǊŜ ƳƻǊŜ ƎŜƴŜǊŀƭƭȅ ǇǊƻǇƻǎŜŘ ǘƻ ōŜ ƻŦ ΨǇƭŀƴŜ ōŜŘΩ ƻǊ ΨǎǘŜǇ-ǇƻƻƭΩ 

type but the immobile boulder bed imparts a very high and variable relative rough-

ness ratio to the reach resulting in a chaotic pattern of energy expenditure visually 

distinct from the relative uniformity of plane beds, or the organization inherent to a 

step-pool channel (although some partial bed steps exist). Gravel loss following im-

poundment may also have influenced the bed morphology. Gravels and sands 

congregate in the stoss and lee of boulders and in the channel margins where they 

are often deposited above low flow elevations.  Patchy sediment storage and mild 

imbrication of gravels and cobbles suggests a supply-limited reach in which transport 

thresholds are characteristically bi-modal, meaning that gravel and small cobbles are 

mobilized during moderate recurrence interval events whereas coarser material re-

quires far more infrequent floods for mobility.   

 

The size distribution of the gravels on the channel bed was characterized using the 

Ψ²ƻƭƳŀƴΩ ǘŜŎƘƴƛǉǳŜ ό²ƻƭƳŀƴ мфрпύ taking samples at each of the augmentation lo-

cations, and above the dam.  SŀƳǇƭƛƴƎ ƻŦ ΨƴŀǘƛǾŜΩ ǊƛǾŜǊ ōŜŘ ƎǊŀǾŜƭ ŘŜǇƻǎƛǘǎ ƛƴ ǘƘŜ 

Woolholes reach immediately below the dam indicated a median (D50) b-axis grain 

ǎƛȊŜ ƻŦ ту ƳƳ ǿƘŜǊŜŀǎ ΨŀōƻǾŜ ŘŀƳΩ ǎŜŘƛƳŜƴǘǎ ƘŀǾŜ ŀ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ 550 of 55 mm 

(see Table 2).  Such results are suggestive of coarsening of the downstream channel 

bed following dam construction and imply loss of sediment storage.  The Woolholes 

ΨƴŀǘƛǾŜΩ ƳŀǘŜǊƛŀƭ ƛǎ Ǿƛǎƛōƭȅ ƳǳŎƘ ŎƻŀǊǎŜǊ ƛƴ CƛƎǳǊŜ тΦ  Conversely, the median particle 

ǎƛȊŜ ƻŦ ǇŀǊǘƛŎƭŜǎ ƛƴ ǘƘŜ 5ƛŘǿƻǊǘƘȅ ǊŜŀŎƘ ƛǎ ǘƘŜ ǎŀƳŜ ŀǎ ΨŀōƻǾŜ ŘŀƳΩ ŎƻƴŘƛǘƛƻƴǎ at 55 

mm (Table 2) but consists of a greater spread of particle sizes.  Its visible distribution 

ǇŀǊǘ ǿŀȅ ōŜǘǿŜŜƴ ΨŀōƻǾŜ ŘŀƳΩ ŀƴŘ .ŀƭŀ .Ǌƻƻƪ ΨƴŀǘƛǾŜΩ ǎŜŘƛƳŜƴǘǎ Ƴŀȅ ƛƴŘƛŎŀǘŜ ǘƘŀǘ 

the reach is increasingly influenced by the input of sediment from the Bala Brook 

since the construction of Avon Dam.  In ŎƻƴǘǊŀǎǘΣ ǘƘŜ ΨŀǳƎƳŜƴǘŜŘΩ ƳŀǘŜǊƛŀƭ ŎƻƴǎƛǎǘŜŘ 

of well-sorted, sub-angular gravel obtained from a local quarry and sized to potential-

ly benefit the spawning requirements of resident salmonids.  The samples indicate a 

D50 of 40-43 mm and a far more restricted range of particle sizes (Table 2, Figure 7).   

 

The RFID-tagged ǇŀǊǘƛŎƭŜǎΣ ŘǊŀǿƴ ŦǊƻƳ ΨƴŀǘƛǾŜΩ ōŜŘ ǎŀƳǇƭŜǎ ŀƴŘ ǘƘŜ ŀǳƎƳŜƴǘŜŘ Ƴa-

terial replicate the D16 ς D84 distribution of the above dam and augmented material 

faithfully (Table 3), but represent a narrower range of particle sizes than found in the 
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contemporary Didworthy channel bed.  Functionally, therefore, the tagged particles 

perhaps ǊŜǇǊŜǎŜƴǘ ƘȅǇƻǘƘŜǘƛŎŀƭ ΨǇǊŜ-ŘŀƳΩ ǎŜŘƛƳŜƴǘ Ƴƻōƛƭƛǘȅ όΨŀōƻǾŜ ŘŀƳΩ ŀƴŘ Ψƴa-

ǘƛǾŜΩ ǎŜŘƛƳŜƴǘǎΣ ƴ Ґ мллύ ǾŜǊǎǳs the mobility of the distinctly finer augmented 

material (n = 49).  

