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1 Introduction 

 

1.1 Brief 

A harbour wall condition survey was required to provide information for the preliminary stages of the 

harbour renovation: to repair and stabilise all harbour walls. Buro Happold Engineers were 

commissioned to carry out a visual inspection and photographic survey of the harbour walls. 

The survey was carried out between the 24th November and the 10th December 2004.   

 

1.2 Description of the wall 

Within Hayle Harbour the length of wall frontage totals over 1700m. With the exception of a short 

stretch of steel piled wall in the South Quay, all walls are of masonry construction. The masonry 

comprises various types of blockwork, including granite, scoria, ashlar and randomly coarsed 

stonework.  

Sections of the harbour wall date back to the 19th Century, during which the harbour developed to 

support the tin and copper mining industries. By 1842, after the construction of a significant number 

of new quays, the shape of Hayle Harbour, as we know it now, was largely complete. The latter half 

of the 20th century saw the engineering and harbour gradually fall into decline, at one point being 

closed to commercial shipping. After many decades of neglect much of the harbour wall is now in a 

poor state. In 1964 a collapsed section of the South Quay was replaced with a tied sheet pile wall. 

Localised repairs and wall strengthening have been attempted at certain locations during recent 

years. There are currently two major breaches to the harbour wall, on the South and East quays.      

 

1.3 Using this report 

The location of each surveyed section of wall can be easily identified by referring to the pull out 

orientation map at the back of this report (Section 9). 
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2 Methodology 

The harbour wall condition survey consisted of a visual inspection and detailed photographic survey 

of the wall. The survey was carried out between the 17th November and the 10th December 2004. 

The harbour walls included in the condition survey were first identified and then separated into the 

following sections: North Quay and North Quay (Eastern), South Quay, East Quay, Carnsew Wharf 

and Carnsew Quay, as indicated in drawing C010, Section 9. 

A chainage system was set up for each of the above harbour sections, as shown in drawing C010.  

The chainage along each section was measured at the top of the wall and marked at ten metre 

intervals. Chainage was painted near the top of the wall face to aid identification of photographs.  

At low tide a significant area of the foreshore is exposed along the harbour wall and is generally firm 

enough to access on foot. A proportion of the wall inspection was therefore undertaken with an 

engineer at the base of the wall, partnered by an assistant at the top of the wall. However, inspection 

in this manner was not possible for East Quay, parts of South Quay, Carnsew Wharf and Carnsew 

Quay. 

Inspection date, time, weather and tidal conditions were recorded for each 10m chainage interval. 

Wall type was identified, and the general condition was recorded. Wall depth was measured and 

recorded at each 10m chainage.  

The wall condition survey included the identification and measurement of missing blocks, cracks, 

vegetation, open joints, and surface erosion. Evidence of settlement and movement was also 

recorded. Other wall features were identified and described, including outfalls, ladders, fenders, and 

facing plates. Chainage and depth from the top of wall was measured and recorded for each feature.       

Digital photographs were taken of 10m sections of the wall. Where possible, photography was 

undertaken on land, from a harbour location across the water from the section of wall in interest. For 

the North Quay and certain other locations a boat was requied. Additional photographs were taken 

of certain details and surface features. It should be noted that generally phographs were carried out 

at a different time from the wall condition survey. The visual survey was carried out from foreshore 

level and did not include any intrusive investigation of the structure of the wall or testing of materials.  

Access to the top of the wall was restricted in some locations due to extensive vegetation. In a 

number of locations moored boats obscured areas of the wall from view.  

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reported delineation of Quay lengths  

North Quay 
North Quay (Eastern) 
South Quay 
East Quay 
Carnsew Wharf 
Carnsew Quay 
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3 Dockwall History 

The first quay to be constructed at Hayle was South Quay which was completed circa 1819 and was 

previously known as Foundry Quay. 

East Quay and North Quay are understood to have been constructed circa 1834. 

At the same time at East and North Quay, Carnsew Pool was constructed and it is reasonable to 

assume that Carnsew Pool and Carnsew Wharf were also constructed at this time. 

The docks were owned and managed by Harveys until relatively recent times. 

The Hayle Harbour Company was established in 1988 with statutory powers effective from 1989. 

 

The majority of quays are masonry gravity structures which resist overturning and sliding forces 

occasioned by soil, water and surcharge pressures behind the wall. 

Some attempts appear to have been made to increase wall stability at Carnsew Wharf and an 

isolated section of North Quay by providing tie backs. 

Following collapse of a section of masonry wall on South Quay circa 1964 a sheet piled wall was 

constructed. 

A section of North Quay has a timber jetty as a berthing facility for a fuel distribution depot situated 

near the Harbour Masters office. Fuel vessels ceased using this facility circa 1975. 
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4 North Quay 

 

Looking northwards along North Quay from the slipway 

 

Looking northwards along North Quay from chainage 200m 
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Location: NORTH QUAY – Chainage -10 – -14m 

Overall Grading:        

 Very Poor  Poor  Fair  Good  Very Good 

     

General:  Weather Conditions: Cloudy + Overcast 

Inspection Date: 25/11/04 Tidal Conditions: N/A 

Inspection Time: 0830 Average Height of Section: 1.0m @ -10m 

     

Features:     

Chainage Item Depth Description 

-14   Finish – remnants of wall covered by sand 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

-13   

-11  0.35 

Open joints 

Hole behind coping stone at surface 
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Location: NORTH QUAY – Chainage 0 – -10m 

Overall Grading:        

 Very Poor  Poor  Fair  Good  Very Good 

     

General:  Weather Conditions: Cloudy + Overcast 

Inspection Date: 25/11/04 Tidal Conditions: N/A 

Inspection Time: 0835 Average Height of Section: 3.15 @ 0m 

     

Features:     

Chainage Item Depth Description 

-4.1   Granite bollard offset 3.7 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

0   Corner of wall 

-5m to -6   Isolated open joints 

-8m   Vertical joint in wall 

-8 to  -10m   Isolated open joints 
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Location: NORTH QUAY – Chainage -10 – -14m 

Overall Grading:        

 Very Poor  Poor  Fair  Good  Very Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW -0.41 

Inspection Time: 0900 Average Height of Section: 3.15 @ 0m 

     

Features:     

Chainage Item Depth Description 

    

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

   Masonry generally well pointed and maintained. Coping 
stones all granite 

0 – 1.5m   Corner of wall granite quorns throughout 

1.5 - 10   Upper masonry good but lower section of wall has some 
open joints and requires repointing 

7.3 – 9m   Limited section of masonry missing (worst below 
seaweed growth line) 

8m  bottom Lack of pointing 
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Location: NORTH QUAY – Chainage 10 – 20m 

Overall Grading:        

 Very Poor  Poor  Fair  Good  Very Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW -0.36 

Inspection Time: 0905 Average Height of Section: 4.90m 

     

Features:     

Chainage Item Depth Description 

    

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

15.5m  3.6 Stone missing 

10 - 20  3.6 Some re-pointing needed below this level 
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Location: NORTH QUAY – Chainage 20 – 30m 

Overall Grading:        

 Very Poor  Poor  Fair  Good  Very Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW 0.31 

Inspection Time: 0910 Average Height of Section: 5.20 

     

Features:     

Chainage Item Depth Description 

21.2 Surface feature  Iron anchor chain 5.2 offset (PHOTO) 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

25.7 Masonry missing 3.10 One stone 

26.7 Masonry missing 5.30 Bed Level 

28.2 Stone missing 0.3 Possible drainage outlet 
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Location: NORTH QUAY – Chainage 30 – 40m 

Overall Grading:        

 Very Poor  Poor  Fair  Good  Very Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW -0.27 

Inspection Time: 0914 Average Height of Section: 5.3 

     

Features:     

Chainage Item Depth Description 

39m   Aluminium Ladder 

39m Surface  Anchor Chain offset 3.2m 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

34m  2m Concrete infill section typically 1m wide 

36 – 40m  2m Minor cracks in pointing below coping to 2m depth 

39 – 40m  2m Concrete infill section typically 1m wide 
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Location: NORTH QUAY – Chainage 40 – 50m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW -0.24 

Inspection Time: 0917 Average Height of Section: 5.3 

     

Features:     

Chainage Item Depth Description 

41.5m  0.3 100mm pipe 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

40m  2.8 – 3.2 Open joints 

40 – 43m  2.8 – 3.9 Open joints some re-pointing required 
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Location: NORTH QUAY – Chainage 50 – 60m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Poor 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW -0.19 

Inspection Time: 0920 Average Height of Section: 5.60 

     

Features:     

Chainage Item Depth Description 

58   Ladder rusty mild steel 

58 Surface feature  Anchor chain 3m offset 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

51.5  1.5 – 2.1 Small section open joints needs re-pointing 

51.5 - 56  1.2 – 1.8 Typically open and crack joints 

59 - 60  0.3 – 0.8 A few open joints requiring re-pointing 
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Location: NORTH QUAY – Chainage 60 – 70m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Poor 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW -0.16 

Inspection Time: 0925 Average Height of Section: 5.9 

     

Features:     

Chainage Item Depth Description 

    

    

    

    

     

Condition Defects:   

Chainage Item Depth Description 

63.8 – 64.2  1m Very open joint 

64.2 - 70   Relatively recently re-pointed section 
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Location: NORTH QUAY – Chainage 70 – 80m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Poor 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW -0.06 

Inspection Time: 0935 Average Height of Section: 5.8 

     

Features:     

Chainage Item Depth Description 

74.3   Rusty Mild Steel Ladder 

75   Anchor Chain 2.8. offset 

75.5   Davit plate fixed to coping stone 

    

     

Condition Defects:   

Chainage Item Depth Description 

70 - 72  1.3 – 2.0 Open joints in masonry 

67 - 80  3.6 – 4.6 Minor amount of open joints 
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Location: NORTH QUAY – Chainage 80 – 90m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW -0.03 

Inspection Time: 0938 Average Height of Section: 5.8 

     

Features:     

Chainage Item Depth Description 

    

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

80 - 83  3.5 – 4.7 Open joints – re-pointing 

80 - 88  3.5 – 4.0 Open joints 

89  1.2 Formed hole in wall, probably for surface drainage 
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Location: NORTH QUAY – Chainage 90 – 100m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW -0.01 

Inspection Time: 0940 Average Height of Section: 5.7 

     

Features:     

Chainage Item Depth Description 

95   100mm pipe 

95   Rough Heras fencing etc extends to quay line 

96   Ring / chain anchor 3.3m offset 

    

     

Condition Defects:    

Chainage Item Depth Description 

96 – 100m  3.9 – 5.1 Open joints 
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   Coping stone brace 

 

Location: NORTH QUAY – Chainage 100 – 110m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW +0.03 

Inspection Time: 0945 Average Height of Section: 5.7 

     

Features:     

Chainage Item Depth Description 

100  0 – 3.8 Vertical joint in wall 

100 - 107   Iron diagonal member 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

100 - 103  0 – 3.8 Rebuilt section of wall mainly granite blocks 

103 - 107  3.8 - 0 Rebuilt section of granite wall ends 

   PHOTO – metal braces at top of coping stone 

   Note: metal braces tieing in coping stones are present or 
not present in ad-hoc fashion 
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Location: NORTH QUAY – Chainage 110 – 120m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 0.09 

Inspection Time: 0950 Average Height of Section: 5.7 

     

Features:     

Chainage Item Depth Description 

110  1.1 150mm dia pipe 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

113 – 
113.5 

 1.1 Isolated section with open joints 
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Location: NORTH QUAY – Chainage 120 – 130m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 0.14 

Inspection Time: 0955 Average Height of Section: 5.6 

     

Features:     

Chainage Item Depth Description 

128.5   Anchor ring / chain 1.8m offset 

129.8  1.5 Iron pipe capped 

    

    

     

Condition Defects:    

Chainage Item Depth Description 
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Location: NORTH QUAY – Chainage 130 – 140m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 0.19 

Inspection Time: 1000 Average Height of Section: 5.6 

     

Features:     

Chainage Item Depth Description 

134 Iron plate with 
capped pipe 

1.4  

    

134 Iron capped pipe 1.2  

    

     

Condition Defects:    

Chainage Item Depth Description 

3.0 – 3.8   Seaweed throughout section 
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  Anchor Block 

 

 

Location: NORTH QUAY – Chainage 140 – 150m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 0.22 

Inspection Time: 1003 Average Height of Section: 5.4 

     

Features:     

Chainage Item Depth Description 

148.3   Metal anchor block at surface with chains 

148.3  2 - 4 3 purposed formed holes centred on chainage 148.3 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

140  1.0 Isolated v small area of open joints 

144 - 150   Wall entirely of regular coarsed granite masonry 
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Location: NORTH QUAY – Chainage 150 – 160m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 0.27 

Inspection Time: 1008 Average Height of Section: 5.2 

     

Features:     

Chainage Item Depth Description 

156.3  0.8 150 dia pipe 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

150 - 153   End of granite regular coarsed block section 
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Location: NORTH QUAY – Chainage 160 – 170m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 0.31 

Inspection Time: 1012 Average Height of Section: 5.1 

     

Features:     

Chainage Item Depth Description 

    

   

   

 

    

     

Condition Defects:    

Chainage Item Depth Description 

160 - 164  1.7 Granite regular coarsed section, rebuilt part of wall 

   Scoria blocks below 
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Location: NORTH QUAY – Chainage 170 – 180m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 0.34 

Inspection Time: 1019 Average Height of Section: 4.5 

     

Features:     

Chainage Item Depth Description 

175 Surface feature  Anchor design ring 1.5m offset 

177 - 180 Surface feature  

   

Free standing concrete block wall 0.8m high above 
coping level 

179  1 150mm dia iron pipe 

     

Condition Defects:    

Chainage Item Depth Description 
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Location: NORTH QUAY – Chainage 180 – 190m 

Overall Grading: steps    wall   

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 0.34 

Inspection Time: 1019 Average Height of Section: 4.5 

     

Features:     

Chainage Item Depth Description 

180-189 Surface feature  Free standing wall / rusty handrail + standards 

185.8 Surface feature  100mm dia pipe 

184-189.3   Steps 900mm wide granite 

187.3   Breach in steps (PHOTO) 

     

Condition Defects:    

Chainage Item Depth Description 

187.3 Breach in steps 2.1 

   

Generally good except undermining of steps at 187.3 
over 3 steps 1m total horizontal distance. 

   Crack in one step 
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Location: NORTH QUAY – Chainage 190 – 200m 

Overall Grading:        

 Very 
Poor 

 
Poor 

Corner 
Section 

 Fair  
Good 

Remainder 
of wall 

 Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 0.44 

Inspection Time: 1025 Average Height of Section: 4.8 

     

Features:     

Chainage Item Depth Description 

195   Corner of wall 

   

   

Flanged iron bollard filled with concrete (3m offset) 

    

     

Condition Defects:    

Chainage Item Depth Description 

195  1.5 – 2.7 Large open joints at corner  
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Location: NORTH QUAY – Chainage 200 – 210m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 0.49 

Inspection Time: 1030 Average Height of Section: 5.2 

     

Features:     

Chainage Item Depth Description 

202.5   Remains of timber post 

203.5   Concrete buttress fender (500x450) 

206  1.2 100mm dia pipe 

    

     

Condition Defects:    

Chainage Item Depth Description 

205.8-208   Granite coping stone displaced wall from this section  

   Mainly Scoria blocks – all copings granite 

    

  2.1 Seaweed 
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Location: NORTH QUAY – Chainage 210 – 220m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 1.00 

Inspection Time: 1040 Average Height of Section: 5.1 

     

Features:     

Chainage Item Depth Description 

    

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

210-220  1.2-3.0 Scoria masonry surface eroded with open joints 

    

215  3.0-3.9 

   

Hole in wall, block missing 0.9x1.0 wide – difficult to 
access due to seaweed coverage 
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Location: NORTH QUAY – Chainage 220 – 230m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 1.04 

Inspection Time: 1045 Average Height of Section: 5.1 

     

Features:     

Chainage Item Depth Description 

225   Unsafe aluminium ladder 

225  Surface feature  Anchor ring / chain 2.7m offset 

228.7   Concrete buttress / fender 

    

     

Condition Defects:    

Chainage Item Depth Description 

220-221  2.7-3.1 Occasional Scoria blocks missing 

   Surface erosion of Scoria Blocks 

    

   Occasional blocks appear to have timber insets 
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Location: NORTH QUAY – Chainage 230 – 240m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 1.09 

Inspection Time: 1050 Average Height of Section: 5.3 

     

Features:     

Chainage Item Depth Description 

233   Timber ladder 

    

   BOAT OBSCURING WALL 233 - 244 

    

     

Condition Defects:    

Chainage Item Depth Description 

235-238.5  2.2-3.2 Some erosion and missing Scoria blocks behind boat 
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Location: NORTH QUAY – Chainage 240 – 250m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 1.14 

Inspection Time: 1055 Average Height of Section: 5.3 

     

Features:     

Chainage Item Depth Description 

243.5 Surface feature  Anchor chain / ring offset 1.2 

    

245.3   Concrete fender 

   Timber ladder 

     

Condition Defects:    

Chainage Item Depth Description 

242  2.3-2.7 Small amount of masonry missing 
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Location: NORTH QUAY – Chainage 250 – 260m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 1.19 

Inspection Time: 1100 Average Height of Section: 5.7 

     

Features:     

Chainage Item Depth Description 

252.7 Surface feature  Davit 1.3m offset 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

258-260  2.2-3.5 Scoria blocks splitting / eroding  
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Location: NORTH QUAY – Chainage 260 – 270m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 1.22 

Inspection Time: 1103 Average Height of Section: 5.7 

     

Features:     

Chainage Item Depth Description 

261.5  1.0 Concrete fender – spalled off 1m from coping 

262  0.5 Large chain anchored to wall 

265  0.5 Chain anchored to wall 

269   Rusty Mild steel ladder 

269.5  4.3 250mm dia pipe 

270  5.5 100mm dia pipe 

261 Surface feature  Anchor chain / ring – offset 0.5m 

     

Condition Defects:    

Chainage Item Depth Description 
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Location: NORTH QUAY – Chainage 270 – 280m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 1.27 

Inspection Time: 1108 Average Height of Section: 5.8 

     

Features:     

Chainage Item Depth Description 

    

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 
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Location: NORTH QUAY – Chainage 280 – 290m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 1.29 

Inspection Time: 1110 Average Height of Section: 6.0 

     

Features:     

Chainage Item Depth Description 

283.4  0.5 Heavy/large chain anchor to wall  

283.4 +   Appears to be sill at bed level from 283.4 onwards 

286.4   Concrete fender 

287.4   Timber fender 

     

Condition Defects:    

Chainage Item Depth Description 
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Location: NORTH QUAY – Chainage 290 – 300m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 1.33 

Inspection Time: 1114 Average Height of Section: 6.1 

     

Features:     

Chainage Item Depth Description 

294.8   Concrete fender 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 
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Location: NORTH QUAY – Chainage 300 – 310m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 1.36 

Inspection Time: 1117 Average Height of Section: 6.1 

     

Features:     

Chainage Item Depth Description 

300   Steel length of chain 0.8 long anchored to wall  

303  0.5 Concrete fender. Sill appears to end at chainage 303 

308.5  0.5 Ditto 300 

    

     

Condition Defects:    

Chainage Item Depth Description 
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Location: NORTH QUAY – Chainage 310 – 320m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 1.40 

Inspection Time: 1120 Average Height of Section: 6.0 

     

Features:     

Chainage Item Depth Description 

311   Short chain anchored to wall 

313   Ladder 

314.5 

317.2 

  Short chain 

318.5  

319 

  Fender,  

Change in direction of wall 

     

Condition Defects:    

Chainage Item Depth Description 

310-313  1.2 – 3.6 Scoria block + other masonry eroded plus missing block  
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Location: NORTH QUAY – Chainage 320 – 330m 

Overall Grading:        

 
Very 

Poor (for 
timber 
jetty) 

 Poor  Fair  Good 
(for wall)  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 1.44 

Inspection Time: 1125 Average Height of Section: 5.9 

     

Features:     

Chainage Item Depth Description 

320+   Remains of timber jetty from 320 onwards 

320  4.5 Sill (sloping) starts at 320 

322  1.1 Concrete post extending from wall 400mm 

322.8 

326 

 0.5 

1.4 

Block missing, probably drainage hole 

Concrete post projects 

329.3  1.4 Concrete post 

     

Condition Defects:    

Chainage Item Depth Description 

320   2m wide concrete slab at surface throughout, rather than 
copingstone  

326   Block missing at 326.3 

327.5-330   Open horizontal joint 
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  Timber Fender Section 

Location: NORTH QUAY – Chainage 330 – 340m 

Overall Grading:        

 
Very 

Poor (for 
timber 
jetty) 

 Poor  Fair  Good 
(for wall)  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 1.54 

Inspection Time: 1135 Average Height of Section: 5.6 

     

Features:     

Chainage Item Depth Description 

333.2   Timber fender generally rotten 

333.5  1.3 Concrete post projects 

334 150 pipe 0.6  

337 

337 

  Timber jetty still standing 

Concrete post projects 

     

Condition Defects:    

Chainage Item Depth Description 
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Location: NORTH QUAY – Chainage 340 – 350m 

Overall Grading:        

 

Very 
Poor 

(remains 
of timber 

jetty) 

 Poor  Fair  
Good 

Masonry 
 Very 

Good 

     

General:  Weather Conditions: Overcast 

Inspection Date: 25/11/04 Tidal Conditions: LW + 0.02 

Inspection Time: 1020 Average Height of Section: 5.5 

     

Features:     

Chainage Item Depth Description 

345   Concrete post projects 

348   Concrete post projects 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

345-347  0 – 2.6 Repaired section of wall  

  2.6 General level of seaweed line  
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Location: NORTH QUAY – Chainage 350 – 360m 

Overall Grading:        

 

Very 
Poor 

(remains 
of timber 

jetty) 

 Poor  Fair  Good 
(masonry)  Very 

Good 

     

General:  Weather Conditions: Overcast 

Inspection Date: 25/11/04 Tidal Conditions: LW + 0.07 

Inspection Time: 1025 Average Height of Section: 5.5 

     

Features:     

Chainage Item Depth Description 

351.5   Concrete post projects 

355   Concrete post projects 

354   Timber ladder at angle 

356.5 

359 

Surface feature  2m wide slab there after slab extends in width 

Concrete post projects 

     

Condition Defects:    

Chainage Item Depth Description 

359  2.7 – 3.5 2 smallish masonry blocks missing  

  2.6 General level of seaweed line  
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Location: NORTH QUAY – Chainage 360 – 370m 

Overall Grading:        

 
Very 
Poor  

Timber 
Jetty 

 Poor  Fair  Good 
(masonry)  Very 

Good 

     

General:  Weather Conditions: Overcast 

Inspection Date: 25/11/04 Tidal Conditions: LW + 0.12 

Inspection Time: 1030 Average Height of Section: 5.7 

     

Features:     

Chainage Item Depth Description 

360 Surface feature 0.9 225 pipe 

362.5 Surface feature 1.3 Concrete post projects 

366 Surface feature  Concrete post projects 

    

     

Condition Defects:    

Chainage Item Depth Description 

364 – 
364.5 

 1.2 – 2.1 Open joints 
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Location: NORTH QUAY – Chainage 370 – 380m 

Overall Grading:        

 
Very 
Poor 

Timber 
jetty 

 Poor  Fair  
Good 

masonry 
 Very 

Good 

     

General:  Weather Conditions: Overcast 

Inspection Date: 25/11/04 Tidal Conditions: LW + 0.17 

Inspection Time: 1035 Average Height of Section: 5.8 

     

Features:     

Chainage Item Depth Description 

370   Concrete post 

374   Concrete post 

377.5   Concrete post 

    

     

Condition Defects:    

Chainage Item Depth Description 
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Location: NORTH QUAY – Chainage 380 – 390m 

Overall Grading:        

 
Very 
Poor 

Timber 
jetty 

 Poor  Fair  
Good 

masonry 
 Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 25/11/04 Tidal Conditions: LW + 1.36 

Inspection Time: 1040 Average Height of Section: 5.7 

     

Features:     

Chainage Item Depth Description 

381   Concrete post 

382   MS rusty bent ladder 

384   Concrete post 

388   Concrete post 

     

Condition Defects:    

Chainage Item Depth Description 

381  1.7 – 3.3 Open joints (mainly vertical) 
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Location: NORTH QUAY – Chainage 390 – 400m 

Overall Grading:        

 
Very 
Poor 

Timber 
jetty 

 Poor  Fair  
Good 

masonry 
 Very 

Good 

     

General:  Weather Conditions: Overcast 

Inspection Date: 25/11/04 Tidal Conditions: LW + 0.25 

Inspection Time: 1043 Average Height of Section: 5.7 

     

Features:     

Chainage Item Depth Description 

391.5 Surface feature  Concrete post 

393 Surface feature  Concrete post 

395 Surface feature  Concrete post 

393 Surface feature  Two adjacent ladders, one MS and one timber 

     

Condition Defects:    

Chainage Item Depth Description 

396  2.9 Block missing 
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Location: NORTH QUAY – Chainage 400 – 410m 

Overall Grading:        

 
Very 
Poor 

Timber 
jetty 

 Poor  Fair  
Good 

masonry 
 Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 25/11/04 Tidal Conditions: LW + 0.27 

Inspection Time: 1045 Average Height of Section: 5.5 

     

Features:     

Chainage Item Depth Description 

406.5   Concrete post 

408.5   MS ladder  

410   Concrete post 

412   Anchor/chain 1m offset 

     

Condition Defects:    

Chainage Item Depth Description 

    

   Large boat in the way from 402m chainage 
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Location: NORTH QUAY – Chainage 410 – 420m 

Overall Grading:        

 

Very 
Poor 

(remains 
of timber 

jetty) 

 Poor  Fair  Good 
(Masonry)  Very 

Good 

     

General:  Weather Conditions: Overcast 

Inspection Date: 25/11/04 Tidal Conditions: LW + 0.32 

Inspection Time: 1050 Average Height of Section: 5.4 

     

Features:     

Chainage Item Depth Description 

413.3 

413.5 

  Timber jetty ends 

Concrete post 

414.5   End of concrete sill 

417  1.00 75 duct with (electrical cable)? 

414-420   2 course concrete block wall 

     

Condition Defects:    

Chainage Item Depth Description 

410–417.5  1.8-4.0 Masonry joints  

414.5-420   Sill in worse condition over this section 
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Location: NORTH QUAY – Chainage 420 – 430m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 25/11/04 Tidal Conditions: LW + 0.42 

Inspection Time: 1100 Average Height of Section: 5.3 

     

Features:     

Chainage Item Depth Description 

424   Change of direction of wall 

428    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

423.5  0.7-1.2 Block missing, may be old drainage outlet 

422-424  2.3-3.8 Open joints in masonry 

  2.8 Seaweed line  

425  1.5-2.4 Open joints 

427-428  1.4-2.0 Isolated block missing  
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  Ch 435m 

Location: NORTH QUAY – Chainage 430 – 440m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 25/11/04 Tidal Conditions: LW + 0.47 

Inspection Time: 1105 Average Height of Section: 5.2 

     

Features:     

Chainage Item Depth Description 

432   Concrete block wall peters out and granite coping starts 

430 Surface feature  100mm steel tube post filled with concrete 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

430-432  1.5-4.0 Some open joints over this section 

432.6-444   Badly repaired section of wall with some open stone 
joints 

437  1-1.5 Rectangular hole may be for drainage 
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Location: NORTH QUAY – Chainage 440 – 450m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Overcast 

Inspection Date: 25/11/04 Tidal Conditions: LW + 0.57 

Inspection Time: 1115 Average Height of Section: 4.7 

     

Features:     

Chainage Item Depth Description 

443.5  2.0 150 pipe 

442 Surface feature   Flanged iron bollard 2m offset 

444+   From 444 onwards wall profile in section has greater 
slope 

    

     

Condition Defects:    

Chainage Item Depth Description 

443.5   Small stone backfill above pipe (old trench line visible) 

443.5-
444.7 

  Large coping stone missing granite 

448.4-450   Granite coping stone missing 
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Location: NORTH QUAY – Chainage 450 – 460m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 2.19 

Inspection Time: 1200 Average Height of Section: 3.4 

     

Features:     

Chainage Item Depth Description 

452  2.2 150 pipe 

455-460 Free-standing 
concrete block 
wall with vertical 
cracks in places 

1.1 height 
approx 

Start of wall 

457-460 Concrete sill 
visible over this 
section 

 Remains of concrete sill at bottom of ramp 

    

     

Condition Defects:    

Chainage Item Depth Description 

450   Small change in direction in plan 

Slightly sloping section but not as pronounced as section 
440-450 

451-457  2m+ Partially open joints over most of this section to base 

450-455.5   Open horizontal joints at copings 

457-458   Open joints to full depth of wall 

456.5-460   Remains of ramped concrete slope. Poor quality concrete 
and ramp  is completely undermined in places 
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  Ch 460m 
 

 

Location: NORTH QUAY – Chainage 460 – 470m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 2.34 

Inspection Time: 1215 Average Height of Section: 2.3 

     

Features:     

Chainage Item Depth Description 

460-470   Free-standing concrete block wall vertical cracks in 
places 

463.5   Telecom pole – offset 2.3 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

460-470   Ramp in poor condition and undermined in places 

460-470   Vent crack and free-standing can block wall, 5 blocks 
cracked over this section 

    

    

    

    



 

Hayle Harbour  Report Revision 0 
   Jan '05 
Hayle Harbour wall.doc   Page 58 of 187 

Buro Happold 

 

 

  Ch 470m 

Location: NORTH QUAY – Chainage 470 – 480m 

Overall Grading:        

 Very 
Poor 

 
Poor 
(470-
477.5) 

 Fair  
Good 

(477.5-
480) 

 Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 2.49 

Inspection Time: 1230 Average Height of Section: 2.6 

     

Features:     

Chainage Item Depth Description 

472  1m above 
ground 
level 

End of concrete free-standing wall  

477-480   Concrete sill at base of wall 

472  1m above 
ground 
level 

Start of scoria block free-standing section of wall (approx 
1m in height) 

    

     

Condition Defects:    

Chainage Item Depth Description 

470-472   Ramp completely undermined. Evidence of old wall at 
back (see photograph) 

472-480   Top two corners of scoria masonry with open joints 

472-474  0.7 - base 0.75 base open joints + slippage/movement particularly 
at 472.5m approximately 
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  150mm outfall 

Location: NORTH QUAY – Chainage 480 – 490m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 3.04 

Inspection Time: 1245 Average Height of Section: 3.1 

     

Features:     

Chainage Item Depth Description 

485.7   Corner returns 

 

484 

Surface feature 

M.H cover 

 Top 1m approx of wall is free-standing  

3m offset – almost certainly carries flow discharging 
through 150 pipe to head wall, flow from this pipe is 
continuous 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

480-485.7   Top two courses scoria block-work has open or partially 
open joints 

483.5  0-Base Vent section approx 1m wide has open or partially open 
joints 

485.7-
487.2 

 1.65-
Base 

Corner return scoria blocks need re-pointing 1 block 
missing at bottom 

487.2-488   Vent crack and open joints-movement has occurred 

488.5-489   Vent crack open joints-movement 
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Location: NORTH QUAY – Chainage 490 – 500m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 3.19 

Inspection Time: 1300 Average Height of Section: 2.5 

     

Features:     

Chainage Item Depth Description 

492.5  2.45 225 pipe 

496.5 Corner  End of free-standing scoria brickwork 

490.5 Open grill, circular 
M.H cover 

 3.5 offset 

    

     

Condition Defects:    

Chainage Item Depth Description 

490-500   Scoria blocks throughout 

490-500  1m-Base Some joints open re-pointing required 
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Location: NORTH QUAY – Chainage 500 – 510m 

Overall Grading:        

 Very 
Poor 

 Poor 
(504-510) 

 Fair  
Good 
(500-
504) 

 Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 3.34 

Inspection Time: 1315 Average Height of Section: 2.0 

     

Features:     

Chainage Item Depth Description 

506.3  1.54 75 flanged pipe with flap valve appears blocked, probably 
redundant 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

500-503.5   Regular coarsed granite blocks 

503.5-510 Change of 
direction 

 Generally scoria block throughout 

503.5-
504.5 

 0.75-1.0 Blocks missing + some movement has occurred  

507-510   Open joints – parts of wall sinking 
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Location: NORTH QUAY – Chainage 510 – 523m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 24/11/04 Tidal Conditions: LW + 3.44 

Inspection Time: 1325 Average Height of Section: 2.0 

     

Features:     

Chainage Item Depth Description 

514   Slipway corner with wall 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

511.4-514   Scoria blocks throughout except granite at 514. 
Collapsing with very open joints between 

516-523   Slipway being undermined  
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5 North Quay (Eastern) 
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Location: NORTH QUAY (EASTERN) – Chainage 000 – 010m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Cloudy becoming 
windy 

Inspection Date: 25/11/04 Tidal Conditions: LW +1.52 

Inspection Time: 1210 Average Height of Section: 4.1m @ 0m 

     

Features:     

Chainage Item Depth Description 

   This short section assessed by eye from East Quay, 
therefore all measurements approximate 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

0-2 

2-10 

 1.2-2m Masonry missing 

Isolated short section of horizontal joints open below 
coping stone 
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Location: NORTH QUAY (EASTERN) – Chainage 010 – 020m 

Overall Grading:        

 
Very 
Poor  

Ch 11m-
18m 

 
Poor 

10 - 11 
 Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy becoming 
windy 

Inspection Date: 25/11/04 Tidal Conditions: LW +1.57 

Inspection Time: 1215 Average Height of Section: 4.4m @10m 

     

Features:     

Chainage Item Depth Description 

11m   Telecom pole 2.3m offset from quay wall 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

11 - 20   Wall generally sunken 

12.5 - 17   Worst sunk section 

11 - 16   Coping stones missing and ground behind sunken and 
exposed 

16 - 17   Breach in wall, several blocks missing, generally open 
joints 

Wall bulging at mid height 
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Location: NORTH QUAY (EASTERN) – Chainage 020 – 027m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 25/11/04 Tidal Conditions: LW +2.02 

Inspection Time: 1220 Average Height of Section: 2.8m @20 

     

Features:     

Chainage Item Depth Description 

20  0.3 100mm diameter pipe 

27   Wall finishes (or disappears)  

Telecom pole @ 3.2m offset 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

20 - 21   Large voided joint under coping stone 

21  0-2.8 Very open vertical joint in masonry for full depth 

21 - 22   Generally open masonry joints for full depth 

24.4  2.00 Centre of lost masonry blocks extending from under 
coping to base 

25 - 27  1.60 Significant holes, lost masonry and open joints to full 
depth 
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6 South Quay 

 

 

 

 

 

 

 

Panaramic photograph of the northeast length of South Quay 

 

 

Collapsed section of wall between chainages 230 to 275m 

 

 

 

 

 

 

 

 

 

 

 

 

 

Collapsed wall at the northern end of South Quay (chainage 480 – 490m). 

 

 

 

 

 

 

 

 

South Quay wall collapse (chainage 480 – 490m)
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Location: SOUTH QUAY – Chainage 0 – 10m 

Overall Grading:        

 Very Poor  Poor 0-3.2m Fair 3.2-10m Good  Very Good 

     

General:  Weather Conditions: Mild/Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: HW +3.00 

Inspection Time: 1055 Average Height of Section: 3.1m 

     

Features:     

Chainage Item Depth Description 

8.50   2.13 - 

3.29 

Dimensions of rectangular flap valve only seen in closed 
position [1.65 wide x 1.16 deep flap valve] 

6.10  - SWEB double covers 1.5 from wall edge  

7.90  - Centre-line rusted handrails above sluice  

7.90  - Centre-line top hung flap gate 

0-2.60  - Diagonal crack extending to surface of free standing 
wall, 2.34m high above general quay level 

     

Condition Defects:    

Chainage Item Depth Description 

9.5m  0.3 Vertical crack (minor) 

2.0-3.2m  0-2.05 Very open diagonal crack  

0.5m   Block missing at base 
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Location: SOUTH QUAY – Chainage 10 – 20m 

Overall Grading:        

 Very Poor  Poor  Fair  Good  Very Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: HW +2.42 

Inspection Time: 1040 Average Height of Section: 3.8m 

     

Features:     

Chainage Item Depth Description 

    

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

10 - 13   Open joints immediately below coping stones 

16 - 20   Open joints immediately below coping stones 

13  0 – 1.10 Vertical crack 

13  2.30 & 
below 

Random open joints 
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Location: SOUTH QUAY – Chainage 20 – 30m 

Overall Grading:        

 Very Poor  Poor  Fair  Good  Very Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW +2.32 

Inspection Time: 1030 Average Height of Section: 4.5 

     

Features:     

Chainage Item Depth Description 

23  3.45 Invert level of large culvert approx 1.5m dia. 

Concrete frame & penstock & screen. 

Penstock appears always to be in raised position. 

Sheet piled sill extends 2.8m outwards from wall 4.5 O/A 
width. 

23   Galvanised handrails fixed to top edge of quay, 2.1m 
wide 

     

Condition Defects:    

Chainage Item Depth Description 

26.5-30  1.90 & 
below 

Randomly spaced open joints 1.90 to bottom 

29.50   Thin rusty handrails and remains of spindle is badly bent.  
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Location: SOUTH QUAY – Chainage 30 – 40m 

Overall Grading:        

 Very Poor  Poor  Fair  Good  Very Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW +2.39 

Inspection Time: 1037 Average Height of Section: 5.0 

     

Features:     

Chainage Item Depth Description 

30m  4.5m 225 pipe with penstock open (rusted) 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

34.5m  0.5m Missing block possibly drainage hole 

30 – 40m   Randomly spaced open joints to bottom 
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Location: SOUTH QUAY – Chainage 40 – 50m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW  +2.37 

Inspection Time: 1035 Average Height of Section: 5.0 

     

Features:     

Chainage Item Depth Description 

48.50   Galvanised Mild Steel ladder 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

59.5m  0.40 Missing block possibly for drainage 

40 – 50m  2.30 Generally random open joints below this level 

    

   Boat in way 

    

    

    

 



 

Hayle Harbour  Report Revision 0 
   Jan '05 
Hayle Harbour wall.doc   Page 73 of 187 

Buro Happold 

 

 

 

 

 

 

 

 

 

 

 

 

Location: SOUTH QUAY – Chainage 50 – 60m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Poor 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW +2.17 

Inspection Time: 1015 Average Height of Section: 5.1 

     

Features:     

Chainage Item Depth Description 

50.20   Aluminium ladder (temporary) 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

56.5  0.3,1.2,1.6 Missing blocks immediately below coping & open joints 

59 – 60  0 – 2.30 Generally open joints 
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Location: SOUTH QUAY – Chainage 60 – 70m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Poor 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW  +3.02 

Inspection Time: 1100 Average Height of Section: 5.10 

     

Features:     

Chainage Item Depth Description 

61.60   Mild Steel circular runged ladder, made of old scaffold 
tube 

    

    

    

     

Condition Defects:   

Chainage Item Depth Description 

60 - 70   Open joint generally under coping stones 

63  2.30 Missing block 

  around 
2.90 

Seaweed line 

60 - 70  1.30 & 
below 

Generally open joints 
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Location: SOUTH QUAY – Chainage 70 – 80m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Poor 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW +3.08 

Inspection Time: 1106 Average Height of Section: 5.1 

     

Features:     

Chainage Item Depth Description 

74  0.55 100m diameter pipe 

73  1.90 Rectangular block missing possibly old drainage hole 

72.70   Mild steel scaffold tube type ladder 

    

     

Condition Defects:   

Chainage Item Depth Description 

73-79  0.3 Open joints immediately under coping 

74  top - 1.0 More recent repairs in this area 

76-787  0-1.6 Randomly spaced open joints 
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Location: SOUTH QUAY – Chainage 80 – 90m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW+2.12 

Inspection Time: 1010 Average Height of Section: 5.0 

     

Features:     

Chainage Item Depth Description 

   General notes:  

Some granite coping stones have metal braces across 
adjacent stones. 

Generally iron stakes or similar means are used for tying 
up boats. Only old bollards recorded.  

85   Aluminium temporary ladder 

     

Condition Defects:    

Chainage Item Depth Description 

   Generally good section with randomly spaced open joints 

   Boat in way 
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Location: SOUTH QUAY – Chainage 90 – 100m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW +3.17 

Inspection Time: 1115 Average Height of Section: 5.0 

     

Features:     

Chainage Item Depth Description 

    

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

90 - 100  0 – 1.0 Vegetation at isolated sections along wall 

99 - 100   Open joints immediately below coping blocks 
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Location: SOUTH QUAY – Chainage 100 – 110m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW +3.27 

Inspection Time: 1125 Average Height of Section: 5.0 

     

Features:     

Chainage Item Depth Description 

105.50  2.1 Iron strengthener at face of wall (230 wide) 

101.50   Mild steel ladder with handrails above quay level (held by 
iron stake) 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

102  1.6 Block missing 

102-105  1.6-2.8 Open joints 

108  1.0 Missing block 

105  0.3 Missing block 

109.5 - 110  0.4 Missing blocks below coping 

    

    

 



 

Hayle Harbour  Report Revision 0 
   Jan '05 
Hayle Harbour wall.doc   Page 79 of 187 

Buro Happold 

 

 

 

 

 

 

 

 

 

 

 

 

 

Location: SOUTH QUAY – Chainage 110 – 120m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW + 3.30 

Inspection Time: 1128 Average Height of Section: 4.9 

     

Features:     

Chainage Item Depth Description 

    

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

110-110.5  0.4 Missing blocks below coping 

    

   A few random open joints on this section 

   Boat in way 
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Location: SOUTH QUAY – Chainage 120 – 130m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW + 2.07 

Inspection Time: 1005 Average Height of Section: 5.0 

     

Features:     

Chainage Item Depth Description 

121  0.4 150mm diameter pipe 

127.2   Rusted mild steel ladder 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

120 - 130  0 – 1.4 Top section of wall more recent repairs, but still some 
open joints 

124 & 125   Particular vertical cracks 

123  1.60 Large block missing 
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Location: SOUTH QUAY – Chainage 130 – 140m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW + 1.57 

Inspection Time: 0955 Average Height of Section: 5.1 

     

Features:     

Chainage Item Depth Description 

137   Mild steel ladder very wobbly, unsafe. 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

130 - 135  1.3 Semi open joints 

135 - 138  1.3 Rendered repaired section 

135  0.4 Missing block with vegetation 

130 - 140   Random open joints throughout whole section 

  3.2 Seaweed line 
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Location: SOUTH QUAY – Chainage 140 – 150m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW + 3.34 

Inspection Time: 1132 Average Height of Section: 5.1 

     

Features:     

Chainage Item Depth Description 

147.5  0.55 150mm diameter pipe 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

   Generally good wall section for age 

   Randomly spaced open joints 

   Vegetation just below top of wall 
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Location: SOUTH QUAY – Chainage 150 – 160m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW + 3.37 

Inspection Time: 1135 Average Height of Section: 5.0 

     

Features:     

Chainage Item Depth Description 

159.5  0.20 150mm diameter pipe 

151.0   Aluminium ladder, very movable, in poor state 

151.7   Rusted galvanised mild steel ladder, very movable, in 
poor state 

    

     

Condition Defects:    

Chainage Item Depth Description 

   Minor randomly spaced open joints 
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Location: SOUTH QUAY – Chainage 160 – 170m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW + 3.42 

Inspection Time: 1140 Average Height of Section: 5.2 

     

Features:     

Chainage Item Depth Description 

166   Steel scaffold type ladder 

   

   

 

    

     

Condition Defects:    

Chainage Item Depth Description 

163 - 170  0 – 1.70 Vegetation just below top of wall, recent patching along 
upper section 

161 - 162  0 – 1.70 Vertical open joint 

    

   Boat in way 
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Location: SOUTH QUAY – Chainage 170 – 180m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW + 3.48 

Inspection Time: 1146 Average Height of Section: 5.2 

     

Features:     

Chainage Item Depth Description 

177  0.6 100mm diameter pipe 

173   

   

Scaffold type ladder, wobbly, with lifting davit alongside 
made up of scaffold tube - poor condition 

177   Centreline of sunken area behind granite coping stones 
2.8m long x 1m wide 

     

Condition Defects:    

Chainage Item Depth Description 

170 - 180  1.70 Recently repointed on upper section 

   Vegetation needs clearing mainly under coping 
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Location: SOUTH QUAY – Chainage 180 – 190m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW + 0.357 

Inspection Time: 1155 Average Height of Section: 5.1 

     

Features:     

Chainage Item Depth Description 

181 - 190 Surface feature  Circular hole and sunken area 5.5m long x 1.5m approx.  

   Generally sunken area over this section (180-190) 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

189 - 190  1.10 

   

Open joints  

Vegetation see image. 

Pointing required below coping stones 
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Location: SOUTH QUAY – Chainage 190 – 200m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW + 3.58 

Inspection Time: 1156 Average Height of Section: 5.1 

     

Features:     

Chainage Item Depth Description 

190 - 200   Generally sunken area behind coping stones typically 2 -
3m wide 

190.0   

   

Mild steel ladder (painted red) 

    

     

Condition Defects:    

Chainage Item Depth Description 

190 - 191  0 – 1.10 Open joints 

    

   Vegetation and open joints immediately below coping 

    

   Boat in way 
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Location: SOUTH QUAY – Chainage 200 – 210m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW +4.04 

Inspection Time: 1202 Average Height of Section: 5.1 

     

Features:     

Chainage Item Depth Description 

203   Galvanised mild steel ladder 

200 - 210   Generally depressed / sunken area behind coping stones, 
typically 2m wide, max. 3m 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

209.5 - 210   Coping block missing 

   Vegetation (see image)  

Open joints below coping stones 
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Location: SOUTH QUAY – Chainage 210 – 220m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW + 4.07 

Inspection Time: 1205 Average Height of Section: 5.1 

     

Features:     

Chainage Item Depth Description 

210   Missing coping stones (width 1.4m) 

212   Rusty mild steel ladder 

210 - 220   Generally depressed sunken area behind coping stones, 
typically 2m width, max. 3m 

    

     

Condition Defects:    

Chainage Item Depth Description 

210 – 210.8   Top coping stone missing  

   Coping vegetation below, needs repointing 
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Location: SOUTH QUAY – Chainage 220 – 230m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW + 4.12 

Inspection Time: 1210 Average Height of Section: 5.15 

     

Features:     

Chainage Item Depth Description 

221.0   Missing coping stone 1.25m width with adjacent 
depression. 

222.8   Painted mild steel ladder 

220 - 230   Generally depressed / sunken area behind coping stones. 
Typically 2 – 3m width 

    

     

Condition Defects:    

Chainage Item Depth Description 

220.2 – 201.2   Coping stone missing 

Joints below coping stone vegetated / open, need 
repointing 

200 – 201.5  0 – 1.20 Blocks missing & open joints 
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Location: SOUTH QUAY – Chainage 230 – 240m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW + 4.14 

Inspection Time: 1212 Average Height of Section: 5.15 

     

Features:     

Chainage Item Depth Description 

235.0   Unsafe rusted mild steel ladder, top stringers badly bent 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

231 - 240   Open joints below coping / vegetation 

Wall gets progressively worse with displacement until 
present breach is reached 

Appears to slope downwards towards breach 

239   Vertical crack 
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Location: SOUTH QUAY – Chainage 240 – 250m 

Overall Grading: No O/A 
grading 

      

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions:  

Inspection Date: 08/12/04 Tidal Conditions:  

Inspection Time:  Average Height of Section: 4.90 

     

Features:     

Chainage Item Depth Description 

    

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

   Breach in wall, see images 

   Wall breach extends back to approx. 17.5m to furthest 
point from face of wall 
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Location: SOUTH QUAY – Chainage 250 – 260m 

Overall Grading: No O/A 
grading 

      

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions:  

Inspection Date: 08/12/04 Tidal Conditions:  

Inspection Time:  Average Height of Section: Breach N/A 

     

Features:     

Chainage Item Depth Description 

   Breach extends back from line of wall to 17.5m approx. 
at max. 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

   Breach in wall (see images) 
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Location: SOUTH QUAY – Chainage 260 – 270m 

Overall Grading:        

 Very 
Poor 

268.5 – 
270 Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions:  

Inspection Date: 08/12/04 Tidal Conditions:  

Inspection Time:  Average Height of Section: Breach N/A 

     

Features:     

Chainage Item Depth Description 

   Breach extends back from projected line of wall to 
maximum of 17.5m approx. 

    

267 - 270   Significant depression behind wall 

    

     

Condition Defects:    

Chainage Item Depth Description 

    

    

    

 

 

 

 

 



 

Hayle Harbour  Report Revision 0 
   Jan '05 
Hayle Harbour wall.doc   Page 95 of 187 

Buro Happold 

 

 

 

 

 

 

 

 

 

 

 

 

Location: SOUTH QUAY – Chainage 270 – 280m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy, colder 

Inspection Date: 09/12/04 Tidal Conditions: LW + 1.59 

Inspection Time: 1050 Average Height of Section: 5.20 

     

Features:     

Chainage Item Depth Description 

272  0.3 100mm diameter pipe 

270 – 272.5   Significant depression behind wall 

275   Rusty scaffold type ladder 

    

     

Condition Defects:    

Chainage Item Depth Description 

   Vegetation, open joints below coping, all copings have 
metal pins in this area  

270 - 277  1.30 – 
1.70 

Horizontal crack, some recent repairs on top 1m approx 
of wall 

277  1.00 Block missing 

   Randomly spaced open joints throughout 

    

   Boat in way – lower sections not surveyed 
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Location: SOUTH QUAY – Chainage 280 – 290m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy, colder 

Inspection Date: 09/12/04 Tidal Conditions: LW + 2.09 

Inspection Time: 1100 Average Height of Section: 5.3 

     

Features:     

Chainage Item Depth Description 

    

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

  1.00 
approx 

General repairs, recent? 

280 - 290   Open joints below coping 

282  0.4 Missing block 

  2.90 General seaweed line 
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Location: SOUTH QUAY – Chainage 290 – 300m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy, colder 

Inspection Date: 09/12/04 Tidal Conditions: LW + 2.11 

Inspection Time: 1102 Average Height of Section: 5.3 

     

Features:     

Chainage Item Depth Description 

297   Wooden ladder 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

290 - 300   Vegetation below coping stone 

290 - 300   Some randomly spaced open joints 

    

    

   Boat in way 
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Location: SOUTH QUAY – Chainage 300 – 310m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy, colder 

Inspection Date: 09/12/04 Tidal Conditions: LW + 2.13 

Inspection Time: 1104 Average Height of Section: 5.3 

     

Features:     

Chainage Item Depth Description 

308   Missing coping stone 1.4m length  

300 - 310   Generally sunken behind coping stones 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

300 - 310   Vegetation below coping stones 

308   Missing coping stone, 1.35m 

   Randomly spaced occasional open joints  
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Location: SOUTH QUAY – Chainage 310 – 320m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy, colder 

Inspection Date: 09/12/04 Tidal Conditions: LW + 2.15 

Inspection Time: 1106 Average Height of Section: 5.4 

     

Features:     

Chainage Item Depth Description 

313   Galvanised mild steel ladder 

317.5   Coping stone missing 1.4m length 

310 - 320   Generally sunken behind wall 

    

     

Condition Defects:    

Chainage Item Depth Description 

310-320   Vegetation / open joints below coping stones, few / 
occasional open joints  

317.7   Missing coping stone 1.30 wide 

    

   Boat in way 
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Location: SOUTH QUAY – Chainage 320 – 330m 

Overall Grading:        

 Very 
Poor   Poor  Fair  Good   Very 

Good 

     

General:  Weather Conditions: Cloudy, colder 

Inspection Date: 09/12/04 Tidal Conditions: LW + 2.19 

Inspection Time: 1110 Average Height of Section: 5.5 

     

Features:     

Chainage Item Depth Description 

327   Aluminium ladder 

328   Step in coping stone 

320 - 330   Generally sunken behind wall  

    

     

Condition Defects:    

Chainage Item Depth Description 

   Vegetation below coping, open joints 

327.50   1.40m wide gap in coping, probably may have been 
drainage outlet  

   Few minor open joints on this section 
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Location: SOUTH QUAY – Chainage 330 – 340m 

Overall Grading:        

 Very 
Poor   Poor  Fair  Good   Very 

Good 

     

General:  Weather Conditions: Cloudy, colder 

Inspection Date: 09/12/04 Tidal Conditions: LW + 2.20 

Inspection Time: 1111 Average Height of Section: 5.5 

     

Features:     

Chainage Item Depth Description 

337.0   Davit bolted to coping stone 

338.0   Wooden ladder 

330 - 340   Generally sunken behind wall 

    

     

Condition Defects:    

Chainage Item Depth Description 

   Vegetation below coping, open joints 

337.50   Missing coping 1.20 (removed for ladder) 

    

   Some open joints throughout 
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Location: SOUTH QUAY – Chainage 340 – 350m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Cloudy, colder 

Inspection Date: 09/12/04 Tidal Conditions: LW + 2.24 

Inspection Time: 1115 Average Height of Section: 5.6 

     

Features:     

Chainage Item Depth Description 

340 - 350   Generally sunken behind wall 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

   Vegetation / open joints under coping 

340 - 350  1.30 Recent repairs for full length 

  below 
1.30 

Some open joints, mainly horizontal 
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Location: SOUTH QUAY – Chainage 350 – 360m 

Overall Grading:        

 Very 
Poor   Poor  Fair  Good   Very 

Good 

     

General:  Weather Conditions: Cloudy, colder 

Inspection Date: 09/12/04 Tidal Conditions: LW + 2.27 

Inspection Time: 1118 Average Height of Section: 5.6 

     

Features:     

Chainage Item Depth Description 

350   Scaffold type ladder 

357.5   Missing coping stone (1.1m length) 

350 - 360   Generally sunken behind wall 

    

     

Condition Defects:    

Chainage Item Depth Description 

350 - 360  0 – 1.30 Recent repairs 

357.5   Missing coping stone 1.1m wide 

357  1.0 Open horizontal joint  

350 - 358  below 1.3 Generally some horizontal open joints  

    

   Boat in front 
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Location: SOUTH QUAY – Chainage 360 – 370m 

Overall Grading:        

 Very 
Poor  

 Poor  Fair  Good   Very 
Good 

     

General:  Weather Conditions: Cloudy, colder 

Inspection Date: 09/12/04 Tidal Conditions: LW + 2.30 

Inspection Time: 1121 Average Height of Section: 5.6 

     

Features:     

Chainage Item Depth Description 

365   Very rusty mild steel ladder 

367.70 - 370   Missing coping stone 1.10 wide 

360 - 370   Generally sunken behind wall 

    

     

Condition Defects:    

Chainage Item Depth Description 

   Vegetation / open joints below coping 

365 – 367   Small bulge in wall, i.e. looking on plan 

   Occasional open joints 
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Location: SOUTH QUAY – Chainage 370 – 380m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Sunny / colder 

Inspection Date: 09/12/04 Tidal Conditions: LW + 2.37 

Inspection Time: 1128 Average Height of Section: 5.6 

     

Features:     

Chainage Item Depth Description 

374.5   Aluminium ladder 

    

370 - 380   Generally sunken behind wall 

    

     

Condition Defects:    

Chainage Item Depth Description 

   Vegetation / open joints  under coping  

372 & 378  1.10 2 large metal plates 

   Generally randomly spaced open joints 
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Location: SOUTH QUAY – Chainage 380 – 390m 

Overall Grading:        

 Very 
Poor  

Poor 

masonry 
 Fair  

Good 

Sheet 
piled wall 

 Very 
Good 

     

General:  Weather Conditions: Sunny / colder 

Inspection Date: 09/12/04 Tidal Conditions: LW + 2.44 

Inspection Time: 1135 Average Height of Section: 5.5 

     

Features:     

Chainage Item Depth Description 

383.70   Sheet piled wall with concrete coping commences 

387.0   Mild steel ladder 

380 - 390   Generally sunken behind wall 

    

     

Condition Defects:    

Chainage Item Depth Description 

380 – 383.70   Vegetation crack below coping   

383  1.10 Large metal plate 

380 – 383.70   Randomly spaced open joint 

383.70 - 390   Sheet piled wall 

    

   Boat in front 
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Location: SOUTH QUAY – Chainage 390 – 400m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Sunny / colder 

Inspection Date: 09/12/04 Tidal Conditions: LW + 2.45 

Inspection Time: 1136 Average Height of Section: 5.6 

     

Features:     

Chainage Item Depth Description 

   Sheet piled wall 

390 - 400   Generally sunken behind wall 

    

    

     

Condition Defects:    

Chainage Item Depth Description 
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Location: SOUTH QUAY – Chainage 400 – 410m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Sunny / colder 

Inspection Date: 09/12/04 Tidal Conditions: LW + 2.48 

Inspection Time: 1139 Average Height of Section: 5.7 

     

Features:     

Chainage Item Depth Description 

400 - 410   Anchored Sheet piled wall 

 

401   Davit 

400 – 410   Generally sunken behind wall 

    

     

Condition Defects:    

Chainage Item Depth Description 

400 – 
408.5 

   

   Large boat in the way from 402m chainage 
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Location: SOUTH QUAY – Chainage 410 – 420m 

Overall Grading:        

 Very 
Poor   Poor  Fair  Good   Very 

Good 

     

General:  Weather Conditions: Sunny / colder 

Inspection Date: 09/12/04 Tidal Conditions: LW + 2.51 

Inspection Time: 1142 Average Height of Section: 5.5 

     

Features:     

Chainage Item Depth Description 

   Sheet piled wharf 

410 - 415   Generally sunken behind wall 

    

    

     

Condition Defects:    

Chainage Item Depth Description 
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Location: SOUTH QUAY – Chainage 420 – 430m 

Overall Grading:        

 Very 
Poor  

Poor 

masonry 
 

Fair 

Sheet 
piles 

 Good  Very 
Good 

     

General:  Weather Conditions: Sunny / colder 

Inspection Date: 09/12/04 Tidal Conditions: LW + 2.59 

Inspection Time: 1150 Average Height of Section: 5.5 

     

Features:     

Chainage Item Depth Description 

421.70   Sheet piled wall ends 

420.5   Mild steel ladder – useless / dangerous 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

420 – 421.7   Sheet piled wall, some spalling at end of concrete 
capping beam (minor) 

421.70 - 430   Masonry wall 

427.5  0.90 Missing blocks 

421.70   Randomly spaced open joints generally below 1m and 
particularly at Ch 427.5 
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Location: SOUTH QUAY – Chainage 430 – 440m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Sunny / colder 

Inspection Date: 09/12/04 Tidal Conditions: LW + 3.01 

Inspection Time: 1152 Average Height of Section: 5.6 

     

Features:     

Chainage Item Depth Description 

433   Rusty mild steel ladder 

     

Condition Defects:    

Chainage Item Depth Description 

   Vegetation / open joints under coping  

434.5   Minor bulge in plan 

434  0.4 Hole / block missing, probably drainage hole 

436   Coping gone replaced by rough concrete 

  0.4 – 1.0 Blocks missing  

   Generally open joints  

430 - 435  1.4 Some previous repairs over part of wall 

440  2.0 Blocks missing 

   Signs of previous movement 
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Location: SOUTH QUAY – Chainage 440 – 450m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Sunny / colder 

Inspection Date: 09/12/04 Tidal Conditions: LW + 3.07 

Inspection Time: 1115 Average Height of Section: 5.7 

     

Features:     

Chainage Item Depth Description 

    

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

410 - 415   Movement / settlement generally 

410.5  0.3 Blocks missing below coping 

410.5  1.0 Large open horizontal crack 

413  1.8 Missing block 

412  1.0 & 1.4 Missing blocks 

410 - 416   Signs of settlement in wall 

449 / 450  0 – 2.80 Vertical crack at least to seaweed level 
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Location: SOUTH  QUAY – Chainage 450 – 460m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Sunny / colder 

Inspection Date: 09/12/04 Tidal Conditions: LW + 3.19 

Inspection Time: 1210 Average Height of Section: 5.7 

     

Features:     

Chainage Item Depth Description 

453   Rusty scaffold type ladder 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

450 - 460   Vegetation cracks under copings 

457   Small hole possibly for drainage 
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Location: SOUTH QUAY – Chainage 460 – 470m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Sunny / colder 

Inspection Date: 09/12/04 Tidal Conditions: LW + 3.24 

Inspection Time: 1215 Average Height of Section: 5.7 

     

Features:     

Chainage Item Depth Description 

    

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

460-470   Vegetation / cracks under coping 

466  0 – 2m 
plus 

Large vertical crack 

468  0 – 2m 
plus 

Large vertical crack down at least to seaweed line 
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Location: SOUTH  QUAY – Chainage 470 – 480m 

Overall Grading:        

 Very 
Poor 

 Poor   Fair  Good   Very 
Good 

     

General:  Weather Conditions: Sunny / colder 

Inspection Date: 09/12/04 Tidal Conditions: LW + 3.27 

Inspection Time: 1218 Average Height of Section: 5.8 

     

Features:     

Chainage Item Depth Description 

474.0   Heras fencing commenced  

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

   From ch.470m wall gets progressively worse – 
considerable movement.  

Blocks or large open joints under coping 

Large open vertical cracks  

480  2m Rotation of wall, one small block missing 
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Location: SOUTH  QUAY – Chainage 480 – 490m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW + 0.32 

Inspection Time: 0830 Average Height of Section:  

     

Features:     

Chainage Item Depth Description 

480   Iron bollard with flange at top (filled with concrete) & 
leaning towards wall 

   Generally badly sunken in this area 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

At corner   Granite quoins badly dislodged with open joints 

485  3.5 Wall completely collapsed with stones and backing 
stones gone / daylight through holes to wall around 
corner 

485-486.5   Wall just still in place but in dangerous condition. Wall 
bows at bottom 

489  2.3 Hole in wall 
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Location: SOUTH  QUAY – Chainage 490 – 500m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW + 0.42 

Inspection Time: 0840 Average Height of Section:  

     

Features:     

Chainage Item Depth Description 

492.7  0 Start of steps (0.9m width) 

496  2.1 Bottom of steps (generally need repointing) 

497   Heras fencing terminates 

490 - 500   Generally sunken behind wall 

     

Condition Defects:    

Chainage Item Depth Description 

496 - 492  Top to 
2.9 

Roughly diagonal crack starting at 492m at top  to 490m 
at bottom 

  2.9 Seaweed line generally  

Granite steps in poor condition, steel reinforcing visible 
from seaward side  

   Considerable open joint blocks missing between 0 – 3.2m 
depth 

497 - 498  2.2 – 3.3 Open joints 

  2.3 – 4.6 Generally open joints,  

490 - 500   note wall generally over this section  does not have a 
straight profile 



 

Hayle Harbour  Report Revision 0 
   Jan '05 
Hayle Harbour wall.doc   Page 118 of 187 

Buro Happold 

 

 

 

 

 

 

 

 

 

 

 

Location: SOUTH  QUAY – Chainage 500 – 510m 

Overall Grading:        

 Very 
Poor 

 Poor   Fair  Good   Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW + 1.07 

Inspection Time: 0905 Average Height of Section: 5.1 

     

Features:     

Chainage Item Depth Description 

508.0  0.3 Old 75mm pipe extruding from wall 

Iron pipe bollard filled with concrete set back 2m from 
edge of wall  

500 - 510   Generally sunken behind wall 

     

Condition Defects:    

Chainage Item Depth Description 

500 - 503  2.2 Coping granite blocks joints open  

500 - 504   Diagonal crack virtually to bottom 

503.8 – 
505.5 

  Diagonal crack in wall to full depth, large amounts of 
open joints 

503  3.00 Missing block 

503  3.60 Missing small block 

506  3.00 At corner rounded granite block open joints and 
displacement  

Generally movement evident and open faults over much 
of this section 

506 - 510  4.4 Sill projects approx. 150 – 300 on return section 

  1.2 – 4.4 Displacement large open joints  
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Location: SOUTH  QUAY – Chainage 510 – 520m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW + 1.12 

Inspection Time: 0910 Average Height of Section: 5.6 

     

Features:     

Chainage Item Depth Description 

509   Sill near base of wall ends 

514   Mild steel ladder 

515   Void below coping 

510 - 520   Generally sunken behind wall 

     

Condition Defects:    

Chainage Item Depth Description 

510 – 
511.5 

 0 – 5.40 Generally open joints to full depth 

511.5 – 
512.5 

 1.60 – 
2.50 

Granite blocks protruding from wall, 3 no by up to 150, 
movement evident 

513 – 
514.5 

 0.3 – 1.0 Major stone loss under coping stone 

510 - 515  0 – 1.90 Open joints in blocks, major displacements 
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Location: SOUTH  QUAY – Chainage 520 – 530m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 09/12/04 Tidal Conditions: LW + 0.11 

Inspection Time: 0840 Average Height of Section: 5.6 

     

Features:     

Chainage Item Depth Description 

529   Mild steel rusty ladder 

   Regular coursing, all granite 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

   Open joints under coping, vegetation in places 

520 – 
525.5 

 1.20 – 
1.75 

Blocks missing, say 15.20, odd block just sitting in hole 

520 – 
525.5 

 1.2 – 5.20 Open joints effectively to base 

525 - 526  1.10 Block dislodged and oversailing wall 

527  0.5 Hole / block missing 

Base of wall undercut by 300,  

   Open joints for much of this wall, top to bottom 
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Location: SOUTH  QUAY – Chainage 530 – 540m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 09/12/04 Tidal Conditions: LW – 0.03 

Inspection Time: 0845 Average Height of Section: 5.6 

     

Features:     

Chainage Item Depth Description 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

531 - 540   Open joints immediately below coping 

530 - 540  Full depth Open joints to all masonry throughout wall 

530 - 540   Undercutting at base as previous section by 100 – 
150mm 

532 - 535  1.20 – 1.80 Blocks either dislodged or missing 

536.5 - 538   Bottom stone dislodged outwards and settled, 
movement under base 

536 - 539  4.20 & 4.60 Large gaps 

538  1.40 Missing block 
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Location: SOUTH  QUAY – Chainage 540 – 550m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 09/12/04 Tidal Conditions: LW + 0.14 

Inspection Time: 0905 Average Height of Section: 5.4 

     

Features:     

Chainage Item Depth Description 

541   Corner return steps start 

546.7   Coping cracked – possible drainage shoot underneath 

548   Iron flanged bollard 2m offset from edge of wall 

547 - 550   Sunken over this area 

     

Condition Defects:    

Chainage Item Depth Description 

  3.20 General seaweed line 

540 - 541  3.80 – 
4.10 

Very open large joints 

540 - 547  1.2 Some recent repairs over top section of wall 

540 - 547   Open joints below coping 

542  0 – 1.60 Vertical crack 

546  0.30 Man made gully, coping crack over top 

547 - 548  3 – 4.20 Steps dislodged, some on seabed 
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Location: SOUTH  QUAY – Chainage 550 – 560m 

Overall Grading:        

 Very 
Poor  

 Poor  Fair  Good   Very 
Good 

     

General:  Weather Conditions: Mild / sunny 

Inspection Date: 09/12/04 Tidal Conditions: LW + 0.39 

Inspection Time: 0910 Average Height of Section: 5.4 

     

Features:     

Chainage Item Depth Description 

547 - 554   Steps from corner 

556   Return corner 

552.5 – 553.8   Remains of granite steps (0.9m wide) 

550 - 560   Sunken over this area, coping blocks have joggle type 
joints 

     

Condition Defects:    

Chainage Item Depth Description 

550 - 551  3.0 to 4.2 Steps dislodged, some on seabed 

551 - 554  0 to 2.30 Large breach in wall, some large blocks on seabed, 
others resting at precarious angles 

553.5 - 
556 

 2.50 Very open large horizontal crack to corner 

Note: steps section shown considerable movement, 
dangerous,  

556 - 560   Surface sunk towards seaward corner, considerable open 
joints - movement 
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Location: SOUTH QUAY – Chainage 560 – 570m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild / sunny 

Inspection Date: 09/12/04 Tidal Conditions: LW + 0.59 

Inspection Time: 0950 Average Height of Section: 6 

     

Features:     

Chainage Item Depth Description 

   All the section from 556 to end of wall view from Carnsew 
side at quite a distance 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

562 - 568  1.10 – 2.8 Considerable movement, large open joints 

    

   Boat in way 
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Location: SOUTH QUAY – Chainage 570 – 580m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild / Sunny  

Inspection Date: 09/12/04 Tidal Conditions: LW + 1.09 

Inspection Time: 1000 Average Height of Section: 6.1 

     

Features:     

Chainage Item Depth Description 

576.80   Davit  

577.50   Rotten wooden ladder with rusty metal steps 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

570 – 575.5  0 - 2.0 More recent repairs to top section, very small stones / 
bricks 

570 - 580  2.0 - 
bottom 

Open joints – signs of movement for much of this section 
of wall 

575 - 580  1.40 Blocks missing 

    

   Boat in way 

   General signs of movement / settlement in wall when 
viewed from other side of water 
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Location: SOUTH QUAY – Chainage 580 – 590m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild / Sunny  

Inspection Date: 09/12/04 Tidal Conditions: LW + 1.19 

Inspection Time: 1010 Average Height of Section: 6.1 

     

Features:     

Chainage Item Depth Description 

    

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

   Vegetation, joints open under coping  

   Some repairs over upper section, mainly just under 
coping,  

Approx 
590 

  Vertical cracks and movement, generally open joints 
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Location: SOUTH QUAY – Chainage 590 – 600m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions:  

Inspection Date: 09/12/04 Tidal Conditions: LW + 1.21 

Inspection Time: 1012 Average Height of Section: 6.2 

     

Features:     

Chainage Item Depth Description 

594.5   Metal ladder 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

590 – 600    For much of this length thin coping stones, vegetation / 
open joints below 

598 - 600  0.90 – 
2.30 

Large gap, missing stones in wall 

599  0.50 Block missing, may be old drainage outlet 
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Location: SOUTH QUAY – Chainage 600 – 610m 

Overall Grading:        

 Very 
Poor   Poor  Fair  Good   Very 

Good 

     

General:  Weather Conditions: Mild / Sunny 

Inspection Date: 09/12/04 Tidal Conditions: LW + 1.24 

Inspection Time: 1015 Average Height of Section: 6.2 

     

Features:     

Chainage Item Depth Description 

605.0   Flanged iron bollard set back from quayside by 2m 

608.5   Mild steel ladder 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

   Vegetation below coping stones – open joints 

602  1.30 Block missing 

600 - 602   Open joints generally on this section 

602   From 602 – 610 better quality / larger regular granite 
blocks, but randomly spaced open joints still apparent 

   General indications of settlement over this section 

   Boat blocking view of this section 
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Location: SOUTH QUAY – Chainage 610 – 620m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Sunny / colder 

Inspection Date: 09/12/04 Tidal Conditions: LW + 1.34 

Inspection Time: 1025 Average Height of Section: 6.2 

     

Features:     

Chainage Item Depth Description 

617 - 620   Remains of timber jetty, behind present masonry wall? 

617 - 620   Copings missing 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

610 - 617   Open joints / vegetation under copings 

617 - 620   Copings gone / void or / small stones, generally open 
joints throughout 

615 - 617  0 – 2.0 Some recent repairs but these also in bad state 

    

   Viewed from Carnsew 
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Location: SOUTH QUAY – Chainage 620m – end 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Mild / sunny 

Inspection Date: 09/12/04 Tidal Conditions: LW + 1.39 

Inspection Time: 1030 Average Height of Section: 5.0 

     

Features:     

Chainage Item Depth Description 

626   End of masonry wall 

620 - 626   Remains of old timber jetty, behind present masonry 
wall? 

620 - 626   Copings located below GL at rear of wall 

    

     

Condition Defects:    

Chainage Item Depth Description 

621, 623, 
625 

  Holes in wall 250 deep approx  

620 - end   Generally open joints throughout 
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7 East Quay 

 

 

 

 

 

 

 

 

 

Panaramic view of East Quay from South Quay 

 

 

 

 

 

 

 

 

 

 

 

 

East Quay wall collapse (chainage 24 – 270m) 
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Location: EAST QUAY – Chainage 0 – 10m 

Overall Grading:        

 Very Poor  Poor  Fair  Good  Very Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW – 0.05 

Inspection Time: 0945 Average Height of Section: 3m 

     

Features:     

Chainage Item Depth Description 

7   Bollard granite at surface (500 diameter) set back 1.5m 
from edge of quay 

6.5   SW Manhole immediately adjacent to bollard at corner of 
building (away from quay edge) 

    

     

Condition Defects:    

Chainage Item Depth Description 

0   Start of wall (behind granite copings ground is sunken) 

8   Corner of wall 

2 – 5   Repairs recent, smallest stones in this area of section 

5 – 8   Granite blocks commence 

5 – 6  0 – 1.0 Vegetation on wall to depth 1m approx. 

6  2.30 Block missing 

5 – 8   Joints open for full height of wall 

6   Signs of slight movement vertical at around 6m 
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Location: EAST QUAY – Chainage10 – 20m 

Overall Grading:        

 Very Poor  Poor  Fair  Good  Very Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW + 0.11 

Inspection Time: 0950 Average Height of Section: 5m 

     

Features:     

Chainage Item Depth Description 

15   Wooden ladder 

17   Concrete fender (starts at 0.7m below coping) 

    

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

12.9 – 14.4   Coping stone missing 

19.5 - 20   Coping stone missing 

10.5   Granite blocks end – randomly coarsed stonework starts 
from here on 

    

   Boat in way 
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Location: EAST QUAY – Chainage 20 – 30m 

Overall Grading:        

 Very Poor  Poor  Fair  Good  Very Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW +0.14 

Inspection Time: 0953 Average Height of Section: 5.3m 

     

Features:     

Chainage Item Depth Description 

24.3   Concrete fender 

26.0   Mild steel ladder 

     

Condition Defects:    

Chainage Item Depth Description 

20 – 21   Coping stone missing 

27.5 – 29   Coping stone missing 

  0 – 2.20 Recent repairs to top section of wall 

20  2.00 Vertical crack 

   Smaller randomly coarsed blocks on this section 
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Location: EAST QUAY – Chainage 30 – 40m 

Overall Grading:        

 Very Poor  Poor  Fair  Good  Very Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW + 0.16 

Inspection Time: 0955 Average Height of Section: 5.7m 

     

Features:     

Chainage Item Depth Description 

31.7   Concrete fender 

39.0   Concrete fender 

39.7   Rusty mild steel ladder 

     

Condition Defects:    

Chainage Item Depth Description 

33 – 34.5  0.6 Minor cracking 
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Location: EAST QUAY – Chainage 40 – 50m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW + 0.21 

Inspection Time: 1000 Average Height of Section: 5.7m 

     

Features:     

Chainage Item Depth Description 

48.50   Concrete fender 

42.5   Granite bollard, 2.2m offset 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

43.5 – 46   Coping stone missing 

41.00  0.7 Vertical crack in recent pointing 

40 - 50  0 – 2.20 Recent repair – mortaring of joints 
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Location: EAST QUAY – Chainage 50 – 60m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Poor 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW +0.23 

Inspection Time: 1002 Average Height of Section: 5.9m 

     

Features:     

Chainage Item Depth Description 

56.50   Aluminium ladder and anchor ring 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

55.5  2.2 & 
below 

Open joints 

50 – 60   Vegetation and copings with open joints in places 

    

   Boat partly in way at time of survey 
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Location: EAST QUAY – Chainage 60 – 70m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Poor 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW + 0.27 

Inspection Time: 1006 Average Height of Section: 6m 

     

Features:     

Chainage Item Depth Description 

65   4 pipes, 100mm diameter, with flexible hoses on 2-pump 
probably at bottom. Pipes run across quay from building 
and just covered with concrete from shell fish factory 

    

    

    

     

Condition Defects:   

Chainage Item Depth Description 

68  0 - 2.5 Minor signs of movement / cracks / open joints 

    

   Boat in way at time of survey 
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Location: EAST QUAY – Chainage 70 – 80m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Poor 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW + 0.31 

Inspection Time: 1010 Average Height of Section: 6.1m 

     

Features:     

Chainage Item Depth Description 

74.5   Scaffold type ladder 

77.5   Anchor chain offset 1m 

    

    

     

Condition Defects:   

Chainage Item Depth Description 

70.5   Small block missing 

74 - 76   Signs of small amount of movement. Mortar rendering 
occasionally missing 
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Location: EAST QUAY – Chainage 80 – 90m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW  

Inspection Time: 1012 Average Height of Section: 6m 

     

Features:     

Chainage Item Depth Description 

83.5   Scaffold type ladder 

83.5   Anchor ring 1.25 offset 

     

Condition Defects:    

Chainage Item Depth Description 

82.5 - 85  0 – 2.0 Signs of slight movement / bulge  

   Some recent repairs 
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Location: EAST QUAY – Chainage 90 – 100m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW +0.36 

Inspection Time: 1012 Average Height of Section: 5.8m 

     

Features:     

Chainage Item Depth Description 

92   Anchor chain 1.6m offset 

96.8   Anchor chain 2.0m offset 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

94  0.4 Small rectangular hole in wall, may be drain away 

95 approx   Granite wall starts 

   Much vegetation at top of wall 
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Location: EAST QUAY – Chainage 100 – 110m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW +0.41 

Inspection Time: 1020 Average Height of Section: 5.6m 

     

Features:     

Chainage Item Depth Description 

103.3   Davit socket and surface mild steel plate bolted to coping 
stone 

105.3 

105.5 

  Cast iron drain at back of coping stone, 0.75m offset 

Mild steel ladder  

    

    

     

Condition Defects:    

Chainage Item Depth Description 

   Boat in way at time of survey 
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Location: EAST QUAY – Chainage 110 – 120m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW +0.41 

Inspection Time: 1020 Average Height of Section: 5.6m 

     

Features:     

Chainage Item Depth Description 

115.5   Ring and chain at 1.2m offset 

Scaffold type ladder 

116.4   Cast iron gully, 0.75m offset 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

116  0.3 Block missing, possibly drain hole 
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Location: EAST QUAY – Chainage 120 – 130m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW +0.43 

Inspection Time: 1022 Average Height of Section: 5.5m 

     

Features:     

Chainage Item Depth Description 

121.5   Chain and pin, 0.5m offset 

127.3   Chain, 0.5m offset 

129.0   Davit and mild steel plate bolted to coping 

    

     

Condition Defects:    

Chainage Item Depth Description 

127  0.4 Block missing, possibly drain away 
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Location: EAST QUAY – Chainage 130 – 140m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW +0.51 

Inspection Time: 1030 Average Height of Section: 5.5m 

     

Features:     

Chainage Item Depth Description 

130.5   Ladder 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

135 - 140  0 – 1.2 Signs of movement / settlement with increasing chainage 

    

   Chainages 10 – 140 viewed from South Quay 
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Location: EAST QUAY – Chainage 140 – 150m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW +0.56 

Inspection Time: 0935 Average Height of Section: 5.7m 

     

Features:     

Chainage Item Depth Description 

147.5   Granite bollard 2.3m offset 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 
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Location: EAST QUAY – Chainage 150 – 160m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW -0.09 

Inspection Time: 0930 Average Height of Section: 5.8m 

     

Features:     

Chainage Item Depth Description 

153.3   Inset for steps granite 900 width 

158.8   Inset for steps finishes 

153 – 
158.8 

  Steps need repointing, joints open and voids below 

    

     

Condition Defects:    

Chainage Item Depth Description 

157.40 – 
155.70 

 0.5 Steps are generally displaced  

Voids / blocks missing under coping 
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Location: EAST QUAY – Chainage 160 – 170m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 08/12/04 Tidal Conditions: LW – 0.14 

Inspection Time: 0925 Average Height of Section: 5.9 

     

Features:     

Chainage Item Depth Description 

163   Granite bollard 4.3m offset  

164.5   Timber ladder 

166.5  1.7 100mm diameter pipe 

167   

 

Chain anchor, 300 offset fixing 

 

     

Condition Defects:    

Chainage Item Depth Description 

167   Generally minor indication of some settlement 

   Large open joints between copings 

162 - 163  1.00 Previous repairs 

   Boat partially in way 
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Location: EAST QUAY – Chainage 170 – 180m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW – 0.19 

Inspection Time: 0920 Average Height of Section: 5.8 

     

Features:     

Chainage Item Depth Description 

173   Mild steel ladder 

   

   

 

    

     

Condition Defects:    

Chainage Item Depth Description 
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Location: EAST QUAY – Chainage 180 – 190m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW – 0.24 

Inspection Time: 0915 Average Height of Section: 5.5m 

     

Features:     

Chainage Item Depth Description 

182.5   Chain anchor 200 offset  

183  1.6m  Foul outfall still in use 100mm diameter 

182  0.6 100mm diameter 

    

     

Condition Defects:    

Chainage Item Depth Description 
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Location: EAST QUAY – Chainage 190 – 200m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW – 0.29 

Inspection Time: 0910 Average Height of Section: 5.4 

     

Features:     

Chainage Item Depth Description 

195.5   Mild steel ladder 

195.5  0.6 

   

100mm diameter pipe 

    

     

Condition Defects:    

Chainage Item Depth Description 

190 - 200   Granite blocks throughout  

   Generally open joints throughout  
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Location: EAST QUAY – Chainage 200 – 210m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy / Mild 

Inspection Date: 10/12/04 Tidal Conditions: LW – 0.34 

Inspection Time: 0905 Average Height of Section: 5.5 

     

Features:     

Chainage Item Depth Description 

209  0.5 100mm diameter pipe 

202.3   Short return commences 

202   Return at end of wall (1.8m length) 

201   Telecom post 4.2m offset 

     

Condition Defects:    

Chainage Item Depth Description 

210  0.3 Blocks missing 

  1.2 Blocks missing 

202.3   Granite wall finishes 

    

   Vegetation in vicinity of copings open joints near top of 
wall 
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Location: EAST QUAY – Chainage 210 – 220m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy / Mild 

Inspection Date: 10/12/04 Tidal Conditions: LW – 0.39 

Inspection Time: 0900 Average Height of Section: 5.6m 

     

Features:     

Chainage Item Depth Description 

219  0.5 100mm  diameter pipe 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

220 – 219   Recently repaired section but bulging 

214 approx  0.60 Blocks missing 

218 approx  1.20 

   

Block missing 

Copings with open joints, lots of vegetation 

Scoria blocks throughout 

   Access very difficult on this section 
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Location: EAST QUAY – Chainage 220 – 230m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy / Mild 

Inspection Date: 10/12/04 Tidal Conditions: LW – 0.46 

Inspection Time: 0853 Average Height of Section: 5.5 

     

Features:     

Chainage Item Depth Description 

227   Mild steel rusty ladder 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

229  2.30 Blocks missing 

220 - 222  0 – 1.3 Serious bulge 

Open joints throughout this section 

221  1.0 Block missing 

227   Coping stone missing 0.9m length / vegetation,  
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Location: EAST QUAY – Chainage 230 – 240m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW – 0.54 

Inspection Time: 0845 Average Height of Section: 5.0 

     

Features:     

Chainage Item Depth Description 

    

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

   Open joints under wall coping 

   Granite copings with scoria blocks elsewhere 

Occasional blocks missing throughout or eroded at 
surface 

   Note: this section ends just short of 240 at breach 
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Location: EAST QUAY – Chainage 240 – 270m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW – 0.59 

Inspection Time: 0840 Average Height of Section: 4.5 

     

Features:     

Chainage Item Depth Description 

240   Wall ends, breach starts 

241   Telecom post and stay, post set back from wall 
projection with 3.4m offset 

    

    

     

Condition Defects:    

Chainage Item Depth Description 
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Location: EAST QUAY – Chainage 270 – 280m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Poor 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 25/11/04 Tidal Conditions: LW + 2.52 

Inspection Time: 1310 Average Height of Section: 5.6m 

     

Features:     

Chainage Item Depth Description 

    

273  1.1 100mm diameter pipes 

    

    

     

Condition Defects:   

Chainage Item Depth Description 

  2.8 General seaweed level 

280   Vertical Crack 

270 - 280  1.2 – 4.0 Open joints and mainly partially open joints  

Cannot see below 4m 
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Location: EAST QUAY – Chainage 280 – 290m  

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Poor 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 25/11/04 Tidal Conditions: LW + 2.47 

Inspection Time: 1305 Average Height of Section: 5.9m 

     

Features:     

Chainage Item Depth Description 

282  2.4 225mm diameter pipe 

289  1.0 100mm diameter pipe 

    

    

     

Condition Defects:   

Chainage Item Depth Description 

    

    

288  1.80  Block missing 

280 – 290  1.5 – 4.00 Partially open or open joints 
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Location: EAST QUAY – Chainage 290 – 300m  

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions:  

Inspection Date:  Tidal Conditions:  

Inspection Time:  Average Height of Section:  

     

Features:     

Chainage Item Depth Description 

    

    

    

   Note: no measurement because inaccessible gorse   

     

Condition Defects:    

Chainage Item Depth Description 
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Location: EAST QUAY – Chainage 300 – 310m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 25/11/04 Tidal Conditions: LW + 2.02 

Inspection Time: 1220 Average Height of Section: 5.7m 

     

Features:     

Chainage Item Depth Description 

298.5 Surface feature  Telecom pole, 2m offset from quay wall 

302  2m  Remains of old bricked up stone culvert, probably about 
1000 x 450 

    

   Note: no measurement at 50m because inaccessible 
gorse   

     

Condition Defects:    

Chainage Item Depth Description 

305  0.7 Small hole in wall 

301 - 305   2.2 & 
below 

Open and partially open joints 

  2.3& 
below 

Possibly greater horizontal open joints 
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Location: EAST QUAY – Chainage 310 – 320m  

Overall Grading:        

 Very Poor  Poor  Fair  Good  Very Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 25/11/04 Tidal Conditions: LW + 2.07 

Inspection Time: 1225 Average Height of Section: 5.4m 

     

Features:     

Chainage Item Depth Description 

318   1m diameter (approx) pipe at bed level not flowing at low 
tide 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

319  0.7 Small hole in wall 

317  0.9 Small hole in wall 

317   Regular Ashlar coarsed wall ends 
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Location: EAST QUAY – Chainage 320 – 330m 

Overall Grading:        

 Very Poor  Poor  Fair  Good  Very Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 25/11/04 Tidal Conditions: LW + 2.12 

Inspection Time: 1230 Average Height of Section: 5.1m 

     

Features:     

Chainage Item Depth Description 

329.5   Float recording structure 

    

     

Condition Defects:    

Chainage Item Depth Description 

329  3.6 300mm diameter pipe constantly discharging (note what 
appears to be a flow valve above – possibly another rider 
pipe) 

327  0.9 2 small holes in wall 

320 – 330   Ashlar wall in good condition, regular coarsed with 
jumpers 

   Most joints partially open 
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Location: EAST QUAY – Chainage 330 – 340m  

Overall Grading:        

 Very Poor  Poor  Fair  Good  Very Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 25/11/04 Tidal Conditions: LW + 2.32 

Inspection Time: 1250 Average Height of Section: 5m 

     

Features:     

Chainage Item Depth Description 

331.5   Manhole cover 2.5m offset 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

336  0.7 Small hole in wall 

333  0.9 Small hole in wall 

330  1.0 Small hole in wall 

330 – 340   Regular Ashlar wall with jumpers 

Appears in very good condition 

   Most joints are thin joints and probably partially open 

    

    

    



 

Hayle Harbour  Report Revision 0 
   Jan '05 
Hayle Harbour wall.doc   Page 164 of 187 

Buro Happold 

 

 

 

 

 

 

 

 

 

 

 

Location: EAST QUAY – Chainage 340 – 350m  

Overall Grading:        

 Very Poor  Poor  Fair  Good  Very Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 25/11/04 Tidal Conditions: LW + 2.37 

Inspection Time: 1255 Average Height of Section: 4.8m 

     

Features:     

Chainage Item Depth Description 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

345.5  0.5 Hole in wall 

343  0.6 Hole in wall 

350  0.9 Hole in wall 

340 – 350   Wall in very good condition, regular coursing with 
jumpers, joints may be partially open 
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8 Carnsew Wharf 

 

 

 

 

 

 

 

 

 

Blocks missing from wall (chainage 27 – 30m) 

 

 

 

 

 

 

 

 

 

 

 

 

Flow connection between harbour and Carsew Pool (Harbour side) 

 

Flow connection between harbour and Carsew Pool (Carnsew Pool side). 
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Location: CARNSEW WHARF  – Chainage 0 – 10m 

Overall Grading:        

 Very Poor  Poor  Fair  Good  Very Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 09/12/04 Tidal Conditions: LW +3.59 

Inspection Time: 1250 Average Height of Section:  

     

Features:     

Chainage Item Depth Description 

0    Curved section of wall at bridge  

8m surface  Telecom posts and stays 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

   Vegetation 

5.5m  1.20 Vertical crack 

8.0m  1.0 Vertical crack 
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Location: CARNSEW WHARF   – Chainage 10 – 20m 

Overall Grading:        

 Very Poor  Poor  Fair  Good  Very Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 09/12/04 Tidal Conditions: LW +4.04 

Inspection Time: 1255 Average Height of Section:  

     

Features:     

Chainage Item Depth Description 

   Generally sunken area behind wall 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

10.5 & 11  1m Vertical cracks 

12m  0.70 – 
2.70 

Cracks / stones displaced 

14m  0.60 – 
2.00 

Centre line of large cavity / blocks missing, and loose 
blocks all around sides 

15m   Coping missing, 2.10 

11.5 – 17.5   All blocks very loose and open jointed 

17 - 20   Open joint under granite copings 
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  Ch. 27 – 30m 

Location: CARNSEW WHARF  – Chainage 20 – 30m 

Overall Grading:        

 Very Poor  Poor  Fair  Good  Very Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 09/12/04 Tidal Conditions: LW +4.09 

Inspection Time: 1300 Average Height of Section:  

     

Features:     

Chainage Item Depth Description 

20 – 21.8   Sloping ramp and steps 

  1.60 Depth to bottom step 

   Note: ground immediately behind coping has badly sunk 

    

     

Condition Defects:    

Chainage Item Depth Description 

20-21.9  1.9 Small blocks missing below steps 

21.9 – 22.5  1.9 & 
below 

Open joint 

Copings – open joints underneath, recent repairs 

27 - 30  1 – 2.4 Large hole, stones missing, stones facing edge of hole 
open jointed and loose 

   Wing walls to steps need repointing 
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Location: CARNSEW WHARF  – Chainage 30 – 40m 

Overall Grading:        

 Very Poor  Poor  Fair  Good  Very Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 09/12/04 Tidal Conditions: LW +4.19 

Inspection Time: 1310 Average Height of Section:  

     

Features:     

Chainage Item Depth Description 

30 - 40   Generally sunken area behind coping stones extending 
up to 5m behind wall 

    

     

Condition Defects:    

Chainage Item Depth Description 

30 - 40   Some vegetation / joints under copings open 

30 - 40  0 – 1.2 Recent repairs to depth typically up to 1.2m 

Isolated open joint 

30-32   Evidence of movement of stones towards void described 
in 20-30m 

40  2 & 2.2 Missing blocks 

30   Granite wall starts, top 1m approx random stone 
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Location: CARNSEW WHARF  – Chainage 40 – 50m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW +1.51 

Inspection Time: 1130 Average Height of Section:  

     

Features:     

Chainage Item Depth Description 

41m   At approx 41m gorse and vegetation starts, cannot 
access next section for chaining 

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

   Some signs of settlement in this section of wall 

49m 
approx 

  Granite section of wall ends, return to random stone 
coarsing 

49m 
approx 

  Block missing just above bed level 
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Location: CARNSEW WHARF  – Chainage 50 – 60m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Poor 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW +2.01 

Inspection Time: 1140 Average Height of Section:  

     

Features:     

Chainage Item Depth Description 

    

    

    

    

     

Condition Defects:    

Chainage Item Depth Description 

50 approx  1.5 Steel H facing plate  

51 approx  0.4 Block missing – drain away hole 

60 approx  0 – 1.7 Vertical crack 

56 approx  1.6 Iron H facing plate 

58 approx  1.6 Iron H facing plate 
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Location: CARNSEW WHARF 1 – Chainage 60 – 70m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Poor 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW +2.03 

Inspection Time: 1142 Average Height of Section:  

     

Features:     

Chainage Item Depth Description 

    

    

    

    

     

Condition Defects:   

Chainage Item Depth Description 

   Blocks appear very open and some small blocks missing 
near end 
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Location: CARNSEW WHARF  – Chainage 70 – 80m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Poor 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW +2.06 

Inspection Time: 1145 Average Height of Section:  

     

Features:     

Chainage Item Depth Description 

    

    

    

    

     

Condition Defects:   

Chainage Item Depth Description 

77 approx  1.2m Block missing 

    

    

    

    

    

    

 



 

Hayle Harbour  Report Revision 0 
   Jan '05 
Hayle Harbour wall.doc   Page 174 of 187 

Buro Happold 

 

 

 

 

 

 

 

 

 

 

 

Location: CARNSEW WHARF 1 – Chainage 80 – 90m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW +2.11 

Inspection Time: 1150 Average Height of Section:  

     

Features:     

Chainage Item Depth Description 

    

   Generally sunken area behind wall 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

86 & 84  1.6 2 No iron H facing plate 

82 approx  0.3 Block missing, drain away hole? 
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Location: CARNSEW WHARF  – Chainage 90 – 100m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW + 1.28 

Inspection Time: 1107 Average Height of Section:  

     

Features:     

Chainage Item Depth Description 

    

   Generally sunken area behind wall 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

99  1.6 H facing plate 

96.5  1.6 H facing plate, piece missing 

92  1.6 H facing plate 

93  5.50 Block missing 

    

   Approx 50m between 70m on this chainage over gorse 
bush section, which ends at chainage 40m working from 
other way 
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Location: CARNSEW WHARF  – Chainage 100 – 110m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW + 1.26 

Inspection Time: 1105 Average Height of Section:  

     

Features:     

Chainage Item Depth Description 

    

   Generally sunken area behind wall 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

106  1.70 H plate 

102  1.60 H facing plate 
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Location: CARNSEW WHARF 2 – Chainage 110 – 120m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW + 0.25 

Inspection Time: 1004 Average Height of Section:  

     

Features:     

Chainage Item Depth Description 

    

   Generally sunken area behind wall 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

119.5  1.60 Remains of iron plate  

119.5   More recent repairs towards top of wall i.e. pointing 

113.5  1.50 Iron H facing plate 
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Location: CARNSEW WHARF – Chainage 120 – 130m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Mild + Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW + 1.21 

Inspection Time: 1100 Average Height of Section:  

     

Features:     

Chainage Item Depth Description 

126 - 130   Steps 

   Generally sunken area behind wall 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

123  1.80 Iron plate 

120-130  2.0 & 
below 

Joints appear to be more open below 2m 

128-130   Steps very loose with blocks missing towards bottom 
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Location: CARNSEW WHARF – Chainage 130 – 140m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW + 1.16 

Inspection Time: 1055 Average Height of Section:  

     

Features:     

Chainage Item Depth Description 

132   Randomly coarsed wall ends, granite blocks start 

   Generally sunken area behind wall 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

140  2.5 - 3 Slight kick out of granite block 
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Location: CARNSEW WHARF – Chainage 140 – 150m  

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW +1.11 

Inspection Time: 1050 Average Height of Section:  

     

Features:     

Chainage Item Depth Description 

140 – 
150.5 

  4 sluice holes near bottom 

   Generally sunken area behind wall 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

140 – 
150.5 

  Coping over this section has curved top 

140   Signs of settlement at return corner 
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Location: CARNSEW WHARF – Chainage 150 – 160m 

Overall Grading:        

 Very 
Poor  Poor  Fair  Good  Very 

Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 09/12/04 Tidal Conditions: LW +1.06 

Inspection Time: 1045 Average Height of Section:  

     

Features:     

Chainage Item Depth Description 

    

   Generally sunken area behind wall 

    

    

     

Condition Defects:    

Chainage Item Depth Description 

   Repair attempts over years 

155 – 160   Settlement signs 

156. 5 – 
160 

  Wall insecure 

160   Start of breach 
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9 Carnsew Quay 

 

 

Transition from ‘Carnsew Wharf’ to ‘Carnsew Quay’ at the relic mitre gates 
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Location: CARNSEW QUAY – Chainage 0 – 10m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW + 2.26 

Inspection Time: 1205 Average Height of Section:  

     

Features:     

Chainage Item Depth Description 

   No measurements taken over this short section because 
of access difficulties, all by eye 

1.0  0.4 

   

150 dia pipe 

    

     

Condition Defects:    

Chainage Item Depth Description 

4.5m   Commencement of diagonal crack 

6m  1.2m Finish of diagonal crack 
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Location: CARNSEW QUAY – Chainage 10 – 20m 

Overall Grading:        

 Very 
Poor 

 Poor  Fair  Good  Very 
Good 

     

General:  Weather Conditions: Cloudy 

Inspection Date: 10/12/04 Tidal Conditions: LW + 2.31 

Inspection Time: 1210 Average Height of Section:  

     

Features:     

Chainage Item Depth Description 

20   Vertical end of wall 

   

   

From 20m chainage to 55m approx there is a lower wall 
typically 600mm above river bed 

    

     

Condition Defects:    

Chainage Item Depth Description 

12   Step in coping approx 0.2 

12 – 18.5   Open joints below coping  

18.5   Movement crack present, end of wall slope downwards 
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10 PULL OUT ORIENTATION MAP 
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1 Introduction 

The Hayle sedimentation regime is a very complex system. The interaction between the Hayle 

Estuary and the sand of St Ives Bay, both below and above the inter-tidal zone, involves a dynamic 

natural process which is layered upon Hayle’s industrial history and current uses.  

To facilitate interpretation of the sediment dynamics this report brings together a range of available 

information, including the recent extensive LIDAR surveys commissioned by ING Real Estate.  

Resolution of the local sediment regime is a principal component in developing a sustainable 

solution that enables the Harbour redevelopment aspirations of the client with minimum maintenance 

commitment. This Sedimentation Exchange Monitoring report has been carried out to help 

identification of the natural sand processes in the littoral cell of Western St Ives Bay. 

The monitoring data will be incorporated into studies into:  

i. The existing (baseline) conditions within Hayle Estuary. 

ii. Changes to water levels, water velocity and sedimentation rates within the harbour that 

may arise resulting from the implementation of the Hayle Harbour Regeneration Scheme 

(HHRS). 

iii. The impacts of either sluicing or dredging and a combination of the two for both harbour 

and environmental management. 

iv. The likely effects on coastal processes operating in the Hayle Estuary, tidal bar and 

adjoining beaches of the HHRS. 

The monitoring studies that have been reported include:  

- Sand Extraction Quantities (Hayle Harbour Company). 

- LIDAR Surveys (ING Real Estate and Environment Agency). 

- Beach Monitoring (Cornwall County Council).  
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2 Sand Extraction 

Dredging has been undertaken at Hayle Harbour from a location to the North West of the North Quay 

since March 1999; location shown in figure below. During 2003 and 2004 an average of 1,800 tonnes 

of sand per month were being extracted Based on an approximate density of 1.8 tonnes per cubic 

metre, this equates to an approximate extraction rate of 1000m³ per month. Dredging was stopped 

at the end of August 2004.      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sand Extraction Location 
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1999 Tonnes  2000 Tonnes  2001 Tonnes 

Jan   Jan 463  Jan 754 

Feb   Feb 491  Feb 411 

Mar 416  Mar 1565  Mar 646 

Apr 342  Apr 718  Apr 1047 

May 793  May 792  May 1329 

Jun 436  Jun 1335  Jun 2180 

Jul 876  Jul 1168  Jul 1281 

Aug 497  Aug 953  Aug 1148 

Sep 1330  Sep 2748  Sep 2670 

Oct 2414  Oct 2213  Oct 3455 

Nov 327  Nov 759  Nov 2601 

Dec 355  Dec 373  Dec 1796 

 

 

 

 

* Data is currently being sought for the months of March 2002 – August 2003; a revised report will be 

issued once the data is acquired.  

 

 

 

2002 Tonnes  2003 Tonnes  2004 Tonnes 

Jan 2173  Jan *  Jan 1277 

Feb 1252  Feb *  Feb 1976 

Mar *  Mar *  Mar 3392 

Apr *  Apr *  Apr 3216 

May *  May *  May 1944 

Jun *  Jun *  Jun 1597 

Jul *  Jul *  Jul 1890 

Aug *  Aug *  Aug 1738 

Sep *  Sep 122  Sep  

Oct *  Oct 1016  Oct  

Nov *  Nov 927  Nov  

Dec *  Dec 1789  Dec  
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3 LIDAR Surveys 

3.1 Survey Introduction 

Included within the monitoring studies was the acquisition of elevation data for the estuary region. A 

survey of the estuary was required as close to the time that dredging stopped to provide the 

baseline conditions. A further comparative survey was proposed to enable an investigation into 

morphology changes over a period of time during which no dredging was undertaken.    

The two most suitable survey methods for this investigation were considered to be: 

1. Topographic survey of a series of sections across the channel, 
 

2. An aerial survey using a laser-scanning system (LIDAR) over a region of 12 km², 
 

The topographic survey option was rejected due to the incomplete nature of the results. Accurate 

level information would be provided along the chosen section lines but beyond these lines any 

predictions of levels and hence sediment exchange would be limited to interpolation.       

 

LIDAR surveys were the chosen option for the investigation for the following reasons:  

- Ability to map extensive areas with a high accuracy of elevation data.  

Due to the aerial nature of the technique a complete survey of the entire area of interest is 

obtained. Accurate elevation data would in turn enable the accurate measure of sediment 

exchange.    

 

- Rapid measuring, hence entire area is mapped near simultaneously. 

This is of great benefit for coastal investigations or any sites where there may be highly 

dynamic processes active. The high speed of survey also prevents any significant change in 

water level throughout the duration of the survey. Therefore the entire area can be surveyed 

during low tide.  

 

- Aerial nature of survey provides data in areas difficult to access or where environmental 
sensitivity is an issue.  

 

- Ability to produce a grey scale intensity image which helps with feature identification.  
 

- Post-processing of data is possible to achieve elevation data for two different model types: 
 

o DEM – Digital Elevation Model 

All features are retained, including vegetation cover, hedgerows, and buildings. For 

this investigation this is beneficial for feature identification and referencing the site 

using known landmarks. Also for areas where artificial features and vegetation are 

absent unobscured elevational changes can be observed.    

o DTM – Digital Terrain Model 

Software is used to create bare-earth models that filter out vegetation and buildings. 

This has obvious benefits for level measurements and hence volume calculations 

within vegetated regions.  

 

- All data is collected numerically and recorded in digital format  

Data is provided in ARCVIEW, and xyz format. This enables the direct production of DEMs 

and DTMs without any lengthy data entry requirements. The models produced are suitable 

for a variety of further uses including volume calculations and cross section production. The 

comparison of different models is also possible, enabling the inspection of level changes 

and the measure of sediment exchange.    
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3.2 LIDAR Technology 

The laser-scanning system used by LIDAR operates on a similar principal to radar. A laser ranger in 

the aircraft transmits a series of laser pulses, each of which is returned from the ground in the path 

of the laser. Along with the ground, targets may include vegetation or man made structures. Precise 

target elevation and horizontal co-ordinates are obtained by combining: 

o Aircraft to target range, from the laser ranger  

o Scanner look angle  

o Aircraft x,y,z positions, from differential GPS measurements  

o Aircraft roll, pitch and yaw orientation, from the Inertial Navigation System  

For an aircraft altitude of around 900m a point density of 1m is achievable, allowing elevation 

recording across a swathe of about 750m wide. A series of overlapping, parallel swathes are 

conducted so the entire study area is mapped. Data is typically acquired at about 1m spatial 

resolution with a height accuracy of around 10 to 20 cm.  

Factors involved in planning a coastal LIDAR survey include determining the period when the GPS 

satellites form the best constellation for the most accurate results, when the tides, waves and 

weather conditions are most favourable, and when survey operations won’t interfere with other 

aircraft in the area. The LIDAR system uses a near-infrared frequency for the laser, which is optimum 

for terrain but cannot penetrate water, so the survey must be undertaken at low tide to maximise the 

survey area. For this reason the analysis and conclusions are qualified to the extent that 

elevation/volume changes below low tide level have not been included. The laser energy cannot 

penetrate fog, rain or clouds, so surveys must be undertaken during clear weather conditions. 

 

 

3.3 Data Acquisition 

An enquiry was made with the Environment Agency (EA) regarding the acquisition of existing LIDAR 

data for the Hayle Harbour region. The EA informed us that data existed but that they were 

experiencing processing problems. As it was unclear how long it would take to rectify the problem 

the decision was made to commission a new set of LIDAR Surveys.  

Two LIDAR surveys were commissioned by Buro Happold on behalf of ING Real Estate: “LIDAR 1” 

flown on 31st July 2004 and “LIDAR 2” flown on 13th November 2004. The surveys were undertaken 

by Infoterra (EA and ISO 14001 accredited), using an Optech ALTM 2033 laser scanner. POLTIPS 

tidal prediction software was used to by Infoterra to ensure that the surveys were undertaken during 

low tide. A complete description of the survey and processing methods are described in the Infoterra 

LIDAR Report (Appendix).  

The survey area and flight paths are shown in the figure below. 

Four months after the completion of the second survey the EA data, flight date 31st March 2003, 

became available. This data was obtained from the EA, in exchange for the LIDAR 1 data, to enable 

further comparison with elevation data at a earlier time when dredging was active. The EA LIDAR 

data will be referred to in this report as “EA LIDAR”.  

 

Survey Area and Flight Paths 
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3.4 Digital Elevation Models 

A DEM was produced for each of the data sets using ArcView GIS. The DEMs clearly identify the 

estuary features, including the sand bars within the estuary mouth. The quay walls and inland 

features, including buildings and hedgerows, enable easier referencing of the estuary within the local 

environment.  

Figures 1, 3, and 5 show the full extent of the survey data for EA LIDAR, LIDAR 1 and LIDAR 2 

respectively.  

Figures 2, 4 and 6 show the DEMs at a larger scale for the local Hayle Harbour region, with an OS 

map tile overlaid.  

ArcView GIS has been used to compare two DEMs to highlight areas of elevation variation and 

hence volume change. This process was undertaken for two comparisons:  

 

- LIDAR 1 – EA LIDAR 

EA LIDAR elevation data is subtracted from LIDAR 1 data to give a set of elevation variation 

where positive values indicate elevation and hence volume gain; and negative values 

indicate elevation and volume loss. This comparison will be used to measure the sediment 

exchange that occurred in a period of 16 months, during which dredging was active.      

 

- LIDAR 2 – LIDAR 1 

This comparison will be used to measure the sediment exchange that occurred in a period of 

4 months, following the end of a period of steady dredging. No dredging took place during 

the time period of this comparison. This comparison should help provide an insight into how 

the morphology reacts after a period of dredging.    

   

Although the surveys were undertaken at low tide there are areas within the survey extent inundated 

by water. It is necessary to exclude any variation in water level between the surveys from the 

calculations of volume change. A measure of the upper water level of the two surveys was used to 

create an exclusion zone, representing the area inundated at the time of survey. No volume change 

calculations were undertaken within this zone as volume changes would be largely due to water level 

changes between the two surveys, rather than sediment exchange. 

12D (Digital Terrain Modelling software) was used to calculate the volume changes that are 

associated with the elevation variations found for the two comparisons. Volume calculations were 

undertaken for a series of scales, including:  

 

- Estuary Mouth: the entire estuary mouth 

within the survey boundary, excluding the zone 

inundated by water and inland areas. The 

value of volume change associated with this 

region will provide information regarding the 

net flow of sediment into and out of the 

estuary mouth. 

 

 

- Primary Regions: the Estuary Mouth region 

divided into a series of large zones to enable a 

closer evaluation of sediment exchange.  

 

 

 

 

- Secondary Regions: all major regions of gain 

or loss delimited by polygons. The values 

associated with these regions will help provide 

a further insight into the sediment exchange 

occurring between neighbouring zones of gain 

and loss.  
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To enable further inspection of level variation and sediment exchange 12D (Digital Terrain Modelling 

software) was used to create a series of sections across the East side of the estuary mouth, located 

in the drawing below. The section locations were chosen to include the dunes along the East 

shoreline due to concerns over dune recession.   

 

 

Section Location Plan 

The zone used for the production of the sections was extended outside of the previously defined 

estuary mouth zone. The additional zone is indicated by the purple hatch in the above drawing. The 

extension of the area of analysis was undertaken to enable the inclusion of the top plateau of the 

dunes. Sections were constructed to enable a comparison of the three sets of LIDAR data along 

each of the lines shown in the above figure. A 2x vertical exaggeration was used to provide better 

definition of elevation variations between the sets of survey data. The sections enable inspection of 

level variation within the beach and dune areas.     
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3.5 Results 

 

The results of the LIDAR 1 – LIDAR EA comparison are illustrated in Figures 7, 8, and 9; values of 

volume change are displayed in Table 1. The comparison highlights that: 

   

- There is some volume change within the local Hayle Harbour region; some zones of high level 

variation are shown along the quay walls due to deficiencies in the survey technique.  

- There is an area of significant sediment exchange to the North West of the North Quay (Primary 

Region 1, Figure 7; Secondary Regions A-H, Figure 8).  

- The majority of volume change is within the main estuary mouth (Primary Regions 2 and 3, 

Figure 7; Secondary Regions I-AB, Figure 9). Large zones of gain and loss.  

- For the beach levels within the area of particular interest on the East of the Estuary mouth 

(Primary Region 2, Figure 7) there are significant elevation variations ranging from -1m to +2m 

between LIDAR EA and LIDAR 1. Refer also to the beach sections in drawings C012 and C013.  

- There is a gain of volume indicated within the dune zones on the East side of the estuary mouth 

(Secondary Regions K,P, and S; Figure 9).  

 

- There is an overall gain of 35,700m³ within the boundary of the estuary mouth (as defined in 

section 3.4).  

 

 

The results of the LIDAR 2 – LIDAR 1 comparison are illustrated in Figures 10, 11, and 12; values of 

volume change are displayed in Table 1. The comparison highlights that:  

   

- There is minimal change within the local Hayle Harbour region, some zones of level variation 

shown along the quay walls due to deficiencies in the survey technique.  

- There is an area of significant sediment exchange to the North West of the North Quay (Primary 

Region 1, Figure 10; Secondary Regions A-E Figure 11).  

- The majority of volume change is within the main estuary mouth (Primary Regions 2 and 3, 

Figure 10; Secondary Regions F-AC, Figure 12). Large zones of gain and loss.  Neighbouring 

zones of gain and loss indicating a dynamic sediment regime.  

- For the beach levels within the area of particular interest on the East of the Estuary mouth 

(Primary Region 2, Figure 10) there are significant elevation variations ranging from -1.6m to 

+1.5m between LIDAR1 and LIDAR2. Refer also to the beach sections in drawings C012 and 

C013.  

 

- There is an overall gain of 1,500m³ within the boundary of the estuary mouth.  

 

The cross sections for the East side of the estuary mouth are shown in drawings C012 and C013.  

The sections indicate significant variations in level at certain locations, both within the beach and the 

dunes. Section 3, for example, shows a variation of around +2m between the LIDAR EA and LIDAR 1 

elevations at a point on the beach. Most of the sections indicate a gain in volume within the steeper 

sections of the dunes, between LIDAR EA and LIDAR 1.  A relatively close elevation match is 

indicated within the plateau regions of many of the sections, providing increased confidence in the 

relative accuracy of the LIDAR data. The sections also provide some confirmation of the gain in 

volume calculated for the LIDAR 1 - LIDAR EA comparison within the dune zones (Secondary 

Regions K, P, and S; Figure 9).  

 

The reliable quantification of elevational and volume changes is subject to the accuracy of the LIDAR 

data. It is claimed that data is typically acquired with a height accuracy of around 10 to 20 cm. 

Extensive data accuracy checking and statements of confidence are provided in the Infoterra LIDAR 

Report, (Appendix). To provide a further measure of the height accuracy of the three LIDAR surveys 

a comparison at fixed points of known level was undertaken. The LIDAR height data was compared 

with spot heights defined in the Babtie Topographic Survey (2002). The results of this level check are 

shown in Table 2. The results indicate that for all three sets of LIDAR data, the LIDAR heights are 

generally lower than the topographic survey levels. The LIDAR EA data shows the closest match to 

the topographic survey levels with an average height variation of 79mm (LIDAR EA lower than the 

topographic survey). LIDAR 1 and LIDAR 2 data show a less close match with respective average 

height variations of 150mm, and 170mm (LIDAR1 and 2 lower than the topographic survey). A 

comparison of the fixed point levels has been undertaken between LIDAR EA and LIDAR 1 data. The 
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results of this comparison are given in the end column of Table 2. The results show that the LIDAR 1 

levels are on average 75mm lower than the LIDAR EA levels. If the results of this calculation were to 

be used as a calibration device for the two surveys then the LIDAR 1 levels would be raised 

throughout. Re-calculation of the volume change within the estuary mouth using the revised levels 

would result in an increase of 55,000m³ (level rise of 0.075m x estuary mouth area of 733,000m²). 

The revised net gain in volume would therefore be 90,000m³, (35.700m³ + 55,000 m³). It should be 

recognised that this revised volume change calculation is based on a limited calibration of 8 fixed 

points. Despite this limitation, the overall change in volume between LIDAR EA and LIDAR1 has been 

established with some confidence to be a net gain, within the range of +35,000m³ to +90,000m³.  

This net gain in volume between the dates of LIDAR EA and LIDAR1 has been witnessed for a period 

during which sand extraction was active, as described in Section 2. The total volume of sand 

extracted during this period is estimated at 16,000m³, based upon an approximate sand density of 

1.8 tonnes per cubic metre. This estimation required the assignment of an average extraction of 1.9 

tonnes per month for the five months for which missing data is currently being sought.  

The small net gain in volume between the dates of LIDAR1 and LIDAR2 occurred during a period 

following the cleaning of the Carnsew Pool tunnels. The cleaning of the tunnels may have led to an 

increased hydraulic dynamic of the harbour system with sand blasted down the harbour towards the 

beaches. The calculated net gain in volume of 1,500m³ indicates that the cleaning of the tunnels has 

not contributed to a loss in sediment within the estuary mouth.    

 

An inspection of the values of elevation variation shown in the section drawings and the DEM 

comparisons indicates temporal changes of a scale far greater than those discussed for the level 

variations at fixed points. This suggests that the potential data accuracy issues associated with the 

level variations at the fixed points should not significantly affect the finding of a highly dynamic 

system containing large neighbouring zones of erosion and accretion.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 1 � Volume Changes

Lidar2�Lidar1 Lidar1�LidarEA

Region: Area (m²):
Volume 

change (m³): Region: Area (m²):
Volume 

change (m³):

Estuary mouth 830,430 1,520 Estuary mouth 733,470 35,700
excluding inundated zone excluding inundated zone 

Primary Regions Fig. 10 Primary Regions Fig. 7

Region: Area (m²):
Volume 

change (m³): Region: Area (m²):
Volume 

change (m³):

PR 1 62,560 -2380 PR 1 58,810 -6715
PR 2 254,860 11635 PR 2 216,535 44690
PR 3 345,250 -6300 PR 3 319,980 11450

PR 4 96,300 -11,600
Cocklebank 17,870 -187 Cocklebank 15,200 -1270

Secondary Regions Figs. 11, 12 Secondary Regions Figs. 8, 9

Region: Area (m²):
Volume 

change (m³): Region: Area (m²):
Volume 

change (m³):

A 3,140 -1,148 A 7,645 -1,330
B 3,015 872 B 4,410 4,870
C 3,270 -1,360 C 3,220 -1,666
D 2,340 -695 D 2,365 -870
E 1,345 295 E 2,605 435
F 14,600 10,910 F 7,005 -1,470
G 20,060 -11,355 G 2,270 -3,075
H 46,075 23,980 H 2,510 530
I 13,800 -3,820 I 2,515 -965
J 8,825 2,185 J 27,745 29,240
K 19,015 -9,510 K 8,085 6,750
L 11,860 -5,415 L 1,180 -715
M 5,730 2,260 M 14,500 9,495
N 29,865 7,980 N 11,340 -5,625
O 4,580 -930 O 15,710 -5,630
P 7,375 -1,940 P 35,980 26,065
Q 16,590 2,855 Q 10,065 2,420
R 7,590 -3,930 R 54,910 -31,075
S 2,300 -640 S 11200 8,425
T 6,800 -2,775 T 5,750 3,745
U 27,965 -7,570 U 9,680 2,975
V 25,345 -5,400 V 42,140 20,670
W 29,965 7,610 W 104,570 -31,940
X 12,800 -3,700 X 35,920 11,225
Y 19,305 -6,065 Y 24,200 7,545
Z 23,470 7,876 Z 27,040 8,785

AA 5,585 -1,765 AA 5,280 -2,720
AB 4,085 1,070 AB 6,540 2,030
AC 4,815 2,145



Table 2 � Fixed Point Level Check

levels (m)
point TOPO LIDAR1 LIDAR1-TOPO LIDAR2 LIDAR2-TOPO LIDARea LIDARea-TOPO LIDAR1-LIDARea

North Quay a 4.47 4.326 -0.144 4.377 -0.093 4.441 -0.029 -0.115

b 4.5 4.253 -0.247 4.292 -0.208 4.454 -0.046 -0.201

c 4.9 4.817 -0.083 4.734 -0.166 4.954 0.054 -0.137

South Quay d 4.66 4.587 -0.073 4.531 -0.129 4.644 -0.016 -0.057

e 4.65 4.532 -0.118 4.438 -0.212 4.59 -0.06 -0.058

Road B3301 f 5.78 5.653 -0.127 5.629 -0.151 5.771 -0.009 -0.118

g 6.02 5.787 -0.233 5.814 -0.206 5.66 -0.36 0.127

h 6.52 6.309 -0.211 6.312 -0.208 6.356 -0.164 -0.047

average level 
variation (m)

-0.1545 -0.17163 -0.07875 -0.07575
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4 Penwith Beach Monitoring 

At the time of writing, we are awaiting the Penwith Beach Monitoring data. An analysis of this data 

and its relation to the other sections of this report is therefore not possible at this stage. An updated 

version of the report will be issued when the data is received.  
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Infoterra LIDAR Report 
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Infoterra Ltd was contracted by ING Real Estate/Buro Happold to conduct a

LiDAR survey in North Cornwall. The survey area consisted of a 12km2

area of interest (AOI) centred on Hayle:

Data was required at a spring low tide, which therefore had to be taken into

consideration together with the usual constraints of suitable climatic
conditions and GPS constellations. Flight planning was undertaken to
meet the above considerations together with the requirement for data with

an approximate density of one point per square metre.

Infoterra contracted the support of their preferred Survey Contractor,

Merretts Survey Partnership, to provide the GPS base station required
during data acquisition and also to undertake the collection of ground data,
which was then used as ground truthing data to validate the acquired

LiDAR data.

Data was required for the survey area on two separate occasions, once,

prior to the dredging of the harbour taking place and then, secondly,
subsequent to the dredging of the harbour. The data sets for this project
were acquired on 31st July and 13th November 2004 respectively, and were

then used by Buro Happold to investigate the sand movements following
the dredging activities.

This report describes the acquisition and subsequent processing of the
LiDAR data for the Hayle project.
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Infoterra has owned and operated its own advanced airborne lidars
(also known as laserscanners) for 6 years and has successfully
completed projects in Europe, Africa, Central Asia and Australasia

utilising Optech���������	
	����
	������������������

To produce terrain data for the Hayle AOI, Infoterra deployed its
Optech ALTM 2033 laserscanner system (S/N 01D126). The ALTM

(Airborne Laserscanner Terrain Mapper) system is comprised of a
scanning laser pulse, which records the terrain height and a DGPS
(Differential GPS) system to accurately determine the aircraft position

combined with an IMU (Inertial Measurement Unit) system to
determine the aircraft��� ������������� � ���� ����� 
	��� ������������
operating at a pulse frequency of 33 kilohertz (KHz), is capable of

producing terrain data with posting of approximately 1m with a vertical
accuracy of ��������� �!����"��#�$������%��������������&'��()�
datum.
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The ALTM 2033 is an instrument designed to acquire accurate terrain

elevation data that can be used in the production of accurate
topographic maps. The instrument can be mounted on either fixed
wing aircraft or helicopters.

The main components of the ALTM 2033 are a sensor head housing
the IMU, laser transmission and receiver optics, a video camera and a

scanning mirror. The sensor head is mounted to the cabin floor with its
base projecting through an aperture in the internal and external
surface of the aircraft. The laser-generating module, the IMU/GPS

control unit and the data collection computers are housed in a central
control rack also mounted to the floor of the aircraft.

Two GPS receivers, designated ground and airborne, are used to
accurately locate the aircraft position whilst the POS (Position and
Orientation System) measures the aircraft attitude during the survey.

The POS subsystem is divided into two major components: the inertial
measurement unit (IMU) housed in the sensor head and the POS
computer system (POS) located in the control rack.

Post-processing of the airborne data and ground GPS is completed
with additional ground-based computers using the REALM 3 software

originally developed by Topscan GmbH and supplied by Optech with
the system.

During a survey mission, the system functions of the ALTM 2033 are

controlled by the operator through a Husky� hand held Operator
Interface (OI). During normal survey operations the instrument
generates, and then emits narrow pulses of infrared light, which a

scanning mirror directs perpendicular to the flight path. The scanner
motion provides coverage to either side of the flight direction, across
an operator specified angle of �
	o giving a field of view of 40*��$��+��
the forward speed of the aircraft provides coverage in the direction of
flight.
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(a) (b)
Figure 1.1 Image (a) illustrates the reduction in laser ground strikes that occur when flying with a wide scan
angle over an area of dense vegetation. Image (b) illustrates the increased ground strike rate, due to the
ability of the laser to pass between branches when flown over dense vegetation with a narrow scan angle.

The optical pulses are reflected back from the ground, collected by the
receiver optics and detected by the receiver electronics, which then

converts the signal from optical information to electronic information.
Two time interval meters (TIMs) accurately measure the amount of
time each optical pulse takes to travel to and reflect back from the first

and last laser strikes. Based on the known speed of light, the slant
range from the sensor to the target can be determined. During the
survey the airborne GPS data and the laser slant range and scan

angle data is recorded to a removable hard disk in the main data
collection unit. The data set is combined with differential GPS during
post-processing to produce precise x, y and z positions for each laser

pulse.

The ALTM 2033 uses a Q-switched diode-pumped vanadate laser

operating at a wavelength of 1064nm. It is a class IV laser as
specified by the United States Food and Drug Administration and
incorporates all standard safety features for this class. The laser used

is only eye-safe under specific conditions. In normal survey mode the
laser automatically cuts-off at a detected range of 500m or less to the
nearest object. It is the responsibility of the operator to ensure that the

laser is set correctly for eye-safe operation.
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Whenever the ALTM instrument is installed into a different aircraft, its
position must be accurately surveyed in order to determine the 3-

dimensional offset between the GPS antenna and the sensor head.

Merrett Survey Partnership carried out the surveying of the instrument

into the aircraft. The three offsets measured are:

�� Offset of the GPS antenna reference point to the left or right of the
reference point on the sensor head.

�� Vertical offset (in-flight) between the GPS antenna reference point
and the sensor head reference point.

�� Offset of the GPS antenna in front or behind the sensor head in
the direction of flight.

The offsets are measured from a cross marking the centre of the top of

the sensor head and are then corrected for the x, y and z distances
from this reference point to the centre of the scanner mirror. These
values are then entered into the POS computer on the aircraft and into

the post processing software on the ground. For the POS the values
are taken as negative for below, in front and to the right of the antenna.
Infoterra ensured that the instrument had been accurately surveyed

into the aircraft at the time of acquisition.

�,',','� �������2��/���

Two methods are used to survey the instrument into the aircraft. The
first method uses a geodimeter 400 series total station to measure the
GPS antenna and sensor head centres. Also, the aircraft���������+�����
centre of nose and centre of tail are observed. These positions are
computed in a local co-ordinate and height datum system. The relative
differences are computed and then corrected for the ground attitude of

the aircraft.

When on the ground, the aircraft sits at an incline angle, rather than its

level flight attitude. It is essential to correct for this incline.

The second method is a direct measurement of the offsets using a

plumb bob, spirit level and tape measure. Although this method is less
accurate it acts as a gross error check.
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Final offsets after adjustment to the centre of the scanner mirror in aircraft OY-BTZ.

�,',�� �����*�+��"����#�

The ALTM 2033 was originally calibrated in a laboratory. A periodic
calibration flight is required to determine system performance in a
dynamic situation. The accurate calibration information is required for

accurate processing of the data and as a pre-requisite for data
processing. For the calibration procedure, a large ground control
target (i.e. a building) is used to calibrate roll and pitch and a large flat

area (i.e. a runway) is used to calibrate the range. The choice of the
building and runway is critical to the calibration results as they must be
accessible to terrestrial survey and repeated flyovers.

The calibration flight prior to survey # 1 was carried out on 28th June
2004 and the calibration flight prior to survey # 2 was carried out on

11th November 2004. Infoterra���,��-surveyed calibration building and
runway in Leicestershire were used on both occasions

Offset POS Setting

X -0.087
Y -0.074
Z -1.506
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All rooftop vertices are accurately surveyed for x, y and z. The
objective of the ground survey is to graphically produce an exact
description of the rooftop for comparison with the ALTM data. In order

to achieve the highest accuracy calibration results, the ALTM survey
parameters are set up to minimise the distance between successive
laser shots. This ensures an accurate indication of the transition point

of the roof edge.

�,',�,'� 3����!��%�������

The ALTM 2033�������������,���%��������� ���+��� ����'-�������������
To ensure that the system specifications are met, the error contribution

from the GPS trajectory that is obtained during post-processing must
be minimised. The following minimum conditions must be met:

�� That the GPS base station is erected over a first order monument.

�� That the distance between the airborne and base GPS receivers
must be less than 50km.

�� The flight duration and time for which adequate GPS data is
received must be at least 45 minutes.

�� That at least 4 common satellites must be tracked by both
airborne and base GPS receivers at any one time.

�� The minimum lock-in time for a satellite to provide adequate data
is at least 400 seconds (preferably 600 seconds).

�� The PDOP at any time should be � 4.

�,',�,�� 3����#0�4��������2����0#*�#��

Flown along longest part of roofline. Total of six flight
lines.
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�,',5� 3����#0�4���!��%/�2����0#*�#��

The scanner operates in profile mode (0� scan angle).
Total of six lines.

�,',5,'� ��������

Merretts Survey Partnership supplied the results of the ground survey.
All data was provided in UTM co-ordinates and WGS84 ellipsoidal
height datum.

The data was post-processed using calibration output facility within the
REALM 3 software. There were sufficient lines usable to produce

accurate results for the calibration. The results for 28th June showed
that the corrections required were:

Heading: 0.000 degrees
Roll: - 0.022 degrees
Pitch: 0.013 degrees

Scale: 0.9951

The results for 13th November showed that the corrections required

were:

Heading: 0.000 degrees

Roll: - 0.022 degrees
Pitch: 0.013 degrees
Scale: 0.9964

�,', � ��32���55������*�-������#�

The ALTM 2033 is controlled primarily through the hand held Operator
Interface, which consists of a keypad and LCD display. The operator
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interface consists of four primary screens, each displaying different

information about the system. These screens are:

�� Mission Parameters
�� Alert Messages
�� System Status
�� Laser Diagnostics

Only the mission parameter screen enables the operator to change the

displayed values. The other three screens are for information only.

The mission parameter screen allows the operator to set values for the

following system parameters:

Laser Repetition Rate (Hz) � this sets the rate at which the laser fires,

the ALTM 2033 operates at a repetition rate of 33 KHz

Mode � this sets the time interval meters (TIMs) to first-pulse mode or

last-pulse mode. This determines whether the system records the
range to the first target the optical pulse reflects from or the last, or
both.

Scanner Frequency (Hz) � the scanner frequency sets the rate at

which the scanner performs one complete scan (two sweeps). Scan

frequency and scan angle are interdependent: as the scan frequency
increases, the scan angle must decrease. The product of these two
variables cannot exceed 590. For example, for this project the scan

angle was set at 20� and the scanner frequency was set to 28Hz, the
product of which is 560.

Scanner Range (Deg) � the scanner range sets the scan angle, from

0� to �20�.

�,�� !��$�%������%1�������#�

The survey aircraft, PA31-350 (OY-BTZ), was mobilised from East

Midlands Airport to the survey area on 31st July 2004 and 13th

November to collect the two data sets that were required. The
surveyor from Merrett Survey Partnership was mobilised on each

occasion directly from Merrett����%%������� .�����

For the first data set acquisition took place between 10:30 and 11: 20

(UTC) on 31st July, under clear skies. This coincided with a low tide of
1.09 m at St. Ives at 10:52 (UTC) on that day. The survey consisted of
9 lines (See Appendix A), in addition to a cross strip that was acquired

for QA purposes. The survey was carried out at an altitude of 850m
above the ground. This flying height together with scanner settings of
20� and 28Hz gives each line an approximate swath of 619m. The

acquisition was planned with an overlap of 39% in order to ensure
coverage is maintained from flight line to flight line when 1� is removed
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during the processing. This approach allowed us to maintain an

approximate post spacing of 1m whilst ensuring that there were no
gaps from flight line to flight line.

The second data set was acquired between 10:21 and 11:11 (UTC) on
13th November, again under clear skies. This coincided with a low tide
of 0.75 m at St. Ives at 11:28 (UTC) on that day. The survey

parameters were as detailed in the previous paragraph for survey # 1.

�,5� ��#����������%����#0�

In order to produce output files, data from a number of sources must

be processed in a specific sequence. These data sources include
laser scanning and aircraft orientation information from the ALTM hard
drive, and GPS information from the GPS receivers.

The raw data supplied by the operator consists of raw laserscanner
data and airborne GPS data in Novatel format. Ground GPS files are

provided in Rinex 2.0 format.

The REALM software creates and maintains a subdirectory named

��+�������� � /�� ��������������all information entered through the user
interface (e.g. information about flights, projects, areas and geodetic
systems) is stored in several binary files. All files can only be

accessed through the Graphic User Interface, as they are part of a
database.

The first step is to set up a project containing information on the
geodetic system (in this case UTM North / WGS84) and ground GPS
station co-ordinates for the area. As many ground stations as are

required to cover the entire area can be entered into the project.
Details for each flight are then entered into the software, a flight is
defined by a single set of DGPS data. Therefore, if for any reason the

ground station changes during a flight, either due to problems with one
of the receivers or a change due to distance, then a new flight must be
entered and processed separately. The general processing chain

consists of the following:

1. GPS pre-processing.
2. GPS positioning.

3. IMU processing.
4. Data decoding.
5. Compute laser points.

6. Create output.

The GPS processing is the first stage in the processing chain. The

internal reports produced at each stage, �-��-processing�� ���
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�-���������"��"�0�� ���� %����� �����������%� ����1��+�����%������ �����������
several main indicators within the processing report, which are
checked for acceptable quality. (See Section 4.2)

During pre-processing the software evaluates the quality of data from
each individual satellite and a single point solution for the airborne
GPS receiver is calculated. At this stage the aircraft trajectory can be

viewed to assess any possible problems with line spacing and area
coverage.

The GPS is then processed with the IMU data to create a Smoothed
Best Estimated Trajectory (SBET).

When the IMU processing is completed, the laser data is decoded.
The report from the laser decoding indicates any problems with the
laser during acquisition. Also any anomalous high or low points are

removed according to values set by the data processor in the ALTM
.ini file.

The laser points are then computed within a user-specified area,
chosen from the positioned aircraft trajectory. This is the most time
consuming stage of the processing chain.

�, � !��$�%�����!��%����#0�

All the data processing for the Hayle project took place at Infoterra���
offices on two dedicated workstations. The processing was carried out

using REALM 3 software supplied by Optech to Infoterra with the
system, following the processes listed above in 2.3. The data is
processed to ASCII XYZI format for both first and last pulses and at

this stage it is referenced to Geographic � WGS84.

The data was then transformed to OSGB 36 and Newlyn datum
utilising an OSTN02 and OSGM02 based conversion from the
Geographic WGS84 data.

Following the output of the data a variety of checks are undertaken to
ensure the quality and integrity of the data. (See Section 4)

After the data has been transformed and checked and found to be of
satisfactory quality then the TerraSolid suite of software was utilised

for the creation of the Digital Elevation Models (DEM) and Digital
Terrain Models (DTM) required for this project. TerraSolid is another
bespoke piece of LiDAR processing software that has been developed

by TerraSolid Ltd. and is used in conjunction with Micro Station.

First pulse data was used to create the DEM data and the last pulse

data was used to create the DTM data.

The project deliverables were the DEM and DTM data in 2 formats:



Hayle 2004 � ING Real Estate/Buro Happold Commercial in Confidence

Section 2 Page 12
Acquisition and Processing Issue: 1.0

�� ASCII GRID - These files were a direct output from
TerraSolid.

�� ASCII XYZ - These files were a direct output from TerraSolid.
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5,'� 4�����.��6�

Merrett Survey Partnership carried out the GPS fieldwork. The

purpose of this was to establish and coordinate the base station for
GPS control of the LiDAR aerial survey and to survey a test site to
check accuracy of the aerial survey.

5,�� +�#�����

All GPS observations were processed using Leica SKI PRO V2.5

software. PSS01 base station, established at Lelant Quay in Hayle,
was coordinated with vectors from the two nearest Ordnance Survey
Active Stations. The results were checked against three additional

active stations (which were at a much greater distance). The results
were consistent.

At the second visit the original base station had been destroyed.
Therefore MSP-SW5241 was coordinated using a secondary point
established during the first visit. The derived coordinates were checked

against the OS active stations. No discrepancies were found.

Used to coordinate base station

Name Lat Long Ell. Ht.

TAUN 51 0 44.297972 N 3 6 13.569300 W 86.45307

PMTH 50 24 59.281848 N 4 7 34.265565 W 175.5521

Used to check coordinates

Name Lat Long Ell. Ht.

OSHQ 50 55 52.60562 N 1 27 01.85155 W 100.3988

CARM 51 51 32.072171 N 4 18 30.689042 W 81.34525

LIZ1 49 57 36.220889 N 5 12 10.965840 W 124.2672

Base Stations: Final Coordinates.

Name Lat Long Ell. Ht.

PSS01 50 11 16.878303 N 5 25 54.050639 W 67.155

MSP-SW5421 50 11 16.885785 N 5 25 54.029613 W 58.221
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Base Station differences, metres (Final mean - single vector value).

OS Active Station Hz Diff From Mean Hgt Diff From Mean

TAUN 0.016 -0.018
PMTH 0.011 0.012
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 ,'� ����%1�������#�7��

By virtue of the technology the quality checks, which can be carried out
by the operator during acquisition, are limited. During data acquisition
the operator continuously monitors the following:

�� Aircraft GPS. Number of satellites being received and PDOP
value.

�� Range signal. Check the flying height is correct and stable from
the range distance being recorded by the laser.

�� Dropout rate � this ideally should not exceed 20%.

�� Check that the laser is firing continuously throughout acquisition
and that data is being recorded to disk (from LED indicators).

�� Roll of the aircraft. This ideally should not exceed 5 degrees
during an acquisition line.

 ,�� �!��!��%����#0�7��

The GPS reports provide the data processor with the first indication of
data quality. The information enables the processor to quickly verify
that the GPS data is of sufficient quality to continue with the data

processing. From the pre-processing report, the first check is to
ensure that the times indicated for the first and last epoch correspond
to the times given on the flight log. The number of missing epochs

should be zero. Ideally there should not be less than four satellites
locked-in for any period during the survey. If the number in the field
next to # of Epochs < 4 Satellites has a non-zero value, this indicates

that there were instances when there were insufficient satellites being
detected by the ground receiver. If they are isolated single reading
occurrences, the processing will bridge the gap in the data so that the

aircraft trajectory is still calculated. If there are a large number of
these instances grouped together, the GPS results will be
compromised. For best GPS results, the maximum PDOP should be

�5 but ideally between 1 and 3.

The field RMS of residuals for PDOP < 5 refers to a quality indicator

which represents the single-ended positional error (in metres). Less
than 50m are considered to be good. This number is similar to a
standard deviation (the average distance from the average position).
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Once the pre-processing report has been checked, the data processor

can view the aircraft trajectory to assess any problems with flight line
spacing. From the positioning report, the first check is the Sigma
value, which should always be less than 1. If the Sigma value is very

close to but just exceeds 1, the positioning can be run again by
reducing the carrier phase and/or pseudorange. Once the Sigma
value has been optimised, the remainder of the report is viewed,

beginning with the Standard Deviations of Estimated Positions. Values
are provided for East, North and Height co-ordinates. The values
provided here are good indications of the quality of the processed GPS

data. The mean values should be in the order of 0.03m. Values
greater than 0.1 indicate problems with the GPS data.

Problems with any one of these quality indicators may lead to re-
acquisition of the data, as a good GPS solution is essential to accurate
laserscanner data.

All indicators for both surveys were extremely good. (See Appendices
C and D for the results of the GPS Positioning and the GPS, IMU and

Laser Point Processing Reports)

 ,5� ���-������7��

 ,5,'� 8��������
#���%���#�

Once the data output is created each area is visually checked to
ensure that data has been captured in the correct location and that
capture for the entire AOI is complete and there are no gaps from flight

line to fight line:

Survey # 1
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Survey # 2

As can be seen from the previous images there were are no issues
with coverage of the project AOI on either flight, with flight line to flight
line overlap or with the accuracy of the flight lines actually flown

compared with the flight lines that were planned for either of the
surveys.

 ,5,�� +/�%6�#0�	�������#0������#��!��%/��������

Once the visual check was complete the next stage was to carry out
the further analysis of the data prior to transformation and product

creation. This is done utilising Terrascan��� ����������� ���+����
TerraMatch checks data for systematic orientation errors, it measures
the differences between ����� ���%������ %���� �0��+�,,��"� %+�"��� +�������
Initially the data was checked for heading, roll and pitch errors:

Survey # 1

Laser project: D:\Hayle\bins\Hayle.prj
Trajectories: d:\Hayle\trajectories\
Observe every 1th point
Intensity not used
Solution for whole data set
Execution time: 308.7 sec
Number of iterations: 1
Points 14955896
H shift +0.0012 Std dev 0.0000
R shift +0.0003 Std dev 0.0000
P shift -0.0015 Std dev 0.0000
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Survey # 2

Laser project: D:\Hayle\second_acquisition\z_matched\Hayle.prj

Trajectories: d:\Hayle\second_acquisition\traj\
Observe every 1th point
Intensity not used

Solution for whole data set
Execution time: 340.9 sec
Number of iterations: 1

Points 12210069
H shift -0.0037 Std dev 0.0000
R shift -0.0011 Std dev 0.0000

P shift -0.0064 Std dev 0.0000

As can be seen from the above reports there were no heading roll or
pitch issues within either of the data sets and no corrections of the
instrument�����+�2�������,����������$������1�����

 ,5,5� +������������#������

The next step was to carry out a statistical analysis comparing the
LiDAR data from the cross-strip against the data from the flight lines
that it crosses.

For complete flight lines this is represented graphically in the form of

colour coded difference maps comparing the flight lines with the cross
strip. Additionally the results of patch tests within the cross strips are
represented by error frequency distribution graphs. As can be seen

over the page the results for the survey area are very good and well
within specification:
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Survey # 1

Flightline Cross Strip Comparison
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Survey # 2

Flightline Cross Strip Comparison
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 ,5, � ����%%��%��+/�%6�#0�

Following the transformation of the data the LiDAR data was compared
to a surface model that was created from ground survey data acquired

by GPS ground survey techniques. This model was then compared to
the LiDAR data and a report is generated. The results were as follows:

�
�

As can be seen from the table above and in Appendix E the accuracy
of the data is high and well within specification of both the instrument
and the project requirements.

Test Site No. of Points Tested Mean Difference (m) Standard Deviation RMSE (m)

Flight 1 1182_test 1,243 -0.087 0.043 0.097
Flight 2 1182_test 915 -0.014 0.057 0.058
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(� �������������
�

The DEM and DTM data was produced and written to CD-ROM prior to
being delivered to ING Real Estate��� �%%����� ��� ������ ��� ��� 3����
Happold����%%��������3�����+.

(,'� ��������������

Survey # 1

25th August 2004 � 12 tiles 1m DEM and DTM data in ASCII GRID
format (ARCD/0090/001).

4th October 2004 � 12 tiles 1m DEM and DTM data in ASCII XYZ
format (ARCD/0090/002).

Survey # 2

29th November 2004 - 12 tiles 1m DEM and DTM data in ASCII GRID
and ASCII XYZ format and 1 intensity image in TIFF format

(ARDDVD/0090/003).

29th November 2004 � 1 VHS videotape showing video camera
footage of the individual flight lines flown during the second acquisition.
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�

&,'� � +�#%�����#��

As with all airborne acquisition projects the weather was a dominant
factor in the success of acquiring LiDAR data and caused some initial
problems in trying to acquire data, particularly for the first data set. For

this project this was exacerbated by the spring low tide requirement, as
there are very few days in each month in which acquisition is possible
and the chances of the weather conditions being correct for acquisition

are lower than if there were no tidal requirements.

However once the data was captured the resulting data was very

good, as can be seen in Section 4 and Appendix E. The results from
the checking of the LiDAR data were good and well within the stated
accuracies of the ALTM 2033.

Thus it can be stated with a great degree of confidence that the data is
an accurate representation of the surface elevation within the survey

areas for both surveys that were carried out.
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GPS Positioning Reports Issue: 1.0

Processing Summary Information
Program: POSGPS
Version: 4.20
Project: E:\Lidar\Imu\2004\Hayle\21304\GPS\Hayle21304.gnv

Solution Type: Combined Fwd/Rev

Number of Epochs:
Total in GPB file: 17943
No processed position: 12552
Missing Fwd or Rev: 3
With bad C/A code: 0
With bad L1 Phase: 0

Measurement RMS Values:
L1 Phase: 0.0171 (m)
C/A Code: 0.60 (m)
L1 Doppler: 0.027 (m/s)

Fwd/Rev Separation RMS Values:
East: 0.014 (m)
North: 0.006 (m)
Height: 0.017 (m)

Fwd/Rev Sep. RMS for 25%-75% weighting (5385 occurrences):
East: 0.014 (m)
North: 0.006 (m)
Height: 0.017 (m)

Quality Number Percentages:
Q 1: 100.0 %
Q 2: 0.0 %
Q 3: 0.0 %
Q 4: 0.0 %
Q 5: 0.0 %
Q 6: 0.0 %

Position Standard Deviation Percentages:
0.00 - 0.10 m: 100.0 %
0.10 - 0.30 m: 0.0 %
0.30 - 1.00 m: 0.0 %
1.00 - 5.00 m: 0.0 %
5.00 m + over: 0.0 %

Percentages of epochs with DD_DOP over 10.00:
DOP over Tol: 0.0 %

Baseline Distances:
Maximum: 27.460 (km)
Minimum: 0.951 (km)
Average: 6.370 (km)
First Epoch: 27.460 (km)
Last Epoch: 21.765 (km)
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GPS Positioning Reports Issue: 1.0

Processing Summary Information
Program: POSGPS
Version: 4.20
Project: E:\Lidar\Imu\2004\Hayle\31804\GPS\Hayle31804.gnv

Solution Type: Combined Fwd/Rev

Number of Epochs:
Total in GPB file: 21807
No processed position: 17329
Missing Fwd or Rev: 2
With bad C/A code: 0
With bad L1 Phase: 0

Measurement RMS Values:
L1 Phase: 0.0193 (m)
C/A Code: 0.64 (m)
L1 Doppler: 0.027 (m/s)

Fwd/Rev Separation RMS Values:
East: 0.010 (m)
North: 0.006 (m)
Height: 0.036 (m)

Fwd/Rev Sep. RMS for 25%-75% weighting (4473 occurances):
East: 0.010 (m)
North: 0.006 (m)
Height: 0.036 (m)

Quality Number Percentages:
Q 1: 100.0 %
Q 2: 0.0 %
Q 3: 0.0 %
Q 4: 0.0 %
Q 5: 0.0 %
Q 6: 0.0 %

Position Standard Deviation Percentages:
0.00 - 0.10 m: 100.0 %
0.10 - 0.30 m: 0.0 %
0.30 - 1.00 m: 0.0 %
1.00 - 5.00 m: 0.0 %
5.00 m + over: 0.0 %

Percentages of epochs with DD_DOP over 10.00:
DOP over Tol: 0.0 %

Baseline Distances:
Maximum: 27.071 (km)
Minimum: 0.956 (km)
Average: 6.636 (km)
First Epoch: 25.275 (km)
Last Epoch: 27.071 (km)
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GPS, IMU and Laser Point Processing Reports Issue: 1.0

Laserscanner QA - Realm/POS Processing

Project Name IMG Real Estate

Project Number RL 64105

Area / Block Hayle

Flight No. 1

Acquisition Date 31/07/2004 21304

Position (ENH/XYZ/latlon)

Ground Stn. Name PSS01 N = 50 11 16.87830

W = 5 25 54.05064

HT = 58.2116

Antenna Height + offset 1.645 L1 = 0.0678 L2 = 0.0575

GPS Processing Signed Date Results / Comments

Decode range/nav GW 10/08/2004

PosPac Extract GW 10/08/2004

Convert to GPB GW 10/08/2004

Check survey time GW 10/08/2004 9:53:20 to 11:25:00

No. of Missing Epochs GW 10/08/2004 0

No. of Epochs <4 sats. GW 10/08/2004 0

Check Trajectory GW 10/08/2004

Max PDOP (5) GW 10/08/2004 3.6

Elevation Angle (>10) GW 10/08/2004

Max carrier-phase rms GW 10/08/2004 0.0171

Max C/A code rms GW 10/08/2004 0.6

Fwd/Rev separation rms GW 10/08/2004 x=0.014 y=0.006 z=0.017

Processing summary report GW 10/08/2004 Quality Factor = Q1 100%

IMU Processing
Export gps to proc GW 10/08/2004
Ref to Lever Arm coordinates GW 10/08/2004 x=-0.087 y=-0.074 z=-1.506
Max Standard Deviations GW 10/08/2004 0.1
Residual Ratio GW 10/08/2004 3
Max Con Rejections GW 10/08/2004 50
SBET Created in PosProc GW 10/08/2004

Laser Point Processing
Import SBET into Realm GW 10/08/2004
BinToAscii trajectory GW 10/08/2004
Import polygon GW 10/08/2004
Calibration .res file used GW 10/08/2004
Compute laser points GW 10/08/2004 Scan Angle Cut Off =1.00
Output laser points (flight lines) GW 10/08/2004 Data Format = DecDeg
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Laserscanner QA - Realm/POS Processing

Project Name IMG Real Estate

Project Number RL 64105

Area / Block Hayle

Flight No. 1

Acquisition Date 13/11/2004 31804

Position (ENH/XYZ/latlon)

Ground Stn. Name MSP-SW5241 N = 50 11 16.885785

W = 5 25 54.029613

HT = 58.22098

Antenna Height + offset 1.574 L1 = 0.0678 L2 = 0.0575

GPS Processing Signed Date Results / Comments

Decode range/nav NC 17/11/2004

PosPac Extract NC 17/11/2004

Convert to GPB NC 17/11/2004

Check survey time NC 17/11/2004 08:46:27.5 to 11:17:16

No. of Missing Epochs NC 17/11/2004 0

No. of Epochs <4 sats. NC 17/11/2004 0

Check Trajectory NC 17/11/2004

Max PDOP (5) NC 17/11/2004 3.2

Elevation Angle (>10) NC 17/11/2004 10

Max carrier-phase rms NC 17/11/2004 0.0193

Max C/A code rms NC 17/11/2004 0.64

Fwd/Rev separation rms NC 17/11/2004 x=0.01 y=0.006 z=0.036

Processing summary report NC 17/11/2004 Quality Factor = Q1 = 100%

IMU Processing
Export gps to proc NC 17/11/2004
Ref to Lever Arm coordinates NC 17/11/2004 x=-0.087 y=-0.074 z=-1.506
Max Standard Deviations NC 17/11/2004 0.1
Residual Ratio NC 17/11/2004 3
Max Con Rejections NC 17/11/2004 50
SBET Created in PosProc NC 17/11/2004

Laser Point Processing
Import SBET into Realm NC 17/11/2004
BinToAscii trajectory NC 17/11/2004
Import polygon NC 17/11/2004
Calibration .res file used NC 17/11/2004
Compute laser points NC 17/11/2004 Scan Angle Cut Off =1.00
Output laser points (flight lines) NC 17/11/2004 Data Format = DecDeg
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LiDAR Ground Truthing Reports Issue: 1.0

For client: ING Real Estate/Buro Happold

Project title: Hayle
Site name: 1182_test.dxf

Report generated: 23rd August 2004

Site Centre Co-ordinates: 115075, 37739

Number of points tested: 1,243

Mean height difference (m): -0.087
Standard deviation: 0.043
RMSE: 0.097

Value Frequency
(Interval
Centre)

-0.20 1
-0.15 4
-0.10 78
-0.05 370
0.00 608
0.05 148
0.10 34
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LiDAR Ground Truthing Reports Issue: 1.0

For client: ING Real Estate/Buro Happold

Project title: Hayle
Site name: 1182_test.dxf

Report generated: 24th November 2004

Site Centre Co-ordinates: 115075, 37739

Number of points tested: 915

Mean height difference (m): -0.014
Standard deviation: 0.057
RMSE: 0.058

Value Frequency
(Interval
Centre)

-0.15 17
-0.10 107
-0.05 251
0.00 340
0.05 144
0.10 48
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1 Introduction 

A preliminary stage of the harbour regeneration scheme is the renovation and repair of all harbour 

walls. To provide information for this work Buro Happold Engineers were commissioned to carry out 

a visual, non intrusive, inspection and photographic survey of the harbour walls. The results of this 

survey are reported in the Harbour Wall Condition Survey [Buro Happold, Jan. ‘05]. The inspection 

of the harbour walls facilitated the compilation of this schedule of works, which is to be read in 

conjunction with the condition survey.  

This schedule has been developed based upon the survey undertaken between the 24th November 

and the 10th December 2004. It should be noted that the remedial options described in this 

schedule will be updated and refined as information becomes available through works on site, such 

as the ‘emergency’ wall repairs and the pending site investigation. 

This schedule will feed into the costing model being developed by the quantity surveyors.  
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2  Schedule of Works  

2.1 Remedial Options 

 

The schedule identifies six options for remedial works required to restore the harbour walls: 

A. Partial Reconstruction 

B. Full Reconstruction 

C. Replace Isolated Blocks 

D. Repointing 

E. Repair Coping 

F. Repair Foundation 

A seventh column, option G, identifies the requirement for further investigation as appropriate. The 

area or length of remedial work required is quantified within the appropriate column and a brief 

description of the condition is noted. For further condition information and photographic support 

the user should refer to the Harbour Wall Condition Survey.        

The harbour walls included in this schedule have been separated into the following sections: North 

Quay and North Quay (Eastern), South Quay, East Quay, Carnsew Wharf and Carnsew Quay, as 

indicated in drawing C010, Section 9. The recommended remedial work option is located within 

each of these sections by chainage and depth, where appropriate.  

Summary schedules are provided to list the total amount of each form of remedial work for each 

section. A summary schedule for the entire harbour is provided in Section 7.     

 

 

2.2 Full Reconstruction 

Four specific options for full reconstruction are illustrated in drawings C020 and C021 (Section 9). 

These include:   

 -  Locations where previous collapse has taken place or where recommended action is   

dismantle and rebuild. 

 

o New Construction - R.C. retaining wall (dwg. C020) 
 

o New Construction - piled retaining wall (dwg. C020) 
 

o New Construction - mass concrete retaining wall (dwg. C021) 
 
 

 
 

- Historic boat dock 
 
 

o New Construction - piled retaining wall (dwg. C021) 
 

It should be noted that full reconstruction will have to be undertaken using designs which meet 

modern standards and codes of practice. For this reason, ‘traditional’ construction, to match the 

existing forms of construction cannot be adopted despite the Grade 2 Listed status of the walls   

 

2.3 Partial Reconstruction 

It is proposed to retail the existing forms of construction. Although many of these walls have stood 

for many years, with some sections showing no signs of distress, these walls have not been 

designed to current standards. As a consequence a back analysis on the stability of these walls 

(against sliding, overturning and foundation failure) is likely to show an inadequate factor of safety. 

Without a major intervention, possibly involving full reconstruction, this situation cannot be 

significantly improved.    

Partial reconstruction options are shown on drawings C022 – C025. These vary depending upon the 

current form of construction and degree of dilapidation.    
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2.4 Repointing and Coping Repair 

Repointing and coping repair options are shown on drawings C022 and C025. Coping repairs have 

been assessed in two ways. First, those coping stones that are damaged, dislodged or missing are 

included in the following detailed schedules. Secondly, an overall assessment has been made of 

the percentage of copings that will need to be taken up and relaid to rectify settlement movement. It 

is estimated that 70% of the copings fall into this category. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Reported delineation of Quay lengths  

 

 

North Quay 
North Quay (Eastern) 
South Quay 
East Quay 
Carnsew Wharf 
Carnsew Quay 
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3 North Quay  

 

 

 

 

 

Schedule Summary Tables:  

North Quay 

Remedial Work  

Total Length of Section  523m  

A – Partial Reconstruction 29 m² 

B - Full Reconstruction 0 m² 

C - Replace Isolated Blocks 27 m² 

D - Repointing 150.85 m² 

E - Repair Coping 24.5 m 

Additional coping repair to correct 

settlement  

341.6m 

F - Repair Foundation 7 m 

G - Further Investigation 26 

 

 

 

 

 

 

 

 

 

 

 

North Quay (Eastern)  

Remedial Work  

Total Length of Section 27 m 

A – Partial Reconstruction 50 m² 

B - Full Reconstruction 0 m² 

C - Replace Isolated Blocks 1.6 m² 

D - Repointing 0 m² 

E - Repair Coping 12 m 

Additional coping repair to correct 

settlement 

6.9m 

F - Repair Foundation 0 m 

G - Further Investigation 3 

 

 

 

 



A Partial Reconstruction (m²) D Repointing (m²) G Further investigation (m)

B Full Reconstruction (m²) E Repair Coping (m)

C Replace Isolated Blocks (m²) F Repair Foundation (m)

from to A B C D E F G Depths Description

1.5 10 4.25 Upper Masonry good but lower section of wall has some open joints and requires pointing.

7.3 9 1 Limited section of masonry missing (worst below seaweed growth line)

10 20 13 3.6 Some re-pointing needed below this level

15.5 0.5 3.6 Stone missing

25.7 0.5 3.1 One stone

26.7 1.5 1 5.3 Stone missing at Bed Level

36 40 8 2m Minor cracks in pointing below coping to 2m depth

40 43 5 2.8 – 3.9 Open joints some re-pointing required

51.5 0.3 1.5 – 2.1 Small section open joints needs re-pointing

51.5 56 3 1.2 – 1.8 Typically open and crack joints

59 60 0.5 0.3 – 0.8 A few open joints requiring re-pointing

63.8 64.2 1 1 1m Very open joint

67 80 7 3.6 – 4.6 Minor amount of open joints

70 72 1.4 1.3 – 2.0 Open joints in masonry

80 83 3.6 3.5 – 4.7 Open joints – re-pointing

80 88 4 3.5 – 4.0 Open joints

89 1 1.2 Formed hole in wall, probably for surface drainage

96 100 4.8 3.9 – 5.1 Open joints

110 120 1 Seaweed throughout section

113 113.5 1 1.1 Isolated section with open joints

140 0.5 1 Isolated v small area of open joints

187 1 Crack in one step

187.3 1 1 1 2.1 Generally good except undermining of steps at 187.3 over 3 steps 1m total horizontal distance.

195 1.2 1.5 – 2.7 Large open joints at corner 

205.8 208 2.2 Granite coping stone displaced wall from this section 

200 210 1 2.1 Seaweed

210 220 4 17 1 1.2-3.0 Scoria masonry surface eroded with open joints

215 1 1 3.0-3.9 Hole in wall, block missing 0.9x1.0 wide – difficult to access due to seaweed coverage

220 221 2 4 1 2.7-3.1 Occasional Scoria blocks missing

220 230 1 Occasional blocks appear to have timber insets

235 238.5 3.5 5 1 2.2-3.2 Some erosion and missing Scoria blocks behind boat

242 0.5 2.3-2.7 Small amount of masonry missing

258 260 2 2 2.2-3.5 Scoria blocks splitting / eroding 

310 313 1 1.2 – 3.6 Scoria block + other masonry eroded plus missing block 

320 2 2m wide concrete slab at surface throughout, rather than copingstone 

326 0.5 Block missing at 326.3

327.5 330 0.5 Open horizontal joint

340 350 1 2.6 General level of seaweed line 

359 0.5 2.7 – 3.5 2 smallish masonry blocks missing 

Chainage (m)



A Partial Reconstruction (m²) D Repointing (m²) G Further investigation (m)

B Full Reconstruction (m²) E Repair Coping (m)

C Replace Isolated Blocks (m²) F Repair Foundation (m)

from to A B C D E F G Depths Description

Chainage (m)

360 370 1 2.6 General level of seaweed line 

364 364.5 0.5 1.2 – 2.1 Open joints

381 1.6 1.7 – 3.3 Open joints 

396 0.5 2.9 Block missing

410 417.5 14 1.8-4.0 Masonry joints 

414.5 420 1 Sill in worse condition over this section

420 430 1 2.8 Seaweed line 

422 424 3 2.3-3.8 Open joints in masonry

423.5 0.5 1 0.7-1.2 Block missing, may be old drainage culvert

425 1 1.5-2.4 Open joints

427 428 0.5 1.4-2.0 Isolated block missing 

430 432 5 1.5-4.0 Some open joints over this section

432.6 434.5 2 1 Badly repaired section of wall with some open stone joints

437 1 1-1.5 Rectangular hole may be for drainage

443.5 444.7 1.2 Large coping stone missing granite

448.4 450 1.6 Granite coping stone missing

450 455.5 5.5 Open hair joints at copings

451 457 6 Partially open joints over most of this section

457 458 4 Open joints to full depth of wall

456.5 460 8 1 Remains of ramped concrete slope. Poor quality concrete and ramp  is completely undermined in 

460 470 12 1 Ramping in poor condition and undermined in places

460 470 10 Vertical crack and free-standing can block wall, 5 blocks cracked over this section

470 472 4 2 1 Ramp completely undermined 

472 480 2 Top two corners of scoria masonry with open joints

472 474 2 2 1 0.75 base open joints + slippage/movement particularly at 472.5m

480 485.7 5.7 Top two courses scoria block-work has open or partially open joints

483.5 3 0-Base Vent section approx 1m wide has open or partially open joints

485.7 487.2 0.5 2 1.65-Base Corner return scoria blocks need re-pointing 1 block missing at bottom

487.2 488 1 1 Vent crack and open joints-movement has occurred

488.5 489 1 1 Vent crack open joints-movement

490 500 10 1m-Base Some joints open re-pointing required

503.5 504.5 0.5 1 0.75-1.0 Blocks missing + some movement has occurred 

507 510 2 1 Open joints – parts of wall sinking

511.4 514 5 Scoria blocks throughout except granite at 514. Collapsing between with very open joints between

516 523 6 Slipway being undermined 

North Quay (Eastern)

0 2 1.6 1.2-2m Masonry missing

2 10 4 Isolated short section of horizontal joints open below coping stone



A Partial Reconstruction (m²) D Repointing (m²) G Further investigation (m)

B Full Reconstruction (m²) E Repair Coping (m)

C Replace Isolated Blocks (m²) F Repair Foundation (m)

from to A B C D E F G Depths Description

Chainage (m)

11 20 32 8 1 Wall generally sunken

10 20 1 Wall bulging at mid height

20 27 18 1 Wall partially collapsed
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4 South Quay 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Schedule Summary Table:  

Remedial Work  

Total Length of Section 626 m 

A – Partial Reconstruction 76 m² 

B - Full Reconstruction 220 m² 

C - Replace Isolated Blocks 39.5 m² 

D - Repointing 304.2 m² 

E - Repair Coping 335 m 

Additional coping repair to correct 

settlement  

103.5 

F - Repair Foundation 0 m 

G - Further Investigation 29 

 

 

 

 

 

 

 

 

 

 



A Partial Reconstruction (m²) D Repointing (m²) G Further investigation (m)�

B Full Reconstruction (m²) E Repair Coping (m)

C Replace Isolated Blocks (m²) F Repair Foundation (m)

from to A B C D E F G Depths Description

0.5 1 0.5 Block missing at base

2 3.2 5 1 0-2.05 Very open diagonal crack 

9.5 0.3 0.3 Vertical crack (minor)

10 20 10 Open joints immediately below coping stones

13 0.5 0 – 1.10 Vertical crack

26.5 30 2 1.9 Randomly spaced open joints 1.90 to bottom

30 40 5 Randomly spaced open joints to bottom

34.5 0.5 1 0.5m Missing block possibly drainage hole

40 50 20 2.3 Generally random open joints below this level

56.5 60 2 4 0.3,1.2,1.6 Missing blocks immediately below coping & open joints

59.5 0.5 1 0.4 Missing block possibly for drainage

60 70 10 Open joint generally under coping stone

60 70 35 1.30 & below Generally open joints

63 0.5 2.3 Missing block

73 79 6 0.3 Open joints immediately under coping

76 78.7 3.5 0-1.6 Randomly spaced open joints

90 100 2 10 0 – 1.0 Vegetation at isolated sections along wall

102 0.5 1.6 Block missing

102 105 3.6 1.6-2.8 Open joints

105 0.5 0.3 Missing block

105.5 1 Iron strenghtener

108 0.5 1 Missing block

109.5 110 0.5 1.5 0.4 Missing blocks below coping

110 110.5 0.5 1.5 0.4 Missing blocks below coping

110 120 8 A few random open joints on this section

120 130 1 5 0 – 1.4 Top section of wall more recent repairs, but still some open joints

123 0.5 1.6 Large block missing

124 125 2 Particular vertical cracks

130 140 5 Random open joints throughout whole section

135 138 1 1.3 Rendered repaired section - bad repair?

135 0.5 0.4 Missing block with vegetation

140 150 3 10 Random open joints throughout whole section

150 160 3 Random open joints throughout whole section

161 162 2 0 – 1.70 Vertical open joint

163 170 3 7 0 – 1.70 Vegetation just below top of wall, recent patching along upper section

170 180 5 10 1.7 Recently repointed on upper section - vegetation

180 190 4 10 1.1 Vegetation under coping, open joints 

Chainage (m)



A Partial Reconstruction (m²) D Repointing (m²) G Further investigation (m)�

B Full Reconstruction (m²) E Repair Coping (m)

C Replace Isolated Blocks (m²) F Repair Foundation (m)

from to A B C D E F G Depths Description

Chainage (m)

190 200 6 10 0 – 1.10 Vegetation under coping, open joints 

200 210 5 10 Vegetation under coping, open joints 

210 220 0.5 6 10 Vegetation under coping, open joints 

220 230 0.5 6 10 Vegetation under coping, open joints, missing blocks 

230 240 5 6 10 Vegetation under coping, open joints, missing blocks 

240 268 140 Breach in wall, see images

270 277 3.8 5 1.30 – 1.70 Horizontal crack, some recent repairs on top 1m approx of wall

277 0.5 1 Block missing

280 290 5 10 Open joints below coping

282 0.5 0.4 Missing block

290 300 6 10 1 Vegetation under coping, open joints, boat blocking view

300 310 6 10 Vegetation under coping, open joints

308 0.5 Missing coping stone

310 320 2 5 1 Vegetation under coping, open joints, boat blocking view

317 0.5 Missing coping stone

320 330 5 10 Vegetation under coping, open joints

330 340 5 10 Vegetation under coping, open joints

337.5 0.5 Missing coping stone

340 350 5 10 Vegetation under coping, open joints

350 360 5 10 0 – 1.30 Vegetation under coping, open joints

360 370 5 10 Vegetation under coping, open joints

372 378 4 10 1 1.1 2 large metal plates, Vegetation under coping, open joints

380 383.7 1 3 Vegetation crack below coping  

421.7 430 5 2 Randomly spaced open joints generally below 1m and particularly at Ch 427.5

427.5 1 0.9 Missing blocks

430 440 8 10 1 Minor bulge in plan, vegetation under coping, open joints

434 0.5 1 0.4 Hole / block missing, probably drainage hole

440 450 8 10 1 Movement / settlement generally / large cracks 

442 1 1.0 & 1.4 Missing blocks

443 0.5 1.8 Missing block

450 460 2 6 Vegetation cracks under copings

457 0.5 1 Small hole possibly for drainage

460 470 10 Vegetation / cracks under coping

466 3 0 – 2m plus Large vertical crack

468 2 0 – 2m plus Large vertical crack down at least to seaweed line

470 480 58 1 From ch.470m wall gets progressively worse – considerable movement. 