 
4ÁÂÌÅ ςȡ 3ÕÍÍÁÒÙ ÓÉÚÅ ÐÁÒÁÍÅÔÅÒÓ ÏÆ ÔÒÁÃÅÒ ÓÅÄÉÍÅÎÔÓ 

{ƛǘŜ ²ƻƻƭƘƻƭŜǎ 5ƛŘǿƻǊǘƘȅ .ŀƭŀ .Ǌƻƻƪ !ōƻǾŜ 
ŘŀƳ 

{ŜŘƛƳŜƴǘ 
ǘȅǇŜ 

bŀǘƛǾŜ !ǳƎƳŜƴǘŜŘ bŀǘƛǾŜ !ǳƎƳŜƴǘŜŘ bŀǘƛǾŜ !ǳƎƳŜƴǘŜŘ /ƻƴǘǊƻƭ 

5Ƴƛƴ 
όƳƳύ 

му ор нн ом мн ом ол 

5р  
όƳƳύ 

нт ос нп оп нн он ор 

5мс 
όƳƳύ 

пт от ос ос ом ор пл 

5нр 
όƳƳύ 

сл оу пл оу оу ор пт 

5рл 
όƳƳύ 

ту по рр пн рт пл рр 

5тр 
όƳƳύ 

фт пс сф пр тф пп сл 

5уп 
όƳƳύ 

млс пт ту пс фн пс су 

5фр 
όƳƳύ 

мно рл фн пф мнр пф уп 

5ƳŀȄ 
όƳƳύ 

мср рс мпо рл мсл рс фл 

 

 

Figure 7.  'ÒÁÉÎ ÓÉÚÅ ÄÉÓÔÒÉÂÕÔÉÏÎ ÏÆ ȬÁÕÇÍÅÎÔÅÄȭȟ ȬÎÁÔÉÖÅȭ ÁÎÄ ȬÁÂÏÖÅ ÄÁÍ ÎÁȤ

ÔÉÖÅȭ ÓÅÄÉÍÅÎÔ ÓÁÍÐÌÅÓ 
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4ÁÂÌÅ σȡ #ÈÁÎÎÅÌ ÂÅÄ ÍÁÔÅÒÉÁÌ ÓÉÚÅ ÄÉÓÔÒÉÂÕÔÉÏÎ ÆÒÏÍ ÁÂÏÖÅ ÔÈÅ ÄÁÍ ÁÎÄ ÉÎ ÔÈÅ $ÉÄȤ
×ÏÒÔÈÙ ÔÅÓÔ ÒÅÁÃÈ ÁÎÄ ÓÉÚÅ ÄÉÓÔÒÉÂÕÔÉÏÎ ÏÆ 2&)$ ÔÁÇÇÅÄ ÓÁÍÐÌÅÓȢ 7ÏÌÍÁÎ ÓÁÍÐÌÉÎÇ 
ÍÅÔÈÏÄȢ 

 !ōƻǾŜ ŘŀƳ 5ƛŘǿƻǊǘƘȅ ǊŜŀŎƘ 
!ǳƎƳŜƴǘŀǘƛƻƴ  
ƳŀǘŜǊƛŀƭ 

 
/ƘŀƴƴŜƭ 
ōŜŘ 

wCL5  
ǎŀƳǇƭŜ 

/ƘŀƴƴŜƭ 
ōŜŘ 

wCL5  
ǎŀƳǇƭŜ 

{ŀƳǇƭŜ 
wCL5  
ǎŀƳǇƭŜ 

5мс όƳƳύ пл пм ос пу от ос 

5рл όƳƳύ рр рр рр ру по пн 

5уп όƳƳύ су тл ту тл пт пс 

 

4.2 Hydrology 

Within the range of measures available to pursue river restoration (Downs and Greg-

ƻǊȅ нллпύΣ ƎǊŀǾŜƭ ŀǳƎƳŜƴǘŀǘƛƻƴ ƛǎ ŀ ƳŜǘƘƻŘ ƻŦ ΨǇǊƻƳǇǘŜŘ ǊŜŎƻǾŜǊȅΩ ό5ƻǿƴǎ ŀƴŘ 

Thorne 1998).  Such measures represent a process-based approach to rehabilitation 

that works within existing river management constraints (i.e., the continued exist-

ence of a large dam, in this case) but their effectiveness is dependent on a series of 

driving flow events in order to realize their potential (Downs and Kondolf 2002).  For 

gravel augmentation projects where material is dumped into the channel and roughly 

spread across the channel bed, effectiveness implies receiving a series of flows suffi-

ŎƛŜƴǘ ǘƻ ŜƴǘǊŀƛƴ ŀƴŘ ǎǳōǎŜǉǳŜƴǘƭȅ ŘŜǇƻǎƛǘ ǘƘŜ ƎǊŀǾŜƭ ƛƴ ΨƴŀǘǳǊŀƭΩ ƭƻŎŀǘƛƻƴǎΦ  Cƭƻǿǎ ƻŦ 

interest are thus those capable of generating sufficient shear stress to entrain the 

augmented material.  This threshold flow and the extent it is exceeded during any 

one flow year determine the likely re-distribution potential of augmented gravels.  

/ƭŜŀǊƭȅΣ ŀ ²ŀǘŜǊ ¸ŜŀǊ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŦŜǿ ƘƛƎƘ Ŧƭƻǿǎ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ǊŜǎǳƭǘ ƛƴ ΨƭŜǎǎ 

ǘƘŀƴ ŀǾŜǊŀƎŜΩ ƎǊŀǾŜƭ ǊŜ-distribution whereas a year with many high flow events may 

be expected to transport augmented materials much greater distances than on the 

average. 

 

¢ƘŜ 5ƛŘǿƻǊǘƘȅ ƎŀǳƎŜ ƛǎ ǎƛǘǳŀǘŜŘ ƛƳƳŜŘƛŀǘŜƭȅ ŘƻǿƴǎǘǊŜŀƳ ƻŦ ǘƘŜ ŀǳƎƳŜƴǘŀǘƛƻƴ ŀǊŜŀ 

ŀǘ 5ƛŘǿƻǊǘƘȅ ŀƴŘ ŀǘ ǘƘŜ ŎƻƴŦƭǳŜƴŎŜ ƻŦ .ŀŘǿƻǊǘƘȅ .ǊƻƻƪΦ  ! ǘǿŜƭǾŜ ȅŜŀǊ ǊŜŎƻǊŘ ƻŦ Řŀƛπ

ƭȅ ƳŜŀƴ Ŧƭƻǿ ŜƭŜǾŀǘƛƻƴǎ όǘƘŜ 5ƛŘǿƻǊǘƘȅ ƎŀǳƎŜ ƛǎ ƴƻǘ ŎŀƭƛōǊŀǘŜŘ ŦƻǊ ŘƛǎŎƘŀǊƎŜ 

ƳŜŀǎǳǊŜƳŜƴǘύ ƛǎ ŎƻƳǇŀǊŜŘ ƛƴ CƛƎǳǊŜ уΦ  ¢ƘŜǊŜ ƛǎ ŀ ƳƛƴƛƳǳƳ Ŧƭƻǿ ǎǘŀƎŜ ǊŜŎƻǊŘŜŘ ōȅ 

ǘƘŜ ƎŀǳƎŜΣ ǿƘƛŎƘ ƛǎ ƻŎŎŀǎƛƻƴŀƭƭȅ ŀŘƧǳǎǘŜŘΣ ŀƴŘ ƛǘ ƛǎ ŜǾƛŘŜƴǘ ǘƘŀǘ ŦƻǊ ŀōƻǳǘ рл҈ ƻŦ ǘƘŜ 

Řŀƛƭȅ ƳŜŀƴ Ŧƭƻǿǎ ǘƘŀǘ Ŧƭƻǿ ǎǘŀƎŜ ŘƻŜǎ ƴƻǘ ŀŎƘƛŜǾŜ ǘƘŜ ƳƛƴƛƳǳƳ ǎǘŀƎŜΦ  Lǘ ƛǎ ŀƭǎƻ ƴƻπ

ǘƛŎŜŀōƭŜ ƛƴ CƛƎǳǊŜ у ǘƘŀǘ ǘƘŜ ƳƛƴƛƳǳƳ ǊŜŎƻǊŘŀōƭŜ ǎǘŀƎŜ ŘǳǊƛƴƎ ²¸нлмр ǿŀǎ ŦŀǊ ƘƛƎƘŜǊ 