480 490

50 1

2m Wall completely collapsed with stones on backing stones gone / daylight through holes to wall 

around corner



A Partial Reconstruction (m²) D Repointing (m²) G Further investigation (m)�

B Full Reconstruction (m²) E Repair Coping (m)

C Replace Isolated Blocks (m²) F Repair Foundation (m)

from to A B C D E F G Depths Description

Chainage (m)

491 496 30 1 Granite steps in poor condition, steel reinforcing visible from seaward side 

497 498 3 2.2 – 3.3 Open joints

497 500 1 2.3 – 4.6 Generally open joints, note wall generally over this section  does not have a straight profile 

500 503 3 2.2 Coping granite blocks joints open 

500 504 2 Diagonal crack to bottom

503 0.5 3 Missing block

503 0.5 3.6 Missing small block

503.8 505.5 3 1 Diagonal crack in wall to full depth, large amounts of open joints

506 1 1 3 At corner rounded granite block open joints and displacement 

510 511.5 5 0 – 5.40 Generally open joints to full depth

511.5 514.5

6 1

1.60 – 2.50 Granite blocks protruding from wall, 3 no by up to 150, movement, major stone loss under coping 

stone

518 520 1 1 1-1.5 Blocks missing

520 525.5 5 1.20 – 5.2 Blocks missing, say 15.20, odd block just sitting in hole, open joints

520 530 1 Base of wall undercut by 300, 

520 530 10 Open joints for much of this wall, top to bottom

523.5 525.5 2 Vegetation under coping

527 0.5 0.5 Hole / block missing

530 540 20 Full depth Open joints to all masonry throughout wall

530 540 1 Undercutting at base as previous section by 100 – 150mm

532 535 2 1.20 – 1.80 Blocks either dislodged or missing

538 0.5 1.4 Missing block

540 541 0.5 3.80 – 4.10 Very open large joints

540 547 7 Open joints below coping

551 554 7 1 0 to 2.30 Large breach in wall, some large blocks on bottoms, others resting at precarious angles

556 560 1 Surface sunk towards seaward corner, considerable open joints - movement

562 568 10 1 1.10 – 2.8 Considerable movement, large open joints

570 580 10 1 2.0 - bottom Open joints – signs of movement for much of this section of wall

573 580 7 Vegetation, joints open under coping 

575 580 2 1.4 Blocks missing

590 600 10 Vertical cracks and movement, generally open joints

590 600 10 For much of this length thin coping stones, vegetation / open joints below

598 600 8 0.90 – 2.30 Large gap, missing stones in wall

599 1 0.5 Block missing, may be old drainage outlet

600 602 2 Open joints generally on this section

602 0.5 1.3 Block missing

602 610

5 10 1

From 602 – 610 better quality / larger regular granite blocks, but randomly spaced open joints still 

apparent, vegetation under coping

610 617 7 Open joints / vegetation under copings



A Partial Reconstruction (m²) D Repointing (m²) G Further investigation (m)�

B Full Reconstruction (m²) E Repair Coping (m)

C Replace Isolated Blocks (m²) F Repair Foundation (m)

from to A B C D E F G Depths Description

Chainage (m)

615 617 1 0 – 2.0 Some recent repairs but these also in bad state

617 620 3 Copings gone / void or / small stones, generally open joints throughout
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5 East Quay 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Schedule Summary Table:  

Remedial Work  

Total Length of Section 330 m 

A – Partial Reconstruction 9 m² 

B - Full Reconstruction 155 m² 

C - Replace Isolated Blocks 13 m² 

D - Repointing 94.5 m² 

E - Repair Coping 47 m 

Additional coping repair to correct 

settlement   

184m 

F - Repair Foundation 0 m 

G - Further Investigation 28 

 

 

 

 

 

 

 

 

 

 



A Partial Reconstruction (m²) D Repointing (m²) G Further investigation (m)

B Full Reconstruction (m²) E Repair Coping (m)

C Replace Isolated Blocks (m²) F Repair Foundation (m)

from to A B C D E F G Depths Description

0 1 Start of wall hidden under rubble

5 6 1 0 – 1.0 Vegetation on wall to depth 1m approx.

5 8 9 0-3 Joints open for full height of wall

6 0.5 1 2.3 Block missing, slight vertical movement 

12.9 14.4 1.5 Coping stone missing

19.5 20 0.5 Coping stone missing

20 2 1 2 Vertical crack

20 21 1 Coping stone missing

27.5 29 1.5 Coping stone missing

30 40 5 Vegetation under coping

33 34.5 0.5 0.6 Minor cracking

41 1 0.7 Vertical crack in recent pointing

43.5 46 2.5 Coping stone missing

48 1 Vegetation under coping

50 60 5 5 1 Vegetation and copings with open joints in places, boat in way at time of survey

60 70 5 1 Vegetation causing open joints in places, boat in way at time of survey

70.5 0.5 Small block missing

74 76 2 1 Signs of small amount of movement. Mortar rendering occasionally missing

80 82 2 Vegetation under coping

80 82 4 3 -  6.0 Open joints

82 90 1 vegetation covering coping, Signs of slight movement / bulge 

90 100 6 1 vegetation covering coping, wall failing at Ch95, 

94 0.5 1 0.4 Small rectangular hole in wall, may be drain away

100 110 1 Boat completely blocking section at time of survey

113 114 1 Vegetation under coping

116 0.5 1 0.3 Block missing, possibly drain away

120 130 2 Vegetation under coping various locations

127 0.5 1 0.4 Block missing, possibly drain away

135 140 1 0 – 1.2 Signs of movement / settlement with increasing chainage

140 142 1 Signs of movement / settlement with increasing chainage

155.7 157.4 6 1 0.5 Steps are generally displaced 

160 170 10 1 Generally minor indication of some settlement, Large open joints between copings, boat partially in 

way at time of survey

170 180 2 vegetation on wall

180 190 5 Vegetation on wall

190 200 15 Generally open joints throughout 

200 210 5 1 vegetation covering coping and open joints throughout

Chainage (m)



A Partial Reconstruction (m²) D Repointing (m²) G Further investigation (m)

B Full Reconstruction (m²) E Repair Coping (m)

C Replace Isolated Blocks (m²) F Repair Foundation (m)

from to A B C D E F G Depths Description

Chainage (m)

210 0.5 0.3 Blocks missing

210 1 1.2 Blocks missing

210 220 10 1 Copings with open joints, lots of vegetation

214 1 0.6 Blocks missing

218 0.5 1.2 Block missing

219 220 1 Recently repaired section but bulging

220 222 3 1 0 – 1.3 Serious bulge

220 230 5 Open joints throughout this section

221 0.5 1 Block missing

227 1 Coping stone missing / vegetation, 0.9m wide

229 0.5 2.3 Blocks missing

230 240 1 5 Open joints under coping, several blocks missing

240 271 155 wall breach

270 280 5 5 1 1.2 – 4.0 Partially open or open joints, unable to survey below 4.0m , vegetation covering coping 

273 1 1.1 100mm diameter pipes

280 290 5 1.5 – 4.00 Partially open or open joints

282 1 2.4 225mm diameter pipe

288 0.5 1.8 Block missing

289 1 1 100mm diameter pipe

300 310 5 1 2.2 & below Possibly greater horizontal open joints covered in seaweed

302 1 2 old stone culvert

305 0.5 0.7 Small hole in wall

317 0.5 0.9 Small hole in wall

318 1 5.4 1m diameter (approx) pipe at bed level

319 0.5 0.7 Small hole in wall

320 330 5 Most joints partially open

327 0.5 0.9 2 small holes in wall

329

1

3.6 300mm diameter pipe constantly discharging (note what appears to be a flow valve above – 

possibly another rider pipe)

330 0.5 1 Small hole in wall

333 0.5 0.9 Small hole in wall

336 0.5 0.7 Small hole in wall

343 0.5 0.6 Hole in wall

345.5 0.5 0.5 Hole in wall

350 0.5 0.9 Hole in wall
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6 Carnsew Wharf and Carnsew Quay 

 

 

 

Schedule Summary Tables: 

Carnsew Wharf  

Remedial Work  

Total Length of Section 160 m 

A – Partial Reconstruction 43 m² 

B - Full Reconstruction 0 m² 

C - Replace Isolated Blocks 6 m² 

D - Repointing 22 m² 

E - Repair Coping 50 m 

Additional coping repair to correct 

settlement   

62m 

F - Repair Foundation 0 m 

G - Further Investigation 12 

 

 

 

 

 

 

 

 

 

 

 

Carnsew Quay  

Remedial Work  

Total Length of Section 18.5 m² 

A – Partial Reconstruction 0 m² 

B - Full Reconstruction 0 m² 

C - Replace Isolated Blocks 0 m² 

D - Repointing 1.5 m² 

E - Repair Coping 6.5 m 

Additional coping repair to correct 

settlement   

5m 

F - Repair Foundation 0 m 

G - Further Investigation 1 

 

 

 

 

 

 

 



A Partial Reconstruction (m²) D Repointing (m²) G Further investigation (m)
B Full Reconstruction (m²) E Repair Coping (m)
C Replace Isolated Blocks (m²) F Repair Foundation (m)

from to A B C D E F G Depths Description

0 10 10 1 1.2 Vegetation covering coping
5.5 1 1.2 Vertical crack
8 1 1 Vertical crack
10.5 11 1 1m Vertical cracks
11 17 16 2 1 0.0 – 2.70 Wall collapsed 
17 20 3 Open joint under granite copings
20 21.9 0.5 1 1.9 Small blocks missing below steps
21.9 22.5 1 1.9 & below Open joint
27 30 8 1 1 – 2.4 Large hole, stones missing, stones facing edge of hole open jointed and loose
30 32 2 1 Evidence of movement of stones towards void described in 20-30m
30 40 10 Some vegetation / joints under copings open
40 1 2 & 2.2 Missing blocks
40 50 1 Some signs of settlement in this section of wall
49 0.5 Block missing just above bed level
51 0.5 1 0.4 Block missing – drain away hole
60 2 0 – 1.7 Vertical crack
60 70 5 10 Blocks appear very open and some small blocks missing near end
70 80 10 1 Vegetation covering coping
77 0.5 1.2m Block missing
80 90 7 1 Vegetation covering coping
82 0.5 1 0.3 Block missing, drain away hole?
93 0.5 5.5 Block missing
94.5 1 Vertical open joint
97 1 Vertical open joint
120 130 8 2.0 & below Joints appear to be more open below 2m
128 130 2 1 Steps very loose with blocks missing towards bottom
140 1 2.5 - 3 Slight kick out of granite block / signs of settlement
156.5 160 15 1 Settlement signs

4.5 6 1.5 1.2 Diagonal crack
12 18.5 6.5 Open joints below coping 
18.5 1 Movement crack present, end of wall slope downwards

Chainage (m)

Carnsew Quay
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7 Summary  
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Total Length (m) 523 27 626 330 160 16.5 1683 

A – Partial Reconstruction (m²) 29 50 76 9 43 0 207 

B - Full Reconstruction (m²) 0 0 220 155 0 0 375 

C - Replace Isolated Blocks (m²) 

 

27 1.6 39.5 13 6 0 87.1 

D – Repointing (m²) 

 

151 0 304 94.5 22 1.5 573 

E - Repair Coping (m) 

 

24.5 12 335 47 50 6.5 475 

Additional coping repair to correct 

settlement   

341.6 6.9 104 164 62 5 682.9 

F - Repair Foundation (m²) 

 

7 0 0 0 0 0 7 

G - Further Investigation 26 3 29 28 12 1 99 
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8 Orientation Map 
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9 Wall Reconstruction Drawings 
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1. INTRODUCTION 

 
At the request of Buro Happold (BH) (the consultants retained directly by the Hayle 
Harbour site developer, ING), Kenneth Grubb Associates Ltd (KGAL) has undertaken 
a mechanical survey of the Vertical Lift Gate sited at Copperhouse Sluice on 
Copperhouse Pool and operated by the Environment Agency Operations Delivery 
Staff.  
 
The survey was of a non-intrusive nature and undertaken during tidal conditions.  
There is some residual risk that problems relating to the gate were not uncovered. 
 
Members of the Environment Agency (EA) staff were on hand to assist the surveyors 
with information regarding the history of the installation and the site in general. They 
were also able to provide information with regard to the operation and maintenance 
of the gates.  In addition, Dave Turner of the EA was contacted and provided useful 
background information. 
 
The purpose of the survey was to determine the condition and serviceability of the 
existing gate and drive mechanisms, take measurements of the installation, establish 
the need for any refurbishment work and ensure that no other problems exist.  Also, 
to consider the possibility of the gate being capable of being used in a 
sluicing/scouring capacity.   
 
As the gate is owned and operated by the Environment Agency, no attention was 
given to operational, management or Health and Safety issues, though problems in 
this regard are obvious on the site.  
 
The survey was undertaken between 4

th 
and 6

th
 September 2006. 

 
Personnel involved: Chris Rose   (BH)  Part - time 

Ken Grubb   (KGAL) 
Chris Appleton (KGAL) 
    

The purpose of the vertical gate is, primarily, to act as a flood defence mechanism to 
prevent flooding of the area from tidal water.  
 
The secondary purpose of the gate is to regulate the saltwater inundation within the 
Copperhouse Pool.  
 
Note that historically the gate was used as a means of scouring sand from the 
harbour channels.  Since that time the gate design has been changed by the EA.  
There may be some advantage to the potential Hayle harbour development if this 
functionality could be restored. 
 
The gate was originally manufactured and installed in 1981 as the direct replacement 
for a pair of mitre gates. It was originally designed to work as a roller gate. The roller 
axles are still fitted to the ends of the gate.  
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However, at some time following original installation, the rollers were removed and 
the gate was modified to run on non-metallic wearing strips mounted on the opposing 
inner faces of the existing civil guide section. 
 
Mr. Dave Turner of the Environment Agency stated that the reason that the gate was 
converted to a sliding gate was the high cost of maintenance attributed to the roller 
bearings which had continually seized. 
 
The gate is generally maintained in a position with the lowest edge of the gate 
approximately 600mm above the civil sill.     
 
No special problems associated with the operation of the equipment had been 
reported to KGAL prior to the inspection.  
 
Discussions with the EA site staff indicated that the very nature of the gate operation 
(i.e. either tidal flood defence or undershot gate to relieve upstream flooding) had 
meant that the gate was very rarely operated. 
 

2. SURVEY FINDINGS 
 
2.1 Review of documentation 

 
There were no drawings of the installation made available to the surveyors.   
 
It is understood that drawings are available from the EA. 
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3. SURVEY OF THE GATE STRUCTURE, CIVIL INTERFACES AND 

LIFTING GEAR 
 
3.1 Gate Structure 

 
The survey focused initially on the gate structure. 
 
NB: For the purpose of this survey, downstream will be defined as the water in the 
foreground as shown in Photograph 1 below (i.e. that level open to the sea) and 
upstream will be defined as water on the other side of the gate as shown in 
Photograph 1 below (i.e. the impounded Copperhouse Pool). 
 

 
 
Photograph 1 General view of the gate, lifting frame superstructure, access 

footbridge, plant room and control cubicle of the vertical lift gate 
at Copperhouse Sluice 
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The gate is a steel fabrication consisting of a rectangular skinplate stiffened on the 
rear face by a series of steel castellated beam sections and small vertical web 
plates.  
 

 
 
Photograph 2 General view of the front or downstream face of the gate 

showing the rectangular skinplate 
 
 
 
The upper section of the skinplate above the tidal marks appears to be in very good 
condition with no evidence of degradation of the painting system.  
 
The lower section of the skinplate below the tidal marks has large areas where the 
paint has been removed and widespread surface corrosion of the exposed substrate 
is evident (see photograph 3). 
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Photograph 3 General view of the bottom right hand corner of the front or 

downstream face of the gate showing the widespread corrosion 
on the skinplate 

 
 
Localised measurements were taken and established that “pitting” or indentations up 
to 2mm deep were common. 
 
The rear or upstream face of the gate appeared to be in a very similar condition to 
that described for the front or downstream face of the gate in that the areas above 
the nominal tidal marks were generally in better condition than those below. 
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Photograph 4 General view of the rear or upstream face of the gate showing 

the castellated beam and vertical web plate stiffeners 
 
 
The horizontal castellated beams had accumulated a wide range of debris varying 
from seaweed to timber flotsam. 
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Photograph 5 General view of the rear or upstream face of the gate showing 

the accumulation of debris on the castellated beams 
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There was some very limited surface “weepage” of corrosion products around the 
castellated beams where the paint system had been damaged. 
 
 

 
Photograph 6 Local view of the rear or upstream face of the gate showing the 
localised limited corrosion present on the castellated beams 
 
The bottom edge of the gate fabrication has not been designed as a knife-edge and 
would be unsuitable to act as a sluicing structure without modification.  This is 
because the current design of both the structure and sealing system would be prone 
to vibration. 
 
The gate structure has plates closing off the open gate sections at each end. 
 
This original carbon steel end plate has additionally been clad at some time post-
commissioning with a bolted stainless steel plate over almost its entire length.  The 
roller wheels originally fitted to the gate had also been removed.  The roller gate has 
effectively been converted to a sliding gate by this modification. .  
 
However the axles to mount the wheels onto the gate had all been left in place. 
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Photograph 7 View of the end section of the gate showing additional “all over” 

plate with local cut-outs for original roller axles and two folded 
guide angles acting as front and rear load bearers 

 
 
 
The stainless steel plate itself has circular holes cut out of it to permit the original 
roller axles to protrude through.  
 
The lowest section of original end plate that remained uncovered by the stainless 
steel plate had corroded badly. 
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Photograph 8 View of the end section of the gate showing extent of additional 

“all over” stainless steel plate 
 
 
 
On top of the stainless steel plate at the extreme upstream and downstream edges 
are two folded and bolted stainless steel “angles”. 
 
The purpose of these angles is to act as load bearing guides in the absence of the 
original roller wheels.  However, the design of the modification does not lend itself to 
load transference because of the use of slotted holes and tapered washers.  The 
strength of the bolted detail is a concern and may not be fit for purpose. 
 
The angles bear upon non-metallic bearing strips bolted into the upstream and 
downstream internal faces of the civil work guide.  A difficulty with this detail is that a 
flat sliding face is screwed to a crowned rail face with a flexible sealant taking up the 
neutral voids.  It is believed that this contributes to the damage found at lower 
sections (see civil work interfaces). 
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Photograph 9 View of the end section of the gate showing folded stainless 

steel angles and upstream and downstream bolt-on bearing / 
sealing faces 

 
3.2 Civil Work Interfaces 

 
The non-metallic bearing strips run the full height of the civil guide slot on both the 
upstream and downstream faces. 
 
The upper sections of the bearing strips appear to be intact and in reasonable 
condition. 
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Photograph 10 General view of the upstream and downstream bolt-on bearing / 

sealing faces 
 
However the lower sections of both the upstream and downstream sealing faces are 
badly damaged and in some cases, missing completely. 
 



 

Kenneth Grubb Associates Ltd Copperhouse Sluice  
Vertical Lift Gate 

 
 

Doc Ref C0395_006_doc Rev A Mechanical Survey of the Vertical 
Sluice Gate 

 
 

15 

 
 
Photograph 11 Localised view of the damage apparent on the lower section of 

the downstream bolt-on bearing / sealing faces 
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The very lowest sections of the civil work guide are the worst affected, with evidence 
of extreme scouring, loss of material and build up of marine life. 
 

 
 
Photograph 12 Localised view of the erosion damage and build up of marine life 

on the lowest section of the civil work guide slot 
 
 
 
At the sill, there is a cast in sill beam that acts as the sealing surface for the seal 
along the bottom edge of the gate.  
 
The surface of the beam suggests that it is made from stainless steel, although this 
is uncertain, and it appears to be in reasonable condition. 
 
There is local damage to the harbour walls in the vicinity of the gate.  No attempt has 
been made to evaluate this or assess the impact of potential sluicing operations.  
This should be considered by a qualified civil engineer. 
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Photograph 12 General view of the cast in sill beam 
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3.3 Gate Sealing System 

 
The gate sealing system is intended to seal in both directions.  
 
The system consists of two L shaped or “Hockey Stick” seals back to back that act 
full length down one end of the gate (against a plate mounted on the downstream lip 
of the civil work guide) across the cast-in sill beam and up the opposite side of the 
gate. 
 
The L or “Hockey Stick” seal is an active seal in that it is “activated” by hydrostatic 
pressure impinging on the leg of the seal. The higher the load, the more the seal is 
pressed into the mating surface and in theory, the more effective the sealing.  
However, there are gaps between the side seals and their sealing faces. 
 

 
 
Photograph 13 View of the end section of the gate showing  the back to back  L 

shaped or “Hockey Stick” seals and metallic clamp strip 
 
The only problem with this is that higher up on the gate (i.e. near to the free surface 
of the water when the gate is lowered), there is almost no hydrostatic loading on the 
seal. In these positions, the seal will probably leak slightly. 
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Looking at the lowest corners of the gate, the back to back seal turns through 90° 
and travels along the bottom edge of the gate. 
 

 
 
Photograph 14 View of the bottom corner section of the gate showing the 

interface between the side and bottom back to back  L shaped 
or “Hockey Stick” seals and metallic clamp strips 

 
The corner sections between the side and bottom seals have large gaps visible.  
 
This means that the seal is not effective in this position and given the head acting at 
this point, that water will tend to jet through the gap and impact on the civil works 
behind. Over the course of time, this could lead to erosion of the civil works. 
 
3.4 Lateral Gate Guiding System 

 
The gate structure is guided laterally by two pairs of guide rollers on each end of the 
gate. 
 
The rollers act against a plate mounted on the upstream lip of the civil work guide.  
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Photograph 15 View of the end section of the gate showing one pair of lateral 

guide rollers and the lateral guide plate that they act against 
 
The rollers are thought to be manufactured by Brauer. They are approximately 
200mm diameter and 50mm tread width. 
 
3.5 Gate Lifting Gear 

 

The gate structure is lifted and lowered using a motor-driven, steel-wire, rope-winch 
system. 
 
The motor drives a grooved drum on which a stainless steel wire rope (of approx ¾ of 
an inch diameter) is wound.  
 
The steel wire rope passes over a series of sheaves and pulleys at both ends of the 
gate and is terminated at a fixed point on the gate support superstructure at the motor 
drive end. 
 
Thus as the drum turns, the steel wire rope is either paid out or wound onto the drum 
depending on the direction of drum rotation. This in turn therefore acts to either lower 
or raise the gate. 
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The pulley / sheave configuration basically means that the gate is raised or lowered at 
25% of the amount of steel wire rope paid out from the drum. 
 

  
 
Photograph 16 View of the gate actuation mechanism consisting of an electric 

drive motor, drum, steel wire rope and Slack Rope mechanism / 
switch 

 
 
The steel wire rope leaving the drum is fitted with a Slack Rope mechanism consisting 
of a guide pulley and lever frame together with a switch.  
 
This device is fitted to prevent the steel wire rope becoming loose on the drum in the 
event that the gate was being lowered, became jammed in its guides and could not be 
physically lowered further. 
 
The steel wire rope exits through a slot in the roof of the protective enclosure.  
 
The slot is protected by a moveable guard which moves as the steel-wire rope pays 
out from the drum. 
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Photograph 17 View of the two pulley wheels on one side of the gate  
 
 
Photograph 17 shows the steel wire rope passing under one pulley, up and over the 
pulley at the top of the gate support superstructure (not shown), back down under the 
other pulley and across to the corresponding pulley on the opposite side of the gate. 
 
The motor and gearbox appeared to be in satisfactory condition and the operator did 
not report any problems with the operation or availability of the drive mechanism. 
 
The steel wire rope appears to be serviceable and generally in good condition. 
 
The pulleys and sheaves have been greased and were all found to rotate without 
slippage or sticking. 
 
There does not appear to be any mechanism for preventing the wire ropes from 
becoming detached from the gate pulleys in a slack-rope situation. 
 
There is not an obvious method for renewing the wire rope without exposing persons 
to Health and Safety hazards of working at height. 
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3.6 Electrical Equipment 

 
The majority of the electrical equipment is housed in a control panel in an adjacent 
plant room.  Access to the control panel was not available and no reasonable opinion 
could be made as to its condition. 
 
 

 
 
 
Photograph 18 General view within the motorised winch housing showing the 

electrical incoming supply and distribution enclosures 
 
Additional electrical equipment is housed within the electrical enclosure. 
 
The interior of the housing appeared to be dry and clean, with no obvious signs of 
moisture ingress. 
 
Electrical enclosures are mounted directly on the internal wall of the housing. They 
were found to be clean and appeared in good order.  
 
The enclosures themselves were not opened, so no opinion can be offered regarding 
the internal condition of the equipment. 
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The housing was fitted with an Emergency Stop switch to isolate the incoming power 
supply from the rest of the equipment. 
 
The housing was fitted with an interlocking isolation switch mounted on the door 
aperture. This acts to isolate power to the equipment within the housing when the door 
is opened. 
 

 
 
Photograph 19 General view within the motorised winch housing showing the 

interlocking door power isolation switch 
 
 
The gate has a movement limit switch fitted to the front of the gate.  
 

 
 
Photograph 20 General view of the gate movement limit switch 
 

This switch is operated by a 
striker plate also mounted on 
the front face of the gate. 
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The position of many of the limit switches make them difficult to maintain safely. 
 

 
 
Photograph 21 General view showing the limit switch striker plate with the gate in 

fully raised position. 
 
   

4. ISSUES AND CONSTRAINTS 
 
There were no issues raised by the EA staff whilst on site with regard to the 
operation of the gate.  It is understood that the EA has some reservations of the use 
of the gate as a sluice from a number of viewpoints, including: 

1. The gate is not currently suitable for sluicing 
2. Using the gate as a sluice might cause damage to the adjacent civil works, 

which are listed structures 
3. There may be Health and Safety implications for the public 
 

Item 1 has been borne out by the survey, but could be made acceptable by 
modification. 
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Item 2 is a civil issue and is left to others. 
 
Item 3 could be addressed by management and control modifications. 
 
As it was not possible to obtain copies of the original gate installation drawings prior 
to the survey, the safety margin for the gate structure against the loads currently 
seen is indeterminate.  
 
The effect of previously converting the gate to sliding operation will be to increase 
the loads in the winching system.  It is unknown if this was taken into account.  It is 
acknowledged that in general the gate is only operated under balanced head 
conditions.  
 
Access to the original drawings would permit calculations to take place to 
substantiate the design load case for the original structure.  
 
If no such drawings are available, it would still be possible to determine the 
approximate capacity of the existing gate by calculation based on the dimensions 
recorded during this survey.   This work could be carried out, by agreement, if 
required. 
 
Aspects of the previous gate modification to sliding operation are doubtful, however 
the risks associated with this appear to belong to the EA and surrounding properties 
which may be at increased flood risk. 
 
It is not clear whether stop logs or other means of establishing dry working conditions 
around the gate are currently available. It is thought that there is no such existing 
provision.  The elapsed time to remove and modify the gate would take it through at 
least one monthly tidal-cycle, this would expose Copperhouse Pool to some flood 
risk and would have to be carefully timed and coordinated.  The EA may require 
temporary works to be put in place during this time.  No cost allowance has been 
included in current estimates for such temporary works as they are unknown. 
 
Should removal of the gate be required as part of any necessary remedial works, 
very careful planning will be needed as there are various site constraints such as the 
limited hard standing available within the existing EA site compound and also the 
close proximity of overhead cables. These issues would need to be addressed prior 
to any plan being made.  
 
The gate is too large to be easily removed to another place for modification.  It may 
be possible to place it directly onto a barge for removal via the harbour.  Alternatively 
there is sufficient space in the adjacent car park to make modifications directly.  All of 
the work envisaged to enable the gate to be capable of performing as a sluice could 
be undertaken under these conditions.  Note that a tented, scaffold structure would 
be required, to contain painting contaminants. 
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5. RECOMMENDATIONS   
 

5.1 Gate Structure 

 
The existing gate structure itself appears to be in reasonable condition. 
 
In order to continue to work effectively, some remedial work should be undertaken to 
curtail the spread of corrosion on the gate structure.  
 
This would involve grit - blasting the gate in the areas affected by corrosion (namely 
below the tidal line) and re-coating the gate in accordance with the paint 
manufacturers instructions.  
 
It may be possible to carry out painting works “in-situ”, but it would be preferable to lift 
the gate out of its slot, lay it down somewhere close at hand and repair as required.  
By removing the gate and conducting the repairs off site it will aid the prevention of 
environmental pollution created by blasting and painting the gate.  
 
The gate is not suitable for sluicing in its current form and structural modifications 
would be required along the bottom edge.  Such modifications would require gate 
removal. 
 
5.2 Civil Works Interfaces 

 
The civil works interfaces generally appear to be in reasonable condition. 
 
The exception is the two side gate guide slots.  
 
In this area, there is significant loss of non-metallic gate bearing strips from both 
upstream and downstream faces of the side guides on both sides of the gate. This is 
probably due to the high friction forces developed when trying to move the gate when 
subject to hydrostatic loading.   And, the poor mounting detail. 
 
The conventional design for hydrostatically loaded vertical lift gates utilises rollers to 
allow the gate to move whilst under load without the detrimental effects of high rubbing 
friction. This obviously results in lower lifting forces, which will assist in keeping the 
operating loads applied to the lifting gear to a minimum. This in turn means that the 
equipment will probably operate reliably for longer as it is not overstressed.  
 
It is not clear why the original design caused the rollers to seize, but for long term 
reliable operation of this gate the recommendation would be to return to the roller 
system. 
  
In the light of the previous problems the axle, bearing and roller design should be 
considered in more detail prior to reinstatement. 
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In addition to the above, the bottom section of each of the side gate guide slots is 
suffering from excessive erosion of the concrete and also loss of section of the cast in 
steel guide. This would need to be repaired in any event. 
 
Should the decision be taken to return to a roller design, it would be desirable to check 
the condition of the existing track faces within the side gate guide slots and make 
additional repairs (over and above those identified in the previous paragraph) if 
necessary to ensure a smooth and continuous running face for the rollers. 
 
The real argument for returning to a roller design would be if the future use of the gate 
involved significant amounts of time acting as a sluice gate where the gate was moved 
regularly against a head differential. 
 
The area of civil works immediately upstream of the cill could not be safely accessed.  
Whilst no obvious civil issue could be seen there is some element of unknown here. 
 
5.3 Gate Sealing System 

 
The gate sealing system appears to be intact with little damage evident.  
 
There is, however, a gap within the seals at both bottom corners of the gate (probably 
exactly as originally installed) which is obviously a concern as these points are 
coincident with water at the maximum head.  
 
Water spurting through these gaps will therefore travel at relatively high local velocities 
and will cause further damage to the built in parts and concrete surround over a period 
of time. For these reasons, it is recommended that this gap be filled or repaired as 
required to effect a continuous seal.  Vulcanised corner seals are desirable. 
 
The bottom seal detail requires modification if the gate is to act as a sluice. 
 
5.4 Lateral Gate Guiding System 

 
The lateral gate guide system appears to be working satisfactorily with no operational 
problems reported by the EA. 
 
The rollers and mounting brackets were found to be in very good condition and do not 
require any remedial action. 
 
5.5  Gate Lifting Gear 

 
The gate lifting gear appears to be working satisfactorily with no operational problems 
reported by the EA. 
 
The steel wire ropes appeared to have been changed recently and were in good order. 
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The motor and gearbox should, as a minimum, be inspected and subsequently 
overhauled to ensure that they remain in good working order. Should the equipment be 
found to be damaged, or irreparable, then replacement units will be required. 
 
Wire rope drum bearings should be inspected and overhauled or replaced as required. 
 
5.6 Electrical Equipment 

 
The electrical equipment within the motor winch housing appears to be working 
satisfactorily with no operational problems reported by the EA.  
 
A visual external examination of the electrical equipment revealed no obvious 
problems and all equipment appeared to be in good order.   
 
However, in order to comply with current standards, it is strongly recommended that 
the electrical installation should be subjected to a Periodic Inspection Report (PIR) 
under the auspices of BS 7671 to ensure the safety of the equipment installed. 
 
NB: No information has been made available to the surveyors to suggest that a current 
PIR has been issued for this site.  
 
This inspection should be conducted by a competent NICEIC registered electrical 
inspector, who will issue a PIR (that remains valid for three years) to the Environment 
Agency.  
 
The PIR generally assesses whether the installation is satisfactory or not by 
comparison to the requirements of BS 7671. It also recommends work that needs to 
be carried out to comply with the standard if the installation is deemed to be 
unsatisfactory. 
  
 
5.7 Health and Safety 

 
Items of a Health and Safety nature were outside the remit of the survey.  However, it 
was noted that a number of issues are present at the site.  These are obvious non 
compliances with handrail and access space requirements.  There are also difficulties 
in maintaining much of the equipment by virtue of difficult access. 
 

6. CONCLUSIONS 
 
The mechanical and electrical equipment installed at the Copperhouse Sluice vertical 
lifting gate is reported to be operating effectively and reliably by the local 
Environment Agency operations delivery staff. 
 
However, it should be remembered that much of this equipment has not been 
changed since the original installation approximately 25 years ago.  Most gate 
installations would be expected to have refurbishment intervals of around 25 years, 
hence it could be considered that refurbishment at this point was timely. 
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On this basis alone, it would be wise to plan for the systematic refurbishment of 
wearing parts within the equipment to ensure long-term reliable future operation. 
It is recommended that copies of the any existing record drawings should be sourced 
prior to any refurbishment work on site. Review of manufacturing data always assists 
in obtaining a better understanding of the aims of the original design. 
 
The corrosion protection system for many parts of the equipment is now in need of 
refurbishment.  
 
In terms of specific conclusions made for the equipment surveyed, the following 
notes are listed as applicable: 
 

• The gate structure itself will require remedial action to refurbish the existing 
corrosion protection system. The use of sacrificial anodes on the gate to help 
prevent future degradation should be considered. 

 

• The bottom section of each of the two side gate guide slots is in urgent need 
of repair. This will involve repair to the metallic section of the cast in guides 
and the local concrete as required. The use of sacrificial anodes on the 
metallic sections of the guide to prevent future degradation should be 
considered. 

 

• The gap in the bottom corners of the seals should be filled or repaired as 
required to affect a continuous seal. 

 

• Consideration should be given to the future possible usage of the gate. If the 
gate operation were to change to include sluicing, then there is a strong case 
for the re-instatement of the original roller design as this is the conventional 
design for a vertical lift sluice gate.  It will be possible to achieve this with an 
improved design that is not prone to seizure. 

 

• All elements of the electrical system associated with the operation of the gate 
should be covered separately by a dedicated Periodic Inspection Report for 
an Electrical Installation issued in accordance with BS 7671 – Requirements 
for Electrical Installations by an approved contractor or conforming body 
enrolled with the National Inspection Council for Electrical Installation 
Contracting NICEIC). 

 

• The bottom section of the gate will require reconstruction to enable 
sluicing/scouring. 
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Our budget estimate of the cost of upgrading the gate and returning it to a condition 
that would allow sluicing/scouring is £150,000  Note that we have not included 
operational or Health and Safety improvement costs as it is assumed that these would 
be funded by the Environment Agency.  This assumes a contingency of 25% to allow 
for unknown refurbishment work.  Additional costs for temporary works may be 
required by the EA. 
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Figure 2
Carnsew Pool inundation levels

Baseline:
The existing condition

Scenario 1:
The pool fills and empties 
through both sluice gates

Scenario 2: 
The scheme is added to the model
The pool fills and empties through
two sluices

Scenario 3:
The scheme with impounding.
Water is held for three hours
then released through two gates

Scenario 4:
The scheme with impounding.
Water is held for three hours
then released through one gate
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Figure 4
Copperhouse Pool Inundation Levels

Baseline:
The existing condition

Scenario 1:
The scheme is added to the model
The pool fills and empties

Scenario 2: 
The scheme with impounding.
Water is held for three hours
then release.
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Penpol Creek
LIDAR Contour comparison
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ING Real Estate Developments, a real estate company wishes to develop the harbour area in 
Hayle, Cornwall, UK.  Under the proposed scheme the main North Quay area will be developed 
to include a marina and adjacent to this, an improved fishing harbour with solid main 
breakwater to provide shelter from waves.  The scheme will involve dredging a large part of 
Cockle Bank in the middle of the harbour area, and a small area adjacent to South Quay in order 
to re-establish this quayside.  The two historical control structures on the Carnsew Pool are 
planned to be re-instated, so that sluicing through these gates, as well as the single gate on 
Copperhouse Pool will be possible.  A gate on Penpol Creek is also proposed which will be used 
to impound water levels at mid-tide level in this Creek on occasions.   
 
It was agreed that the work to consider the hydraulic aspects of the project would be undertaken 
in phases.  In Phase 1, which was completed in March 2005, a review of the available data and 
previous study reports was undertaken and the potential issues regarding sediment and water 
quality arising from the scheme were considered. 

 
The Phase 2 studies, described in this report, were aimed at applying numerical hydrodynamic 
and sediment transport models to assess the performance and impact of the scheme on the 
existing environment.   
 
The Phase 2 studies were aimed at providing the following information: 
 
• A detailed assessment of the present conditions at the site, in respect of hydrodynamic, 

sedimentological and water and sediment quality 
• A quantitative assessment of the impact of the development under normal operating 

conditions 
• A quantitative assessment of the impacts of the development during the construction phase. 
 
Calibrated flow and sand transport models were established for this project, using site-specific 
measurements.  Specific attention was required to reproduce the water exchange between the 
main estuary and the two former sluicing ponds (Carnsew and Copperhouse).  Thereafter, spring 
and neap tide simulations were performed to establish a recent baseline regime against which 
the effects of the proposed development could be assessed. 
 
The baseline scenarios confirmed that the sediment transport processes within the harbour are 
dominated by tidal effects.  Waves and tides are responsible for the general morphology in the 
south of St Ives Bay.  Whereas the tidal processes are quasi-steady and deterministic, wave 
energy will vary from season to season and year to year: as a consequence the morphology will 
also vary and this is consistent with the observed evidence for relatively large scale beach 
changes at the harbour entrance. 
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Historically, sluicing was carried out to sweep the harbour clear of sediment.  Since sluicing 
stopped the harbour has accreted, suggesting net import of sediment.  Even with the likely 
reduced storage volume of Copperhouse Pool (due to accretion) the simulations confirmed that 
sluicing would be effective in flushing sediment seawards. 
 
Historical evidence indicates that Copperhouse Pool has accreted substantially over the past 
decades.  Conversely, Carnsew Pool has not experienced the same degree of accretion: the 
north-eastern end of Carnsew still showing a deepened area which was dredged to create a 
cooling water pool for the power station which ceased operation years previously.  This 
information suggests that Copperhouse pool has accreted due to sediment import from the 
Angarrack stream (there being no stream discharging into Carnsew Pool).  That the accreted 
areas in Copperhouse Pool include areas of vegetation suggests finer, cohesive sediment which 
is also more likely to be derived from the Angarrack Stream rather than from marine sources. 
 
Simulations including the proposed development were based on an initial design comprising: 
 
• Removal of most of Cockle Bank (leaving the most easterly end where the historic turning 

post is located) to create a dredged area at the site of the proposed marina with new solid 
breakwater immediately seawards 

• Reinstatement of the quay immediately outside the presently derelict sluice on South Quay. 
 
For the final layout a half-tide weir on Penpol Creek was also included, in order to impound this 
area at approximately mean water level. 
 
Flow simulations were performed for spring and neap tide conditions, and including the effects 
of sluicing.  These tests indicated that the marina may experience some infill of marine-derived 
sand, and subsequent layouts involved the design of structured and a sand trap in order to 
minimise the amount of infill in the marina.  Ultimately, a solution was obtained comprising a 
small sand trap immediately seaward of the marina.  The amount of sedimentation in this sand 
trap and also in the marina will depend on whether or not impounding and sluicing is re-
instated. Without sluicing the amount of infill is estimated to be of the order of 10-
20,000m3/year.  Regular sluicing from both Pools would tend to drive sediment back out of the 
estuary as occurred in the past, and in this case the degree of sedimentation in the sand trap 
would reduce. 
 
Impounding and sluicing will alter the tidal regimes of the Pools, and water level information 
was extracted from the flow model and passed to Buro Happold for input into an analysis of the 
impact on the exposure/inundation of inter-tidal areas. 
 
Under normal operating conditions (ie without sluicing), the modelling also indicated that the 
scheme would tend to have little overall effect on the sand flux at the entrance to the Harbour.  
At the entrance to The Lelant there is a small reduction in the flood flux, whilst the ebb flux is 
largely unchanged, giving rise to an overall small reduction in import into The Lelant.  Sluicing 
would tend to drive sediment out of the estuary so that the import of sand into the Lelant  (and 
Harbour) would tend to be further reduced. 
 
Construction impacts were assessed by considering the dispersion of fine material released from 
the removal of Cockle Bank and associated dredging of the proposed marina area.   The 
quantities of fine material released into the water column are likely to be relatively small (in 
comparison to the volume of fine sediment naturally entrained into the water column by the tide 
and wave action), and will depend on the type of dredging plant used.  Dispersion pathways 
were investigated, and these indicated that there is the potential for the sediment released to be 
dispersed over a relatively wide area extending from the Pools to outside the estuary, with a 



Hayle Harbour Development   
Hydraulic Studies Phase 2 

EX 5569 v  R. 2.0 

proportion of the material possibly settling out into the Pools and also into the Lelant area.  The 
amount of material being dispersed into these areas could be reduced by specialist plant as well 
as by restricting the dredging to specific periods within the tidal cycle. 
 
Water quality in the area focused on the potential effect of impounding water in Penpol Creek 
with a half-tide weir.  Under present conditions, Penpol is readily flushed by the tide, and there 
are no known problems with water quality.  The flow modelling results indicate that with the 
half-tide weir, the Penpol area will be very poorly flushed during neap tides, but will flush 
almost completely during two or three spring tides.  This suggests that Penpol will effectively 
behave as a closed system during the neap part of the tidal cycle, when the tidal range is small, 
and then flush completely as springs are approached. The residence time between flushings will 
be approximately one week. This period is probably too short for any significant algal blooming 
to occur in the impounded Creek, even allowing for the possibility that small amounts of 
nutrients will be supplied by Penpol Creek.  It is therefore considered that the water quality is 
likely to be acceptable in the Penpol area. 
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1. Introduction 
1.1 PROPOSED DEVELOPMENTS IN HAYLE HARBOUR 

ING Real Estate Developments, a real estate company, wishes to develop the harbour 
area in Hayle, Cornwall, UK (Figure 1.1).  Under the proposed scheme the main North 
Quay area will be developed to include a marina and adjacent to this, an improved 
fishing harbour with solid main breakwater to provide shelter from waves (see Figure 
1.2, for a conceptual layout of the scheme, final details to be confirmed).  The scheme 
will involve dredging a large part of Cockle Bank in the middle of the harbour area, and 
a small area adjacent to South Quay in order to re-establish this quayside.  The two 
historical control structures on the Carnsew Pool are planned to be re-instated, so that 
sluicing through these gates, as well as the single gate on Copperhouse Pool will be 
possible.   A gate on Penpol Creek is also proposed which will be used to impound 
water levels at mid-tide level in this Creek on occasions.   

1.2 SCOPE OF HR WALLINGFORD STUDY 
It was agreed that the work to consider the hydraulic aspects of the project would be 
undertaken in phases.  In Phase 1, which was completed in March 2005, a review of the 
available data and previous study reports was undertaken and the potential issues 
regarding sediment and water quality arising from the scheme were considered. 
 
The Phase 2 studies, described in this report, were aimed at applying numerical 
hydrodynamic and sediment transport models to assess the performance and impact of 
the scheme on the existing environment.   
 
The Phase 2 studies were aimed at providing the following information: 
 
• A detailed assessment of the present conditions at the site, in respect of 

hydrodynamic, sedimentological and water and sediment quality 
• A quantitative assessment of the impact of the development under normal 

operating conditions 
• A quantitative assessment of the impacts of the development during the 

construction phase. 

1.3 STRUCTURE OF THIS REPORT 
The remainder of this report is structured as follows.   Chapter 2 summarises the data 
used in this study.  In Chapter 3 the hydrodynamic studies are described, including the 
flow and sedimentation modelling.  Chapter 4 describes the sediment dispersion 
modelling undertaken, and Chapter 5 summarises the water quality assessment for 
Penpol Quay.  Chapter 6 gives a brief appraisal of the potential impacts of power 
generation on Penpol Quay.  Conclusions drawn from this project are included in 
Chapter 7.   
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2. Data Summary 
Relevant field data available for these studies was described in the Phase 1 study report 
(HR Wallingford, 2005) but is summarised again in this section for completeness.  
Additional data collected since the Phase 1 study is also included. 

2.1 BATHYMETRY 
Sea Sediments undertook comprehensive survey measurement in the Hayle area in April 
and May 1983 (Sea Sediments 1983).  This included bathymetric measurements along 
approximately fifty transects within the estuary and the beach area.  In addition a series 
of transects extending 1.5 to 2.5km seawards from the mouth of the estuary were 
surveyed on 16 June 1983.  The locations of these transects are shown in Figure 2.1 and 
the data is available as a chart attachment with the Sea Sediments reference. 
 
Some additional sounding from a local survey of the Cockle Bank area made by Sir 
Alexander Gibb and Partners in 1989 were used for the HR Wallingford 1989 study.   
 
In support of their plans for Hayle ING Real Estate Developments commissioned two 
LiDAR surveys in July and November 2004.  Data from a previous LiDAR survey in 
March 2003 was also made available to Buro Happold.  The LiDAR surveys included 
full coverage of the area that was modelled for the Phase 2 study but the data is limited 
to the areas that were dry at the time of the surveys.  In order to fill gaps in the data 
within the confines of the harbour additional measurements were undertaken in the form 
of cross-sections between Fisherman’s Quay and the North Quay and the data was 
supplied to HR Wallingford by Buro Happold.   

2.2 TIDAL LEVELS 
According to the UK Hydrographic Office Tide Tables the mean spring tidal range at 
the nearby port of St Ives is 5.8m with a neap tide range of 2.5m. 
 
The height of MHWS  is +6.6m CD +3.2m OD 

MHWN +4.9m CD +1.5m OD 
MLWN  +2.4m CD -1.0m OD 
MLWS  +0.8m CD -2.6m OD 

 
Local Chart Datum at St Ives is 3.4m below OD. 
 
As part of the 1989 HR Wallingford survey water level observations were made at six 
sites within Hayle harbour (Figure 2.2).  The sites were manned for a 12.5 hour period 
on 10 January and levels were recorded every 10 minutes.  At position A (Chapel 
Anjou) similar observations were also made on 11 and 12 January.  This data is 
presented in graphical form in HR Wallingford 1989. 
 
For the present study, additional water level measurements were made under spring tide 
conditions over the period 6-8 July 2005. 

2.3 TIDAL FLOWS 
Sea Surveys measured current velocities at four sites near the estuary mouth during the 
period 10 May to 27 June 1983 (Figure 2.3).  Velocities were recorded at 4 second 
intervals for 6 minutes out of every 10.  The data is presented in graphical form in the 
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Sea Surveys report.  However, as discussed in the Phase 1 report (HR Wallingford, 
2005) since water levels were not measured at the same time, this data set is of less 
value for model calibration. 
   
In January 1989 HR Wallingford undertook a field survey to provide calibration data for 
a physical model study and to establish a relationship between tidal current strength and 
transport rates for Hayle sands. 
 
Current velocity was observed at half hourly intervals over a 12.5 hour period at three 
sites (Figure 2.2).  Near bed measurements were made with a bed frame and higher 
levels using a roving current meter.  Depth-averaged current velocities were derived and 
are presented in graphical form in HR Wallingford 1989 (and reproduced in the 
calibration stage of this report). 

2.4 FRESHWATER INPUTS 
The main Hayle River flows through the Lelant on the west side of the estuary, 
separated from the Harbour by the Fisherman’s Quay.  Two further small streams flow 
into the Hayle Harbour system.  The Angarrack flows into Copperhouse Pool and has a 
two year return discharge of 8m3/s and 100 year discharge of 23m3/s, and the Mellanear 
Stream flows into the Penpol Quay area with equivalent figures of 2m3/s and 6.5m3/s. 

2.5 WAVES 
Wave conditions within the harbour are limited to those which are locally generated by 
the wind blowing across the relatively limited fetch, and any swell which is able to 
penetrate in from St Ives Bay.  In comparison to the tidal energy, wave energy in the 
harbour area is relatively low.  Clearly, on the open coast outside the harbour waves 
play a significant role in transporting coastal sediment, but since all proposed 
developments are within the harbour area the data gathering on wave conditions was 
minimal. 
 
Although some measurements were made by HR Wallingford and the Ministry of 
Defence off Perranporth from the mid 1970s to the early 1980s it is considered that the 
most reliable offshore data for the proposed study could be obtained from the UK 
Meteorological Office if required for design purposes.  For the purposes of the Phase 2 
hydraulic studies described herein, however, wave climate information was not 
necessary. 

2.6 BED SEDIMENTS 
Intertidal sediment samples were collected at 175 points during the 1983 Sea Sediments 
survey.  The locations of these samples are shown in Figure 2.3.  An analysis of the 
samples led to the conclusion that the estuary and beaches at Hayle are predominantly 
composed of sand.  Muddy deposits were found around the periphery and the head of 
Lelant Water, at the western end of Carnsew and in the Penpol Dock and Copperhouse 
Pool.  There was also a small amount of mud in the offshore sediments which was 
considered to represent the "fine tail" of the fine sand population found in the area.  
Overall it was considered that the sediment dynamics within the estuary are dominated 
by sand transport with muds and gravels playing only a minor role in determining the 
form of the estuary.  
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The Phase 1 study concluded that the bed sediment data available from the 1983 study 
was sufficient for the proposed assessment and no additional sampling was necessary.  
As expected, this extensive data set shows variability in the sediment class size 
distribution over the area surveyed, with a typical median grain diameter in the harbour 
area of 0.35mm. 

2.7 SAND FLUX MEASUREMENTS  
The 1989 HR Wallingford field exercise included measurements of sand transport and 
suspended solids concentrations at the same locations as the flow measurements (Figure 
2.2).  These measurements were made at half-hourly intervals over a full tidal period 
(12.5 hours) at three sites using bed frames and roving units to cover the full water 
depth. 
 
The subsequent analysis of the sand transport rate against tidal current strength 
indicated that there was a clear correlation between depth mean velocity and transport.  
This relationship was subsequently applied in the Phase 2 sediment transport modelling 
studies. 
 

3. Hydrodynamic modelling studies 
3.1 MODELLING APPROACH 

The hydrodynamic processes operating within the Hayle Harbour system are dominated 
by tidal action.  Freshwater flow effects, and wind and wave effects play a relatively 
minor role.  However, the processes of wave action in driving longshore sediment 
transport in St Ives Bay are important and are covered in Section 3.3. 
 
To establish the detailed effects on the hydrodynamic characteristics of the proposed 
development in Hayle Harbour, and to allow for the effects of variations to be assessed 
it was proposed that the Phase 2 study utilises a numerical flow model to replicate the 
tidal conditions over an area covering St Ives Bay and Hayle Harbour.   
 
Tidal currents were simulated using the finite element flow model, TELEMAC, which 
uses a completely unstructured mesh and has the advantage of a variable grid which 
allows very fine resolution in specified areas.  Output from TELEMAC was then used 
as input to the HR Wallingford sand transport model SANDFLOW, and sediment 
dispersion model, SEDPLUME-RW.  Full details of these models is provided in 
Appendix 1. 
 
The modelling approach comprised establishing the flow models for the historical 
scenario for calibration and thereafter applying the flow and sediment transport models 
using the present day conditions.  This latter set of results was used as the baseline 
against which the effects and impacts of the proposed development could be compared. 

3.2 FLOW MODEL SETUP AND CALIBRATION 
3.2.1 Model Setup 

The purpose of calibration of the flow model was to fix the free parameters associated 
with the bed friction and the eddy viscosity (diffusivity for momentum), and to confirm 
that the model is capable of reproducing the main tidal processes in terms of the tidal 
water levels and currents. 
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At this site, the most comprehensive bathymetric data set was that measured in 1983 as 
part of the Sea Sediments study, supplemented with the additional cross-sections 
measured in 2005 as described in Section 2.1, and data from Admiralty Chart 1168 for 
offshore areas.  Whilst not synoptic, the field data collected in 1989 in the form of tidal 
currents and water levels was considered sufficient to use to calibrate and validate the 
flow model.  Given the timescale between these two data sets, the natural variability in 
the seabed levels (especially at the entrance to the harbour) and the inherent 
measurement errors it was not anticipated that the model should reproduce the tidal 
conditions exactly, but that this exercise should provide confidence that the model was 
capable of adequately reproducing the tidal exchange.  Comparison between measured 
and modelled water levels is relatively straightforward although it should be borne in 
mind that low tide levels may be influenced by the specific seabed levels: hence the 
model may not reproduce the tide curves in the event of drying at the measurements 
station.  When comparing measured and modelled tidal currents there may also be 
discrepancies induced by any differences in seabed level. 

3.2.2 Sluice gates and culverts 
A key consideration in the calibration procedure for this study involved the simulation 
of the exchange of water in the two storage basins, Copperhouse and Carnsew Pool.  
Throttling of the flux of water into these pools means that the tidal levels do not reach 
the level attained outside in the main harbour.   These flows into and out of 
Copperhouse Pool and Carnsew Reservoir were modelled using TELEMAC’s culvert 
formulation.  This is designed to simulate the transfer of water through a pipe, with a 
flow rate which depends on the water elevation at either end and a number of 
parameters which define properties of the pipe, such as cross-sectional area and 
associated head loss terms.  The water level measurements made in each of these pools 
in 1989 were used to calibrate the culvert parameters. 
 
Several different configurations were used.  At Carnsew Reservoir there are two 
entrances; a set of existing culverts towards the northeast corner and derelict, infilled 
sluice gates at the southeast.  At present the sluice gates are not in operation, but some 
simulations were undertaken with these gates reinstated.  At Copperhouse, the sluice 
gates have two modes: summer operation, where they are opened fully, and winter 
operation, where they are lowered to leave a gap of 0.6m depth.  Both of these modes 
were simulated, by varying the cross-sectional area of the modelled culvert, although 
the effect on the levels and currents in the study area were not particularly sensitive to 
this factor. 
 
Figure 3.1 shows the model domain and bathymetry whereby the entire south St Ives 
Bay was covered, resulting in a single open boundary extending from St Ives to 
Godrevy Point.   Levels are referred to Ordnance Datum Newlyn (ODN) and positions 
to British National Grid.  The open boundary was specified with tidal water levels 
which were derived from tidal harmonics from Astronomical Tide Tables for St Ives.  
This figure highlights the relatively shallow depths in the Hayle Harbour entrance and 
the narrow entrance to this natural harbour. 
 
Figure 3.2 shows the size of the model mesh used in the simulations, which ranged from 
500m at the open boundary to less than 5m in the area around the entrances to the two 
pools. 
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3.2.3 Model calibration 
Tidal levels at the open boundary were derived using the Admiralty TIDECALC 
software to reproduce the tide curve for the period of field measurements in 1989 from 
10-13 January.  The field data consists of tidal levels recorded at 6 locations (A-F) 
during daylight hours on 10th January 1989, and a longer record (spanning 3 days, from 
10th to 12th January) at Chapel Anjou Point, labelled location A. Current speed 
readings were obtained at 3 locations (1-3) over the same three days (i.e. one location 
each day).  Locations of these positions are shown in Figure 2.2. 
 
Figure 3.3 shows the comparison of modelled and measured tide at Location A (Chapel 
Anjou Point) at the Harbour entrance.  This figures shows excellent reproduction of the 
high water levels and the shape of the tide curves in general.  Note that due to slight 
differences between the true bed level and that in the model, low water levels may not 
be exactly reproduced.    
 
Figures 3.4 and 3.5 show measured and modelled tidal levels for locations within the 
Harbour, Figure 3.4 showing levels in the Hayle River (Lelant Water) where the high 
water values are comparable with those at Chapel Anjou Point.  Figure 3.5 shows the 
levels measured in Copperhouse and Carnsew pool and at the entrance to Penpol Creek, 
highlighting the reduced high water levels in the two pools.  These figures show good 
representation of the tidal levels by the TELEMAC model, and in particular good 
calibration of the culvert routines to represent the discharge into and out of the two 
pools. 
 
Figure 3.6 show comparison of the modelled and measured tidal currents, with very 
good agreement between these two data sets, giving further evidence of the model’s 
capability in simulating the tidal processes.  Whereas the agreement between model and 
observations is not as close as in the water level comparison these figures indicate that 
the tidal exchange is reproduced and that the tidal currents are typically represented.  It 
is postulated above that these discrepancies may be in part related to the possible 
differences in bathymetry from 1989 (the time of the current measurements) and 1983 
(the time of the bathymetric survey).  The validation procedure described in Section 
3.2.4 below allowed this sensitivity to be examined and confirmed: by incorporating an 
alternative bathymetry (in this case a more recent bathymetry measured in 2005) it is 
shown that the tidal currents can be significantly altered. 

3.2.4 Model validation 
Having calibrated (and fixed) the various model parameters validation was carried out 
by simulating another period of measurement in 6-8 July 2005 when water levels were 
measured at four locations within the Harbour.  At the same time, bathymetric transects 
were collected in order to supplement the LiDAR data collected during this period. 
The TELEMAC flow model was modified to incorporate the LiDAR and transect data , 
as shown in Figure 3.7, and tidal conditions during the period of field measurements 
were calculated.   
 
The water level time histories, shown in Figures 3.8 to 3.9, again show very good 
agreement between model and measurements over most of the tidal cycle (excepting 
perhaps the drying out levels).  Peak tidal levels are well represented.  
 
Having incorporated an alternative recent bathymetry into the model domain, it was 
apposite to investigate the sensitivity to the predicted tidal currents as a consequence of 
this change in bathymetry alone.  Accordingly, the calibration period tides (January 
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1989) were re-simulated using the 2005 bathymetry and the results were processed to 
give time histories at the same calibration stations.  Figure 3.10 clearly highlights the 
sensitivity of the tidal currents to the seabed levels, confirming the earlier possible 
explanation for the apparent discrepancies in the calibration against the measured 
currents. 
 
Following the calibration and validation exercise it was concluded that the tidal flow 
model was capable of accurately simulating the tidal processes in the study area.  In 
particular, tidal exchange of the entire Harbour basin is well reproduced and the 
previously collected field data allowed the potentially complex exchange in 
Copperhouse and Carnsew Pools to be accurately represented.  The model therefore 
constituted a reliable tool for assessing the effects of the proposed schemes on the tidal 
conditions. 

3.3 BASELINE SIMULATIONS 
3.3.1 Flow modelling 

Having calibrated the flow model, baseline simulations of the existing conditions were 
simulated to provide a series of fields for comparison against those including the 
scheme.  For comparative purposes simulations were also carried out in which the 
second sluice on Carnsew Pool was re-instated (without any other developments) and in 
addition, tests were carried out to show the effects of impounding in the Pools under the 
present scenario. 
 
The baseline model bathymetry used in these tests was the same as that generated for 
the validation procedure, comprising the recently collected LiDAR data together with 
new bathymetric transects in the inner harbour, supplemented with information from 
Admiralty Chart 1168 for the St Ives Bay area.  
 
Tidal currents were simulated for both spring and neap tide conditions.  Spring tides 
were based on the 10th January 1989 tides as used in the calibration tests since this range 
was comparable to a mean spring tide.  Neap tides were based on 30th January, being 
representative of mean neap conditions.  In each case, the preceding tide was included, 
to allow the model to ‘spin up’ from static conditions.   
 
Flow vectors at the time of peak current in the main harbour are shown in Figures 3.11 
and 3.12 (spring) and Figures 3.13 and 3.14 (neap).  These show strong spring tide 
currents between the Fisherman’s Quay and North Quay which accord with anecdotal 
information on the tidal streams in this area provided by the Harbour Master (pers. 
comm.).  As expected, neap tide currents are significantly lower than under springs. 
 
Further baseline simulations were performed for spring and neap tides with the sluice 
gates on Carnsew Pool reinstated (so that Carnsew fills and empties through two sets of 
openings).   The corresponding currents at peak flood and ebb tide are shown in Figures 
3.15, 3.16, 3.17 and 3.18.   
 
For the baseline scenario (without the marina development included) impounding 
simulations were carried out in which the tidal level was held at high water for a period 
before releasing.  Initial runs were carried out with release occurring at the time close to 
low water in the main Harbour (order HW+6hours).  Following a site visit and meeting 
with local authorities, however, it was established that the previous sluicing operations 
took place at approximately HW+3hours and accordingly impounding simulations were 
carried out for this scenario.  Figure 3.19 shows the peak ebb flow vectors for the case 
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with impounding and release from Copperhouse and the existing culvert at Carnsew.  
Figure 3.20 shows the corresponding peak ebb flow vectors for the case with 
impounding and release from Copperhouse and both sets of sluices on Carnsew Pool.   
 
The impounding and sluicing operations clearly alters the tidal levels in the two Pools 
and adjacent waters.  Figures 3.21 and 3.22 show spring and neap tide levels in 
Copperhouse, Carnsew and in the main harbour (at the entrance to Penpol Creek) for the 
various simulations performed comprising normal tidal exchange in the Pools and with 
impounding. This information was tabulated and passed to Buro Happold for 
calculation of the associated impact on inundation and exposure of intertidal areas.  

3.3.2 Sediment transport modelling 
Sediment transport modelling was carried out using the HR Wallingford model, 
SANDFLOW, which is appropriate to simulate the predominantly non-cohesive 
sediment in the main harbour as identified in the earlier study (Section 2.6) and 
confirmed by site visit.  All sand transport simulations were carried out using a 
representative median grain diameter of 0.35mm, in accord with the seabed sediment 
data summarised in Section 2.6. 
 
SANDFLOW takes as input the tidal information generated by TELEMAC, and 
computes the entrainment, transport and settling of sand by the tidal currents on the 
same model mesh.  Output from SANDFLOW comprises through-tide sand fluxes and 
the corresponding patterns of erosion and deposition.  Further details of SANDFLOW 
are provided in Appendix 1. 
 
Unusually, at this site, comprehensive sand flux measurements were made in the earlier 
1989 study (see Section 2.7) and in this study the data was processed to yield a 
relationship between the tidal current and sand flux magnitude.  This relationship is 
reproduced in Figure 3.23 and this graph highlights a functional form of sand transport 
where the sand flux follows a power law relationship with the tidal current, given by the 
following formula: 
 
Q = 0.0694U3.74         (1) 
 
in which Q(kg/m/s) is the sand transport rate and U(m/s) is the depth-averaged velocity. 
 
This formula was incorporated in the SANDFLOW code so that this site-specific 
relationship could be applied in this study.  On this basis the sand transport predictions 
are considered to be representative of the actual transport occurring within the Harbour 
area, although it should also be borne in mind that there will remain a degree of 
uncertainty in any sand transport predictions as a consequence of other factors 
(including availability of sediment, mixtures of sediment, density effects).  
Notwithstanding this latter comment, the sediment transport model provided an 
effective tool to assess the effects of the proposed scheme on the present sediment 
regime. 
 
Figures 3.24 and 3.25 show the net tidal sand transport vectors due to spring and neap 
tides respectively, for the present day scenario.  Whereas tidal current magnitudes can 
reach approximately 2m/s, due to the non-linear relationship of sediment flux with 
current (as highlighted by Equation 1 above) the range of sediment flux in the marine 
environment can be many orders of magnitude.   Accordingly, the sand transport vectors 
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are presented on a colour scale as well as vector length scale in order that the entire field 
can be visualised. 
 
As expected, the sediment transport rate during spring tides is significantly higher than 
that during neap tides.  These figures highlight that under tidal action, sand is brought 
into the Harbour area, and the currents are sufficiently strong to mobilise sand over 
much of the Harbour.   
 
On either side of the Fisherman’s Weir, the apparent import of sand into the Lelant is 
consistent with the observed build up of sand in this area, and the import of sand toward 
the Harbour is also consistent with sand deposits in the vicinity of Cockle Bank. 
 
Integrating the sand flux at the harbour mouth, however, indicates that under tidal 
action, there is net export of sand which is not consistent with the overall pattern of 
general accretion within the harbour (and the historical requirement for the impounding 
and sluicing).  This discrepancy is explained by the contribution to the sand transport at 
the harbour entrance by wave action, as described in the following section.  

3.3.3 Wave-induced sediment transport 
In order to confirm the contribution of waves to the sediment budget at the entrance to 
the Hayle Estuary, simulations were carried out to reproduce wave-driven currents in 
combination with tidal effects, for example waves of height 1m and 2m propagating 
southwards through St Ives Bay from the northern model boundary. 
 
Note that it was not intended to attempt to reproduce the entire littoral drift due to all 
waves, since this drift will vary from year on year giving variable patterns of beach 
erosion and accretion in the south of St Ives Bay as evidenced by historical photographs 
showing large beach level variations (Hayle Harbour Master, pers comm).  
Furthermore, the proposed scheme comprising a dredged marina, was not expected to 
alter the sediment budget at the Harbour entrance.  Hence the simulations performed 
were aimed at confirming that wave action plays a significant role in the import of 
sediment into the harbour. 
 
Figures 3.26 to 3.29 show the wave generated currents at times of spring tide peak flood 
and ebb for 1m (6s) and 2m (8s) waves respectively.  These figures clearly show the 
effect of wave breaking, and consequent current generation at the coast.  Figures 3.30 
and 3.31 show the corresponding net tidal sand flux patterns for each wave condition, 
and these highlight the strong flux of sediment into the Harbour in the shallower water. 
 
Integrating the sediment flux at the Harbour entrance indicates that wave action is 
responsible for significant import of sand around the sides of the Harbour entrance, and 
this is consistent with the large sand bank observed on the north side of the inner 
harbour.   

3.3.4 The effects of sluicing on the sediment transport 
The effects of flow impounding and sluicing from HW+3hrs on the sediment transport 
in the harbour was analysed by importing the flow conditions into the SANDFLOW 
model.  The resulting spring tide net sediment transport patterns are shown in Figure 
3.32 This result clearly shows that in the inner harbour area the sediment flux vectors 
are reversed suggesting that the sluicing would be effective in flushing sediment out of 
the harbour.  It is not possible to determine the timescale for flushing of the sediment to 
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the former historical depths, especially since it is likely that the effectiveness of the 
sluicing from Copperhouse Pool is likely to have reduced due to reduced storage 
volume.  It is apparent, however, that the sluicing simulated has an effect which extends 
out as far as the offshore bar outside the Harbour, and this result is in accord with 
anecdotal evidence of the effectiveness of the previous (historical) sluicing. 

3.3.5 Summary of sediment transport regime 
From the information gathered from the site visit, the available data, and the baseline 
simulations described above, the following summary points are made: 
 
• Tidal processes are capable of sweeping sediment into the harbour area, and as far 

inside as the inner harbour and also into the Lelant.  The modelling predictions are 
in accord with observed sedimentation patterns; 

• The tidal processes alone give rise to net potential export of sediment and this is 
consistent with the morphology in the form of an offshore bar; 

• Historically, sluicing was carried out to sweep the harbour clear of sediment.  
Since sluicing stopped the harbour has accreted, suggesting net import of 
sediment.  Wave effects play a role in the import of sediment into the harbour, as 
confirmed from the simulations including wave effects and littoral drift; 

• Even with the likely reduced storage volume of Copperhouse Pool (due to the 
accretion which has occurred since the former sluicing operations) the simulations 
confirmed that sluicing would still be effective in flushing sediment seawards; 

• Waves and tides are responsible for the general morphology in the south of St Ives 
Bay.   Whereas the tidal processes are quasi-steady and deterministic, wave energy 
will vary from season to season and year to year: as a consequence the 
morphology will also vary and this is consistent with the observed evidence for 
relatively large scale beach changes at the harbour entrance; 

• Historical evidence indicates that Copperhouse Pool has accreted substantially 
over the past decades.  Conversely, Carnsew Pool has not experienced the same 
degree of accretion: the north-eastern end of Carnsew still showing a deepened 
area which was dredged to create a cooling water pool for the power station which 
ceased operation years previously.  This information suggests that Copperhouse 
pool has accreted due to sediment import from the Angarrack stream (there being 
no stream discharging into Carnsew Pool).  That the accreted areas in Copperhouse 
Pool include areas of vegetation suggests finer, cohesive sediment which is also 
more likely to be derived from the Angarrack Stream rather than from the marine 
source. 

3.4 SIMULATIONS INCLUDING THE SCHEME 
3.4.1 Scheme Layout 1 

Flow modelling 
The baseline numerical model geometry was modified to include the proposed scheme, 
as shown in Figure 3.33 comprising: 
 
• Removal of most of Cockle Bank (leaving the most easterly end where the historic 

turning post is located) to create a dredged area at the site of the proposed marina 
with new solid breakwater immediately seawards 

• Reinstatement of the quay immediately outside the presently derelict sluice on 
South Quay. 
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Flow simulations were repeated for spring tide conditions with the summer (open) 
sluice operation at the Copperhouse flood gate.  Four conditions were simulated: 
 
• Normal culver operation (without impounding) with second sluice gates at 

Carnsew closed 
• Normal culver operation (without impounding) with second sluice gates at 

Carnsew open 
• Impounding and flushing with second sluice gates at Carnsew closed 
• Impounding and flushing with second sluice gates at Carnsew open. 
 
Peak flow vectors for each of these cases are shown in Figures 3.34 to 3.41. 
 
Sediment transport modelling 
Sand transport simulations were carried out for the four conditions described above, and 
the corresponding patterns of sediment flux are presented in Figures 3.42 to 3.45 In 
comparison to the corresponding baseline figures these show that the solid breakwater 
has a tendency to increase the import of sediment into the inner harbour. 
 
Figures 3.46 to 3.49 show the corresponding patterns of erosion and deposition, and 
Figures 3.50 and 3.51 show the detail of sediment infill in the marina area for the case 
with and without sluicing.  This analysis indicated that with the present bathymetry and 
source of sediment in the inner harbour, sediment is swept into the dredged marina area, 
and that furthermore, due to the increased cross-sectional area of the inner harbour (with 
the removal of Cockle Bank) the impounding and sluicing is not effective in removing 
this sediment. 
 
[Note that the model assumes abundant supply of sand in all wet areas of the domain, 
and therefore predicts very high erosion and consequent deposition at the 
sluices/culverts whereas in fact these areas are either composed of hard (concrete) 
revetment or have naturally coarser material which is less erodible.] 
 
Hence whereas conclusions from the baseline modelling indicate that impounding and 
sluicing may flush sediment out of the inner harbour, thereby removing it as a source 
for subsequent infill in the dredged marina.  Conversely, without relatively regular 
impounding and sluicing sediment brought in to the inner harbour under wave and tidal 
action will be swept into the dredged area, and subsequent impounding and sluicing is 
unlikely to be effective in removing this accretion from the marina. 
 
Integrating the volume of sediment in the marina for the spring tides and assuming a 
reduced volume of infill under neap tide conditions, the annual sedimentation in the 
marina was estimated to be of the order of 10,000-20,000m3. 
 
Figure 3.52 shows the effects of the scheme on the sediment flux at three locations in 
the study area: at the entrance to the harbour, at the entrance to The Lelant, and close to 
the proposed marina.  This analysis shows that at the Harbour entrance the scheme 
reduces the ebb flux, and marginally increases the flood flux, suggesting a small 
additional import of sand into the harbour (in the absence of sluicing).  As already 
identified, the proposed new breakwater has a significant effect on the sediment flux, 
particularly during the flooding phase of the tide.  The sediment flux at the entrance to 
the Lelant is generally unchanged.   
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3.4.2 Scheme Layout 2 
The results of the first scheme layout indicated that the marina area may infill with sand 
sourced primarily from outside the Harbour and that this sediment would not be able to 
be flushed by impounding and sluicing.  Whilst it would be possible to dredge within 
the marina, it was considered by the team of architects and engineers that a designated 
sand trap immediately seawards of the marina would provide an effective area for 
sedimentation, thereby reducing the infill in the marina itself.  In addition, it was 
considered by the architects that a second breakwater structure to the west of the marina 
may on its own promote settling out of sediment before reaching the marina. 
 
Scheme 2 therefore comprised a second breakwater, with and without a large conceptual 
sand trap.  The scheme without the sand trap is shown in Figure 3.53. 

Flow modelling 
The same four operational regimes outlined in Section 3.4.1 above were simulated with 
this layout, and the results are shown in Figures 3.54 to 3.62. 

Sediment transport modelling 
Sand transport simulations were carried out for the four conditions described above, and 
the corresponding patterns of sediment flux are presented in Figures 3.62 to 3.65.  In 
comparison to Scheme 1 it can be seen that the additional breakwater has a significant 
influence on the sediment transport patterns.  
 
Figures 3.66 to 3.69 show the corresponding patterns of erosion and deposition, and 
Figures 3.70 and 3.71 show the detail of sediment infill in the marina area for the case 
with and without sluicing.  These figures highlight, however, that without a sand trap 
the infill in the marina is comparable to that obtained with Scheme 1. 
 
Simulations were subsequently repeated with a large sand trap between the breakwaters 
as shown in Figure 3.72.  Corresponding plots of peak flood and ebb speed, sediment 
transport rate and patterns of erosion and deposition are shown in Figure 3.73 to 3.76.  
Figure 3.77 shows that the infill in the marina is effectively reduced. 
 
This analysis indicated that compared to Scheme 1, the sand trap is effective in reducing 
the infill in the marina area.  Furthermore, it was concluded that the conceptual sand 
trap was longer than required.  Given the presence of a buried power cable running 
across the inner harbour it was concluded that a smaller sand trap would still be 
effective.  In addition, information provided by the architects confirmed that the second 
breakwater was no longer planned.  Hence Scheme 3 was proposed comprising a layout 
similar to Scheme 1 but with a smaller sand trap. 

3.4.3 Scheme Layout 3 

Flow modelling 
The third version of the scheme returned to the general layout of Scheme 1 (i.e. without 
the additional breakwater) but added a refined sand trap, of smaller size than that used 
in Scheme 2. This is shown in Figure 3.78. The model with this geometry was run for 
two conditions only, with the second sluice gates at Carnsew open. Flow results are 
shown in Figures 3.79 to 3.82. 
 
A variation on the third version introduced a scheme for impounding water in Penpol 
Creek, which was modelled as a weir at +1.3mOD, which is the level of mid-tide for the 
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spring tide. This was simulated by raising the bed level across the entrance to the 
harbour. In accordance with the design drawing provided by Buro Happold (Drawing 
BHW D 1601 00.dwg) the width was reduced by approximately two thirds, again by 
raising the bathymetry. The updated bathymetry is shown in Figure 3.83. 
 
Simulations were repeated for spring and neap tides and with impounding in Carnsew 
and Copperhouse Pools.  The full set of tests comprised: 
 
• Normal culvert operation (without impounding) with second sluice gates at 

Carnsew open 
• Impounding and flushing with second sluice gates at Carnsew open 
• Impounding and flushing, with second sluice gate on Carnsew allowing water in, 

but flushing out through only one culvert, spring tide only.   This test was carried 
out to investigate the effect of sluicing on the intertidal levels within Carnsew 
Pool. 

 
Figures 3.84 to 3.93 show the peak flood and ebb currents for the various tests 
performed.   
 
Figures 3.94 and 3.95 show spring and neap tide levels in Copperhouse, Carnsew and in 
the main harbour (at the entrance to Penpol Creek) for the various simulations 
performed comprising normal tidal exchange in the Pools and with impounding.  This 
information was passed to Buro Happold for calculation of the associated impact on 
inundation and exposure of intertidal areas. 
 
Sediment transport modelling 
Sand transport simulations were carried out for the various conditions described in the 
section above, and the corresponding patterns of spring and neap net tidal sediment flux 
are presented in Figures 3.96 to 3.102.  Figures 3.103 to 3.109 show the pattern of 
erosion and deposition for the various tests.  These show that the smaller sand trap is 
effective in trapping sediment and that there is correspondingly lower rate of infill in the 
marina area.  It is concluded that the sand trap could provide a means of reducing the 
maintenance dredging of the marina, by inducing infill in the trap which would be easier 
to maintain.  The volume of sand entering the sand trap is estimated to be of the order of 
5,000-10,000m3 per year, and from the simulations carried out it is anticipated that this 
sediment will comprise relatively clean sand from marine sources (brought in through 
the harbour entrance). 
 
As already identified in the earlier tests, sluicing would be effective in flushing sand out 
of the estuary, if this procedure was carried out regularly and frequently.  This process 
could also potentially render the sand trap unnecessary.  Similarly, without the sand trap 
the marina area would tend to infill as in the Scheme 1 simulations, but this may also be 
considered manageable.  The results also indicate, however, that the impounding and 
sluicing operations would not be effective in removing sand from the marina area. 
 
Figure 3.110 shows the effects of the scheme (without sluicing) on the sediment flux at 
three locations in the study area: at the entrance to the harbour, at the entrance to The 
Lelant, and close to the proposed marina. This analysis shows that at the Harbour 
entrance the scheme increases the ebb flux, and marginally increases the flood flux, 
suggesting no significant overall change in the tidal sand flux into the harbour (in the 
absence of sluicing).  As already identified, the proposed new breakwater has a 
significant effect on the sediment flux, particularly during the flooding phase of the tide.  
As with Scheme 1, at the entrance to The Lelant at location shown there is a small 



Hayle Harbour Development   
Hydraulic Studies Phase 2 

 

EX 5569 14  R. 2.0 

reduction in the flood flux, whilst the ebb flux is largely unchanged.  Also shown on 
this figure is a line across which the total flux was integrated throughout the tidal cycle.  
This analysis confirmed that there is a small net reduction in the import of sand into The 
Lelant.  

3.5 HYDRODYNAMIC MODELLING CONCLUSIONS 
General conclusions arising from the hydrodynamic modelling studies are as follows. 
 
1. Dredging the marina is likely to lead to a degree of sedimentation in this area.  The 

volumes associated are not especially high (10,000-20,000m3/year), and dredging 
from within the marina could be managed (as occurs in other marinas).  
Alternatively, the modelling has shown that a sand trap immediately to the west of 
the marina would be effective in reducing the marina sedimentation, and provide an 
easier area for maintenance of dredging. 

2. As occurred historically, impounding and sluicing would be effective in driving the 
marine-derived sand out of the estuary, out beyond the bar.  By this means, the 
sluicing could counteract the strong import of sand at the Harbour entrance which is 
due to both tides and waves.   

3. Given the increase in the cross-sectional area in the marina caused by the removal 
of Cockle Bank, sluicing would not, however, be effective in removing the marina 
sedimentation. 

4. Impacts of the scheme are localised.  There is evidence to suggest a small reduction 
in the sand import into The Lelant, and indeed, sluicing would tend to drive 
sediment out of the estuary so that the import of sand into the Lelant would tend to 
be further reduced. 

5. Sluicing will clearly alter the tidal characteristics of the two Pools (Carnsew and 
Copperhouse), and information on the tidal levels was passed to Buro Happold for 
further processing.  

 

4. Dispersion of sediment arising from dredging 
during the construction phase 
Studies were undertaken to assess the dispersion of fine-grained sediment arising from 
the removal of Cockle Bank, which comprises a matrix of materials ranging from rock 
to fines.  The principal aim of this assessment was to investigate the sediment transport 
pathways away from the site and identify areas that could be potentially affected by the 
fine sediment released.  The quantities of fine sediment released into the water column 
will depend on the amount available in the Bank and the proportion of this amount 
which is lost during dredging or removal, which will also depend on the plant used and 
the particulars of the operations.  Whilst it was anticipated that the concentrations of 
sediment released are likely to be small in comparison to the natural background 
concentrations, the analysis also tracked the sediment as it dispersed in order that areas 
of potential deposition of this sediment could also be identified.  
 
Given the proximity of Cockle Bank to the proposed marina (which is due to be 
dredged), this assessment also provides relevant information on the potential dispersion 
of sediment released during the construction of the marina.  
 
The dispersion of the plumes of sediment arising from the proposed dredging of Cockle 
Bank was simulated using the HR SEDPLUME-RW model (see Appendix 1).  The 
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model uses the hydrodynamic output from the TELEMAC-2D flow model of the area 
and the assumption of a logarithmic velocity profile through the water column to track 
the 3-dimensional movement of sediment particles.  Dispersal in the direction of flow is 
provided by the shear action of differential speeds through the water column while 
turbulent dispersion is modelled using a random walk technique.  The deposition and 
resuspension of particles are modelled by establishing critical shear stresses for erosion 
and deposition.  Erosion of deposited material occurs when the bed shear stress exceeds 
the critical shear stress for erosion while deposition of suspended material occurs when 
the bed shear stress falls below the critical shear stress for deposition.  
 
Note that the dispersion modelling undertaken does not represent background 
concentrations but simulates the increase of suspended sediment concentrations above 
background conditions caused by the works. 
 
At the time of undertaking this assessment the method of removal of Cockle Bank was 
not defined, and hence typical, representative parameters relating to the release of the 
fine sediment were applied. 
 
The model was set up to represent a dredger working at Cockle Bank releasing material 
for ½ hour every hour during the 1st tide of the simulation. Material was released 
through out the water column at the dredging site and the simulation continued for 
another 2 tides after the dredging finished, allowing settled sediment to be re-eroded 
and transported.  
 
The following typical sediment parameters were used for the modelling: 
• Critical shear stress for deposition (of settled sediment) = 0.1 N/m2 
• Critical shear stress for erosion (of settled sediment) = 0.2 N/m2 
• Erosion constant (of settled sediment)   = 0.001 m-1s 
• Dry density of released material    = 500 kg/ m3 
 
For the purposes of this study the rate of release of sediment into the water column 
(from the dredging operations) was set to a nominal 1.0kg/s.  The actual release rate will 
depend on the availability of the fine sediment in the load, and the plant used and 
operational methods.  In any event the results provided herein are directly scalable, so 
that, for example a release rate of 0.1kg/s would give rise to concentrations and 
deposition values a factor 10 smaller. 
 
The model was run using: 
• Release rate   = 1.0 kg/s 
• Settling velocity   = 0.001 m/s 
• No deposition in St Ives Bay (assuming wave action keeps the sediment in 

suspension) 
 
Output from the SEDPLUME model was processed to provide through-tide 
concentration fields every two hours starting from the initial release at HW, and the 
ultimate pattern of deposition at the end of this three-tide simulation.  In addition, the 
maximum concentration reached at any point during the simulation is also presented. 
 
Figure 4.1 shows the concentration plume at two-hourly intervals over the simulation 
period, which clearly show the release of sediment over the first tide (12 hours) and its 
subsequent dispersal, with re-erosion and transport when the tidal currents are strong 
enough to mobilise it. 
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By way of comparison, Figure 4.2 shows output from the earlier SANDFLOW studies 
highlighting the typical background concentrations during spring tides that occur in the 
estuary under present day (spring tide) conditions.  This information clearly highlights 
that over the areas affected by the dredging plume, the peak natural background 
concentrations are typically much larger. 
 
Figure 4.3 shows the peak concentrations occurring throughout the dredging and 
dispersal simulation and highlights the benefit of “capturing” the peak at any given 
stage.  Comparison of this figure with the images in Figure 4.2 confirms that other than 
close to the release point, the concentrations generated by the dredging are generally 
lower than background levels.  It is re-iterated that the actual concentrations occurring 
as a consequence of the dredging will be strongly dependent on the availability of fine 
sediment, and on the plant and operations used.   Hence the model output presented 
herein should be considered as indicative only and as stated above, the concentration 
fields are generally scalable with the release rate. 
 
Figure 4.4 shows where the material released from the dredging point at Cockle Bank 
deposited at the end of the three-tide simulation.  This indicates that there is the 
potential for the sediment released to be dispersed over a relatively wide area extending 
from the Carnsew and Copperhouse Pools to outside the estuary, with the potential for a 
small proportion of the material possibly settling out into these Pools and also into the 
Lelant area.  Again, as stated above the actual quantities of material settling out will 
depend on the release rate from the source.  If required, the amount of material being 
dispersed could be reduced by specialist plant as well as by restricting the dredging to 
specific periods within the tidal cycle. 
 
 



Hayle Harbour Development   
Hydraulic Studies Phase 2 

 

EX 5569 17  R. 2.0 

5. Desk assessment of water quality issues in 
Penpol Creek 

5.1 PHASE 1 ASSESSMENT 
Available data 
The main sources of information used in the Phase 1 assessment were from studies 
carried out in 1988 and 1998 related to previous plans to re-develop the harbour.  These 
studies were mainly focussed on metal concentrations in the water column and in the 
sediments in Copperhouse Pool (Smith, October 1988 and November 1988; WSP 
Environmental, 1998; Aquatic Environmental Consultants, 1998). 
 
Additional background information on the Hayle Estuary was obtained from a Nature 
Conservancy Council Report from 1989 (Field Studies Council Research Centre), and 
additional more recent summary water quality data were obtained from the Environment 
Agency website (www.environment-agency.gov.uk). 

Freshwater inputs 
Hayle Harbour and estuary are fed by two main rivers – River Hayle and Angarrack 
Stream.  The River Hayle enters the estuary outside the harbour, while Angarrack 
Stream enters the harbour via Copperhouse Pool.  The River Hayle has a mean river 
flow of about 1 m3/s and the Angarrack has an estimated mean flow of 0.1m3/s.  The 
Angarrack flows into Copperhouse Pool and has a two year return discharge of 8m3/s 
and 100 year discharge of 23m3/s.  Copperhouse Pool is also fed by the Mill Leat, an 
old millstream that is assumed to have a very low flow. 
 
The Environment Agency website provides summary water quality data for the River 
Hayle and Angarrack Stream up to 2002.  Both streams are Grade A for chemical 
quality – which essentially means that they are free of any significant sewage effluent.  
The River Hayle did not however meet its water quality target in 2002 for total zinc, 
with the 95 percentile value being too high.  Angarrack Stream met all its water quality 
targets even though its mean zinc concentrations are similar to those in the Hayle.  Both 
streams have low concentrations of phosphorus and moderately high concentrations of 
nitrate.   
 
Studies carried out in 1988 and 1998 have highlighted the high levels of arsenic in 
Angarrack Stream and particularly in Mill Leat.  These have led to very high values in 
the sediment in Copperhouse Pool – reputedly one of the highest concentrations ever 
recorded in an estuary in the UK.  (Smith, October 1988; Smith, November 1988; WSP 
Environmental; Aquatic Environmental Consultants 1988.) 
 
Consequently, the freshwater entering the harbour and estuary can be considered to be 
of reasonably good quality with the exception of the zinc and arsenic concentrations.  It 
is unlikely that the presence of a half tide barrier will lead to any problems related to 
dissolved oxygen and eutrophication largely because the harbour is likely to continue to 
have a reasonably rapid flushing time. 

Sewage inputs 
As far as can be ascertained there are no inputs of treated sewage to the estuary or the 
harbour.  Sewage for the area is treated at the Hayle (Gwithian) sewage treatment works 
and discharged via a long sea outfall into St Ives Bay to the north-east of Hayle.  Buro 
Happold have reported that there may be some combined sewer overflows (CSOs ) that 
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discharge to the harbour in wet weather.  It is unlikely the volumes arising from these 
CSOs are significant.  However it is good marina management to divert any outfalls that 
discharge directly into the marina, but care would have to be taken regarding the 
location of any such diverted outfalls to avoid the possibility of the discharge returning 
to the impoundment. 

Metals 
As mentioned above, most water quality concerns in past studies have been raised in 
regard to metals. Sediments in Copperhouse Pool were found in 1988 to have very high 
copper, zinc and arsenic concentrations.  High levels are also reported in the overlying 
water column. Data collected on the Cockle Bank in 1998 show concentrations much 
lower than in Copperhouse Pool (WSP Environmental 1988; Aquatic Environmental 
Consultants 1988). 
 
Dr Smith’s 1988 report suggests that the copper, zinc and arsenic concentrations in the 
water column in Copperhouse Pool although high were not likely to be a problem for 
human health (Smith, November 1988).  There was some doubt over the accuracy of the 
measurements of copper and zinc in the water column, and it was Dr Smith’s opinion 
that the values were likely to be higher than the environmental quality standards (EQS).  
The levels of copper and zinc in sediments were considered to be very high, although 
the limited fauna are well adapted for living in such conditions.  However, Dr Smith had 
concerns about the exceptionally high levels of arsenic in the sediments and the 
implications for human health. 
 
Thus, the main issue in Copperhouse Pool is that any changes to the hydrodynamic or 
chemical regime in the estuary would lead to the release of metals particularly arsenic 
from the sediments. 
 
Sampling in the main part of Hayle Harbour was carried out by WSP Environmental in 
1998, which included metal concentrations in the sediment and the water column.  In all 
cases, arsenic, zinc and copper concentrations in Cockle Bank were significantly lower 
than those observed in Copperhouse Pool in the earlier survey. 

5.2 PHASE 2 ASSESSMENT 
The Phase 1 study (HR Wallingford, 2005) considered the general water quality issues 
in the whole Hayle Harbour area, with particular regard to the freshwater inputs and 
contamination from metals. The discussion presented there remains valid, in general 
terms, for the developments discussed herein. 
 
Here, attention is focused on two aspects of water quality: 
 
• resuspension and transport of contaminated sediment  
• effect of impoundment in Penpol. 

Baseline conditions 
At present, the Penpol area is open to the estuary, and experiences good flushing on all 
tides. The area is fed directly by Mellanear Stream, a small freshwater stream. No data 
is available for this creek, but its properties have been estimated by comparison with the 
Angarrack Stream, which flows into Copperhouse Pool. Angarrack Stream shows low 
concentrations of all tested substances except nitrates and phosphates, which according 
to the Environment Agency are classified as ‘High’. Its mean flow rate is estimated to 
be in the order of 0.1 m3/s. 
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Taking the assumption that Mellanear Stream has similar concentrations, and an even 
lower flow rate than Angarrack Stream, the overall levels of nutrients in the Penpol 
harbour area are expected to be rather low. 
 
Under present conditions, Penpol is readily flushed by the tide, and there are no known 
problems with water quality. 

Effect of proposed impoundment in Penpol 
It is proposed to introduce a half-tide impoundment at Penpol. The flow model has been 
run with this in place; details of the model are discussed in Section 3.4.3. The results 
indicate that with the half-tide weir, the Penpol area will be very poorly flushed during 
neap tides, but will flush almost completely during two or three spring tides.  
 
This suggests that Penpol will effectively behave as a closed system during the neap 
part of the tidal cycle, when the tidal range is small, and then flush completely as 
springs are approached. The residence time between flushings will be approximately 
one week. This period is probably too short for any significant algal blooming to occur 
in the impounded harbour, even allowing for the possibility that small amounts of 
nutrients will be supplied by Melaneer Stream.  
 
It is therefore considered that the water quality is likely to be acceptable in the Penpol 
Harbour area. 
 

6. Power generation on Penpol 
As part of the impoundment in Penpol, it has been proposed to incorporate a tidal power 
generation facility. In basic form, this would consist of one or more turbines generating 
power on the ebb tide only, with the Penpol basin being filled on the flood tide through 
the standard sluices over the half-tide weir. During the ebb tide, these sluices would be 
closed, so that the flow was directed through the turbine channel.  
 
According to Garrett and Cummins (2004), the optimum regime for power generation 
reduces the tidal range inside the impoundment to 74% of that outside (i.e. from 3.75m 
to 2.8m in this case). Following their assumptions indicates that the power available in 
the Penpol system is approximately 43kW on average, over a spring tide. This 
calculation has assumed that the full tidal range can be utilised, i.e. the basin is filled to 
the undisturbed high water level, and allowed to drain completely through the turbines, 
to a level close to the existing low water.  This model of proposed operation may not be 
consistent with the construction or desired operation of the half-tide weir.  
 
Over the course of a year, this would amount to 126,000 kWh, allowing a reduction 
factor of 3 to account for the variation in tidal range over the year. This value for 
‘available power’ is an absolute maximum value; it does not include any efficiency 
losses, which would necessarily be a feature of the precise turbine design and layout.  
 
Any restrictions to the operating regime would also reduce the amount of power which 
could be obtained in practice. As an initial guide, the available power reduces with the 
square of the permitted tidal range. Turbine efficiencies are likely to decrease even 
more rapidly with a reduction in the usable head. 
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Information from the DTI (http://www.dti.gov.uk/files/file27540.xls) indicates that the 
available power value quoted above (126,000 kWh) is roughly equivalent to the annual 
electrical energy needs of fifty people (assuming two per household) in the South West 
of England. 
 

7. Summary and conclusions 
Calibrated flow and sand transport models were established for this project, using site-
specific measurements.  Specific attention was required to reproduce the water 
exchange between the main estuary and the two former sluicing ponds (Carnsew and 
Copperhouse).  Thereafter, spring and neap tide simulations were performed to establish 
a recent baseline regime against which the effects of the proposed development could be 
assessed. 
 
The baseline scenarios confirmed that the sediment transport processes within the 
harbour are dominated by tidal effects.  Waves and tides are responsible for the general 
morphology in the south of St Ives Bay.   Whereas the tidal processes are quasi-steady 
and deterministic, wave energy will vary from season to season and year to year: as a 
consequence the morphology will also vary and this is consistent with the observed 
evidence for relatively large scale beach changes at the harbour entrance. 
 
Historically, sluicing was carried out to sweep the harbour clear of sediment.  Since 
sluicing stopped the harbour has accreted, suggesting net import of sediment.  Even 
with the likely reduced storage volume of Copperhouse Pool (due to accretion) the 
simulations confirmed that sluicing would be effective in flushing sediment seawards. 
 
Historical evidence indicates that Copperhouse Pool has accreted substantially over the 
past decades.  Conversely, Carnsew Pool has not experienced the same degree of 
accretion: the northern end of Carnsew still showing a deepened area which was 
dredged to create a cooling water pool for the power station which ceased operation 
years previously.  This information suggests that Copperhouse pool has accreted due to 
sediment import from the Angarrack stream (there being no stream discharging into 
Carnsew Pool).  That the accreted areas in Copperhouse Pool include areas of 
vegetation suggests finer, cohesive sediment which is also more likely to be derived 
from the Angarrack Stream rather than from marine sources. 
 
Simulations including the proposed development were based on an initial design 
comprising: 
 
• Removal of most of Cockle Bank (leaving the most easterly end where the historic 

turning post is located) to create a dredged area at the site of the proposed marina 
with new solid breakwater immediately seawards; 

• Reinstatement of the quay immediately outside the presently derelict sluice on 
South Quay. 

 
For the final layout a half-tide weir on Penpol Creek was also included, in order to 
impound this area at approximately mean water level. 
 
Flow simulations were performed for spring and neap tide conditions, and including the 
effects of sluicing.  These tests indicated that the marina may experience some infill of 
marine-derived sand, and subsequent layouts involved the design of structured and a 
sand trap in order to minimise the amount of infill in the marina.  Ultimately, a solution 
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was obtained comprising a small sand trap immediately seaward of the marina.  The 
amount of sedimentation in this sand trap and also in the marina will depend on whether 
or not impounding and sluicing is re-instated. Without sluicing the amount of infill is 
estimated to be of the order of 10,000-20,000m3/year.  Regular sluicing from both Pools 
would tend to drive sediment back out of the estuary as occurred in the past, and in this 
case the degree of sedimentation in the sand trap (or marina) would reduce. 
 
Impounding and sluicing will alter the tidal regimes of the Pools, and water level 
information was extracted from the flow model and passed to Buro Happold for input 
into an analysis of the impact on the exposure/inundation of inter-tidal areas. 
 
Under normal operating conditions (ie without sluicing), the modelling also indicated 
that the scheme would tend to have little overall effect on the sand flux at the entrance 
to the Harbour.  Whilst the predictions suggest a small increase in the flood flux into the 
Lelant this would be short-lived since the budget at the Harbour entrance is largely 
unchanged. 
 
Construction impacts were assessed by considering the dispersion of fine material 
released from the removal of Cockle Bank and associated dredging of the proposed 
marina area.   The quantities of fine material released into the water column are likely to 
be relatively small (in comparison to the volume of fine sediment naturally entrained 
into the water column by the tide and wave action), and will depend on the type of 
dredging plant used.  Dispersion pathways were investigated, and these indicated that 
there is the potential for the sediment released to be dispersed over a relatively wide 
area extending from the Pools to outside the estuary, with a proportion of the material 
possibly settling out into the Pools and also into the Lelant area.  The amount of 
material being dispersed into these areas could be reduced by specialist plant as well as 
by restricting the dredging to specific periods within the tidal cycle. 
 
Water quality in the area focused on the potential effect of impounding water in Penpol 
Creek with a half-tide weir.  Under present conditions, Penpol is readily flushed by the 
tide, and there are no known problems with water quality.  The flow modelling results 
indicate that with the half-tide weir, the Penpol area will be very poorly flushed during 
neap tides, but will flush almost completely during two or three spring tides.  This 
suggests that Penpol will effectively behave as a closed system during the neap part of 
the tidal cycle, when the tidal range is small, and then flush completely as springs are 
approached. The residence time between flushings will be approximately one week. 
This period is probably too short for any significant algal blooming to occur in the 
impounded Creek, even allowing for the possibility that small amounts of nutrients will 
be supplied by Penpol Creek.  It is therefore considered that the water quality is likely to 
be acceptable in the Penpol area. 
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Figure 1.1 Location map 

Reproduced from Admiralty Chart 1168 by
permission of the Controller of HMSO and
the Hydrographic Office 
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Figure 2.1 Bathymetric survey transect positions (1983) 
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Figure 2.2 Locations of tidal level metering stations (1989 and 2005) and current meter 

stations (1989) 
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Figure 2.3 Locations of sediment samples (1983) 
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Figure 3.1 Model bathymetry (1983 data) 
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Figure 3.2 Model mesh 
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Figure 3.3 Comparison of modelled and observed water level at Location A 10-13 

January 1989 
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Figure 3.4 Comparison of modelled and observed water level at Locations A,B,C 10 

January 1989 
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Figure 3.5 Comparison of modelled and observed water level at Locations D,E,F 10 

January 1989 
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Figure 3.6 Comparison of modelled and observed tidal currents at Locations 1,2,3 10-12 

January 1989 
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Figure 3.7 Model baseline bathymetry (2005 data) 
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Figure 3.8 Comparison of modelled and observed water level at Locations A’ and D’ 6-8 

July 2005 
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Figure 3.9 Comparison of modelled and observed water level at Locations E’ and F’ 6-8 

July 2005 
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Figure 3.10 Highlighting variability in modelled tidal currents for identical tide 

conditions (10 Jan 1989) using 1983 and 2005 bathymetry 
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Figure 3.11 Baseline conditions spring tide flood currents (HW+9.5 Hours), 

Copperhouse sluice open (summer condition), single sluice operation on 
Carnsew Pool 
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Figure 3.12 Baseline conditions spring tide ebb currents (HW+4.5 Hours), Copperhouse 

sluice open (summer condition), single sluice operation on Carnsew Pool 
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Figure 3.13 Baseline conditions neap tide flood currents (HW+9.0 Hours), Copperhouse 

sluice open (summer condition), single sluice operation on Carnsew Pool 
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Figure 3.14 Baseline conditions neap tide ebb currents (HW+4.5 Hours), Copperhouse 

sluice open (summer condition), single sluice operation on Carnsew Pool 
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Figure 3.15 Baseline conditions spring tide flood currents (HW+9.5 Hours), 

Copperhouse sluice open (summer condition), double sluice operation on 
Carnsew Pool 
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Figure 3.16 Baseline conditions spring tide ebb currents (HW+4.5 Hours), Copperhouse 

sluice open (summer condition), double sluice operation on Carnsew Pool 
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Figure 3.17 Baseline conditions neap tide flood currents (HW+9.0 Hours), Copperhouse 

sluice open (summer condition), double sluice operation on Carnsew Pool 
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Figure 3.18 Baseline conditions neap tide ebb currents (HW+4.5 Hours), Copperhouse 

sluice open (summer condition), double sluice operation on Carnsew Pool 
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Figure 3.19 Baseline conditions spring tide peak ebb currents with impounding in 

Carnsew and Copperhouse Pools to HW + 3 hours, single sluice operation on 
Carnsew Pool 
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Figure 3.20 Baseline conditions spring tide peak ebb currents with impounding in 

Carnsew and Copperhouse Pools to HW + 3 hours, double sluice operation 
on Carnsew Pool 



Hayle Harbour Development   
Hydraulic Studies Phase 2 

 

EX 5569   R. 2.0 

T
id

al
 le

ve
l (

m
 O

D
N

)

Time from LW (hours)

/HR_projects/ddr3839/model/SedimentTransport/report/Rubensp/flow_sp_sum05a.RUB/fig3.21.i

Penpol Carnsew

Copperhouse

T
id

al
 le

ve
l (

m
 O

D
N

)

Key

Time from LW (hours)

-2.0

-1.0

0.0

1.0

2.0

3.0

4.0

0 3 6 9 12
-2.0

-1.0

0.0

1.0

2.0

3.0

4.0

0 3 6 9 12

-2.0

-1.0

0.0

1.0

2.0

3.0

4.0

0 3 6 9 12

2 sluices - impounding HW + 3

1 sluice - impounding HW + 3

2 sluices - no impounding

1 sluice - no impounding

-2.0

-1.0

0.0

1.0

2.0

3.0

4.0

0 3 6 9 12
-2.0

-1.0

0.0

1.0

2.0

3.0

4.0

0 3 6 9 12
-2.0

-1.0

0.0

1.0

2.0

3.0

4.0

0 3 6 9 12
-2.0

-1.0

0.0

1.0

2.0

3.0

4.0

0 3 6 9 12
-2.0

-1.0

0.0

1.0

2.0

3.0

4.0

0 3 6 9 12
-2.0

-1.0

0.0

1.0

2.0

3.0

4.0

0 3 6 9 12
-2.0

-1.0

0.0

1.0

2.0

3.0

4.0

0 3 6 9 12
-2.0

-1.0

0.0

1.0

2.0

3.0

4.0

0 3 6 9 12
-2.0

-1.0

0.0

1.0

2.0

3.0

4.0

0 3 6 9 12
-2.0

-1.0

0.0

1.0

2.0

3.0

4.0

0 3 6 9 12

-2.0

-1.0

0.0

1.0

2.0

3.0

4.0

0 3 6 9 12
-2.0

-1.0

0.0

1.0

2.0

3.0

4.0

0 3 6 9 12
-2.0

-1.0

0.0

1.0

2.0

3.0

4.0

0 3 6 9 12
-2.0

-1.0

0.0

1.0

2.0

3.0

4.0

0 3 6 9 12
-2.0

-1.0

0.0

1.0

2.0

3.0

4.0

0 3 6 9 12

Carnsew

Penpol

Copperhouse

 
Figure 3.21 Comparison of modelled spring tide water levels 
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Figure 3.22 Comparison of modelled neap tide water levels 
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Figure 3.23 Sand transport algorithm 
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Figure 3.24 Baseline conditions spring tide net sand flux patterns 
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Figure 3.25 Baseline conditions neap tide net sand flux patterns 
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Figure 3.26 Baseline conditions spring tide flood currents (HW+9.5 Hours), generated by 

1m waves 
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Figure 3.27 Baseline conditions spring tide ebb currents (HW+4.5 Hours), generated by 

1m waves 
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Figure 3.28 Baseline conditions spring tide flood currents (HW+9.5 Hours), generated by 

2m waves 
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Figure 3.29 Baseline conditions spring tide ebb currents (HW+4.5 Hours), generated by 

2m waves 
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Figure 3.30 Baseline conditions spring tide with 1m waves, net sand flux patterns 
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Figure 3.31 Baseline conditions spring tide with 2m waves, net sand flux patterns 
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Figure 3.32 Baseline conditions spring tide net sand flux patterns, impounding in 

Carnsew and Copperhouse Pools to HW + 3 hours, double sluice operation 
on Carnsew Pool 
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Figure 3.33 Model bathymetry, Scheme 1 
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Figure 3.34 Scheme 1 conditions spring tide peak flood currents  (HW+9.5 Hours), 

Copperhouse sluice open (summer condition), single sluice operation on 
Carnsew Pool 



Hayle Harbour Development   
Hydraulic Studies Phase 2 

 

EX 5569   R. 2.0 

/HR_projects/ddr3839/model/SedimentTransport/report/Rubensp/flow_dev08a.RUB/fig3.35.i

37000

37250

37500

37750

38000

38250

38500

154750 155000 155250 155500 155750 156000

Bed level
(mOD)
(contours)

-4

-2

0

2

4

37000

37250

37500

37750

38000

38250

38500

154750 155000 155250 155500 155750 156000

Scale
1.0 m/s

Speed
m/s

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

37000

37250

37500

37750

38000

38250

38500

154750 155000 155250 155500 155750 156000

 
Figure 3.35 Scheme 1 conditions spring tide ebb currents (HW+4.5 Hours), Copperhouse 

sluice open (summer condition), single sluice operation on Carnsew Pool 
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Figure 3.36 Scheme 1 conditions spring tide peak flood currents  (HW+9.5 Hours), 

Copperhouse sluice open (summer condition), double sluice operation on 
Carnsew Pool 
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Figure 3.37 Scheme 1 conditions spring tide ebb currents (HW+4.5 Hours), Copperhouse 

sluice open (summer condition), double sluice operation on Carnsew Pool 
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Figure 3.38 Scheme 1 conditions spring tide peak flood currents with impounding in 

Carnsew and Copperhouse Pools to HW + 3 hours, single sluice operation on 
Carnsew Pool 
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Figure 3.39 Scheme 1 conditions spring tide peak ebb currents with impounding in 

Carnsew and Copperhouse Pools to HW + 3 hours, single sluice operation on 
Carnsew Pool 
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Figure 3.40 Scheme 1 conditions spring tide peak flood currents with impounding in 

Carnsew and Copperhouse Pools to HW + 3 hours, double sluice operation 
on Carnsew Pool 
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Figure 3.41 Scheme 1 conditions spring tide peak ebb currents with impounding in 

Carnsew and Copperhouse Pools to HW + 3 hours, double sluice operation 
on Carnsew Pool 
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Figure 3.42 Scheme 1 conditions net sand flux patterns, Copperhouse sluice open 

(summer condition), single sluice operation on Carnsew Pool 
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Figure 3.43 Scheme 1 conditions net sand flux patterns, Copperhouse sluice open 

(summer condition), double sluice operation on Carnsew Pool 
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Figure 3.44 Scheme 1 conditions net sand flux patterns with impounding in Carnsew and 

Copperhouse Pools to HW + 3 hours, single sluice operation on Carnsew 
Pool 
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Figure 3.45 Scheme 1 conditions net sand flux patterns with impounding in Carnsew and 

Copperhouse Pools to HW + 3 hours, double sluice operation on Carnsew 
Pool 
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Figure 3.46 Scheme 1 conditions patterns of erosion and deposition, Copperhouse sluice 

open (summer condition), single sluice operation on Carnsew Pool 



Hayle Harbour Development   
Hydraulic Studies Phase 2 

 

EX 5569   R. 2.0 

/HR_projects/ddr3839/model/SedimentTransport/report/Rubensp/sand_dev08b.RUB/fig3.47.i

37000

37250

37500

37750

38000

38250

38500

154750 155000 155250 155500 155750 156000

Deposition
(mm/tide)

-500

-50

-40

-30

-20

-10

10

20

30

40

50

500

37000

37250

37500

37750

38000

38250

38500

154750 155000 155250 155500 155750 156000

Bed level
(mOD)
(contours)

-4

-2

0

2

4

37000

37250

37500

37750

38000

38250

38500

154750 155000 155250 155500 155750 156000

 
Figure 3.47 Scheme 1 conditions patterns of erosion and deposition, Copperhouse sluice 

open (summer condition), double sluice operation on Carnsew Pool 



Hayle Harbour Development   
Hydraulic Studies Phase 2 

 

EX 5569   R. 2.0 

/HR_projects/ddr3839/model/SedimentTransport/report/Rubensp/sand_dev08c.RUB/fig3.48.i

37000

37250

37500

37750

38000

38250

38500

154750 155000 155250 155500 155750 156000

Deposition
(mm/tide)

-500

-50

-40

-30

-20

-10

10

20

30

40

50

500

37000

37250

37500

37750

38000

38250

38500

154750 155000 155250 155500 155750 156000

Bed level
(mOD)
(contours)

-4

-2

0

2

4

37000

37250

37500

37750

38000

38250

38500

154750 155000 155250 155500 155750 156000

 
Figure 3.48 Scheme 1 conditions patterns of erosion and deposition with impounding in 

Carnsew and Copperhouse Pools to HW + 3 hours, single sluice operation on 
Carnsew Pool 
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Figure 3.49 Scheme 1 conditions patterns of erosion and deposition with impounding in 

Carnsew and Copperhouse Pools to HW + 3 hours, double sluice operation 
on Carnsew Pool 
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Figure 3.50 Scheme 1 conditions patterns of erosion and deposition in marina area, 

Copperhouse sluice open (summer condition), double sluice operation on 
Carnsew Pool 
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Figure 3.51 Scheme 1 conditions patterns of erosion and deposition in marina area with 

impounding in Carnsew and Copperhouse Pools to HW + 3 hours, double 
sluice operation on Carnsew Pool 
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Figure 3.52 Comparison between baseline and Scheme 1 of sand flux at 3 locations in 

harbour  
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Figure 3.53 Model bathymetry, Scheme 2 
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Figure 3.54 Scheme 2 conditions spring tide peak flood currents (HW+9.5 Hours), 

Copperhouse sluice open (summer condition), single sluice operation on 
Carnsew Pool 



Hayle Harbour Development   
Hydraulic Studies Phase 2 

 

EX 5569   R. 2.0 

/HR_projects/ddr3839/model/SedimentTransport/report/Rubensp/flow_dev09a.RUB/fig3.55.i

37000

37250

37500

37750

38000

38250

38500

154750 155000 155250 155500 155750 156000

Bed level
(mOD)
(contours)

-4

-2

0

2

4

37000

37250

37500

37750

38000

38250

38500

154750 155000 155250 155500 155750 156000

Scale
1.0 m/s

Speed
m/s

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

37000

37250

37500

37750

38000

38250

38500

154750 155000 155250 155500 155750 156000

 
Figure 3.55 Scheme 2 conditions spring tide ebb currents (HW+4.5 Hours), Copperhouse 

sluice open (summer condition), single sluice operation on Carnsew Pool 
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Figure 3.56 Scheme 2 conditions spring tide peak flood currents (HW+9.5 Hours), 

Copperhouse sluice open (summer condition), double sluice operation on 
Carnsew Pool 
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Figure 3.57 Scheme 2 conditions spring tide ebb currents (HW+4.5 Hours), Copperhouse 

sluice open (summer condition), double sluice operation on Carnsew Pool 
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Figure 3.58 Scheme 2 conditions spring tide peak flood currents with impounding in 

Carnsew and Copperhouse Pools to HW + 3 hours, single sluice operation on 
Carnsew Pool 
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Figure 3.59 Scheme 2 conditions spring tide peak ebb currents with impounding in 

Carnsew and Copperhouse Pools to HW + 3 hours, single sluice operation on 
Carnsew Pool 
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Figure 3.60 Scheme 2 conditions spring tide peak flood currents with impounding in 

Carnsew and Copperhouse Pools to HW + 3 hours, double sluice operation 
on Carnsew Pool 
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Figure 3.61 Scheme 2 conditions spring tide peak ebb currents with impounding in 

Carnsew and Copperhouse Pools to HW + 3 hours, double sluice operation 
on Carnsew Pool 
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Figure 3.62 Scheme 2 conditions net sand flux patterns, Copperhouse sluice open 

(summer condition), single sluice operation on Carnsew Pool 
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Figure 3.63 Scheme 2 conditions net sand flux patterns, Copperhouse sluice open 

(summer condition), double sluice operation on Carnsew Pool 
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Figure 3.64 Scheme 2 conditions net sand flux patterns with impounding in Carnsew and 

Copperhouse Pools to HW + 3 hours, single sluice operation on Carnsew 
Pool 
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Figure 3.65 Scheme 2 conditions net sand flux patterns with impounding in Carnsew and 

Copperhouse Pools to HW + 3 hours, double sluice operation on Carnsew 
Pool 
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Figure 3.66 Scheme 2 conditions patterns of erosion and deposition, Copperhouse sluice 

open (summer condition), single sluice operation on Carnsew Pool 
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Figure 3.67 Scheme 2 conditions patterns of erosion and deposition, Copperhouse sluice 

open (summer condition), double sluice operation on Carnsew Pool 
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Figure 3.68 Scheme 2 conditions patterns of erosion and deposition with impounding in 

Carnsew and Copperhouse Pools to HW + 3 hours, single sluice operation on 
Carnsew Pool 
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Figure 3.69 Scheme 2 conditions patterns of erosion and deposition with impounding in 

Carnsew and Copperhouse Pools to HW + 3 hours, double sluice operation 
on Carnsew Pool 
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Figure 3.70 Scheme 2 conditions patterns of erosion and deposition in marina area, 

Copperhouse sluice open (summer condition), double sluice operation on 
Carnsew Pool 
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Figure 3.71 Scheme 2 conditions patterns of erosion and deposition in marina area with 

impounding in Carnsew and Copperhouse Pools to HW + 3 hours, double 
sluice operation on Carnsew Pool 
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Figure 3.72 Model bathymetry, Scheme 2 with sand trap 
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Figure 3.73 Scheme 2 with sand trap conditions spring tide peak flood currents (HW+9.5 

Hours),Copperhouse sluice open (summer condition), double sluice 
operation on Carnsew Pool 
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Figure 3.74 Scheme 2 with sand trap conditions spring tide ebb currents (HW+4.5 

Hours), Copperhouse sluice open (summer condition), double sluice 
operation on Carnsew Pool 



Hayle Harbour Development   
Hydraulic Studies Phase 2 

 

EX 5569   R. 2.0 

/HR_projects/ddr3839/model/SedimentTransport/report/Rubensp/sand_dev09b_st.RUB/fig3.75.i

37000

37250

37500

37750

38000

38250

38500

154750 155000 155250 155500 155750 156000

Bed level
(mOD)
(contours)

-4

-2

0

2

4

37000

37250

37500

37750

38000

38250

38500

154750 155000 155250 155500 155750 156000

Scale
Netflux

1000 kg/m/tide

Netflux
(kg/m/tide)

0

50

100

250

500

1000

2500

5000

37000

37250

37500

37750

38000

38250

38500

154750 155000 155250 155500 155750 156000

 
Figure 3.75 Scheme 2 with sand trap conditions net sand flux patterns, Copperhouse 

sluice open (summer condition), double sluice operation on Carnsew Pool 
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Figure 3.76 Scheme 2 with sand trap conditions patterns of erosion and deposition, 

Copperhouse sluice open (summer condition), double sluice operation on 
Carnsew Pool 
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Figure 3.77 Scheme 2 with sand trap conditions patterns of erosion and deposition in 

marina area, Copperhouse sluice open (summer condition), double sluice 
operation on Carnsew Pool 
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Figure 3.78 Model bathymetry, Scheme 3 
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Figure 3.79 Scheme 3 conditions spring tide peak flood currents (HW+9.5 Hours), 

Copperhouse sluice open (summer condition), double sluice operation on 
Carnsew Pool 
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Figure 3.80 Scheme 3 conditions spring tide ebb currents (HW+4.5 Hours), Copperhouse 

sluice open (summer condition), double sluice operation on Carnsew Pool 
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Figure 3.81 Scheme 3 conditions spring tide peak flood currents with impounding in 

Carnsew and Copperhouse Pools to HW + 3 hours, double sluice operation 
on Carnsew Pool 
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Figure 3.82 Scheme 3 conditions spring tide peak ebb currents with impounding in 

Carnsew and Copperhouse Pools to HW + 3 hours, double sluice operation 
on Carnsew Pool 
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Figure 3.83 Model bathymetry, Scheme 3 with Penpol weir 
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Figure 3.84 Scheme 3 with Penpol weir conditions spring tide peak flood currents 

(HW+9.5 Hours), Copperhouse sluice open (summer condition), double 
sluice operation on Carnsew Pool 
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Figure 3.85 Scheme 3 with Penpol weir conditions spring tide peak ebb currents 

(HW+4.5 Hours), Copperhouse sluice open (summer condition), double 
sluice operation on Carnsew Pool 
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Figure 3.86 Scheme 3 with Penpol weir conditions neap tide peak flood currents 

(HW+9.5 Hours), Copperhouse sluice open (summer condition), double   
sluice operation on Carnsew Pool 
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Figure 3.87 Scheme 3 with Penpol weir conditions neap tide peak ebb currents (HW+4.5 

Hours), Copperhouse sluice open (summer condition), double sluice 
operation on Carnsew Pool 
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Figure 3.88 Scheme 3 with Penpol weir conditions spring tide peak flood currents 

(HW+9.5 Hours), with impounding in Carnsew and Copperhouse Pools to 
HW + 3 hours, double sluice operation on Carnsew Pool 
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Figure 3.89 Scheme 3 with Penpol weir conditions spring tide peak ebb currents 

(HW+4.5 Hours), with impounding in Carnsew and Copperhouse Pools to 
HW + 3 hours, double sluice operation on Carnsew Pool 
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Figure 3.90 Scheme 3 with Penpol weir conditions neap tide peak flood currents 

(HW+9.5 Hours), with impounding in Carnsew and Copperhouse Pools   
 to HW + 3 hours, double sluice operation on Carnsew Pool 
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Figure 3.91 Scheme 3 with Penpol weir conditions neap tide peak ebb currents (HW+4.5 

Hours), with impounding in Carnsew and Copperhouse Pools to HW + 3 
hours, double sluice operation on Carnsew Pool 
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Figure 3.92 Scheme 3 with Penpol weir conditions spring tide peak flood currents 

(HW+9.5 Hours), with impounding in Carnsew and Copperhouse Pools to 
HW + 3 hours, double sluice fill, single sluice empty on Carnsew Pool 
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Figure 3.93 Scheme 3 with Penpol weir conditions spring tide peak ebb currents 

(HW+4.5 Hours), with impounding in Carnsew and Copperhouse Pools to 
HW + 3 hours, double sluice fill, single sluice empty on Carnsew Pool 
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Figure 3.94 Comparison of modelled spring tide water levels with and without 

impounding, Scheme 3 
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Figure 3.95 Comparison of modelled neap tide water levels with and without 

impounding, Scheme 3 
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Figure 3.96 Scheme 3 conditions net sand flux patterns, Copperhouse sluice open 

(summer condition), double sluice operation on Carnsew Pool 
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Figure 3.97 Scheme 3 conditions net sand flux patterns with impounding in Carnsew and 

Copperhouse Pools to HW + 3 hours, double sluice operation on Carnsew 
Pool 
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Figure 3.98 Scheme 3 with Penpol weir conditions, spring tide net sand flux patterns, 

Copperhouse sluice open (summer condition), double sluice operation on 
Carnsew Pool 
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Figure 3.99 Scheme 3 with Penpol weir conditions, neap tide net sand flux patterns, 

Copperhouse sluice open (summer condition), double sluice operation on 
Carnsew Pool 
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Figure 3.100 Scheme 3 with Penpol weir conditions, spring tide net sand flux patterns 

with impounding in Carnsew and Copperhouse Pools to HW + 3 hours, 
double sluice operation on Carnsew Pool 
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Figure 3.101 Scheme 3 with Penpol weir conditions, neap tide net sand flux patterns with 

impounding in Carnsew and Copperhouse Pools to HW + 3 hours, double 
sluice operation on Carnsew Pool 
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Figure 3.102 Scheme 3 with Penpol weir conditions, spring tide net sand flux patterns 

with impounding in Carnsew and Copperhouse Pools to HW + 3 hours, 
double sluice fill, single sluice empty on Carnsew Pool 
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Figure 3.103 Scheme 3 conditions patterns of erosion and deposition, Copperhouse sluice 

open (summer condition), double sluice operation on Carnsew Pool 
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Figure 3.104 Scheme 3 conditions patterns of erosion and deposition with impounding in 

Carnsew and Copperhouse Pools to HW + 3 hours, double sluice operation 
on Carnsew Pool 
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Figure 3.105 Scheme 3 with Penpol weir conditions, spring tide patterns of erosion and 

deposition, Copperhouse sluice open (summer condition), double sluice 
operation on Carnsew Pool 
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Figure 3.106 Scheme 3 with Penpol weir conditions, neap tide patterns of erosion and 

deposition, Copperhouse sluice open (summer condition), double sluice 
operation on Carnsew Pool 
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Figure 3.107 Scheme 3 with Penpol weir conditions, spring tide patterns of erosion and 

deposition with impounding in Carnsew and Copperhouse Pools to HW +3 
hours, double sluice operation on Carnsew Pool 
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Figure 3.108 Scheme 3 with Penpol weir conditions, neap tide patterns of erosion and 

deposition patterns with impounding in Carnsew and Copperhouse Pools to 
HW +3 hours, double sluice operation on Carnsew Pool 
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Figure 3.109 Scheme 3 with Penpol weir conditions, spring tide patterns of erosion and 

deposition with impounding in Carnsew and Copperhouse Pools to HW +3 
hours, double sluice fill, single sluice empty on Carnsew Pool 
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Figure 3.110 Comparison between baseline and Scheme 3 of sand flux at 3 locations in 

harbour 
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Figure 4.1a Sediment plume concentrations during the dreding operations, HW –

HW+10hrs  
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Figure 4.1b Sediment plume concentrations during the dreding operations, HW+12hrs – 

HW+22hrs 
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Figure 4.1c Sediment plume concentrations during the dreding operations, HW+24hrs – 

HW+34hrs  
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Figure 4.2a Spring tide background suspended sediment concentrations, HW – 

HW+6hrs  



Hayle Harbour Development   
Hydraulic Studies Phase 2 

 

EX 5569   R. 2.0 

37000

37250

37500

37750

38000

38250

38500

154625 154854 155083 155312 155542 155771 156000

Concentration
mg/l

0.0

1.0

5.0

10.0

50.0

100.0

300.0

37000

37250

37500

37750

38000

38250

38500

154625 154854 155083 155312 155542 155771 156000

37000

37250

37500

37750

38000

38250

38500

154625 154854 155083 155312 155542 155771 156000

HW+8 HW+10

HW+12

37000

37250

37500

37750

38000

38250

38500

154625 154854 155083 155312 155542 155771 156000

37000

37250

37500

37750

38000

38250

38500

154625 154854 155083 155312 155542 155771 156000

37000

37250

37500

37750

38000

38250

38500

154625 154854 155083 155312 155542 155771 156000

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.2b  Spring tide background suspended sediment concentrations, HW+8hrs  - 

HW+12hrs 
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Figure 4.3 Peak suspended sediment concentrations occurring at any stage during the 
three-tide dispersion simulation 
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Figure 4.4 Deposition patterns after three-tide simulation 
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Appendix 1 Numerical model details 
 

TELEMAC-2D model details 
Description of model and main areas of application 
TELEMAC-2D is a sophisticated flow model, which was originated by LNH in Paris, 
for free surface flows.  It solves the 2D depth-integrated shallow water equations that 
are used to model flows in rivers, estuaries and seas.  It uses finite element techniques 
so that very flexible, unstructured triangular grids can be used.  It has been developed 
under a quality assurance system including the application of a standard set of 
validation tests. 
 
The model can simulate depth integrated tidal flows in estuaries and seas including the 
presence of drying banks.  It can also simulate flows in rivers including turbulence 
structures resulting from flow obstructions and transcritical flows. 
 
The advantage of using finite elements lies primarily in the possibility of using a very 
flexible grid.  This is superior to using an orthogonal curvilinear grid as the user has far 
more complete control over grid refinement with a finite element system. 
 
The applications of TELEMAC have included studies of tidal flows, storm surges, 
floods in rivers, dam break simulations, cooling water dispersion and infill of navigation 
channels. 
 
Theoretical background and solution methods 
TELEMAC solves the shallow water equations on an unstructured finite element grid 
(usually with triangular elements).  The various variables (bed elevation, water depth, 
free surface level, and the u and v velocity components) are defined at the nodes 
(vertices of triangles) and linear variation of the water and bed elevation and of the 
velocity within the triangles is assumed.   
 
When the model is used a time-step is chosen and the computation is advanced for the 
required number of time-steps.  There is no particular limit on the time-step for a stable 
computation but it is best to ensure that the Courant number based on propagation speed 
is less than about 10.  It is found that if the solution is nearly steady then few 
computational iterations are required at each step to achieve the required level of 
accuracy, which in TELEMAC is computed according to the actual divergence from the 
accurate solution.  The computation at each time-step is split into two stages, an 
advective step and a propagation-diffusion step.   
 
The advective step 
The advective step is computed using characteristics or stream-wise upwind Petrov-
Galerkin.  The characteristic step makes it possible for the code to handle such problems 
as flow over a bump giving rise to locally supercritical flow and eddies shedding behind 
flow obstructions. 

The propagation/diffusion step 
The finite element method used is based on a Galerkin variational formulation.  The 
resulting equations for the nodal values at each time-step are solved using an iterative 
method based on pre-conditioned conjugate gradient (PCG) methods so that large 
problems are solved efficiently.  Several PCG solvers are coded and a selection is 
available to the user.  The complete matrix is not assembled.  Instead an element by 
element method is used so that most of the operations are carried out on the element 
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matrices; this is computationally more efficient, both in speed of execution and in 
memory requirements.  Rather than using Gauss quadrature exact analytical formulae 
are used for the computation of matrices.  Symbolic software was used to draw up the 
formulae used.  The software makes it possible to carry out a second iteration of the 
solution at each time-step in order to represent the non-linear terms in a time centred 
way, otherwise these terms are treated explicitly.   
 
Boundary conditions 
Boundary conditions are applied at solid boundaries where a "zero normal flow" and 
either a slip or non-slip boundary condition are applied.  At open boundaries a selection 
of possibilities can be invoked depending on whether the flow is subcritical or 
supercritical or whether a wave absorbing boundary using a Riemann invariant is 
needed.  A water discharge along a boundary segment can also be applied and the 
software distributes the flow along the segment chosen.  This facility is valuable when 
running models of river reaches and the discharge in a cross section may be known 
rather than the velocity at each point in the cross-section. 
 
Grid selection 
The model can be run with a Cartesian grid for modelling rivers, estuaries and small 
areas of sea, with the possibility to apply a uniform Coriolis parameter, or on a spherical 
grid for larger areas of sea in which case the Coriolis parameter is computed from the 
latitude at each node.  The effect of a wind blowing on the water surface and causing a 
set-up or wind induced current or of an atmospheric pressure variation causing an 
inverted barometer effect can be included, as can a k-epsilon model of turbulence if 
required.   
 
Friction 
The bed friction can be specified via a Chezy, Strickler or linear coefficient, or a 
Nikuradse roughness length.  A variable friction coefficient over the model area is a 
possibility.  Sidewall friction can also be included if wanted.  Viscosity can be imposed 
as a given eddy viscosity value or a k-epsilon model can be used if needed. 
 
Tracer calculation 
TELEMAC-2D includes also the capability to simulate the transport of a tracer 
substance.  The tracer is again computed using an advective step followed by a 
propagation/diffusion step.  Tracer boundary conditions can be applied at model inflow 
boundaries.  The tracer calculation has been used in order to simulate cooling water 
dispersion and mud transport.  Sources of water and/or of tracer can be specified in 
terms of the discharge required and the x and y co-ordinates of the location. 

 
INPUTS 

 
TELEMAC requires as input a finite element grid of triangles covering the area to be 
modelled.  Bathymetric data from which the bed elevation at each node can be 
computed is also required covering the area.  A file of keyword values is used to steer 
the computation (supplies bed roughness, time-step, duration of run etc). 
 
Methods of inputting the data 
The finite element grid may be provided by a standard FE grid generator such as I-
DEAS or SIMAIL.  The software STBTEL (part of the TELEMAC suite) is used to 
read the output file from the grid generation software.  The bathymetry is input using a 
digitising tablet and the SINUSX software is used to capture the bathymetry data.  The 
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data is stored in a form to be read into the TELEMAC system and depths interpolated to 
the model nodes. 
 
Methods of checking and amending input data 
SINUSX is a powerful interactive graphical software that can be used to check and 
amend the input data.  Bathymetric curves can be duplicated, deleted, smoothed, moved 
etc. 
 
Time to set up/calibrate/run/amend model 
This depends on the form in which the data is supplied.  Typically 1-2 days to digitise 
the chart data and 1-2 days to create the finite element grid.  Boundary conditions may 
take a day to prepare.  A run may take 1 to 5 hours to run a tide (for a 2000 cell model).  
The duration of the calibration process is hard to generalise as it depends entirely on 
particular circumstances.   

 
OUTPUTS 

 
Output parameters 
The user can select from a range of output parameters including u and v velocity, u and 
v discharge, water level, bed level, water depth, tracer concentration and Froude 
number.   
 
Output files 
The TELEMAC output is contained in a single binary file which can be input to the 
graphics post-processor RUBENS.  A listing file contains reflection of the input 
keywords and information on time-step reached, number of iterations to convergence 
etc.  This file can be used to monitor the progress of a run. 

 
Output plots 
Results from the TELEMAC system are processed using the interactive graphics system 
RUBENS.  This is a powerful and friendly environment in which figures can be 
produced interactively.  By pointing and clicking time history plots, cross sections, 
vector plots and contour plots of any parameter at any position can be produced.  
Parameters other than those input can be calculated in RUBENS and plotted. 

 
GENERAL 

 
Interaction and compatibility of the model with other models 
The main modules apart from TELEMAC-2D itself (the 2D flow model code) are 
SINUSX and RUBENS (described above). 
 
The TELEMAC suite includes a bed load transport model (TSEF) and a suspended load 
model (SUBIEF). Also a wave model ARTEMIS that solves the mild slope equation. 
 
The TELEMAC modelling suite also includes a quasi-3D random walk model for 
pollution transport modelling and a detailed water quality model with many water 
quality parameters including dissolved oxygen balance and particulates. 
 
Quality Assurance 
The software has been developed under the quality assurance procedures required by 
the French Electricity Industry.  This has included the production of an extensive 
dossier of validation tests. 
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Validation 
Validation tests on TELEMAC include: 
 
• Simulation of eddies produced behind bridge piers.  This test case includes the 

ability of the model to produce an unsteady solution from steady boundary 
conditions (von Karman vortex street). 

 
• Drying on a beach. 
 
• Simulation of the tides on the continental shelf including the Bay of Biscay.  This 

model has been closely compared with the observed tides at coastal sites. 
 
• Flow over a step in the bed with critical flow and a hydraulic jump.  This solution 

is compared with the analytically known solution to this problem. 
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SANDFLOW model details 
Description of model and main areas of application 
SANDFLOW-2D is the sand transport modelling module of the TIDEWAY-2D system.  
SANDFLOW-2D uses the flows calculated by TIDEFLOW-2D to study the transport, 
deposition and erosion of non-cohesive (sandy) sediment and thereby identify areas of 
potential siltation and erosion. SANDFLOW-2D has also been adapted to use the flows 
produced by the TELEMAC flow model for sand transport calculation. 

Theoretical background and solution methods 
The sediments under consideration here are very fine and fine sands (d50~ 0.06 to 0.25 
mm) which mainly move in suspension.  The model can also be used to identify trends 
in the case of medium sand (d50~ 0.25 to 0.5 mm).  If the sediment contains a high 
proportion of clay or silt particle sizes less than 0.06 mm, it would be more appropriate 
to use the MUDFLOW-2D (TIDEWAY) or SUBIEF (TELEMAC-2D) models. 
 
The main factors controlling sand transport are: 
 
- advection by currents 
- settlement under gravity 
- turbulent diffusion in all directions (but only the vertical component is of 

significance under most circumstances) 
- exchange of sediment between the flow and the bed 
 
The study of sand transport generally is very difficult but more so in the case of 
estuaries or coastal areas. This is because the water movements are continually 
changing, with the rise and fall of the tide, and there is usually a wide range of 
sediments on the bed and areas without mobile sediment, leading to unsaturated loads in 
the water. 

Method 
Although sand transport in estuaries is really an unsteady, 3D problem, it has been 
shown by HR Wallingford that it can be dealt with using a 2D, depth-averaged model 
provided special provision is made to account for the vertical profile effects of the 
sediment concentration.  Under these circumstances the depth-averaged, suspended 
solids concentration c(x, y, t) satisfies the conservation of mass equation. 
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where 
 
(u,v) =  depth-averaged components of velocity (m/s) 
Ds =  longitudinal (shear flow) dispersion coefficient (m2/s) 
Dn =  lateral (turbulent) diffusivity (m2/s) 
(x,y) =  Cartesian co-ordinates in horizontal plane (m) 
(s,n) =  natural co-ordinates (parallel with and normal to mean flow) (m) 
t  =  time (sec) 
d  =  water depth (m) 
S  =  erosion from or deposition on the bed (kg/m2/s) 
α  = advection factor to recover the true sediment flux from the product of 

depth-averaged quantities 
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Advection factor (α) 
This is introduced to compensate for the omission of the vertical profile in the sediment 
flux terms. 
 
α = T/qcd (2) 
 
where  
 
T  =  ∫

d
o q'c'dz is the sand transport (kg/m width/s) 

q  =  the depth-averaged water speed (u2 + v2)1/2 
 
and q',c' are the full three-dimensional velocity and concentration variables. 
 
Since the highest concentrations occur near the bed it follows that α ≤ 1.  Typical values 
of α can be obtained by evaluating equation (2) for sand transport profile observations 
or from the integration of theoretical solutions for suspended solids profiles.  However, 
in practice, it is usually acceptable to take α = 1 on the grounds that the external and 
internal sources of mobile sediment are not well enough known to justify a more precise 
formulation. 

Bed exchange relations 
The simplest formulation of the bed exchange relation is 
 
S = ßs ωs  (cs - c) (3) 
 
where 
 
cs  is the depth-averaged concentration when the flow is saturated with sediment 

(kg/m3) 
ωs  is the representative settling velocity (m/s) 
ßs is a profile factor to compensate for integrating out the vertical profile of 

suspended sediment ie to correct for higher sediment concentrations near the 
bed. 

 
Deposition or erosion takes place depending on whether the instantaneous sediment 
load (c) exceeds or is less than the saturated value (cs). Pick up of sediment from the bed 
is prevented if there is no sediment available on the bed.  A shortage of material on the 
bed is reflected in a low concentration of suspended solids being advected away by the 
flow. 
 
Typical values of ßs could be obtained from actual observations of sediment profiles or 
from theoretical considerations.  However, HR Wallingford has derived an analytical 
expression for this so that bed exchanges are performed automatically.  This involves 
simplifying the vertical diffusivity relation and a profile mixing factor is introduced to 
enable the user to increase or decrease the effective mixing during calibration of the 
model.   

Sediment transport relation 
The evaluation of bed exchanges requires a depth-averaged sediment concentration (cs).  
Sandflow-2D obtains this from a sediment transport relation specified by the user.  
Three sand transport relations are supplied in the package (Ackers-White, van Rijn and 
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a simple power law) and since the source code is provided other relationships can be 
added by the user if preferred. 
 
The choice of sand transport relation needs care.  It should be borne in mind that most 
relationships found in the literature are based on river or channel data where sediments 
are more narrowly graded than in estuaries.  Also there is normally a small proportion 
of cohesive material in estuary sediments and this can alter the transport properties.  If 
possible, sand fluxes should be measured at the study site, and if such data is available it 
may be best to use it to obtain the best-fit power law relation for the site. 

Diffusion 
The dispersion (Ds) and diffusion (Dn) coefficients are not well defined.  When viewed 
in close enough detail the whole motion appears advective; but when viewed on a 
coarser grid the smallest motions appear diffusive.  Thus selection of the appropriate 
diffusion or dispersion coefficients depends on the grid size of the model - one model 
will treat as advection what a coarser grid model will treat as diffusion or dispersion. 
 
Fortunately, the solutions to the equation are not normally sensitive to Ds and Dn.  As a 
first approximation, Dn = Bdu, where d and u are representative depths and velocities.  It 
has been found that B is usually in the range 0.01 (for fairly uniform depths and smooth 
beds) to 0.1 (for irregular geometry and/or rougher beds). 
 
Ds is automatically calculated by the program for each model cell depending on the 
local depth and velocity to give more diffusion in the direction of flow.  The overall 
scale of Ds can be changed using the relative dispersion parameter (in keyword 
DIFFUSION).  This normally has the value unity but it can be adjusted upwards or 
downwards during calibration to get agreement between the model results and any 
dispersion observations that may be available. 

Numerical model 
A simple, explicit, upstream finite difference technique is used to solve the advection - 
diffusion equation.  Flux corrections are not considered to be necessary because the 
background concentrations of suspended sand are normally fairly uniform throughout 
the model in contrast to POLLFLOW-2D applications that have one or two point 
sources and correspondingly steeper concentration gradients. 
 
The use of an explicit method introduces a stability constraint on the computing time 
step (Δt). 
 
Δt < Δs/(maximum flow velocity) 
 
where Δs is the grid size (TIDEWAY) or separation between nodes (TELEMAC-2D) in 
metres.  
 
Generally, this does not pose any problems in practice because the allowable Δt is 
usually much larger than the TIDEFLOW-2D time step and there is only a single 
equation to solve in the process model compared to three in TIDEFLOW-2D.  Under 
these circumstances an explicit method is preferred because it enables the user to 
understand the code more easily and to modify the treatment of the physics of the 
processes being simulated.  Note that where TELEMAC-2D is being used the values of 
Δs will vary and so the minimum value of Δs is the most important in terms of stability. 
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The treatment of the dispersion (Ds) and diffusion (Dn) terms introduces another 
stability constraint. 
 
Δt < Δs2/4 Dmax 
 
where Dmax is the maximum of Ds and Dn. 

 
This constraint is normally weaker than the advective stability limit but the user should 
be aware that a high value of diffusivity can lead to an instability. In the event of 
problems the possible violation of both limits should be checked. 

Application of the model 
The application of the model and interpretation of the results requires a good 
understanding of sand physics.  Firstly it is important to choose representative values 
for the main parameters.  Ideally these should be based on laboratory tests of actual 
sediment samples from the site.  It is also important for the modeller to be aware of the 
limitations of this type of model when applied to real sites. 
 
In addition it should be appreciated that sand transport is not an exact science.  
Accordingly, whatever model is used, and whatever parameter values are chosen it is 
essential that results are interpreted correctly.  Provided this is done the model will be a 
valuable engineering tool. 

Calibration/validation 
Calibration of sediment models is difficult because bed changes are usually too slow or 
too variable to measure anything significant for comparison.  Sometimes historical 
charts or dredging records may be available but even then it is unlikely that the sources 
of suspended sediment can be quantified for the relevant period.  Sometimes it is 
possible to get scaling factors for model results in cases where information is available 
and use these to estimate siltation in the new situation, but in many cases one is forced 
to use the best available values for the parameters and to demonstrate that the siltation 
and erosion patterns produced by the model agree with the observed state of the estuary 
or coastal region being studied. 
 
Some evidence to support the physical realism of the model is given by the following 
results of simulation of sand transport in a flume and of observations from the Thames 
estuary. 
 
The computer model results were compared with the results of a laboratory experiment 
performed in a flume with a length of 30m, a width of 0.5m and a depth of 0.7m.  The 
discharge was measured by a circular weir.  The mean flow depth was 0.25m and the 
mean flow velocity was 0.67 m/s.  The bed material had a d50 = 230μm and a d90 = 320 
μm.  The median diameter of the particles in suspension was estimated to be about 200 
μm, resulting in a representative fall velocity of 0.022 m/s (water temperatures 9°C).  
The stream bed was covered with bed forms having a length of about 0.1m and a height 
of about 0.015m.  Small Pitot tubes were used to determine the vertical distribution of 
flow velocity.  Water samples were collected simultaneously by means of a siphon 
method at four locations to determine the spatial distribution of the sand concentrations.  
At each location (profile) five samples were collected at a height of about 0.015, 0.025, 
0.05 and 0.22m above the average bed level and these were integrated to give the 
suspended load transport.  The HR SANDFLOW-2D model was run for the same 
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conditions assuming the overall shear velocity was 0.0477 m/s and the results in Figure 
1 shows that the model could be calibrated if suitable data is available. 
 
The model was compared with some flume data to test its response to a change in the 
sediment load.  It was shown that the model simulation could be calibrated by adjusting 
the settling velocity and vertical diffusivity parameters.  This procedure is justified for 
practical applications because in nature these parameters are not well defined.  For 
example, there is no unique settling velocity because the suspended load would contain 
a range of sediment sizes and the true nature of the vertical diffusivity is not yet fully 
understood. 
 
The basic physics of the model was then checked against real field data from Foulness 
in the Thames Estuary.  There was a wide range of sediment sizes in the data but the 
model was only used to simulate individual fractions.  The saturation concentrations in 
the model were calculated using a cubic velocity relation derived from the observed 
sand fluxes. 
 
Results from the model simulation of the 75 to 100 μm sand fraction are shown in 
Figures 2 and 3 plotted at half hourly intervals with a sequence number showing the 
progression through the tide.  The model has a similar hysteresis effect to the 
observations on both stages of the tide.  The systematic underestimation of 
concentrations during the ebb is probably due to a different availability of sediment 
sizes not allowed for in the simplified model.  Nevertheless the demonstration confirms 
the general validity of the model in a natural situation. 
 
An example of the agreement achieved during validation, between the SANDFLOW-2D 
model results and observed sediment distribution is shown in Figure 4.  Note in 
particular the agreement between the areas of potential erosion predicted by the model 
and areas of rock bed, and also the areas of potential deposition and areas of sand bed 
observed. 

INPUTS 

Input data required 
SANDFLOW-2D requires as input the elevation and flow results from a TIDEFLOW-
2D run or a TELEMAC-2D run, together with information describing the initial 
distribution of sand on the bed. A boundary data file is also required to specify sediment 
concentrations at the model edges with respect to time. Other parameters required 
include the typical size of sand and its basic properties such as settling velocity and 
threshold stress for initiation of motion. 

Methods of inputting the data 
Data is input to SANDFLOW-2D using ASCII data and steering files and unformatted 
direct access results files from TIDEFLOW-2D or the TELEMAC-2D equivalent. The 
steering files are set up using the context sensitive editor included in the user interface. 

User interface 
A keyword driven interface controls all aspects of using SANDFLOW-2D from setting-
up a model through to analysis of the results. The interface includes file management 
functions, graphical presentation of results and utilities for results analysis and file 
format conversion. 
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OUTPUTS 

Output parameters 
SANDFLOW-2D calculates concentrations of suspended sediment and distributions of 
erosion and deposition are stored at user selected intervals during the run. 
SANDFLOW-2D calculates suspended sediment concentration, erosion and deposition 
throughout the model area for each time step through the tide. 

Output files 
Each run of the SANDFLOW-2D model generates three output files.  Two of these files 
contain the suspended concentrations and bed deposits. The third output file; the List 
File contains run information. 

Output plots 
The results from the SANDFLOW-2D may be represented using report quality-graphics 
utilities included in the TIDEWAY-2D system or, where TELEMAC-2D has been 
deployed, the RUBENS visualisation system.  Contour plots of suspended 
concentrations and/or bed deposits at user selected times and concentration-time and 
deposit-time plots at selected locations can be produced. 
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Figure 1 Computed and measured evolutions of sediment load 
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Figure 2 Simulation of Foulness position 1 flood tide 
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Figure 3 Simulation of Foulness position 1 ebb tide 
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Figure 4 Comparison of sand erosion/deposition areas in model (a) with observed 
sediment distribution (b) 
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SEDPLUME-RW model details 
 
Flow in a coastal region consists of large-scale tidal motion, wind-driven currents and 
small-scale turbulent eddies.  In order to model the dispersal of suspended mud in such a 
region, the effects of these flows on suspended mud plumes must be simulated.  The 
random walk dispersal model, SEDPLUME, represents turbulent diffusion as random 
displacements from the purely advective motion described by the turbulent mean 
velocities computed by the depth-averaged free surface flow model, TELEMAC-2D. 

Representation of mud disturbance 
In SEDPLUME, the release of suspended mud in coastal waters is represented as a regular 
or intermittent discharge of discrete particles.  Particles are released throughout a model 
run to simulate continuous mud disturbance or for part of the run to simulate mud 
disturbance over an interval during the tidal cycle, for instance to represent the 
resuspension of fine sediment during dredging operations.  At specified sites a number of 
particles are released in each model time-step and, in order to simulate the release of 
suspended mud, the total mud released at each site during a given time interval is divided 
equally between the released particles.  Particles can be released either at the precise 
coordinates of the specified sites, or distributed randomly, centred on the specified release 
sites.  The particles can be released at the surface or evenly distributed through the water 
column.  This allows the representation of the initial spreading of plumes of material 
released by a dredger, for example, but SEDPLUME results are generally fairly 
insensitive to the specified initial spreading radius. 

Large scale advection 
TELEMAC-2D simulates depth-averaged tidal flows in coastal waters.  SEDPLUME 
converts the depth-averaged current TELEMAC-2D output into a 3D representation of 
tidal currents using the well-known logarithmic velocity profile:   
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
Κ

=
sk

zUzU 1.30ln)( *  1 

where 
 
U = current speed (ms-1) 
U* = friction velocity for a tidal current (ms-1) 
Κ = von Karman’s constant 
z = distance above sea bed (m) 
ks = roughness length (m) 
 
Each particle is then advected by the local flow conditions.  Because the three 
dimensional structure of the flow is calculated by SEDPLUME, effects such as shear 
dispersion of plumes are automatically represented. 
 
In the case of wind-driven currents, SEDPLUME assumes that the surface wind-driven 
current is parallel to the wind vector with a speed given by: 
 

wS α=  2 
where  
 
S = surface wind-driven current speed (ms-1) 
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α = an empirical constant 
w = wind speed at 10m above the sea surface (ms-1) 
 
SEDPLUME uses this information to establish a parabolic velocity profile through depth 
due to wind which is superimposed upon the tidal current profile. 

Turbulent diffusion 
In order to simulate the effects of turbulent eddies on suspended mud plumes in coastal 
waters, particles in SEDPLUME are subjected to random displacements in addition to the 
ordered movements which represent advection by mean currents.  The motion of 
simulated plumes is, therefore, a random walk, being the resultant of ordered and random 
movements.  Provided the lengths of the turbulent displacements are correctly chosen, the 
random step procedure is analogous to the use of turbulent diffusivity in depth-averaged 
mud transport models.  This is discussed in more detail below. 
 
(a) Lateral diffusion 
 
The horizontal random movement of each particle during a time-step of SEDPLUME 
consists of a displacement derived from the parameters of the simulation.  The 
displacement of the particle in each of the orthogonal horizontal directions is calculated 
from a Gaussian distribution, with zero mean and a variance determined from the 
specified lateral diffusivity.  The relationship between the standard deviation of the 
displacement, the time-step and the diffusivity is defined in Reference 1 as: 
 

2D = 
t

2

Δ
Δ  3 

 
where 
 
Δ = standard deviation of the turbulent lateral displacement (m) 
Δt = time-step (s) 
D = lateral diffusivity (m2s-1). 
 
In a SEDPLUME simulation, a lateral diffusivity is specified, which the model reduces to 
a turbulent displacement using Equation (3).  No directional bias is required for the 
turbulent movements, as the effects of shear diffusion are effectively included through the 
calculated depth structure in the mean current profile. 
 
(b) Vertical diffusion 
 
Whilst lateral movements associated with turbulent eddies are satisfactorily represented 
by the specification of a constant diffusivity, vertical turbulent motions can vary 
significantly horizontally and over the water depth, so that vertical diffusivities must be 
computed from the characteristics of the mean flow field, rather than specified as 
constants.  In neutral conditions, the vertical diffusivity, Kz, is given by: 
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where  
 
h = height of particle above the bed 
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d  = water depth 
0.16 = (von Karman constant)2 
u = current speed 
z = vertical coordinate 
 
The value of the vertical diffusivity is calculated at each particle position, then a vertical 
turbulent displacement is derived for each particle from its Kz value using an equation 
analogous to (3) for the lateral turbulent displacement.   
 
(c) Drift velocities 
 
A particle undergoes a random walk as follows: 
 

ξ n1-n1-n1-n1-n1-nn   t)t,xB( + t)t,xA(+x = x ΔΔ  5 

 
where xn is the position of the particle at time tn, A is the advection velocity at timestep n-1 
and B is a matrix giving the diffusivity.  ξ is a vector of three random numbers, each 
drawn from a normal distribution with unit variance and zero mean.  In the case of 
SEDPLUME, B is diagonal, with the first two entries equal to √(2D) (as introduced in the 
previous section) and the third diagonal entry being equal to the local value of √(2Kz) . 
 
The movement of a particle undergoing a random walk as described in equation (5) can be 
described by the Fokker-Planck equation in the limit of a very large number of particles 
and a very short timestep, where we introduce subscripts i,j and k running over the three 
coordinate directions: 
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The probability density function f(x,t|x0,t0) is the probability of a particle which starts at 
position x0 at time t0 being at position x at time t. 
 
Equation (6) can be compared with the advection-diffusion equation for the concentration 
of a pollutant, c: 
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where Kik is the eddy diffusion matrix, diagonal in our case but not necessarily so. Thus 
identifying f with c, we can see that the two equations are equivalent provided that we 
take the advection velocity as: 
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In the case of SEDPLUME, the diffusivity varies only in the vertical and is constant in the 
horizontal, so the horizontal advection velocity is simply the flow velocity (assuming that 
the relatively small effects of changing water depth can be neglected).  However, when 
considering the movement of particles in the vertical it is important to include the gradient 
of the diffusivity (often referred to as a drift velocity) in the advection step.  If this term is 
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omitted then particles tend to accumulate in regions of low diffusivity, which in our case 
means at the surface and at the bed. 
This subject is discussed in considerably more detail in References 2, 3, 4, and 5. 

Sedimentation processes 
(a) Settling 
 
In SEDPLUME, the settling velocity (ws) of suspended mud is assumed to be related to 
the mud concentration (c) through an equation of the form: 
 

)Pc,w( = w Q
s minmax  9 

 
where wmin, P and Q are empirical constants.  Having computed a suspended mud 
concentration field, as described subsequently in this section, a settling velocity can be 
computed in each output grid cell from Equation (7) and used to derive a downward 
displacement for each particle during each time-step of a model simulation.  This 
displacement is added vectorially to the other computed ordered and random particle 
displacements.  Note that there is a specified minimum value of ws.  This results in 
settling velocities being constant at low suspended mud concentrations, as indicated by 
recent research at HR.  (Reference 6). 
 
(b) Deposition 
 
SEDPLUME computes bed shear stresses from the input tidal flow fields using the rough 
turbulent equation, based on a bed roughness length input by the user.  If the effects of 
storm waves on mud deposition and erosion at the sea bed are to be included in a model 
simulation, a bed shear stress associated with wave orbital motions, computed from the 
results of mathematical wave model simulations, is added to that resulting from the 
simulated tidal currents (Reference 7).  Where the computed bed stress, τb, falls below a 
specified critical value, τd, and the water is sufficiently deep, then deposition is assumed 
to occur.  Mud deposition is represented in SEDPLUME by particles approaching the sea 
bed becoming inactive when τb is below τd.  Whilst active particles in the water column 
contribute to the computed suspended mud concentration field, as described subsequently 
in this appendix, inactive particles contribute to the mud deposit field. 
 
In shallow areas, where tidal currents are sufficiently weak to allow mud accretion, 
normal wave action can prevent mud deposition.  This effect is included empirically in 
SEDPLUME, by specifying a minimum water depth below which deposition does not 
occur. 
 
(c) Erosion 
 
The erosion of mud deposits from the sea bed is represented in SEDPLUME by inactive 
particles returning to the water column (becoming active) when τb exceeds a specified 
erosional shear strength, τe.  The number of particles which become re-suspended in each 
cell of the output grid in each time-step of a simulation is determined by the equation: 
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where 
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me is the mass eroded (kg) 
t is time (s) 
M is an empirical erosion constant. 

Computation of suspended mud concentrations 
In SEDPLUME, suspended mud concentrations are computed on the TELEMAC-2D grid 
which can be designed to resolve the essential features of relatively small-scale plumes.  
In each SEDPLUME grid cell a concentration is derived by dividing the total suspended 
mud represented by all the active particles in that cell by the volume of the cell. 

Computation of mud deposit distributions 
SEDPLUME computes mud deposit distributions by summing the mass of mud 
represented by the inactive particles in each cell of the output grid, and assuming that the 
resulting mass is evenly distributed over the cell area. 
 
The model is usually used to simulate the dispersal of mud released by dredging-related 
activity in one of the following three ways: 
 
(a) Dredging in shallow areas releases small quantities of mud into the water column 

close to the sea bed. 
 
(b) When dredging for marine fill, the coarse sediment content of dredged material 

may be increased by over-filling of the receiving barge; with coarse material 
settling rapidly in the barge and the fine mud component remaining in suspension 
and re-entering the water column. 

 
(c) The disposal of dredged spoil in deep water results in a dense column of sediment 

descending rapidly to the sea bed.  Entrainment of water into this column results 
in some of the fine mud component entering the water column. 

 
The model is most suited to simulating detailed distributions of suspended mud and mud 
deposits near areas of dredging-related activity over a few tidal cycles.  The far-field 
effects of dredging-related activity can be simulated using other models in use at HR 
Wallingford. 
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0 EXECUTIVE SUMMARY 

The location of Works to be carried out in the harbour are shown on Drawing No BHW D 9000 02. 

The scope of the harbour works is as follows: 

1. Build new Carnsew Second Sluice  

2. New fixed pedestrian bridge at Carnsew Second Sluice channel 

3. Excavation and renovation of Carnsew Second Sluice channel 

4. Refurbishment of tunnels to Carnsew Pool and Carnsew First Sluice 

5. Excavation of harbour at Carnsew Quay/Carnsew Wharf 

6. Dredging of basin adjacent to Carnsew Wharf tunnel intake 

7. New lifting/swing pedestrian bridge at Penpol Creek 

8. Dredging of basin at south end of Penpol Creek 

9. New Penpol Creek half tide gate and pedestrian crossing 

10. Excavation and dredging of Cockle Bank and surrounding area to provide marina basin 

11. New floating pontoons for marina 

12. New Fisherman’s Quay and Slipway 

13. Excavation and dredging of harbour area to the north-west of Fisherman’s Quay 

14. New fixed vehicular bridge by Copperhouse Gate 

15. New pedestrian bridge from East Quay to North Quay 

16. Copperhouse Pool sluice gate maintenance works 

17. North Quay Wall remedial and reinstatement works 

18. North Quay (Eastern) Wall remedial and reinstatement works 

19. South Quay Wall remedial and reinstatement works 

20. East Quay Wall remedial and reinstatement works 

21. Carnsew Wharf Wall remedial and reinstatement works 

22. Carnsew Quay remedial and reinstatement works 

To assist in the consideration of the impact of harbour works on the marine environment, each of 

the sections of work listed above are described in terms of purpose of the works, the scope of work 

to be undertaken, and the methods and processes of construction.  In the following pages, the 

harbour works descriptions are given in sections 1 to 22, using the same order and numbering as 

the list above. 
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The Works contractor will need to prepare a Construction Stage Environmental Management Plan.  

This Construction Stage Environmental Management Plan will contain construction method 

statements for all areas of work affecting the environment, including measures to eliminate, limit or 

mitigate risks to the environment, and measures to contain and control pollution. 

Where methods and processes of construction are described, it is expected that works will be 

carried by the methods and processes described, or if not, by methods which will have no greater 

impact on the marine environment. 
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1 BUILD NEW CARNSEW SECOND SLUICE 

1.1 The Purpose of the Works 

The purpose of these works, together with the works for the first sluice, is to re-establish Carnsew 

Pool as a flushing reservoir, which can hold back water at high tide, which can then be used as a 

flushing water volume on the falling tide to limit the sedimentation in Hayle Harbour and to keep the 

navigation channel open.  This will reinstate the historical purpose of Carnsew Pool and thereby 

limit the need for future dredging intervention and sand excavation from the harbour, which has had 

to be carried out since the 1970’s, when the Carnsew sluice fell into disuse.  The second sluice was 

originally a mitre gate system, which when open allowed water in and out of the channel at Carnsew 

Quay, which flushed the harbour at Carnsew Quay/Carnsew Wharf.  The channel and gates have 

been designated as a Grade 2 listed Structure. When closed, the mitre gates enabled water to be 

impounded in Carnsew Pool until the sluice gates in the Carnsew First Sluice tunnels were opened 

to provide a general flush to the harbour and approach channels.  Paddle gates within the mitre 

gates could also be opened at the same time to assist in keeping the second sluice channel free of 

sedimentation.  The original mitre gates are in very poor and dilapidated condition, and it is hoped 

that at least one of these can be preserved, most likely by removal and placing in the vicinity for 

exhibition purposes.  The Carnsew Pool second sluice will be a newly constructed sluice.  

1.2 Scope of Work to be undertaken 

• Excavation of soil in the area of the second sluice to enable the new second sluice 

construction works to take place (leaving soil in place in the channel on both sides of the 

sluice site, so that there continues to be no tidal flow through the channel until the second 

sluice and channel works are complete) 

• Testing of surplus excavation, and removal to a filling area within the development site, 

appropriate to its condition and quality 

• Dewatering of the site of the second sluice 

• Construction of new reinforced concrete culvert system 

• Installation and initial commissioning of sluice gates and controls 

• Backfill to sides of new culvert system 

• Finishing and paving over culvert system for the roadway above 
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• Final commissioning of sluice gate system after channel works (Item 4) are complete and 

the system is working tidally 

Refer also to Drawing No BHW D 1801 01 and BHW D 2801 01 for further details. 

 

1.3 Methods and Processes of Construction 

The channel is currently filled, and no tidal exchange presently takes place at this location.  

Therefore the works of excavating and constructing the second sluice will be carried out as a 

conventional land based construction operation, and there will be no direct interface of construction 

works with the marine environment.  Dewatering of the excavation will be required, and the 

groundwater discharge will be to the harbour.  This discharge will need to be controlled in terms of 

suspended sediment content and water quality, and therefore a method statement and monitoring 

regime will need to be established as part of the Construction Stage Environmental Management 

Plan to ensure water quality of discharge to the harbour is within the prescribed limits. 
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2 NEW FIXED PEDESTRIAN BRIDGE AT CARNSEW 

SECOND SLUICE CHANNEL 

2.1 The Purpose of the Works 

The purpose of these works is to provide a pedestrian link between Carnsew Quay and Carnsew Wharf.  

2.2 Scope of Work to be Undertaken 

• Piled or ground bearing foundation abutment on each bank.  The abutment construction will 

be reinforced concrete 

• Erection of deck on the abutments – the deck is most likely to be of prefabricated steel or 

timber construction, though concrete should not be entirely ruled out at this stage 

• Apply deck finishes and handrails 

Refer also to Drawing No BHW D 1801 01 for location of the pedestrian bridge. 

2.3 Methods and Processes of Construction 

The pedestrian bridge will be built either together with the channel works, or subsequent to the channel works.  

In either case the construction of foundation abutments will be a conventional land based bridge construction 

operation.  The erection of the deck will also be a conventional land based bridge construction operation, 

using land based cranes.  If the erection of the deck is carried out after channel works are complete, and if 

water is flowing in and out of Carnsew Pool through the channel, then the Construction Stage Environmental 

Management Plan will need to describe measures to prevent spillage of any harmful substances into the 

channel. 
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3 EXCAVATION AND RENOVATION OF CARNSEW 

SECOND SLUICE CHANNEL 

3.1 The Purpose of the Works 

The purpose of these works, together with the works for the first and second sluices, is to re-

establish Carnsew Pool as a flushing reservoir, which can hold back water at high tide, which can 

then be used as a flushing water volume on the falling tide to limit the sedimentation in Hayle 

Harbour and to keep the navigation channel open.  This will reinstate the historical purpose of 

Carnsew Pool and thereby limit the need for future dredging intervention and sand excavation from 

the harbour, which has had to be carried out since the 1970’s, when the Carnsew sluice fell into 

disuse.  The second sluice was originally a mitre gate system, which when open allowed water in 

and out of the channel at Carnsew Quay, which flushed the harbour at Carnsew Quay/Carnsew 

Wharf.  When closed, the mitre gates enabled water to be impounded in Carnsew Pool until the 

sluice gates in the tunnels were opened to provide a general flush to the harbour and approach 

channels.  Paddle gates within the mitre gates could also be opened at the same time to assist in 

keeping the second sluice channel free of sedimentation.  The original mitre gates are in very poor 

and dilapidated condition, and it is hoped that at least one of these can be preserved, most likely by 

removal and placing in the vicinity for exhibition purposes.  The channel walls are currently covered 

by the soil fill in the channel.  When this filling is removed, the existing walls can be examined, and 

walls will either be repaired and renovated, or new walls constructed, depending on the condition of 

the existing walls. 

3.2 Scope of Work to be Undertaken 

• These works will ideally take place at the same time as the second sluice works (Item 1), and 

the Carnsew Pool temporary bund for the second sluice works should be retained until channel 

work is complete 

• Place temporary earth bund on harbour side to allow the channel works to be carried out in the 

dry 

• Removal of infill soil in the channel  

• Testing of surplus excavation, and removal to a filling area within the development site, 

appropriate to its condition and quality 

• Dewatering of the site of the channel works 
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• Inspection of existing channel walls 

• Removal and preservation of mitre gate, potentially placed as an exhibit in the vicinity 

• Renovation of existing channel walls, or construction of new stone faced channel walls, as 

appropriate 

• Place stone erosion protection at channel entrance if required 

• Remove temporary bunds 

Refer also to Drawing No BHW D 1801 01 for further details. 

 

3.3 Methods and Processes of Construction 

During construction no tidal exchange takes place at this location, as barriers will have been placed 

to allow the works to be carried out in the dry.  Tidal exchange in Carnsew Pool will, however, 

continue to take place through the existing tunnels.  The works of channel renovation and 

constructing the second sluice will be carried out in the dry as a conventional land based 

construction operation, and there will be no direct interface with the marine environment.  

Dewatering of the excavation will be required, and the groundwater discharge will be to the 

harbour.  This discharge will need to be controlled in terms of suspended sediment content and 

water quality, and therefore a method statement and monitoring regime will need to be established 

as part of the Construction Stage Environmental Management Plan to ensure water quality of 

discharge to the harbour is within the prescribed limits.  Construction of the temporary bunds will 

need to be carried out in such a manner that sediment leakage to the harbour is limited, and again a 

method statement and monitoring regime will need to be established for bund placement and 

removal as part of the Construction Stage Environmental Management Plan to ensure sediment 

leakage to the harbour is controlled. 
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4 REFURBISHMENT OF TUNNELS TO CARNSEW POOL  

4.1 The Purpose of the Works 

The purpose of these works, together with the works for the second sluice, is to re-establish 

Carnsew Pool as a flushing reservoir, which can hold back water at high tide, which can then be 

used as a flushing water volume on the falling tide to limit the sedimentation in Hayle Harbour and 

to keep the navigation channel open.  This will reinstate the historical purpose of Carnsew Pool and 

thereby limit the need for future dredging intervention and sand excavation from the harbour, which 

has had to be carried out since the 1970’s, when the Carnsew sluice fell into disuse.  The first sluice 

was a system of granite masonry tunnels, with lifting gates that were lowered into the tunnels to 

impound Carnsew Pool, or lifted out of the tunnels to allow flow in and out of the pool.  The tunnels 

and sluiceway have been designated as a Grade 2 Listed Structure. The water was impounded until 

around three hours after high tide, to provide a boost of additional flush water to ebbing tidal flows 

in the harbour and navigation channel as they approached their mid-tide peak ebb tidal velocity.  

The original gate system is no longer operational, and the tunnels currently allow water to enter and 

leave Carnsew Pool on the rising and falling tides, without holding water back in the pool to provide 

a flush some three hours after high tide.  The Carnsew Pool first sluice will be a newly constructed 

lifting gate system within the existing granite masonry tunnels, which will be repaired and 

refurbished.  

4.2 Scope of Work to be undertaken 

• Complete Carnsew Pool channel (Item 2) and second sluice works (Item 1) prior to construction 

of these works – this will allow Carnsew Pool to function as a tidal pool while these works are 

carried out. 

• Place temporary earth bund or temporary piled cofferdam on the Carnsew Pool side of the 

tunnels, to enable the tunnels to be worked on in the dry. This will provide protection against 

the maximum possible tidal fill level in Carnsew Pool. 

• Place blanking plates on the harbour face of the tunnels, to enable the tunnels to be worked on 

in the dry 

• Install dewatering to keep the works dry 

• Carry out remedial works to the tunnels – comprising granite masonry reinstatement, and re-

pointing works 
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• Construct new reinforced concrete fabricated steelwork sluice gate housing and retaining wall 

works above the tunnels 

• Install and initially commission new sluice gates and control system 

• Construct control room to enclose and house new sluice gates and controls. 

• Place stone erosion protection blankets to each side of tunnels if necessary. 

• Remove temporary bunds and blanking plates 

• Final commissioning of sluice gate system after temporary barriers are removed 

Refer also to Drawing No BHW D 1701 01 for further details. 

 

4.3 Methods and Processes of Construction 

During tunnel renovation and sluice gate construction no tidal exchange takes place at this location, 

as temporary barriers will have been placed to allow the works to be carried out in the dry.  Tidal 

exchange in Carnsew Pool will, however, continue to take place, and be effected by the 

construction and commissioning of the Carnsew second sluice.  The works of tunnel renovation and 

constructing the first sluice will be carried out in the dry as a conventional land based construction 

operation, and there will be no direct construction interface with the marine environment.  

Dewatering of the excavation will be required, and the groundwater discharge will be to the 

harbour.  This discharge will need to be controlled in terms of suspended sediment content and 

water quality, and therefore a method statement and monitoring regime will need to be established 

as part of the Construction Stage Environmental Management Plan to ensure water quality of 

discharge to the harbour is within the prescribed limits.  Construction of the bunds, if used, will 

need to be carried out in such a manner that sediment leakage to the harbour is limited, and again a 

method statement and monitoring regime will need to be established for bund placement and 

removal as part of the Construction Stage Environmental Management Plan to ensure sediment 

leakage to the harbour is controlled. If the temporary works in Carnsew Pool involves piling, then 

again, a method statement, and monitoring regime will need to be established to manage noise 

within agreed acceptable limits as part of the Construction Stage Environmental Management Plan. 
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5 EXCAVATION OF HARBOUR AT CARNSEW 

QUAY/CARNSEW WHARF 

5.1 The Purpose of the Works 

The purpose of these works, together with the works of dredging the basin adjacent to Carnsew 

Wharf tunnel intake, is to re-establish the harbour at this location, which has been filled in the past 

with demolition spoil from the adjacent South Quay.  The condition of the South Quay harbour walls 

behind this filling is not yet known, and will be established during excavation works.  These walls 

may be renovated, or constructed as new stone faced walls, depending on the condition of the 

existing walls. 

 

5.2 Scope of Work to be Undertaken 

• These works would ideally take place at the same time as the Carnsew Pool channel and 

second sluice works (Items 1 and 2), so that a temporary bund could be installed at the north 

end of Carnsew Wharf, to enable all works of Items 1, 2 and 5 to be carried out in the dry 

• Place temporary earth bund to allow the excavation works to be carried out in the dry 

• Removal of infill soil and demolition material from the harbour 

• Testing of surplus excavation, and removal to a filling area within the development site, 

appropriate to its condition and quality 

• Dewatering of the site of the excavation works 

• Inspection of existing South Quay harbour walls, which are currently covered by the harbour 

infill 

• Renovation of existing South Quay harbour walls, or construction of new stone faced harbour 

walls, as appropriate 

• Remove temporary earth bunds 

Refer also to Drawing No BHW D 1201 012 and BHW D 9000 02 for location of excavation works. 

 

5.3 Methods and Processes of Construction 

During construction no tidal exchange takes place at this location, as bunding will have been placed 

to allow the works to be carried out in the dry.  Tidal exchange in Carnsew Pool will, however, 
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continue to take place, and be effected by the existing tunnels, as the temporary bund in the 

harbour will be placed to the south of the Carnsew Pool tunnels.  The works of harbour excavation 

and harbour wall renovation or new wall construction will be carried out in the dry as a conventional 

land based construction operation, and there will be no direct construction interface with the marine 

environment.  Dewatering of the excavation will be required, and the groundwater discharge will be 

to the harbour.  This discharge will need to be controlled in terms of suspended sediment content 

and water quality, and therefore a method statement and monitoring regime will need to be 

established as part of the Construction Stage Environmental Management Plan to ensure water 

quality of discharge to the harbour is within the prescribed limits.  Construction of the bund will 

need to be carried out in such a manner that sediment leakage to the harbour is limited, and again a 

method statement and monitoring regime will need to be established for bund placement and 

removal as part of the Construction Stage Environmental Management Plan to ensure sediment 

leakage to the harbour is controlled. 
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6 DREDGING OF BASIN ADJACENT TO CARNSEW 

WHARF TUNNEL INTAKE  

6.1 The Purpose of the Works 

The purpose of these works, together with the works of excavating the harbour adjacent to 

Carnsew Quay/Cansew Wharf (Item 5), is to re-establish the harbour at this location, which has 

been filled in the past with demolition material from the adjacent South Quay. 

 

6.2 Scope of Work to be Undertaken 

• Dredging to a depth of –1.0 m OD to form a basin of this depth between South Quay and 

Carnsew Quay/Wharf. A total volume of approximately 3200 m3 of fine sand, silt and clay. 

• Testing of dredge material, processing and treatment where appropriate, and removal to a filling 

area within the development site, appropriate to its final condition and quality 

• Limits to tidal working times, or placement of screens or bunds, if required and depending on 

method of dredging, to limit escape of excessive fine sediments into the waterways 

Refer also to Drawing No BHW D 9000 02 for location of dredging works. 

 

6.3 Methods and Processes of Construction 

Dredging works are carried out within the harbour during the tidal cycle.  Due to the shallow 

dredging depth the works will be tidally affected, taking place either during low or high water 

periods, depending on whether “dry” or “wet” excavation is selected. Either mechanical or hydraulic 

methods might be employed, using backhoe/grab techniques or shallow draft cutter suction 

dredging. 

There is likely to be some loss of fines during dredging leading to sediment plumes.  Plume 

formation will need to be controlled to limit suspended sediment and contaminant concentrations in 

the water column adjacent to dredging operations, and within the harbour generally. A method 

statement and monitoring regime will need to be established as part of the Construction Stage 

Environmental Management Plan to ensure water quality and sediment concentrations within the 

harbour are within acceptable limits.  If screens or limits to operation within the tidal cycle are 
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necessary, the method statement will need to include for these provisions. In addition, if any 

dredged material is de-watered or treated ashore, it will be necessary to monitor leachate and 

particulate levels of water returning to the harbour. 

During this operation, the flow of water into and out of Carnsew Pool via the second sluice would 

not be permitted. 
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7 NEW LIFTING/SWING PEDESTRIAN BRIDGE AT 

PENPOL CREEK 

7.1 The Purpose of the Works 

The purpose of these works is to provide a pedestrian link across Penpol Creek. 

  

7.2 Scope of Work to be Undertaken 

• Piled foundation abutment on each bank.  The abutment construction will be reinforced 

concrete 

• Construction of piers within Penpol Creek.  These piers will be of steel or concrete construction, 

supported on steel or precast concrete piles. 

• Erection of deck on the abutments and piers – the deck is most likely to be of prefabricated 

steel or timber construction, though concrete should not be entirely ruled out at this stage. Part 

of the span will be a fixed deck, and part will be a lifting or swing section. 

• Installation of mechanical equipment and control system for lifting or swing operation 

• Apply deck finishes and handrails 

Refer also to Drawing No BHW D 9000 02 for location of the lifting/swing pedestrian bridge. 

 

7.3 Methods and Processes of Construction 

The construction of foundation abutments will be a conventional land based bridge construction 

operation.  The erection of the deck will also be a conventional land based bridge operation, using 

land based cranes.  Erection of piers within Penpol Creek will involve working over the water, 

possibly using marine plant within the creek, such as floating pontoon mounted cranes or jack-up 

barge mounted cranes.  The Construction Stage Environmental Management Plan will need to 

describe measures to prevent spillage of any harmful substances into the creek. 
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8 DREDGING AT SOUTH END OF PENPOL CREEK  

8.1 The Purpose of the Works 

The purpose of these works, together with the works of installing a new half tide gate at Penpol 

Creek (Item 9), is to provide a basin which does not dry at low tide, and with adequate draft to 

accommodate a historic ship moored at the southern end of Penpol Creek. 

 

8.2 Scope of Work to be Undertaken 

• Dredging to a depth of approximately –1.0 m OD. A total volume of approximately 2100 m3 of fine 

sand, silt and clay. 

• These works are best carried out at the same time as the works for the half tide gate.  The use 

of temporary bunds or cofferdam to enable the half tide gate to be constructed in the dry would 

also enable dredging works to be carried out in Penpol Creek while the creek is disconnected 

from tidal waters. However, the fluvial flow from Penpol Creek would have to be 

accommodated (see 8.3 below) 

• Install temporary pipes with sluices through temporary bund or cofferdam, to enable fluvial flow 

to Penpol Creek to pass through to the harbour 

• Testing of dredge material, processing and treatment where appropriate, and removal to a filling 

area within the development site, appropriate to its condition and quality 

Refer also to Drawing No BHW D 9000 02 for location of dredging works. 

 

8.3 Methods and Processes of Construction 

Dredging works are to be carried out within the creek while disconnected from the tidal cycle of 

Hayle Harbour. The most probable method of excavation is by long-reach backhoe excavator, 

loading material to dump truck for removal to a temporary storage area for dewatering, and or 

treatment, depending on the type of soil and its condition. In addition, when any dredged material is 

de-watered or treated ashore, it will be necessary to monitor leachate and particulate levels of 

water returning to the harbour as part of the Environmental Management Plan. It will need to be 

recognised that any work undertaken in the “dry” would in fact be continuously inundated by the 

Creek water flow, unless special measures were taken to bypass the dredging area. 
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9 NEW PENPOL CREEK HALF TIDE GATE AND 

PEDESTRIAN CROSSING 

9.1 The Purpose of the Works 

These works have three purposes: 

• Together with the works of dredging of a basin at the south end of Penpol Creek (Item 8), to 

provide a basin with adequate draft to accommodate a historic ship moored at the southern 

end of Penpol Creek, by impounding Penpol Creek to high spring level, and normal craft by 

impounding the creek to half tide level (the normal condition). 

• By means of raising the gate from its normal level at mid-tide to above the predicted 1 in 200 

year tidal flood level, to provide flood protection to Hayle 

• To provide a pedestrian link across Penpol Creek between South Quay and East Quay, which 

together with the new pedestrian bridge from East Quay to North Quay (Item 15), will link the 

redevelopment of South Quay with the redevelopment at North Quay 

 

9.2 Scope of Work to be undertaken 

• Place temporary earth bunds or cofferdam to each side of the tide gate works to enable the 

gate and pedestrian crossing to be constructed in the dry 

• Install temporary pipes with sluices through temporary bund or cofferdam, to enable fluvial flow 

to Penpol Creek to pass through to the harbour 

• Install dewatering to keep the works dry 

• Construct new reinforced concrete tidal gate housing, lifting/swing bridge supports, and 

retaining wall works 

• Install and initially commission new tide gate and control system 

• Erect steel or timber lifting/swing bridge deck above the tide barrier, on to the supports 

incorporated into the reinforced concrete tide gate housing  

• Apply deck finishes and handrails 

• Installation and commissioning of mechanical equipment and control system for lifting or swing 

operation 

• Place any required stone erosion bed protection blankets to each side of the tide gate 

• Remove earth bunds or cofferdams. 
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• Final commissioning of tide gate system after bunds are removed 

Refer also to Drawing No BHW D 1601 01 for further details. 

 

9.3 Methods and Processes of Construction 

During tide gate and pedestrian crossing construction no tidal exchange takes place at this 

location, as bunds or cofferdams will have been placed to allow the works to be carried out in the 

dry.  Dewatering of the excavation will be required, and the groundwater discharge will be to the 

harbour.  This discharge will need to be controlled in terms of suspended sediment content and 

water quality, and therefore a method statement and monitoring regime will need to be established 

as part of the Construction Stage Environmental Management Plan to ensure water quality of 

discharge to the harbour is within the prescribed limits.  Construction of any bunds will need to be 

carried out in such a manner that sediment leakage to the harbour is limited, and again a method 

statement and monitoring regime will need to be established for bund placement and removal as 

part of the Construction Stage Environmental Management Plan to ensure sediment leakage to the 

harbour is controlled. 
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10 EXCAVATION AND DREDGING OF COCKLE BANK AND 

SURROUNDING AREA TO PROVIDE FISHERMANS 

HARBOUR AND MARINA BASIN 

10.1 The Purpose of the Works 

The purpose of these works is to provide within the tidal area of the harbour a depressed zone 

which at low tide forms an impounded basin of sufficient draft for fisherman’s harbour and marina 

pontoon berthing 

 

10.2 Scope of Work to be Undertaken 

• Dredging to a depth of –4.00 m OD. A total volume of approximately 122500 m3 of gravel, sand, 

silt and clay. 

• Limits to tidal working times, or placement of screens or bunds, if required and depending on 

method of dredging, to limit escape of excessive fine sediments into the waterways 

• Testing of dredge material, processing and treatment where appropriate, and removal to a filling 

area within the development site, appropriate to its condition and quality 

Refer also to Drawing No BHW D 9000 02 for location of dredging works. 

 

10.3 Methods and Processes of Construction 

Dredging works are to be carried out within the harbour during the tidal cycle.  Due to the initial 

shallow dredging depth the works will be tidally affected, taking place either during low or high 

water periods, depending on whether “dry” or “wet” excavation is selected. Either mechanical or 

hydraulic methods might be employed, using backhoe/grab techniques or shallow draft cutter 

suction dredging. Once an area of deeper water has been formed by the dredging, the works may 

be executed continuously, since the dredger will be able to operate in a floating mode in the 

excavated portion of the works and shallow barges will be able to move around in the same area. 

There is likely to be some loss of fines during dredging leading to sediment plumes.  Plume 

formation will need to be controlled to limit suspended sediment and contaminant concentrations in 

the water column adjacent to dredging operations, and within the harbour generally. A method 
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statement and monitoring regime will need to be established as part of the Construction Stage 

Environmental Management Plan to ensure water quality and sediment concentrations within the 

harbour are within acceptable limits.  If screens or limits to operation within the tidal cycle are 

necessary, the method statement will need to include for these provisions. In addition, if any 

dredged material is de-watered or treated ashore, it will be necessary to monitor leachate and 

particulate levels of water returning to the harbour. 
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11 NEW FLOATING PONTOONS FOR MARINA 

11.1 The Purpose of the Works 

These works, involve the installation of pontoons with access links and services, which, together 

with the dredging of Cockle Bank and surrounding area (Item 10), form the Hayle Harbour marina. 

  

11.2 Scope of Work to be Undertaken 

• Steel piles within the marina area for pontoon restraint (a bed anchor system might alternatively 

be used) 

• Erection of pontoons and access links 

• Apply deck finishes and handrails 

• Installation of services to berths 

Refer also to Drawing No BHW D 1201 02 and BHW D 1401 01 for further details. 

 

11.3 Methods and Processes of Construction 

The installation of steel piles or bed anchors within the pontoon zone will involve working over the 

water, using marine plant such as pontoon mounted cranes and piling rigs, or jack-up barge 

mounted cranes and piling rigs.  Marine craft will also be used to assist in the installation of 

pontoons.  The Construction Stage Environmental Management Plan will need to describe 

measures to prevent spillage of any harmful substances into the harbour. 
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12 NEW FISHERMAN’S QUAY AND SLIPWAY 

12.1 The Purpose of the Works 

These works involve the construction of a steel sheet pipe wall quay and slipway.  The quay forms 

the western edge of the fisherman’s harbour and the eastern edge of the marina.  The slipway is 

located to the seaward side of the fisherman’s harbour. 

  

12.2 Scope of Work to be Undertaken 

• Install temporary earth bunds or utilise permanent sheet piles as cofferdam / working platform. 

• Install steel sheet piles 

• Construct concrete slipway, including side wall to slipway 

• Remove earth bunds  

• Install anchors between sheet pile walls 

• Backfill between sheet pile walls 

• Form surface slab or asphalt at quay level 

Refer also to Drawing No BHW D 1301 01, BHW D 1401 01 and BHW D 2401 01 for further details. 

 

12.3 Methods and Processes of Construction 

During quay and slipway construction no tidal exchange takes place at this location, as temporary 

bunds may have been placed to allow the works to be carried out in the dry.  Dewatering of the 

excavation will be required, and the groundwater discharge will be to the harbour.  This discharge 

will need to be controlled in terms of suspended sediment content and water quality, and therefore 

a method statement and monitoring regime will need to be established as part of the Construction 

Stage Environmental Management Plan to ensure water quality of discharge to the harbour is within 

the prescribed limits.  Construction of the temporary bunds will need to be carried out in such a 

manner that sediment leakage to the harbour is limited, and again a method statement and 

monitoring regime will need to be established for bund placement and removal as part of the 

Construction Stage Environmental Management Plan to ensure sediment leakage to the harbour is 

controlled. 
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13 EXCAVATION AND DREDGING OF HARBOUR AREA TO 

THE NORTH-WEST OF FISHERMAN’S QUAY 

13.1 The Purpose of the Works 

A considerable build-up of sand has taken place in this area over the years since flushing 

operations ceased.  The sand in this area has previously been excavated to keep the harbour 

channel open although this operation was suspended in 2005.  The purpose of these works is to 

take the coastline back to its former location, when flushing was carried out, and to provide a more 

substantial navigational and recreational area of water at the seaward end of Hayle Harbour. 

13.2 Scope of Work to be Undertaken 

• Dredging and/excavation of approximately 39000 m3 of sand to a maximum depth of –1.00 m 

OD. 

• Limits to tidal working times, or placement of screens or bunds, if required and depending on 

method of dredging, to limit escape of excessive fine sediments into the waterways 

• Testing of excavated or dredge material, processing and treatment where appropriate, and 

removal to a filling area within the development site, appropriate to its condition and quality, or 

use for beach nourishment if suitable. 

Refer also to Drawing No BHW D 9000 02 for location of dredging works. 

13.3 Methods and Processes of Construction 

It is probable that a high proportion of the material at the harbour entrance will be clean sand of a 

similar character to that at the back of the existing beaches outside the harbour. If this is indeed the 

case, it is possible that this material could be recycled back to the beaches. Excavation and 

placement may be by mechanical or hydraulic means, either as a “dry” or “ wet” operation. As a 

wet operation the sand would be pumped along the back of the beach and discharged at an 

appropriate location. A dry operation would probably be carried out during low water periods using 

mechanical plant, such as a long-reach backhoe or similar. The sand would be carted to the beach 

by dumper or truck. 

Wet dredging and excavation works are carried out within the harbour during the upper part of the 

tidal cycle.  There will be loss of fines during dredging and excavation leading to sediment plumes.  

Plume formation will need to be controlled to limit suspended sediment and contaminant 
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concentrations in the water column adjacent to dredging operations, and within the harbour 

generally. A method statement and monitoring regime will need to be established as part of the 

Construction Stage Environmental Management Plan to ensure water quality and sediment 

concentrations within the harbour are within acceptable limits.  If screens or limits to operation 

within the tidal cycle are necessary, the method statement will need to include for these provisions. 
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14 NEW VEHICULAR BRIDGE BY COPPERHOUSE GATE 

14.1 The Purpose of the Works 

The purpose of these works is to provide a vehicular crossing across Copperhouse Pool to provide 

connection between the town and the development at North Quay.  There is an existing ex-railway 

swing bridge by the Copperhouse sluice gate, which is a Grade 2 historic structure. It is currently 

used as a single lane highway, allowing traffic flow in one direction only at a time. This is a weak 

bridge, incapable of taking full highway loading.  The alignment of the existing bridge is not ideal for 

the junction required to meet anticipated traffic demand when the development is complete.  It is 

also narrow.  The new bridge, built to current highway standards, will be aligned to allow an 

adequate and safe junction arrangement, while allowing the existing historic bridge to remain 

without destroying its character. 

14.2 Scope of Work to be Undertaken 

• Piled foundation abutment on each bank located to avoid damage and imposed loads to Listed 

Quay walls.  The abutment construction will be reinforced concrete 

• Construction of piers within Copperhouse Pool.  These piers will be of steel or concrete 

construction, supported on steel or precast concrete piles. 

• Erection of deck on the abutments and piers – the deck beams are likely to be of prefabricated 

steel or concrete construction, and the final slab will be of reinforced concrete construction  

• Apply deck finishes and handrails 

Refer also to Drawing No BHW D 9000 02 for location of the road bridge. 

14.3 Methods and Processes of Construction 

The construction of foundation abutments will be a conventional land based bridge construction 

operation.  The erection of the deck will also be a conventional land based bridge operation, using 

land based cranes.  Erection of piers within Copperhouse Pool will involve working over the water, 

possibly using floating plant within Copperhouse Pool, such as pontoon mounted cranes and piling 

rigs, or jack-up barge mounted cranes and piling rigs.  In this event Copperhouse Pool may have to 

be impounded for agreed periods to facilitate this operation. The Construction Stage Environmental 

Management Plan will need to describe measures to prevent spillage of any harmful substances 

into the creek. 
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15 NEW PEDESTRIAN BRIDGE FROM EAST QUAY TO 

NORTH QUAY 

 

15.1 The Purpose of the Works 

The purpose of these works is to provide a pedestrian link from East Quay to North Quay, which 

together with the new pedestrian link across Penpol Creek between South Quay and East Quay 

(Item 9), will link the redevelopment of South Quay with the redevelopment at North Quay. The 

bridge will incorporate a lifting / swing section to allow navigation upstream. 

  

15.2 Scope of Work to be Undertaken 

• Piled foundation abutment on each bank.  The abutment construction will be reinforced 

concrete 

• Construction of piers within the harbour.  These piers will be of steel or concrete construction, 

supported on steel or precast concrete piles. 

• Erection of deck on the abutments and piers – the deck is most likely to be of prefabricated 

steel or timber construction, though concrete should not be entirely ruled out at this stage 

• Apply deck finishes and handrails 

Refer also to Drawing No BHW D 9000 02 for location of the lifting/swing pedestrian bridge. 

 

15.3 Methods and Processes of Construction 

The construction of foundation abutments will be a conventional land based bridge construction 

operation.  The erection of the deck will also be a conventional land based bridge operation, using 

land based cranes.  Erection of piers within the harbour will involve working over the water, possibly 

using marine plant within the creek, such as pontoon mounted cranes and piling rigs, or jack-up 

barge mounted cranes and piling rigs.  The Construction Stage Environmental Management Plan 

will need to describe measures to prevent spillage of any harmful substances into the creek. 
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16 COPPERHOUSE POOL SLUICE GATE WORKS 

16.1 The Purpose of the Works 

This sluice gate is in a generally fair state of repair.  However, it was designed, and is operated as a 

flood defence structure, and it is not currently used for regular flushing of the harbour.  To re-

establish its suitability for flushing, an inspection was undertaken by Kenneth Grubb Associates Ltd, 

and they recommended that further overhaul and maintenance works are undertaken to ensure 

long-term reliable future operation.  Once complete, and subject to the agreement of the 

Environment Agency which owns the structure. The historical purpose of Copperhouse Pool as a 

flushing reservoir can be reinstated, thereby limiting the need for future dredging intervention and 

sand excavation from the harbour, which has had to be carried out since sluicing was discontinued 

in the 1970’s. 

16.2 Scope of Work to be undertaken 

• Possible incorporation of sacrificial anodes on the gate and guides to help prevent future 

degradation 

• Repair to the bottom section of each guide, also involving concrete repair 

• Repairs to the bottom corners of the seals 

• Reinstatement of the original roller action 

• Reconstruction of the bottom section of the gate 

• Inspection and possible overhaul of the electrical operating system 

Refer also to Drawing No BHW D 1501 01 for location of the Copperhouse Pool sluice gate. 

16.3 Methods and Processes of Construction 

Some of the repair and refurbishment work may be carried out on the gate by removing it to land.  

However, some works will need to be carried out insitu.  Insitu works will either be carried out at low 

tides, or by installing temporary barriers at the gate housing to keep water out of the gate area.  In 

this event, a by-pass culvert on the east side of the gate can be used to allow the pool to fill and 

empty with the tide. The Construction Stage Environmental Management Plan will need to describe 

measures to prevent spillage of any harmful substances into the Pool and harbour. 

 

 



 

Hayle Harbour  Revision 01 

Harbour Works Description  September 2007 

Copyright © Buro Happold Limited  Page 35 of 49 

Buro Happold 

17 NORTH QUAY WALL REMEDIAL WORKS 

17.1 The Purpose of the Works 

A significant proportion of the granite harbour walls are Grade 2 listed, and need to be retained 

within the proposals for the harbour development.  These walls have not been designed to current 

standards, and analysis of their stability will generally show them to have inadequate factors of 

safety against sliding and overturning.  Indeed there have been some failures of the walls over the 

years.  The purpose of the works is to retain and renovate the original granite harbour walls, where 

they still stand, and to rebuild areas of collapsed wall using modern methods of construction, but 

faced with granite to match existing.  Whilst the existing walls will not have factors of safety to meet 

current standards, this is typical of walls built for docks and harbours in the 18th and 19th 

centuries.  They cannot be warranted as walls meeting current standards, but if they are well 

maintained and repaired, they should continue to provide adequate service, provided they are not 

surcharged by greater loads than have occurred in the past.  It is most likely that past failures 

occurred due to excessive dilapidation, or to excessive surcharge behind the wall, or a combination 

of the two. 

 

17.2 Scope of Work to be Undertaken 

A wall condition survey was undertaken in November and December 2004, and a schedule of works 

was prepared for harbour wall works in March 2005.  The schedule of works for the North Quay was 

quantified as follows:  

• Partial reconstruction 29m2 

• Full reconstruction 0m2 

• Replace isolated blocks 27m2 

• Re-pointing 151m2  

• Repair coping 366m 

• Repair foundation 7m 

• Further investigation required 26m 

Refer also to the harbour wall survey (December 2004) and the Harbour Wall Schedule of Works 

(March 2005). 
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17.3 Methods and Processes of Construction 

Wall reconstruction will involve casting of reinforced concrete, installation of piles, and granite 

masonry work.  Wall repairs will generally involve reinstatement of granite blocks, pointing with 

cement or lime based mortars, and the use of hydraulic cements and other similar materials for 

foundation repairs.  In some cases piling using sheet piles or bored piles could also be used in 

foundation repairs.  Work will generally be carried out in the dry, at low tide.  Where this is 

impractical due to the extent of works at a particular location (for example, if a foundation repair or 

new wall construction required longer working times), then the works could be carried out in the dry 

behind a sheet pile cofferdam wall or earth bund.  The Construction Stage Environmental 

Management Plan will need to describe measures to prevent spillage of any harmful substances 

into the harbour. 
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18 NORTH QUAY (EASTERN) WALL REMEDIAL WORKS 

18.1 The Purpose of the Works 

A significant proportion of the granite harbour walls are Grade 2 listed, and need to be retained 

within the proposals for the harbour development.  These walls have not been designed to current 

standards, and analysis of their stability will generally show them to have inadequate factors of 

safety against sliding and overturning.  Indeed there have been some failures of the walls over the 

years.  The purpose of the works is to retain and renovate the original granite harbour walls, where 

they still stand, and to rebuild areas of collapsed wall using modern methods of construction, but 

faced with granite to match existing.  Whilst the existing walls will not have factors of safety to meet 

current standards, this is typical of walls built for docks and harbours in the 18th and 19th 

centuries.  They cannot be warranted as walls meeting current standards, but if they are well 

maintained and repaired, they should continue to provide adequate service, provided they are not 

surcharged by greater loads than have occurred in the past.  It is most likely that past failures 

occurred due to excessive dilapidation, or to excessive surcharge behind the wall, or a combination 

of the two. 

18.2 Scope of Work to be Undertaken 

A wall condition survey was undertaken in November and December 2004, and a schedule of works 

was prepared for harbour wall works in March 2005.  The schedule of works for the North Quay 

(Eastern) was quantified as follows:  

• Partial reconstruction 50m2 

• Full reconstruction 0m2 

• Replace isolated blocks 2m2 

• Re-pointing 0m2  

• Repair coping 19m 

• Repair foundation 0m 

• Further investigation required 3m 

Refer also to the harbour wall survey (December 2004) and the Harbour Wall Schedule of Works 

(March 2005). 
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18.3 Methods and Processes of Construction 

Wall reconstruction will involve casting of reinforced concrete, installation of piles, and granite 

masonry work.  Wall repairs will generally involve reinstatement of granite blocks, pointing with 

cement or lime based mortars, and the use of hydraulic cements and other similar materials for 

foundation repairs.  In some cases piling using sheet piles or bored piles could also be used in 

foundation repairs.  Work will generally be carried out in the dry, at low tide.  Where this is 

impractical due to the extent of works at a particular location (for example, if a foundation repair or 

new wall construction required longer working times), then the works could be carried out in the dry 

behind a sheet pile cofferdam wall or earth bund.  The Construction Stage Environmental 

Management Plan will need to describe measures to prevent spillage of any harmful substances 

into the harbour. 
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19 SOUTH QUAY WALL REMEDIAL WORKS 

19.1 The Purpose of the Works 

A significant proportion of the granite harbour walls are Grade 2 listed, and need to be retained 

within the proposals for the harbour development.  These walls have not been designed to current 

standards, and analysis of their stability will generally show them to have inadequate factors of 

safety against sliding and overturning.  Indeed there have been some failures of the walls over the 

years.  The purpose of the works is to retain and renovate the original granite harbour walls, where 

they still stand, and to rebuild areas of collapsed wall using modern methods of construction, but 

faced with granite to match existing.  Whilst the existing walls will not have factors of safety to meet 

current standards, this is typical of walls built for docks and harbours in the 18th and 19th 

centuries.  They cannot be warranted as walls meeting current standards, but if they are well 

maintained and repaired, they should continue to provide adequate service, provided they are not 

surcharged by greater loads than have occurred in the past.  It is most likely that past failures 

occurred due to excessive dilapidation, or to excessive surcharge behind the wall, or a combination 

of the two. 

 

19.2 Scope of Work to be Undertaken 

A wall condition survey was undertaken in November and December 2004, and a schedule of works 

was prepared for harbour wall works in March 2005.  The schedule of works for the South Quay 

was quantified as follows:  

• Partial reconstruction 76m2 

• Full reconstruction 220m2 

• Replace isolated blocks 40m2 

• Re-pointing 304m2  

• Repair coping 439m 

• Repair foundation 0m 

• Further investigation required 29m (does not include the investigation for the wall 

uncovered when harbour infill is removed adjacent to Carnsew Quay/Carmnsew Wharf (Item 5)) 

Refer also to the harbour wall survey (December 2004) and the Harbour Wall Schedule of Works 

(March 2005). 
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19.3 Methods and Processes of Construction 

Wall reconstruction will involve casting of reinforced concrete, installation of piles, and granite 

masonry work.  Wall repairs will generally involve reinstatement of granite blocks, pointing with 

cement or lime based mortars, and the use of hydraulic cements and other similar materials for 

foundation repairs.  In some cases piling using sheet piles or bored piles could also be used in 

foundation repairs.  Work will generally be carried out in the dry, at low tide.  Where this is 

impractical due to the extent of works at a particular location (for example, if a foundation repair or 

new wall construction required longer working times), then the works could be carried out in the dry 

behind a sheet pile cofferdam wall or earth bund.  The Construction Stage Environmental 

Management Plan will need to describe measures to prevent spillage of any harmful substances 

into the harbour. 
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20 EAST QUAY WALL REMEDIAL WORKS 

20.1 The Purpose of the Works 

A significant proportion of the granite harbour walls are Grade 2 listed, and need to be retained 

within the proposals for the harbour development.  These walls have not been designed to current 

standards, and analysis of their stability will generally show them to have inadequate factors of 

safety against sliding and overturning.  Indeed there have been some failures of the walls over the 

years.  The purpose of the works is to retain and renovate the original granite harbour walls, where 

they still stand, and to rebuild areas of collapsed wall using modern methods of construction, but 

faced with granite to match existing.  Whilst the existing walls will not have factors of safety to meet 

current standards, this is typical of walls built for docks and harbours in the 18th and 19th 

centuries.  They cannot be warranted as walls meeting current standards, but if they are well 

maintained and repaired, they should continue to provide adequate service, provided they are not 

surcharged by greater loads than have occurred in the past.  It is most likely that past failures 

occurred due to excessive dilapidation, or to excessive surcharge behind the wall, or a combination 

of the two. 

 

20.2 Scope of Work to be Undertaken 

A wall condition survey was undertaken in November and December 2004, and a schedule of works 

was prepared for harbour wall works in March 2005.  The schedule of works for the East Quay was 

quantified as follows:  

• Partial reconstruction 9m2 

• Full reconstruction 155m2 

• Replace isolated blocks 13m2 

• Re-pointing 95m2  

• Repair coping 231m 

• Repair foundation 0m 

• Further investigation required 28m 

Refer also to the harbour wall survey (December 2004) and the Harbour Wall Schedule of Works 

(March 2005). 
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20.3 Methods and Processes of Construction 

Wall reconstruction will involve casting of reinforced concrete, installation of piles, and granite 

masonry work.  Wall repairs will generally involve reinstatement of granite blocks, pointing with 

cement based or lime mortars, and the use of hydraulic cements and other similar materials for 

foundation repairs.  In some cases piling using sheet piles or bored piles could also be used in 

foundation repairs.  Work will generally be carried out in the dry, at low tide.  Where this is 

impractical due to the extent of works at a particular location (for example, if a foundation repair or 

new wall construction required longer working times), then the works could be carried out in the dry 

behind a sheet pile cofferdam wall or earth bund.  The Construction Stage Environmental 

Management Plan will need to describe measures to prevent spillage of any harmful substances 

into the harbour. 
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21 CARNSEW WHARF WALL REMEDIAL WORKS 

21.1 The Purpose of the Works 

A significant proportion of the granite harbour walls are Grade 2 listed, and need to be retained 

within the proposals for the harbour development.  These walls have not been designed to current 

standards, and analysis of their stability will generally show them to have inadequate factors of 

safety against sliding and overturning.  Indeed there have been some failures of the walls over the 

years.  The purpose of the works is to retain and renovate the original granite harbour walls, where 

they still stand, and to rebuild areas of collapsed wall using modern methods of construction, but 

faced with granite to match existing.  Whilst the existing walls will not have factors of safety to meet 

current standards, this is typical of walls built for docks and harbours in the 18th and 19th 

centuries.  They cannot be warranted as walls meeting current standards, but if they are well 

maintained and repaired, they should continue to provide adequate service, provided they are not 

surcharged by greater loads than have occurred in the past.  It is most likely that past failures 

occurred due to excessive dilapidation, or to excessive surcharge behind the wall, or a combination 

of the two. 

 

21.2 Scope of Work to be Undertaken 

A wall condition survey was undertaken in November and December 2004, and a schedule of works 

was prepared for harbour wall works in March 2005.  The schedule of works for the East Quay was 

quantified as follows:  

• Partial reconstruction 43m2 

• Full reconstruction 0m2 

• Replace isolated blocks 6m2 

• Re-pointing 22m2  

• Repair coping 112m 

• Repair foundation 0m 

• Further investigation required 12m 

Refer also to the harbour wall survey (December 2004) and the Harbour Wall Schedule of Works 

(March 2005). 
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21.3 Methods and Processes of Construction 

Wall reconstruction will involve casting of reinforced concrete, installation of piles, and granite 

masonry work.  Wall repairs will generally involve reinstatement of granite blocks, pointing with 

cement or lime based mortars, and the use of hydraulic cements and other similar materials for 

foundation repairs.  In some cases piling using sheet piles or bored piles could also be used in 

foundation repairs.  Work will generally be carried out in the dry, at low tide.  Where this is 

impractical due to the extent of works at a particular location (for example, if a foundation repair or 

new wall construction required longer working times), then the works could be carried out in the dry 

behind a sheet pile cofferdam wall or earth bund.  The Construction Stage Environmental 

Management Plan will need to describe measures to prevent spillage of any harmful substances 

into the harbour. 
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22 CARNSEW QUAY WALL REMEDIAL WORKS 

22.1 The Purpose of the Works 

A significant proportion of the granite harbour walls are Grade 2 listed, and need to be retained 

within the proposals for the harbour development.  These walls have not been designed to current 

standards, and analysis of their stability will generally show them to have inadequate factors of 

safety against sliding and overturning.  Indeed there have been some failures of the walls over the 

years.  The purpose of the works is to retain and renovate the original granite harbour walls, where 

they still stand, and to rebuild areas of collapsed wall using modern methods of construction, but 

faced with granite to match existing.  Whilst the existing walls will not have factors of safety to meet 

current standards, this is typical of walls built for docks and harbours in the 18th and 19th 

centuries.  They cannot be warranted as walls meeting current standards, but if they are well 

maintained and repaired, they should continue to provide adequate service, provided they are not 

surcharged by greater loads than have occurred in the past.  It is most likely that past failures 

occurred due to excessive dilapidation, or to excessive surcharge behind the wall, or a combination 

of the two. 

22.2 Scope of Work to be Undertaken 

A wall condition survey was undertaken in November and December 2004, and a schedule of works 

was prepared for harbour wall works in March 2005.  The schedule of works for the Carnsew Quay 

was quantified as follows:  

• Partial reconstruction 0m2 

• Full reconstruction 0m2 

• Replace isolated blocks 0m2 

• Re-pointing 2m2  

• Repair coping 12m 

• Repair foundation 0m 

• Further investigation required 1m (does not include the investigation for the 

wall uncovered when the infill material in the channel to the Carnsew Second Sluice is removed 

(Item 2)) 

Refer also to the harbour wall survey (December 2004) and the Harbour Wall Schedule of Works 

(March 2005). 
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22.3 Methods and Processes of Construction 

Wall reconstruction will involve casting of reinforced concrete, installation of piles, and granite 

masonry work.  Wall repairs will generally involve reinstatement of granite blocks, pointing with 

cement or lime based mortars, and the use of hydraulic cements and other similar materials for 

foundation repairs.  In some cases piling using sheet piles or bored piles could also be used in 

foundation repairs.  Work will generally be carried out in the dry, at low tide.  Where this is 

impractical due to the extent of works at a particular location (for example, if a foundation repair or 

new wall construction required longer working times), then the works could be carried out in the dry 

behind a sheet pile cofferdam wall or earth bund.  The Construction Stage Environmental 

Management Plan will need to describe measures to prevent spillage of any harmful substances 

into the harbour. 
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23 CONSTRUCTION OF SLIPWAY 

23.1 The Purpose of the Works 

These works involve the construction of a slipway and side walls as well as embankment. The slipway is 

located to the seaward side of the fisherman’s harbour. The intended use of the Slipway will be to launch 

vessels constructed at the nearby construction bays  

23.2 Scope of Work to be Undertaken 

• Construct concrete slipway 

• Construction of side wall to slipway, will act as a retaining wall 

• Construction of embankment 

Refer also to drawing nos. BHW D 1301 00, BHW D 1401 00 and BHW D 2401 00 for further details 

23.3 Methods and Processes of Construction 

The Slipway and side wall will be constructed simultaneously. During construction no tidal exchange takes 

place at this location, as temporary bunds have been placed to allow the works to be carried out in the dry. .  

Dewatering of the excavation will be required, and the groundwater discharge will be to the harbour.  This 

discharge will need to be controlled in terms of suspended sediment content and water quality, and therefore a 

method statement and monitoring regime will need to be established as part of the Construction Stage 

Environmental Management Plan to ensure water quality of discharge to the harbour is within the prescribed 

limits.  Construction of the temporary bunds will need to be carried out in such a manner that sediment 

leakage to the harbour is limited, and again a method statement and monitoring regime will need to be 

established for bund placement and removal as part of the Construction Stage The construction of the 

embankment will then take place with the retaining side wall in place. Further to the embankment construction 

protection to the embankment may be required to prevent against coastal erosion. A Construction Stage 

Environmental Management Plan to ensure sediment leakage to the harbour is controlled. 
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Executive Summary 

This Flood Risk Assessment (FRA) has been prepared by Buro Happold on behalf of ING Real Estate 

Development Company Ltd for the proposed regeneration of Hayle Harbour.  

The proposed development covers a land area of 31.54 Ha. The development will include residential dwellings, 

retail units, industrial, business, office and hotel development, and parking and public realm areas. 

The assessment has been carried out in accordance with the guidance given in Planning Policy Statement 25 – 

Development and Flood Risk (PPS25) published in December 2006. 

The risks addressed within the Flood Risk Assessment are: 

• Proposed finished floor levels for all buildings. 

• Proposed entrance levels to car parks. 

• Dry and safe vehicle and pedestrian access and egress routes in the event of flooding. 

• Site and third party risks due to tidal flooding and surface water drainage. 

This assessment includes consideration of the Sequential and Exception Tests as set out in PPS25 and other 

associated guidance, and provides evidence that can be used by Penwith District Council to consider 

compliance with both tests. It refers to the draft Level 1 and draft Pre-Level 2 Strategic Flood Risk 

Assessments undertaken by Penwith District Council.  

The FRA concludes that tidal flood risk and surface water runoff flood risk measures included as part of the 

proposed development provide an appropriate response to flood risk management. Moreover, the scheme 

proposals will provide a significant reduction in tidal flood risk to vulnerable areas of existing development 

within Hayle, particularly the Foundry Square area. 

The main potential source of flooding is tidal, arising from a combination of astronomical and meteorological 

conditions, which will lead to extreme tidal levels within Hayle Harbour. The following criteria have been 

considered in relation to tidal flood risk: 

• FThe Tidal Flood Risk has considered the design life of the development. For a large water front 

development such as this, it has been considered appropriate to take the life of the development to 

be at least 100 years. 

• The predicted 1 in 200 year still water tidal level for 2117 has been considered, to include climate 

change, giving a level of 5.66m ODN. Climate change impacts have been assessed in accordance 

with the guidance given in PPS25. 
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• A freeboard allowance of 500mm has been included, to account for inherent uncertainties in the 

method of prediction. This results in a minimum required flood defence level of 6.16m ODN.  

• Despite this, and to provide a sustainable approach to flood risk management within economic 

constraints, it is proposed to set the minimum development threshold higher than the minimum 

required flood defence level, i.e. at a level at 6.35m OD. This level is 190mm higher than the 1 in 

200 year, and 10mm higher than the predicted 1 in 1000 year tidal level, including a climate 

change allowance of 1.112m and the uncertainty freeboard of 0.5m. 

With regard to surface water runoff, the development will deliver a scheme that will provide a suitable surface 

water drainage system which provides a net improvement over the existing surface water drainage 

arrangements. 

Due to the nature of the development, and its proximity to tidal waters, it is not proposed to limit the rate of 

runoff to the existing rate where discharge is proposed to the harbour. Where “greenfield” development is 

proposed (on Riviere Fields) opportunities for infiltrations systems will be explored at detail design stage where 

ground conditions permit – including geotechnical and contamination aspects. If this is not viable, and 

discharge to Copperhouse Pool is required, such discharge will be attenuated to the “greenfield” rate. 

Water quality improvements will be achieved by the interception of rainwater infiltration into contaminated 

ground, and the introduction of positive drainage, and discharge to tidal waters. Where car parking is 

proposed, the requirements of the EA’s PPG3 will be met.       

The following criteria have been addressed: 

A good understanding of the existing surface water system has been developed. 

• The proposed strategy considers climate change allowance for the life span of the development. 

• The proposed strategy aims to provide a surface water drainage system suited to the site’s history 

and current condition, and its proximity to tidal waters. It will also lead to an overall improvement of 

water quality through the reduction of infiltration into contaminated brownfield land, and through 

pollution control measures, particularly, the use of oil interceptors, where car parking drainage 

discharges to the harbour.  

The proposed strategy does not increase the risk of flooding to the site or neighbouring sites. 
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1 Introduction 

1.1 Flood Risk Assessment Overview 

This Flood Risk Assessment (FRA) has been prepared by Buro Happold on behalf of ING Real Estate (Hayle 

Harbour) Development Company Ltd for the proposed regeneration of Hayle Harbour in Cornwall.  The 

assessment has been carried out in accordance with Planning Policy Statement 25 – Development and Flood 

Risk (PPS25) which replaced the previous guidance in PPG25 in December 2006.  

The assessment considers risks associated with tidal and fluvial flooding and surface water management. 

Potential climate change impacts have been addressed, following the recommended contingency allowances 

in PPS25. 

1.2 PPS25 and the Sequential Test 

PPS25 sets out a sequential risk-based approach to development and flood risk through all stages of the 

planning process. The guidance envisages that flood risk is taken into account at all stages of the planning 

process, through Regional Flood Risk Appraisals (RFRAs), Strategic Flood Risk Assessments (SFRAs) and site 

specific Flood Risk Assessments (FRAs). In reality, at the present time, there are many Regional and Local 

Authority areas where the RFRAs and SFRAs have not yet been undertaken. In particular, at a Local Authority 

level, the undertaking of a SFRA, and more importantly, the Sequential Test is outside of the control of the site-

specific developer, as it is the Local Planning Authority that is responsible for undertaking these. 

In the case of Hayle, Penwith District Council has commenced the production of a SFRA, but there is, as yet, 

no Sequential Test with which to inform this development.  

In accordance with the risk based approach set out in PPS25, this FRA draws on the work already undertaken 

by Penwith District Council (PDC) towards their Strategic Flood Risk Assessment (SFRA), and provides a 

commentary on the Sequential Test and Exception Test that will need to be considered by PDC in relation to 

the planning application for this development. 

1.3 Consultations with the Environment Agency 

This project has had a long gestation period, and so the consultations with the Environment Agency have been 

ongoing for some time. Various meetings have been held in a number of forums, including meetings, public 

exhibitions, verbal communications, and through Plenary Sessions set up by PDC specifically for the project. 

Again, due to the length of time over which this project has been considered, the specific response to flood 

risk has evolved initially from guidance given in PPG25, through the draft PPS25 and the EA – South West 

Region Interim Guidance on Climate Change, to the most recent advice contained in PPS25 and the 

accompanying “Practice Guide Companion to PPS25”. 
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The following principles have been adopted, in discussion with the EA: 

• The Sequential and Exception Tests should be considered on the basis that this is a Harbour 

Regeneration project. Any consideration of alternative sites has to take this into account.  

• Due to the nature of this large waterfront regeneration development, including its major residential 

component, it is considered appropriate to incorporate design standards that assume a life span of 

the development to at least 100 years. The development is to be phased over 9 years, with an 

anticipated commencement of construction in 2008. For the purpose of this assessment, the design 

year for climate change impacts is taken as 2117.  

• Minimum threshold levels within the development must consider 1 in 200 year tidal event including an 

appropriate climate change allowance and freeboard. 

• Minimum threshold levels to basement/undercroft car parks must consider a 1 in 1000 year tidal event 

including an appropriate climate change allowance and freeboard.   

• In considering surface water runoff, the rainfall produced from the 1 in 100 year storm event is to be 

considered. The PPS25 guidelines recommend that for a development with life span such as this, the 

effect of climate change should be allowed for by the addition of 30% to rainfall rates when estimating 

the rainfall-runoff characteristics of the site.  

• The proposed development should demonstrate a net improvement in flood risk over the existing 

(baseline) conditions. 

The analysis contained in this report follows the guidelines set out in PPS25. The FRA focuses on ensuring that 

the appropriate measures will be put in place to minimise the tidal flood risk to the development and to 

manage the surface water runoff generated by the development. 
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2 Site and Development Description 

2.1 Existing Site 

2.1.1 Site Location 

Hayle lies in an estuary on the north-west coast of the Cornish peninsula, to the north-east of Penzance, and 

south-east of St Ives. Hayle Harbour has approximate coordinates of 155500 37500 and is situated on the 

mouth of the Hayle River estuary which flows into St Ives Bay. Figure 1 shows the location of Hayle. 

 

2.1.2 Hayle Estuary  

The Hayle Estuary is the most south- westerly estuary in mainland Britain. Figure 2 in Appendix A illustrates the 

main features of the estuary. The principal fluvial sources of the estuary are the Hayle River, the Angarrack 

Stream and the Mellanear Stream, all of which combine in Hayle Harbour before flowing north to outfall to St 

Ives Bay. Within the estuary, four main inter-tidal areas can be defined: 

• Lelant Water to the west (57 hectares of mudflats and sand flats with deep water channels); the Hayle 

River is the principal outflow. 

• Carnsew Pool, comprising 12 hectares of manmade reservoir, connected to the harbour via a system of 

tunnels in its north-eastern embankment. 
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• The harbour area, including Penpol Creek. The harbour covers approximately 15 hectares, and contains 

a number of deeper navigation channels, and shallow mudflats and sand banks, including the man-

made Cocklebank. The Mellanear Stream outfalls at the upstream (south) end of the creek. 

• Copperhouse Pool to the east.  The Pool comprises 21 hectares of mudflats and deepwater channels. 

The Angarrack Stream enters the pool at the eastern end, and outfalls into the harbour at the western 

end of the pool.  This outfall houses a flood defence sluice, owned and operated by the Environment 

Agency. 

The estuary (apart from the harbour area) has been designated a Site of Special Scientific Interest (SSSI). The 

SSSI boundaries are indicated on Figure 2.  Sand has accumulated around the estuary mouth to St. Ives Bay, 

to form beaches, sand bars and two extensive dune systems - Lelant Sandhills to the west and Hayle to 

Gwithian Towans in the east, both of which are SSSIs.  

At present, the flood tide flows through the harbour entrance channel and divides at Middle Weir to continue 

westwards into Lelant Water and eastwards into the main harbour area. Both Copperhouse and Carnsew 

Pools fill on the flood tide. On the ebb tide, waters evacuate the harbour at a rate governed by the offshore 

tidal level and constraints imposed by the outer sand bar and the constrictions at the two pools. The channels 

connecting the pools to the harbour are separated by Cocklebank.  

There is a long history of water management of Copperhouse Pool and Carnsew Pool where tidal waters were 

impounded at the top of the tide and released a few hours into the ebb tide to secure maximum scour effects 

in the harbour and entrance channel. These controlled sluicing operations became spasmodic from the 1950s 

and ceased in 1976. This aspect does not directly impact on the FRA, and details of this aspect, and 

investigations relating to the possible restoration of sluicing is dealt with the Water Chapter of the 

Environmental Statement. 

2.1.3 Site and development status 

The development site is almost entirely within the ownership of ING Real Estate Hayle Harbour Company Ltd 

(ING) that also owns the Hayle Harbour Management Company Ltd (HHMC). The HHMC is responsible for the 

operation and maintenance of Hayle Harbour, under the day to day control of the Harbour Master. The HHMC 

has certain powers and responsibilities relating to navigation and other associated activities within the harbour. 

Although in use by a commercial shellfish fleet of vessels, the harbour and adjacent land is largely derelict, and 

the harbour infrastructure is in a state of disrepair, associated with the decline of the harbour over many years. 

The development site is shown on Figure 3 in Appendix A. 
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The site is allocated within the 2004 adopted Penwith District Local Plan for regeneration as described below: 

7.3.119 PROPOSAL TV8D:  

SOUTH QUAY / FOUNDRY YARD (6.0 HA), NORTH QUAY (7.9 HA) AND EAST QUAY (1.0 HA) ARE 

PROPOSED FOR REDEVELOPMENT FOR USES WITHIN CLASSES A1, A2, A3, B1, B2, B8, C1, C3, 

D1 AND D2 OF THE TOWN AND COUNTRY PLANNING (USE CLASSES) ORDER 1987 (AS 

AMENDED). PROPOSALS FOR DEVELOPMENT WILL BE REQUIRED TO: 

(i) MAKE PROVISION FOR IMPROVED PORT FACILITIES; 

(ii) MAKE PROVISION FOR THE MAINTENANCE OF THE EXISTING LEVEL OF INDUSTRIAL AND 

STORAGE FACILITIES;  

(iii) ENSURE THAT TOWN CENTRE USES (A1, A2 AND A3) ARE CLOSELY INTEGRATED WITH THE 

ADJACENT  

TOWN CENTRE IN TERMS OF LOCATION, ORIENTATION AND PEDESTRIAN MOVEMENT;  

(iv) PROVIDE FOR AT LEAST 400 DWELLINGS WITH A TARGET FOR 25% OF PROVISION BEING 

“AFFORDABLE” AND MEETING THE REQUIREMENTS OF POLICY H-14;  

(v) BE OF A SCALE AND DESIGN THAT RESPECTS THE MARITIME ENVIRONMENT AND HERITAGE 

OF THESE PROMINENT LOCATIONS IN THE HARBOUR;  

(vi) RETAIN EXISTING BUILDINGS AND TRADITIONAL FEATURES WHICH CONTRIBUTE TO THE 

CHARACTER OF THE AREA;  

(vii) BE COMPATIBLE WITH THEIR SURROUNDINGS ; AND  

(viii) INCLUDE PROVISION FOR THE IMPROVEMENT OF THE JUNCTION BETWEEN CARNSEW 

ROAD AND FOUNDRY LANE. 

The Local Plan recognises that regeneration of Hayle Harbour cannot be undertaken by the public sector, and 

that private sector investment will be required to secure Hayle Harbour’s future.  

2.1.4 Site Description 

The site can be conveniently sub-divided into South Quay, East Quay, North Quay, Hilltop and Riviere Fields. 

These sub-divisions are shown on Figure 3 in Appendix A.  

Within the Master Plan area (within the red line in Figure 3) the existing site includes the following mixture of 

uses and features: 

• Hilltop  - small light industrial units and undeveloped areas of sand dune grassland 

• Riviere Fields – agricultural use  

• North Quay – Waste recycling facility, light industrial and commercial uses, but mainly brownfield 

condition 
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• East Quay – Small commercial uses with some brownfield condition 

• South Quay – Entirely brownfield condition, cleared of buildings 

• Harbour – Shellfish vessel moorings with some private craft 

The harbour itself is characterised by traditional granite and Scoria (local copper slag block) gravity retaining 

walls around much of the harbour perimeter. Elsewhere, particularly on the east side of Penpol Creek, there is 

a sloping natural bank which extends from the road into the bed of the creek. 

2.2 Site Levels 

Level information for the site is based on data from a number of sources. LiDAR data has been obtained from 3 

separate surveys. These include a survey from may 2003 obtained from the EA and 2 surveys commissioned 

by ING specifically for the project in July and November 2004.  In addition data has been obtained from a 

number of ground based topographic surveys, undertaken between 2002 and 2007. As part of the survey 

validation process, the LiDAR data was checked against the ground-based topographic survey, to identify 

discrepancies. The validation concluded that the LiDAR data gave levels which were, on average, 150mm 

lower than the ground based survey data. Nevertheless, for the purposes of assessing flood risk, the LiDAR 

data has been used, which provides a more conservative approach.   

The site topography is characterised by three contrasting conditions. To the north of North Quay, the Hilltop 

area lies at levels typically between 13m OD and 25m OD. To the north east, the Riviere Fields area lies at 

levels between 25m OD and 35m OD. The remainder of the site is located adjacent to the harbour, and lies at 

levels between 6m OD and 20m OD.   

Most of the harbour wall levels lie between 4.2m OD and 5.5m OD - the lowest levels being located on the 

west side of Penpol Creek (on South Quay) and the northeast corner of Carnsew Pool. Away from the harbour 

walls, the ground levels generally rise. However, the lowest levels in the area are located in Foundry Square 

(outside of the site boundary) where levels are as low as 3.8m OD. The “triangular spit” – the area of land north 

of Carnsew Pool, between Lelant Water and the harbour - is relatively flat and lies at approximately 5.9mOD. 

A more detailed contour plan is included in Appendix B. 

2.3 Existing Flood Defences  

There are three elements of flood defence that relate to the existing site. Two of these are formal flood 

defences, and the third is informal.  These are: 

• Copperhouse Gate – This gate is located at the mouth of Copperhouse Pool and provides tidal flood 

protection to the area of Copperhouse. The gate is a vertical lift sluice gate, and it is owned and 

operated by the Environment Agency. The standard of tidal flood protection provided by the gate is 

unknown, but the proposed development will not rely on this flood defence in any respect. 
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• Mellanear Stream Flood Alleviation Scheme – The National Rivers Authority (predecessors of the 

Environment Agency) undertook a flood alleviation scheme for the Mellanear Stream in the early 1990’s. 

The scheme was designed to provide a 1 in 50 year (2% annual probability) standard of protection from 

fluvial flooding from the Mellanear Stream, discharging against a constant tidal level of +3.0m ODN 

within Penpol Creek. Due to the Hayle Harbour development proposals, which will provide additional 

tidal flood defence protection to the Foundry Square area, the effect of these proposals on the standard 

of protection from the Mellanear Stream Flood Alleviation Scheme has been assessed as part of this 

FRA. 

• Hayle Harbour walls - The harbour walls provide an informal flood defence (not constructed specifically 

for this purpose) to the adjacent land and development. As noted in Section 2.2 the level of these walls 

varies. The lowest levels of the existing quays are approximately 4.1m AOD. This therefore defines the 

minimum standard of flood defence provided by these walls.  

2.4 Proposed Development 

The proposed mixed use development will consist of approximately 1000 residential dwellings, leisure and 

retail uses, business offices, hotel development, and public realm spaces.  A full description of the 

development is given in the Environmental Statement accompanying the outline Planning Application, but this 

is summarised below. Please refer to Appendix D  for the proposed Master Plan. 

• Hilltop  - this area is scheduled for low density, residential units, reflecting the traditional residential mix 

of the Towans within the sand dune grassland landscape. 

• Riviere Fields – this is scheduled for traditional and conventional residential housing  

• North Quay – this will have a mix of uses, ranging from light industrial on the old power station site to the 

north, commercial marine and fishing related uses around the proposed new harbour, residential 

apartments above retail/commercial on the majority of the development blocks, a hotel, and business 

units. 

• East Quay – Various commercial uses 

• South Quay – Retail uses at ground floor level, with residential units above.  A business and health 

centre are also included. There will also be an undercroft car park beneath part of the development, and 

it is proposed to provide additional parking on the eastern edge of the triangular spit.    

In association with this proposed development, the scheme will be underpinned by major civil engineering 

infrastructure. The marine works necessary to support the delivery of the scheme are: 

• Refurbishment of tunnels to Carnsew Pool and Carnsew First Sluice (Listed Structure) 

• New Carnsew Second Sluice (Listed Structure)  
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• New pedestrian bridges: Carnsew Second Sluice, Penpol Creek and East/North Quay. The second and 

third bridges will be swing/lifting bridges to allow navigation  

• Excavation and dredging of Cockle Bank and surrounding area to provide fishermen’s harbour and 

marina basin 

• New Penpol Creek half tide gate and pedestrian crossing (the bridge will be a lifting/swing bridge to 

allow navigation through the gate 

• New floating pontoons for marina 

• New Fishermen’s Quay 

• New fixed vehicular bridge by Copperhouse Gate 

• Copperhouse Pool sluice gate maintenance/upgrading works 

• Remedial works to Harbour walls (mostly Listed Structures) 

• Slipway and associated land-based works 

The land based civil engineering infrastructure includes: 

• New and upgraded highways 

• Two new road junctions 

• Utility supplies (gas, water, electricity) 

• Storm and foul drainage 

• Car parking 

It is proposed to phase the development over 9 years. The first phase is planned to take 3 years, and the three 

subsequent phases are planned to take 2 years each. The majority of the marine based civil engineering 

infrastructure and a significant proportion of the land based infrastructure will be undertaken in Phase 1.  
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3 Flood Risk Issues 

3.1 Historic Flood Events 

3.1.1 Fluvial flooding 

There are no recorded fluvial flood events that have affected the proposed development site itself. 

Fluvial flooding has taken place in the past within Hayle. The most recent flooding event occurred April 1985 

from the Mellanear Stream. It must be noted though that while there was heavy rainfall, the flooding was 

exacerbated due to a high tide, which prevented the stream from discharging into Penpol Creek. During the 

event, flooding depths of up to 600mm were recorded affecting 18 properties, and putting 43 properties at risk 

(these areas were protected by sand bagging).  These houses were located around Foundry Square. 

It was this flood event which led the National Rivers Authority to implement a flood alleviation scheme for the 

Mellanear Stream, with the main beneficiaries being properties in Foundry Square. 

The Hayle River is not known to have caused flooding in Hayle in the past. Since it is separated from Hayle by 

Carnsew Pool and the Middle Weir, it is not realistically possible for it to present a flood risk to Hayle, or the 

development site. 

The Angarrack Stream is not known to have caused flooding to Hayle or the proposed development site, 

although, in combination with high tidal levels, the Copperhouse area of Hayle has been known to have 

flooded in the past. It is believed that it was for this reason that the Environment Agency’s predecessors 

constructed the Copperhouse Gate in the 1970s.    

3.1.2 Tidal flooding 

Tidal flooding is known to have occurred in Hayle over past years. For example, Appendix D contains photos 

of a high tide event in October 2006, where water overtopped the quay walls. The level represented on these 

photos is approximately 4.1m ODN, based on the visual evidence, and from topographic survey data. 

In order to gain a fuller understanding of recent tidal flooding events, tide level data has been obtained from 

the EA for the years 1998 to 2007. An analysis of this data, from the Environment Agency’s Copperhouse Gate 

gauge, has shown generally that for the years 1998 to 2005 inclusive, there were no tide levels recorded above 

a level of 4.1m ODN – the level at which overtopping of the lowest quay walls would commence. However, the 

data for 2006 and 2007 suggest that there were 7 events which exceeded this level of 4.1m ODN. The highest 

tide level recorded during this period was 4.682m ODN on 20th February 2007, with another event of 4.615m 

ODN on 8th October 2006. Based on the EA’s tide level estimates for Hayle (see Section 3.3) the return period 

of these two tide levels approximate to a 1 in 500 year still water level. Although there are no factual records 

available to challenge the accuracy of this data, it appears suspect. If such levels were achieved, it would have 
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flooded the road immediately outside the Harbour Master’s office, which lies at a level of approximately 4.5m 

ODN. The Harbour Master has confirmed, from eye witness evidence, that there have been no flood events 

which have resulted in flood levels reaching beyond the road level at the top of the current slipway. The road 

level in this location is no higher than 4.2m ODN. 

It is clear from the evidence that tide levels have exceeded the lowest quay wall levels of 4.1m OD in 2006 and 

in 2007. The level of 4.1m OD has a statistical estimated return period of approximately 1 in 7 years, based on 

2007 estimated tide levels (see Section 3.3 below), and the level of 4.2m ODN has a statistical return period of 

approximately 1 in 10 years. 

Although the tide level data is not altogether reliable, it indicates that there have been no tidal events in recent 

years which have led to the flooding of property, although the near-water areas of the lowest quays (between 

4.1m OD and 4.2m OD) have experienced flooding on perhaps 7 occasions in the last 10 years. These events 

are not entirely statistically independent, as some occurred on consecutive tides, presumably affected by the 

same meteorological conditions.   

3.2 Source of Flooding 

The potential source of flooding for the proposed development is tidal, from a combination of astronomical and 

meteorological conditions resulting in extreme sea levels within Hayle Harbour. There is no evidence that either 

fluvial or ground water flow is a potential flood source. Pluvial flood risk is a potential source of flooding, arising 

from increased impermeability of the development itself. This risk will be managed through the design process, 

to ensure that no existing or proposed property is placed at flood risk due to rainfall runoff conditions. 

Figure 4 shows the flood zone map provided by the Environment Agency indicating the approximate extent of 

Flood Zones 1, 2 and 3.  The dark blue area (Flood Zone 3) has a 0.5% annual probability (1 in 200) or greater 

of tidal flooding. The lighter blue area (Flood Zone 2) indicates the extent of an extreme tidal flood, with a 0.1% 

annual probability (1 in 1000) of occurring. Areas not covered by either of these represents Flood Zone 1, with 

a less than a 0.1% annual probability (<1 in 1000) of occurring. 

 

Flooding from rivers or sea without defences 

(1 in 200 year tidal flood event) 

Extent of extreme flood (1 in 1000 year tidal flood event) 

Flood defences  

Areas benefiting from flood defences  
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Figure 4: Environment Agency's Flood Plain Map1    

3.3 Baseline Flood Levels  

Tidal flood risk has been assessed using the Environment Agency’s Report on Extreme Tidal Levels, 2003. 

Table 1 below reproduces the predicted still water tide levels at Hayle Harbour (Copperhouse), for a range of 

return periods.   

Hayle Copperhouse Estuary 

Return Period Tidal Still Water Level (m ODN) – 2003 

1 3.98 

5 4.00 

10 4.19 

25 4.29 

50 4.35 

100 4.46 

200 4.53 

500 4.63 

1000 4.71 

Source of Data: Report on Extreme Tide Levels,2003 

 

Table 1 – Predicted Still Water Tide Levels for Hayle Harbour (Copperhouse) – 2003 

These levels have been brought to the present day (2007) by applying the contingency allowance of 3.5mm per 

year for sea level rise, as recommended in Table B1 of PPS25. Table 2 below gives the predicted levels for 

2007, with the climate change allowance included. 

                                                             

1 Environment Agency. http://www.environment-agency.gov.uk/ . Retrieved July 2007. 
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Hayle Copperhouse Estuary 

Return Period Tidal Still Water Level (m ODN) – 2007 

1 3.998 

5 4.018 

10 4.208 

25 4.308 

50 4.368 

100 4.478 

200 4.548 

500 4.648 

1000 4.728 

Source of Data: Report on Extreme Tide Levels,2003 

 

Table 2 – Predicted Still water Tidal Levels for Hayle Harbour (Copperhouse) – 2007 

For the purpose of assessing the flood risk issues to the development, the flood levels produced from the 1 in 

200 year (0.5% annual probability) event (Zone 3 – PPS25) and the 1 in 1000 year (0.1% annual probability) 

event (Zone 2 – PPS25) have been taken as the baseline flood levels. The predicted levels for the year 2007 for 

the 1 in 200 and 1 in 1000 year Still Water Levels are 4.548m ODN and 4.728m ODN respectively. 

3.4 Climate Change Allowance 

PPS25 recommends that consideration be given to the flood risk over the life of the development to take 

account of potential climate change impacts. For assessment purposes the life of the development has been 

taken as 100 years. Currently, construction is anticipated to commence in 2008 and take 9 years, with 

completion estimated for 2017. The 100 year design life therefore equates to an assessment year of 2117 for 

climate change impacts.  The methodology used to estimate the climate change allowance has been based on 

the guidance given in Table B.1 of PPS25. Using 2007 as the base year, the climate change allowance has 

been assessed as follows: 
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Period Years Annual 

Allowance (mm) 

Period 

Allowance (mm)  

Total Allowance 

(mm) 

2007 – 2025 18 3.5 63 63 

2025 – 2055 30 8.0 240 303 

2055 – 2085 30 11.5 345 648 

2085 – 2117 32 14.5 464 1112 

 

Table 3 – Climate change allowance for sea level rise (PPS25 – Table B.1) 

The predicted levels for the year 2117 for the 1 in 200 and 1 in 1000 year Still Water Levels, incorporating this 

climate change allowance, are 5.66m ODN and 5.84m ODN respectively. 

3.5 Flood Zone mapping 

Flood zone mapping has been prepared for the proposed development site based on the topographic survey 

of the site, and the present day predicted Still Water Levels (SWLs). This has been done to better define the 

flood extents of Flood Zones 1, 2 and 3. The result of this mapping is shown in Figure 5 included in Appendix 

A.  

With respect to Flood Zones 1, 2 and 3 and the various site areas, the following observations can be made: 

• Hilltop lies within Zone 1 

• Riviere Fields lies within Zone 1 

• North Quay lies within Zones 1, 2 and 3. Zone 3 is confined to the near waterside area adjacent to the 

Quay walls. Zone 2 does not extend significantly beyond Zone 3, reflecting the rising ground levels away 

from the harbour walls. Both of these zones lie on the harbour side of North Quay Road, which provides 

highway access along the quay, and to the hilltop area. There are no buildings on North Quay within 

Flood Zone 3, but the Harbour Master’s Office does lie within Flood Zone 2. Beyond the development 

site, and upstream of Copperhouse Gate, the B3301 road lies within Flood Zone 3. The flood defence 

standard of the Copperhouse Sluice has not been confirmed by the EA, but the development does not 

rely on, or impact on the flood defence function of this EA flood defence asset. 
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• East Quay lies within Flood Zones 1, 2 and 3. The present buildings lie within Flood Zones 1 and 2, with 

some near quay wall external areas – particularly the northern promontory - within Flood Zone 3. 

• South Quay lies within all three Flood Zones, with a significant proportion within Flood Zones 2 and 3. 

There are currently no buildings on South Quay, with the exception of the derelict property “Blue Haze”. 

This lies within Flood Zone 1. Blue Haze is due to be demolished shortly, but this is unconnected with 

the proposed regeneration scheme. The “triangular Spit” lies within Flood Zone 1, although the access 

to it passes through Flood Zone 3. Beyond the development site, a significant part of Hayle town centre 

is within Zone 3, including the B3301 which passes through Foundry Square. 

3.6 Sequential Test, Exception Test and site specific sequential approach  

3.6.1 Sequential Test 

PPS25 (Section 14) sets out the sequential risk-based approach that should be adopted, taking into account 

the relative Flood Zones (1, 2 and 3) and the Vulnerability Classifications given in Table D2 of PPS25 Tables 

D1, D2 and D3 are included in Appendix E. 

Section 16 states that the LPA should undertake the Sequential Test to demonstrate that there are no 

reasonably available alternative sites in areas at a lower probability of flooding that would be appropriate to the 

type of development or land use proposed. 

Despite the absence of a Sequential Test, in the case of Hayle Harbour, the project is essentially a harbour 

regeneration scheme. The aim of the project is to regenerate this run down and largely derelict harbour, and to 

reinvigorate the economy of Hayle, using the quays and the harbour as the catalyst. By definition, there are no 

other reasonably available sites at a lower risk of flooding that would fulfil this objective.  

The regeneration scheme is entirely consistent with PDC’s adopted planning policy for the harbour detailed in 

Section 2.1.3 above. It is further recognised in PDC’s Draft Level 1 and Pre Level 2 Strategic Flood Risk 

Assessment documents. The draft Pre Level 2 SFRA is included as Appendix F. 

The EA’s published advice on the application of the Sequential Test has been used to test this development 

proposal. The guidance is reproduced in Appendix G. Following the questions within the flow chart, the key 

questions are 3 and 4.  By the nature of the development described above, it is considered that the answer to 

both questions is “No”, which indicates that compliance with the Sequential Test has been adequately 

demonstrated. At this point the LPA are advised to apply the Exception Test. 
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3.6.2 The Exception Test 

The Exception Test is described in Sections D9 - D14 of PPS25. The three criteria which have to be satisfied 

are: 

a) Does the proposed development provide wider sustainability benefits to the community that outweigh 

flood risk, informed by a SFRA, where one has been prepared? 

Response: It is considered that the proposed development clearly demonstrates wider sustainability benefits 

to the community that outweigh flood risk. 

b) Is the development on developable, previously developed land? 

Response: The development is on developable, previously developed land. 

c) Does the FRA demonstrate that the development will be safe, without increasing flood risk elsewhere, 

and will it reduce flood risk overall? 

Response: This FRA demonstrates that: 

• The development is safe, both for the present day conditions, and with appropriate allowance for 

climate change. Indeed, the measures proposed for the setting of appropriate floor and threshold 

levels go well beyond the recommendations set out in PPS25. 

• The development does not increase flood risk elsewhere. 

• The development proposals seek to provide improved surface water management when compared to 

the present day conditions. 

• The development proposals incorporate measures which will provide significant flood risk benefits to 

the wider town of Hayle. This will provide a major contribution to the reduction of flood risk for the 

wider community.  

It is considered that the LPA will be able to satisfy itself that the Exception Test can be met by this proposed 

development. 

3.6.3 Site8specific sequential approach 

Locating all vulnerability classifications away from the harbour side would negate the underlying fundamental 

principles of the harbour regeneration scheme.  The approach has therefore been taken to utilise the existing 

quays for mixed use, but to keep more vulnerable classifications, where possible, to Flood Zones 1 and 2. 

Where this is not possible, more vulnerable classifications have been located at first floor or above, and 
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through the range of mitigation measures described in the following sections, a safe development and means 

of emergency access/egress have been ensured. 

In order to illustrate the proposed disposition of development in relation to Flood Zones, the Master Plan 

building blocks have been allocated a colour coded Vulnerability Classification (using the most vulnerable 

classification within each building, where mixed use is proposed), and the Master Plan has been overlain onto 

the Flood Zone mapping shown in Figure 5.  The results of this exercise are presented in Figure 6 in  

Appendix A.  

3.7 Wave Action 

Although connected to the open sea, Hayle Harbour is in a sheltered position, with a narrow entrance channel 

that will attenuate waves penetrating from St Ives Bay. Wave conditions within Hayle Harbour are therefore 

generally limited to those which are locally generated by wind blowing across the limited fetch within the 

harbour. The potential for significant waves being generated within the harbour is low. 

The proposed development is set back from the edges of the quay in all cases. Sections showing the 

proposed water/land relationship are shown in Appendix G. 

On North Quay, the minimum setback of the elevated platform from the quay edge is 4 metres, and the 

building line in more than 10 metres back from the quay. 

On South Quay facing west, the minimum setback to the elevated platform is 6 metres, and the building line is 

18 metres back from the quay. The east facing quay of South Quay is protected from wave action, and will 

generally gain additional protection from the Penpol Half Tide Gate. 

East Quay has a similar or greater offset to the building line to South Quay.   

It is considered that the combination of the proposed development platform level of 6.35m OD (see Section 

3.9.1 below) and the stepped retaining walls set back from the existing harbour walls provides a very high level 

of flood protection, which includes a suitable freeboard allowance to accommodate potential wave action that 

could be generated within the harbour. 

3.8 Uncertainty Freeboard  

A freeboard of 500mm has been adopted to account for the uncertainty inherent in the estimation of extreme 

tide levels, climate change impacts, topographic survey and wave action. Including this uncertainty freeboard, 

the combined 1 in 200 year design flood defence level for the development with climate change allowance is 

6.16m ODN.  
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3.9 Residual Risks 

There are a number of design considerations that have been included in the Master Plan to minimise the 

residual risks to the development.  

3.9.1 Minimum Threshold Levels of the Development 

Notwithstanding the design defence level stated above in Section 3.8, a design finished floor level of a 

minimum of 6.35m ODN has been adopted for the entire development. This provides a standard of protection 

higher (by 10mm) than a 1 in 1000 year standard, including climate change and uncertainty freeboard 

allowances. 

There is one exception to this standard. The current Harbour Master’s Office (NQ47 on the Master Plan) is 

located north of Copperhouse Gate on North Quay. It is a Grade 2 Listed Building, and to raise floor levels 

from the current level of approximately 4.6m OD (slightly above the current 1 in 200 year tide level) to even the 

6.16m OD level (see Section 3.8) would result in the entire ground floor being rendered unusable.  

The alternative would be to provide a flood defence on the harbour side of the building.  However, as part of 

the overall Master Plan, it is proposed to divert the current highway that runs to the harbour side (west) of the 

building, to follow the line of the dismantled railway which runs to the rear (east) of the building. This road will 

be raised to a higher level (see Section 3.9.3).  This diversion is proposed in combination with the construction 

of a new road bridge which will span from B3301 on the south side of Copperhouse Pool to a landing point 

immediately north of the existing old swing bridge landing point. This new bridge is shown on the Master Plan 

in Appendix C.  Taken in combination with the proposal to divert the road, the raising of a flood defence to the 

front of the building would result in detriment to the Listed setting of the Harbour Master’s Office. This issue 

has been discussed with English Heritage and PDC, who both agree with this view. 

Under the current Master Plan proposals, it is not intended to change the planning use of the building 

(although the Harbour Master’s Office itself will be relocated to the Fishermen’s Harbour area, in due course). 

Given no change of planning use, it is not proposed to provide additional flood defence at this time. If the 

planning use were to change in the future (requiring planning consent), the flood defence arrangements of the 

building would be reviewed, to assess if improvements are practical and appropriate.         

3.9.2 Car Parking 

The car parking strategy combines a number of elements in order to provide sufficient parking capacity for the 

development. Figure 7 in Appendix A shows the overall parking layout. 

Hilltop and Riviere Fields  – car parking for the residential development on the Hilltop and Riviere Fields area 

is provided within Flood Zone 1  
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North Quay – Parking will be provided in two ways. Firstly, as surface parking on North Quay adjacent to the 

development units. This is currently Flood Zone 1, but is to be raised to 6.35m OD as a minimum construction 

platform level. Secondly, within two dedicated car parks above the old power station site and industrial units. 

Both are well within Flood Zone 1 and will be at minimum ground levels many metres above the minimum level 

of 6.35m OD. 

South Quay – It is proposed to provide both surface and undercroft parking on South Quay. Although it is 

recognised that the construction of undercroft parking is introducing a flood risk that does not currently exist, it 

is the only practical way of delivering the parking capacity needed to support the development. The threshold 

level to the undercroft parking will be set at 6.35m OD. This is 150mm higher than the 1 in 1000 year flood 

level with climate change and uncertainty freeboard allowances. It is considered that this is an appropriate 

standard to apply to such a facility.  The surface level parking on South Quay will all be located on the 

development platform at a minimum level of 6.35m OD. 

Triangular Spit - It is currently proposed to locate an area of parking on the eastern edge of the Triangular 

Spit. The extent of parking is constrained by the presence of Petalwort, and this has informed the parking 

strategy here. The existing ground levels on this area of the spit are at or above 5.7m OD. Due to its 

importance as a Petalwort habitat, it is not proposed to raise this area to 6.35m OD. However, the current site 

level will cater for the 1 in 200 year flood event, including climate change, but without the full additional 

uncertainty freeboard.     

3.9.3 Safe Access and Egress  

One of the key considerations in making the development safe is to ensure that a safe means of access and 

egress is provided in the event of flooding. The Environment Agency has indicated that their minimum 

requirement for this is the 1 in 200 year flood level including allowance for climate change, but with no 

additional uncertainty freeboard. This level is 5.66m ODN.  

The Master Plan access/egress strategy ensures that there is dry and safe access/egress routes for the entire 

development in the event of flooding.  Where possible all access/egress routes will be constructed at a level of 

6.35m OD. This will apply in the majority of cases. There are specific locations, where the design of tie-in 

junctions between existing and proposed roads requires a lower level to achieve highway design standards. 

Figure 8 in Appendix A shows the entire network of access/egress routes for the proposed development. 

These are colour coded to indicate which routes will achieve the 6.35m OD criterion, and those which, by 

virtue off highway design considerations, are proposed at a lower level, but which still maintain the EA’s 

minimum criterion of 5.66m OD.  
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At detailed planning stage for each of the phases, the detailed design of the access routes will be confirmed, 

but these will achieve the EA stipulated requirements as a minimum.  

3.9.4 Risk of failure of the existing harbour walls 

As described in Section 2.3, although not a formal flood defence, the existing harbour walls do provide a level 

of flood defence to the proposed development site, and to the existing town of Hayle.  The lowest quay levels 

are recorded as 4.1m OD and this represents a tidal level with a return period of about 1 in 7 years. Please 

refer to Sections 3.1.2 and 3.5.  

Clearly, the long term integrity of the major part of the development will rely on the harbour walls remaining 

intact, and in good condition.  

A full harbour wall condition survey was undertaken in 2003/2004. All defects were recorded, and a schedule 

of remedial works was prepared. These range from minor re-pointing to full reconstruction. As part of the civil 

engineering infrastructure for the proposed Harbour Regeneration scheme, these harbour wall remedial works 

will be implemented early within Phase 1. Full details of the survey and schedule of remedial works are 

contained in the Water Chapter of the Environmental Statement accompanying the Outline Planning 

Application for the scheme. 

Most of these walls (with the exception of part of North Quay) are Listed structures. The engineering 

assessment of these walls has confirmed that, although they have been subjected to significant imposed loads 

in the past, it would not be prudent to raise the walls themselves to increase the level of flood protection. 

Raising the walls would also create a sense of disconnection from the harbour, and would make access to the 

harbour more difficult.   For these reasons, the option of raising the walls as a means of providing flood 

defence to the development was discounted at an early stage. 

The solution to providing a development platform that meets flood risk management requirements is to create 

terraces set back from the edge of the quays. See Appendix G for typical sections. It is proposed that all 

buildings will be founded on bearing piles, and the retaining walls designed so as not to impose additional 

lateral loads on the existing harbour walls.  In this way, the integrity of the flood risk management elements of 

the development will not rely in any way on the integrity of the harbour walls.  

3.10 Reduction in flood risk as a result of the development 

3.10.1 Improvement in emergency access 

The proposed access arrangements for the new development will also provide improved emergency access for 

the existing development in the event of flooding.  

Currently, emergency access to existing residential properties on Clifton Terrace and a number of chalets on 

Riviere Towans, rely on access from the B3301 via the old railway swing bridge. All of these properties are 

outside of the development site, and will remain, post development. For a 1 in 200 year tidal event, with 



 

Revision 01  Hayle Harbour  

September 2007  Flood Risk Assessment  

Page 34 of 61  Copyright © Buro Happold Limited 

Buro Happold 

climate change allowance, this route would be impassable. Even without the climate change allowance, 

access would be extremely difficult, as the B3301 would be flooded both from Copperhouse and at Foundry 

Square.  

With the access arrangements proposed, all of these properties will benefit from secure emergency access, via 

the new junction  on the Phillack road, serving Hilltop and Riviere Fields. The new access arrangements will 

also benefit properties in King George V Memorial Walk, although, due to the existing highway levels of the 

Walk, the standard of improvement is not as great.    

3.10.2 Penpol Creek Half Tide Gate 

As described in Section 2.4, the development includes the provision of a half tide gate at the mouth of Penpol 

Creek. The primary purpose of this structure is to retain water within the creek and prevent it from drying at low 

water. This will provide an improved waterside environment for both Penpol Terrace to the east side and South 

Quay to the west side of the creek. 

As its name suggests, the structure will have a gate, which will permit navigation into and out of the creek. It 

will retain water at about half tide (close to 0m OD), but the precise level will be determined at detailed design 

stage. Normally, at times when the tide level exceeds half tide, the gate (a bottom-hinged “fishbelly” gate) will 

be in the open position, i.e. it will lie flat on the bed of the structure, and navigation into and out of the creek 

will be possible. On a falling tide, when the level drops to half tide, the gate will rise, and retain the half tide 

level within the creek, while the level outside in the harbour will continue to fall, as it does currently. Hence, for 

spring tides the navigation window will be longer than for neap tides, but it will be possible to navigate through 

the gate opening on all tides.  

There will be times when, to allow larger vessels to remain afloat, the water in the creek will be retained at a 

higher level. This will reduce the navigation window, and depending upon the precise retained water level, may 

prevent navigation on the lowest high neap tides. The maximum retained water level will be subject to detailed 

design, and agreement with the Environment Agency, to ensure that it does not adversely affect the operation 

of the drainage from the Mellanear Stream, which drains into the upstream end of Penpol Creek. 

In order to achieve these objectives, the fishbelly gate would need to be designed with a maximum retained 

water level within the creek of no more than 3.5m OD. 

In addition to this, it is proposed that the gate be designed to withstand a tide level within the harbour of a 

minimum of 5.5m OD. This represents the current 1 in 200 year tide level (4.548m OD), with 952mm of climate 

change allowance which will maintain this standard of flood protection projected forward to 2085. The full 

climate change allowance has not been provided at present, because, in order to deliver this there will need to 

be highway improvement works, to create a closure of the flood defence into the B3301 along Penpol Terrace. 

However, the gate will be designed to permit defence against a tide level of 6.35m OD, should such public 
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realm improvements be possible at a later date. Discussions will be held with Cornwall County Council, 

Penwith District Council and the Environment Agency to ascertain if such improvements can be incorporated 

into the scheme, and how this may be funded.   

The gate will be designed to cater for both on- and off-seating hydraulic forces. The purpose of this additional 

design capacity is to provide an improved standard of tidal flood protection to Hayle’s Foundry Square area. It 

will not contribute to the flood risk management measures for the proposed new development in any 

respect. 

Under present conditions, Foundry Square (with its lowest ground levels at approximately 3.9m OD) will flood 

when tide levels exceed the level of the quay walls within Penpol Creek, and breaks across slightly higher 

ground between the creek and Foundry Square. This level is approximately 4.5m OD. 

This assumes that under high tide conditions, water cannot back up into the two large culverts which drain 

Mellanear Stream into the creek. Should this happen, water would break the surface within the Square through 

the road drainage system when tide levels exceed 3.9m OD. Currently, this flood risk is prevented by two 

devices; a tide flap on one culvert and an electrically actuated sluice gate on the other. If one or both fail, them 

the threshold of flooding of Foundry Square is equivalent to the mean annual tidal flood level.  

The scheme will therefore provide a much improved standard of flood defence to the wider community, and 

delivers a key aspect of the recommendations within PPS25 – that is to deliver a net reduction in flood risk, as 

a result of the development. 

Operational arrangements for the closure of the gate for flood defence purposes will be the subject of 

consultation and agreement with the EA. The gate will be under the operational control of Hayle Harbour 

master, for both normal and flood defence operations. It is envisaged that the flood management will be driven 

by agreed operational procedures, instigated by receipt of EA warnings of high tide conditions.  
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3.10.3 Mellanear Stream Flood Defence 

The predicted effects of the proposed flood defence element of the proposed Penpol Creek Half Tide Gate 

described above take no account of the impact on the fluvial flow regime of the Mellanear Stream. This section 

considers the beneficial impact of the proposed half tide gate on the flood risk posed by the Mellanear Stream 

on Foundry Square. It has no possible impact on the proposed new development.  

The Foundry Square Flood Alleviation Scheme (FSFAS), designed by the National Rivers Authority in the early 

1990s, was designed to cater for a 1 in 50 year fluvial flow discharging to the harbour with a constant tide level 

of +3m OD. No account was taken of climate change impacts at that time. 

It is possible that a review of the hydrological assessment for the Mellanear catchment, using current 

techniques (Flood Estimation Handbook methodology) would require a reassessment of this standard. 

However, it is not the purpose of this FRA to review the standard of protection of this EA scheme. 

For the proposed scheme under normal operating conditions, and with retention at half tide level, the FSFAS is 

not compromised, because tide levels in excess of half tide will occur in the same way as before. However, it 

will be possible, when tide levels are predicted to exceed +3m OD, and subject to receipt of EA warnings of 

rainfall-runoff events, to close the Penpol Creek gate at a lower tide level than +3m OD. This will provide an 

additional storage capacity within Penpol Creek into which the stream can discharge, which it otherwise would 

be unable to do due to the penetration of the high tide into Penpol Creek.  This aspect will be developed in 

consultation, and with the agreement of the EA, at detailed design stage, but it is considered that there are no 

potential detrimental effects of the scheme proposals on the standard of protection afforded by the FSFAS. 

The only case where a reduction in flood defence standard might be envisaged is where the creek is 

impounded to a higher level to permit larger vessels to occupy the creek. For this reason, the maximum 

impounded level, and the operational arrangements for managing the Mellanear Stream discharge will be 

discussed and agreed with the EA as previously noted. 
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4 Surface Water Drainage 

4.1 Overview 

The Environment Agency has advised that the development should aim to deliver a scheme that provides a net 

improvement in the existing surface water drainage system. The focus is on incorporating sustainable urban 

drainage systems where appropriate and practical, and pollution prevention measures. The following issues 

have been addressed: 

• A good understanding of the existing surface water system has been developed. Due to the historic 

use of the site and its brownfield condition, very little positive storm drainage infrastructure exists. 

• The proposed strategy considers climate change allowance for the life time of the development. 

• The proposed strategy aims to improve the existing surface water drainage system, and has 

considered: 

o The pollution prevention measures that will be put in place. 

o The incorporation of SUDS into the development, where appropriate. 

o The design of the storm system for “exceedance” events. 

o The proposed discharge rate so as not to increase the risk of flooding to the site or 

neighbouring sites. 

4.2 Surface Water Strategy principles 

Generally, the preliminary geotechnical and contamination investigations, carried out to support the outline 

planning application, indicate that the site conditions are such that the use of infiltration as a means of surface 

water management is impractical, due to background levels of contamination. If subsequent, more detailed 

geotechnical investigations demonstrate that infiltration can be used for specific areas, then such systems will 

be employed and developed at detailed design stage. 

Based on this preliminary baseline information, the current strategy for draining surface water from the 

proposed development areas will be to construct separate networks for storm and foul drainage. The storm 

network will be arranged to follow public areas to ensure that as much of the system can be vested in South 

West Water as public sewers under a section 104 agreement of the 1991 Water Industry Act, designed and 

built in accordance with the requirements of Sewers for Adoption – 6th Edition. 

The network will be designed not to flood any part of the proposed development area in a 1 in 30 year return 

period design storm. For events with a return period in excess of 30 years surface flooding of open spaces 

such as landscaped areas or open car parks may be acceptable for short periods and would be considered 
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within the design. To accommodate ‘exceedance flows’ the layout of the development area will be designed to 

route water away from vulnerable properties to ensure no flooding of property would occur as a result of the 1 

in 100 year storm event (including an appropriate allowance for climate change).  

The discharge locations for the surface water will be arranged where possible to be into tidal waters. 

Discussions with the Environment Agency will be undertaken to seek their approval to discharge and agree the 

necessary consents i.e. land drainage and discharge consents. The piped network will collect flow from roofs 

and paved areas and convey it to the harbour areas for discharge. At detail design stage, consideration will be 

given to re-use roof water from the larger retail and commercial developments as grey water for toilet flushing 

and irrigation use. 

New outfalls will be required through the harbour walls at a level likely to be between high and low tidal water 

levels, the details of these will also require agreement with the harbour authority to ensure they do not impact 

on navigation or mooring.   All flows from vehicular areas are to pass through hydrocarbon interception prior to 

discharge to protect water quality. This includes the dedicated car parks on North and South Quays.  

Drainage from the basement car parks on South Quay will be pumped to the foul sewer system, and will not be 

discharged to the harbour. 

Generally, attenuation is not proposed to the surface water system given the development areas proximity to 

the sea, and the proposal to discharge storm water to tidal waters. However, the area of Riviere Fields is in a 

“greenfield” condition, having been used only for agriculture in the past. Ground investigations will be carried 

out at detailed planning application stage, and consideration will be given to developing infiltration systems for 

this part of the development, if ground conditions and contamination investigations permit.  

Should infiltration systems not be possible, then attenuated discharge to either the tidal waters of the harbour, 

or to Copperhouse Pool will be developed. In either case, discharge will be restricted to the “Greenfield” rate, 

and attenuation designed to accommodate climate change impacts over the life of the development. 

4.3 Climate Change Impacts 

In accordance with PPS25, table B.2, peak rainfall intensities should be increased by 10% for developments 

with a life span up to 2055, 20% for a life span to 2055, and 30% for a life span to 2115. The Hayle Harbour 

development will aim to have a design life span to at least 2117, therefore a 30% increase to rainfall has been 

applied. 
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4.4 Existing Surface Water Network 

Due to the nature and historic uses of the overall Master Plan site, the existing surface water drainage network 

is fragmented, and ad hoc. In terms of the specific development zones: 

• Hilltop  - Although there are some small industrial units within this area, there appears to be no 

existing drainage infrastructure within this area at present. 

• Riviere Fields – This zone is “greenfield” and has no drainage infrastructure at present.  

• North Quay – A combined storm/foul sewer runs down from Hayle Towans, and along North Quay 

Road, servicing properties along North Quay. However significant areas of the Quay have no 

formalised positive storm drainage. Much of the area either infiltrates or runs off into the harbour.  

• East Quay – Part of the Quay is serviced by two combined storm/foul sewers, which drain to the 

South West Water Pumping Station adjacent to the B3301. As with North Quay, much of this area has 

no formalised positive storm drainage, and rainfall either infiltrates, or discharges into the harbour. 

• South Quay – There is no formalised positive storm drainage on South Quay, and the entire area 

drains either by infiltration, or by discharge into the harbour.  There is a combined storm/foul sewer 

located within the B3301 adjacent to South Quay, but apart, possibly, from the property, Blue Haze, 

which may have a foul connection, there appear to be no storm water connections to this.  

4.5 Discharge Rates 

4.5.1 Estimated Discharge Rate Methodology 

The discharge rates have been estimated in accordance within the Interim Code of Practice for Sustainable 

Drainage Systems (National SUDS Working Group, July 2004). This document describes the recommended 

methodology for calculating the Greenfield rate of runoff. This calculation applies to the Riviere Fields zone. In 

accordance with this report, the hydrological assessment of the existing condition was carried out using the 

Institute of Hydrology Report 124 (IH124) Flood Estimation for Small Catchments and is based on a 

combination of rainfall, site area and soil conditions. This methodology is a derivation from the Flood Studies 

Report (FSR). 

4.5.2 Estimated Existing Discharge Rate – Riviere Fields 

In accordance with the IH124 methodology the 1 in 100 year Greenfield runoff rate for the Riviere Fields zone 

site has been calculated to be 1.56 l/s/ha, with a total greenfield runoff rate of 12.06 l/s for the zone area of 

7.72 ha. There are no impermeable areas within this zone.  



 

Revision 01  Hayle Harbour  

September 2007  Flood Risk Assessment  

Page 40 of 61  Copyright © Buro Happold Limited 

Buro Happold 

4.5.3 Estimated Un8attenuated Discharge Rate with Development 

The Master Plan is divided into 6 zones for the purpose of calculating the existing/proposed rates of runoff 

(these zones do not represent development phasing): 

• Riviere Fields – This zone is “greenfield” and has no drainage infrastructure at present. 

• Hilltop 

• South Quay 

• North Quay 

• East Quay 

• North Quay Power Station site 

The proposed area of impermeability of each of the zones within the Master Plan has been calculated, and the 

details are included in Appendix I. The un-attenuated discharge rate for each of the zones within the proposed 

development has been calculated using the same principles as above, and these are also detailed in  

Appendix I. 

In summary these are: 

Zone Site Area 

(ha) 

Impermeable 

Area 

Un8 attenuated 

runoff rate (l/s) 

Proposed Riviere Fields 7.72 49.54% 37.64 

Proposed Hilltop 3.77 33.12% 14.24 

Proposed South Quay 6.08 73.54% 39.40 

Proposed North Quay 5.02 93.17% 39.13 

Proposed East Quay 1.62 75.91% 10.75 

Proposed North Quay Power Station 7.70 40.99% 33.13 
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4.6 Proposed Surface Water Strategy 

The proposed storm water strategy has been developed in consultation with the EA, and responds to the 

specific site conditions for each of the zones within the Master Plan area. The strategy for each of the zones is 

described below. 

• Riviere Fields – The strategy for providing storm drainage for this development zone starts from the 

basis that the area functions as a greenfield condition. At this outline planning application stage, and 

unlike the other zones, where intrusive investigations have been undertaken, the Riviere Fields zone 

has been the subject of a geotechnical desk study only. 

At detailed design stage, investigations will be undertaken to establish the geotechnical conditions, 

and any contamination present within the site. Should conditions permit, then a SUDS approach, 

using infiltration, will be adopted to deal with storm water drainage for all areas except adopted 

highways. An initial assessment of soil conditions would suggest that infiltration potential should be 

high, and given the historic agricultural use of this area, the contamination potential should be 

relatively low.  

Highway drainage would be designed for adoption, and will be provided by positive drainage, 

incorporating attenuation to replicate greenfield rates of runoff, if required. Drainage will be directed 

either to Copperhouse Pool, or to tidal water within Hayle Harbour. In either case, at detailed design 

stage, the means of discharge will be agreed with the EA, including disposition of outfalls, and 

discharge rates. 

Should infiltration systems prove impractical, due to site conditions, then attenuated positive drainage 

will be utilised discharging to Copperhouse Pool, or un-attenuated to tidal waters.  

Attenuation calculations (included in Appendix I) indicate that full attenuation to replicate greenfield 

rates, including a 30% increase in rainfall due to climate change, would require a volume of 

approximately 3,300m3. This reflects the relatively low greenfield runoff characteristics of the existing 

site. 

Areas of car parking in excess of 50 parking spaces will be provided with oil interceptors, or other 

means of dealing with hydrocarbons, to the approval of the EA and LPA. 

• Hilltop - The storm drainage system will be designed to gravitate through the development, following 

highways and public areas. Discharge will be to the harbour via outfalls within the existing North Quay 

wall. No attenuation is proposed, as this area will discharge to tidal waters. The system will be 

designed so as to be adoptable by South West Water. 
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• South Quay - The storm drainage system will be designed to collect rainfall/runoff and discharge it via 

a number of diffuse outfalls to the harbour. In accordance with the guidance given in the EA’s PPG3 – 

“Pollution Prevention Guidelines – Use and Design of Oil Separators in Surface Water Drainage 

Systems”, for areas of surfaced car parking exceeding 50 spaces, oil separators will be used. 

Discharge will be to the harbour via outfalls within the existing South Quay walls. No attenuation is 

proposed, as this area will discharge to tidal waters. Car parking is currently proposed to be located 

on the Triangular Spit. This parking area is intended to remain un-surfaced, but provided with a low 

bund to prevent runoff from extending on to the wider area of the spit, where Petalwort habitat is 

located. This is a precautionary measure, as the ground conditions on the spit indicate that the soils 

are permeable. As the car parking provision will exceed 50 spaces (and proposed in excess of 200 

spaces) the requirements of the EA’s PPG3 guidance will be met. Full details will be developed at 

detailed design stage, for approval with th4e EA, prior to implementation. 

• North Quay - The storm drainage system will be designed to collect rainfall/runoff and discharge it via 

a number of diffuse outfalls to the harbour. As with South Quay, for areas of surfaced car parking 

exceeding 50 spaces, and other appropriate sites as defined in PPG3,  oil separators will be used. 

Discharge will be to the harbour via outfalls within the existing North Quay walls, integrated with the 

storm drainage from Hilltop. No attenuation is proposed, as this area will discharge to tidal waters. 

• East Quay – The storm drainage approach for East Quay will be the same as for North and South 

Quay. No significant car parking is proposed, and so it is not proposed to provide oil separators for 

this zone.  

• North Quay Power Station site – This area contains the large car park to the higher ground, with the 

industrial units located adjacent to the old power station site. Due to its historic uses, it is anticipated 

that this zone will not be suitable for SUDS incorporating infiltration, although this will be investigated 

at detailed design stage. 

The current proposal is to design the storm drainage as a positive system, gravitating to the harbour 

at North Quay. Large areas of this zone will be used for car/coach parking either within the 2 car 

parks, or parking of private and commercial vehicles and plant within the industrial unit area. All 

vulnerable areas will be provided with oil separators prior to entering the adopted storm drainage 

system, to prevent contamination of the receiving waters of the harbour by hydrocarbons.  
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Appendix A: Report Figures 
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Appendix B: Site Topographic Survey 
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Appendix C: Master Plan 
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Appendix D: Photographs of Tidal Flooding 
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North Quay: Picture of water overtopping quay 
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East Quay: 
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North Quay: Picture taken at harbour master office 
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Appendix E: PPS25 – Tables D1 to D3 
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Appendix F: Environment Agency Advice on Sequential Test 

 

Environment Agency Standing Advice Development and 

Flood Risk – England 

March 

2007 

   Evidence for applying the flood risk Sequential Test to planning applications 

 

welcome | user flowchart | consultation matrix | sequential test results table | applicant and agent advice  

householder and other minor extensions | general surface water drainage information 

planning policy statement25 | flood risk assessment note 1 | flood risk assessment note 2 | flood risk 

assessment note 3 

view this document as pdf for printing 

 

This table sets out the information that the Environment Agency will require as evidence from Local Planning 

Authorities as a demonstration that the flood risk Sequential Test (PPS25 paragraphs 16 and 17 and Annex D) 

has been properly applied. This information may also be presented by applicants to Local Planning Authorities 

in support of the Sequential Test for an application site.  

Note – All developments must be appropriate to the Flood Zone in which they sit. See tables D1 - D3 of PPS25  

 

Answer the questions 

in order, moving on 

where indicated. 

Answer Yes or No Has the Sequential 

Test been adequately 

demonstrated? 

LPA/ Developer to 

consult the 

information sources 

below. 
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1. Is the proposed 

development 

consistent in location, 

type and scale with an 

allocated site from a 

development plan 

which has already 

been sequentially 

tested (i.e. has the 

flood risk Sequential 

Test already been 

carried out for this site 

at a strategic level?)  

If yes, state which 

plan, which allocation 

and the location of the 

allocation site in the 

development plan 

If the answer is ‘No’ 

go to question 2 

If the answer is Yes 

compliance with the 

Sequential Test has 

been adequately 

demonstrated FINISH 

HERE 

LPA should apply 

Exception Test if 

appropriate –see 

PPS25 Table D3. 

Development plan 

2. Does the 

application site fall 

within an area 

identified to take 

‘windfall’ 

development, that has 

been agreed as part of 

the development plan 

and in association with 

a Strategic Flood Risk 

Assessment (SFRA)? 

If yes, state the 

location in the 

development plan 

If the answer is ‘No’ or 

there are no such 

areas identified on the 

development plan, go 

to question 3 

If the answer is Yes 

compliance with the 

Sequential Test has 

been adequately 

demonstrated - 

FINISH HERE 

LPA should apply 

Exception Test if 

appropriate –see 

PPS25 Table D3. 

Development plan 

3. Does the 

development plan or 

the background 

documents used to 

identify potential 

If yes, state which 

allocation(s) and the 

location in the 

development plan. 

If the answer is ‘No’ 

If the answer is Yes, 

compliance with the 

Sequential Test has 

NOT been adequately 

demonstrated – 

Development plan  

Background 

Documents  

Environment Agency 
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development plan 

allocation sites, 

contain ‘reasonably 

available’ alternative 

sites that are situated 

in a lower flood risk 

zone? 

go to question 4 FINISH HERE Flood Map  

4. Does the 

development plan or 

the background 

documents used to 

identify potential 

development plan 

allocation sites, 

contain alternative 

‘reasonably available’ 

sites that are within 

the same Flood Zone 

and subject to a lower 

probability of flooding 

from all sources as 

detailed by the SFRA? 

If yes, state which 

allocation(s) and the 

location in the 

development plan. 

If the answer to 

Question 4 is Yes, 

compliance with the 

Sequential Test has 

NOT been adequately 

demonstrated – 

FINISH HERE 

If the answer is No to 

questions 3 and 4 

compliance with the 

Sequential Test has 

been adequately 

demonstrated. 

LPA should apply 

Exception Test if 

appropriate –see 

PPS25 Table D3.  

Development plan  

Background 

Documents  

Strategic Flood Risk 

Assessment 

 

Notes and definitions  

Question 1 

Development scale - The planning application must not be for a larger site area than was indicated at the 

allocations stage e.g. through a site brief. 
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‘Pre-Local Development Framework local plans’ - Planning applications for sites allocated through 

development plans that pre-date the Planning and Compulsory Purchase Act 2004 will be subject to the 

Sequential Test at the planning application stage unless evidence is provided that the plan has been subject to 

the flood risk Sequential Test. The requirement for plan allocations to be flood risk sequentially tested was first 

introduced in Planning Policy Guidance note 25:Development and Flood Risk published in July 2001. 

Question 2 

Windfall development- Proposed development for a site that is not an allocated site in an adopted 

development plan. 

Question 3 

Development Plan - The term ‘development plan’ covers both saved, old style development plans that pre-

date the 2004 Planning and Compulsory Purchase Act and new style plans, i.e. Local Development Documents 

(LDD) or Supplementary Planning Documents produced as part of Local Development Frameworks (LDF) 

produced since 2004 that have reached the submissions stage. 

Background documents -Background study documents are produced by the LPA prior to drafting of the LDDs 

and include housing and employment land availability assessments and equivalent studies. If these documents 

are new i.e. have been created to inform the emerging LDF, then it is reasonable to consider the sites they 

contain as reasonably available alternatives for the purpose of applying the Sequential Test. 

Reasonably available alternative site allocations - Any site that has been allocated as part of a development 

plan and that has yet to receive planning permission should be counted as a reasonably available alternative 

site for the purpose of applying the Sequential Test. In addition when there is no allocations LDD, reference 

should be made to any recent background documents (see above) that have been created to inform the 

emerging LDF. Sites contained within these documents that are yet to receive planning permission should be 

counted as reasonably available alternatives for the purpose of applying the Sequential Test.  

Question 4 

Strategic Flood Risk Assessment - A district wide assessment of flood risk from all sources, undertaken by the 

Local Planning Authority to inform the preparation of its LDD’s. 

Where a SFRA does not provide the necessary information or is yet to be completed, reference should be 

made to any available site specific FRAs in the councils’ possession. Where flood risk information to answer 

question 4 is not available, LPAs should move straight into application of the Exception Test where appropriate 

1 (see paragraph 19 of PPS25). 
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1 Are there large areas (>50% of land area) of the LPA in Flood Zones 2 and 3 and development is needed to 

avoid social or economic blight?, Is the proposed development essential civil infrastructure (Table D2) that has 

to remain operating during flooding?, Are there restrictive international or national landscape / biodiversity / 

heritage designations (e.g. National Parks, AONBs, SPAs, SACs, SSSIs, World Heritage Sites, Ancient 

Monuments) that mean there are no unconstrained sites in ‘appropriate’ Flood Zones?, Does para D10, Table 

D1 and Table D3 indicate that this development (Flood Zone and Flood Risk Vulnerability) requires the 

application of the Exception Test before it can be permitted? The answer must be yes to these questions for 

the Exception test to apply – see paragraphs 18 – 20 of PPS25. 

 

Published by the Environment Agency. © Crown Copyright 2007. This page last updated 3rd March 2007 
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Appendix G: Pre-Level 2 SFRA – Penwith District Council, July 
2007 





PENWITH DISTRICT COUNCIL

PENWITH LOCAL DEVELOPMENT FRAMEWORK

STRATEGIC FLOOD RISK ASSESSMENT

Draft
Pre-Level 2  Assessment

Scoping Report 
of

Local Plan Allocations

Penwith District Council
July 2007

Final Report

1 ALLOCATED SITES AND FLOOD RISK



Background to Housing Provision Requirements

1.1 Cornwall Structure Plan 1997 Policy H3 proposed a housing provision for Penwith 
based on an  average development rate of 240 dwellings per year from 1991 to 2011 
(a total provision of 4,800 dwellings over 20 years).  The 1997 Cornwall Structure 
Plan was superceded in 2004 by the 2004 Cornwall Structure Plan and remains the 
current development plan document until the Regional Spatial Strategy is adopted.  
The 2004 Structure plan revised the housing requirement for Penwith to 220 dwelling 
per year between 2001 and 2016 or a total of 3,300 dwellings over 15 years.  At 
present the draft Regional Spatial Strategy (RSS) has adopted a similar housing 
provision target for Penwith at 240 dwellings per year between 2006 and 2026 or a 
total of 4,800 over 20 years.

Strategic Housing Land Availability Assessment

1.2 Reflecting Government policy of concentrating development on previously developed 
land, Planning Policy Guidance3: Housing, advised local authorities to undertake an 
Urban Capacity Study to determine areas of potential allocated growth to be carried 
forward in preparing Local Plans.  A joint UCS was undertaken in 2001 with Cornwall 
County Council and the Cornwall district authorities.  The results of the study were 
included in the Penwith Local Plan (adopted 2004) as housing allocations.  Planning 
Policy Statement 3: Housing (December 2006)  supercedes PPG3 in April 2007, 
requiring local authorities to undertake a Strategic Housing Land Availability 
Assessment  (SHLAA) to identify potential development sites in urban areas, rural 
communities and urban extensions. When complete this assessment will provide up 
to date information to feed into the preparation process for the Area Action Plans 
DPDs (as a part of the new Local Development Framework).  Until the results of the  
SHLAA become known,  this SFRA will look at those allocated sites saved from the 
Local Plan which are affected by flood risk.  The SFRA will be continuously updated 
as new sites emerge in the assessment which have flood risk implications.  Only two 
allocated sites identified within the SFRA area which lie within areas of high flood 
risk, these comprise of the allocation proposals H-C, H-J and TV-D of the Penwith 
Local Plan and are situated at:; the Old Stennack (St Ives), Alexandra Road/Western 
Promenade (Penzance), Hayle Harbour Regeneration (Hayle).

2 OLD STENNACK (ST IVES)



2.1 Allocated Site: Old Stennack (St Ives)

Local Plan Proposal H-J

An area adjacent to the old Stennack school, St Ives (0.26 ha) is 
proposed for redevelopment for housing.  Proposals for 
redevelopment will be required to be of a scale and design that 
reflects the character of the surrounding area.

Paragraph 8.3.42 of the Local Plan describes the condition of the site:

A privately owned car parking area close to the town centre would be suitable for 
redevelopment for housing if the present use ceased.  About 12 dwellings could be 
provided at a higher density which would be appropriate in this location.  
Development is unlikely to take place before the later part of the plan period.

2.2 Site History

The site is currently consists of two car parks, the larger one to the south is known 
as Dales Car Park.  Prior to the UCS the site had been identified as a potential 
development site on the pre Local Plan St Ives Town Map (STM-2).  Two planning 
applications are recorded for the site with only one referring to a residential 
development.:  97/P/0512 was an application for the construction of 5 terraced 
houses with alterations for vehicular access covering 0.08 ha of the allocated site.  
The outline application was approved pending precise details of water surface run-off 
for the site.  Subsequent information was not supplied and the application expired.  A 
separate application was made 98/P/0820 for the construction of a two storey car 
park with secure storage.  The application was approved but Building Control records 
show that the development was cancelled.

2.3 Flood History

 In November 1894 several days of continuous downpour accumulated in the hills  
above St Ives which were released on the morning of 12th November.  In a 
tremendous flood the River Stennack burst its banks with the result of the loss of  
many properties in the centre of the town.  More recently the River Stennack has 
flooded four times since 1990.  The worst flooding occurred in 1992 and 2002.  In 
May 1992 the Stennack burst its banks affecting some sixty homes.   Ten years later 
in November 2002, after heavy rainfall the river burst its banks again but with a more 
severe affect.  Forty homes and businesses were affected when flood waters 
reached up to 1.52 metres (5ft) deep. The water surged above the flood banks and 
collapsed a retaining wall.  The combined waters of the river overflow and the water 
from the highway drains flowed down the Stennack and settled in the lower part of 
the town.  Following the event the Environment Agency determined that a significant 
flood alleviation scheme was required.  It was identified that the highway drainage 
could not cope with the hard surface run-off in conjunction with the overflow from the 



river.  

2.4 Stennack Alleviation Measures

In 2005 a three year flood alleviation scheme was proposed and endorsed to avoid 
the repeated risk of flooding  (overall the Stennack had flooded ten time between 
1986 and 2006 or once every two years on average).  The alleviation scheme will be 
undertaken over the next three years in two phases.  The first phase is scheduled 
from January to March 2006 and the second stage from April 2006 to December 
2008.  The bulk of the work will involve the refining and rebuilding the culverts and 
channels along the river between Consols Farm and its outlet on Harbour Beach, the 
intention being to smooth the path of flow to the beach.  

2.5 Conclusion

When completed the Stennack River alleviation scheme will provide a 1 in 150 year 
standard of protection.  The protection granted by the alleviation scheme should 
allow for the site to be fully developed pending possible surface run-off mitigation to 
be agreed with the Environment Agency.

3. WESTERN PROMENADE (PENZANCE)



3.1 Allocated Site: Western Promenade(Penzance)

Local Plan Proposal H-C

An area at Alexandra Road – Western Promenade, Wherrytown, Penzance (0.61 ha) 
is proposed for redevelopment for housing.  Proposals for development will be 
required to incorporate an alternative means of access to the narrow lane behind the 
Beachfield Hotel.  At least 30% of the units to be provided will be sought, through 
negotiation to be affordable, meeting the requirements of Policy H-14.

Paragraph 8.3.28 of the Local Plan describes the condition of the site:

A large previously developed site in different ownership, close to the Promenade and 
on the end of a residential area, is currently unused and semi derelict.  Access could 
be provided, by agreement, through adjacent sites or directly on to Alexandra road.  
Redevelopment could provide about 30 units at a relatively high density which would 
be appropriate in this location.  Proposals for the site will need to take account of the 
risk of flooding in this area in terms of layout and design and will be required to 
comply with relevant Environment Agency guidance.  