ǘƘŀƴ ƛƴ ŜŀǊƭƛŜǊ ȅŜŀǊǎΦ  ¢Ƙƛǎ ŎƻƴŦƻǳƴŘǎ ŀ ŘƛǊŜŎǘ ōŜǘǿŜŜƴ-ȅŜŀǊ ŎƻƳǇŀǊƛǎƻƴ ƻŦ Ŧƭƻǿǎ ǊŜπ

ŎŜƛǾŜŘ ŀƭǘƘƻǳƎƘ ƛǘ ƛǎ ƴƻǘŀōƭŜ ǘƘŀǘ нлмр ŀǇǇŜŀǊǎ ǘƻ ōŜ ŀ ǊŜƭŀǘƛǾŜƭȅ ƭƻǿ Ŧƭƻǿ ȅŜŀǊΦ  ¢ƘŜ 

ƘƛƎƘŜǎǘ нл҈ ƻŦ Ŧƭƻǿ ǎǘŀƎŜǎ ŀǊŜ ƳŀƎƴƛŦƛŜŘ ƛƴ CƛƎǳǊŜ ф ŀƴŘ ǘƘƛǎ ƘƛƎƘƭƛƎƘǘǎ ǘƘŀǘ нлмр Ƴŀȅ 

ƘŀǾŜ ōŜŜƴ ǘƘŜ ƻƴŜ ƻŦ ǘƘŜ ŘǊƛŜǎǘ ƻŦ ǘƘŜ ƭŀǎǘ ǘǿŜƭǾŜ ȅŜŀǊǎΣ ǿƛǘƘ ƻƴƭȅ нллр ŀƴŘ нлмм ōŜπ
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ƛƴƎ ŘǊƛŜǊΦ  ¢ƘŜ ƳŀȄƛƳǳƳ ǊŜŎƻǊŘŜŘ Ŧƭƻǿ ǎǘŀƎŜ όлΦуф Ƴύ ƛǎ ŀŎǘǳŀƭƭȅ ǘƘŜ ƭƻǿŜǎǘ ƻŦ ǘƘƛǎ 

ǇŜǊƛƻŘΣ ōŜƛƴƎ ƳŀǊƎƛƴŀƭƭȅ ƭƻǿŜǊ ǘƘŀƴ ǘƘƻǎŜ ǊŜŎƻǊŘŜŘ ƛƴ нлмм ŀƴŘ нлмн όōƻǘƘ лΦфл ƳύΦ 

 

 

Figure 8. &ÌÏ× ÄÕÒÁÔÉÏÎ ÃÕÒÖÅ ÏÆ ÄÁÉÌÙ ÍÅÁÎ ÆÌÏ× ÅÌÅÖÁÔÉÏÎÓ ÁÂÏÖÅ ÄÁÔÕÍ ÁÔ 

ÔÈÅ $ÉÄ×ÏÒÔÈÙ ÇÁÕÇÅ ÆÒÏÍ 7ÁÔÅÒ 9ÅÁÒ ςππτ ÔÏ ςπρυȟ ÉÎÃÌÕÓÉÖÅȢ   !ÐÐÁÒÅÎÔÌÙ  

ÄÉÆÆÅÒÅÎÔ ÂÁÓÅ ÌÅÖÅÌÓ ÆÏÒ ÔÈÅ ÇÁÕÇÅȟ ÅÓÐÅÃÉÁÌÌÙ ÄÕÒÉÎÇ ςπρυ ɉÒÅÄ ÃÕÒÖÅɊ ÃÏÍÐÌÉȤ

ÃÁÔÅ ÉÎÔÅÒÐÒÅÔÁÔÉÏÎȢ   
 

 

Figure 9. &ÌÏ× ÄÕÒÁÔÉÏÎ ÃÕÒÖÅ ÏÆ ÔÈÅ ÈÉÇÈÅÓÔ ςπϷ ÏÆ ÄÁÉÌÙ ÍÅÁÎ ÆÌÏ× ÅÌÅÖÁÔÉÏÎÓ 

ÁÂÏÖÅ ÄÁÔÕÍ ÁÔ ÔÈÅ $ÉÄ×ÏÒÔÈÙ ÇÁÕÇÅ ÆÒÏÍ 7ÁÔÅÒ 9ÅÁÒ ςππτ ÔÏ ςπρυȟ ÉÎÃÌÕÓÉÖÅȢ   








































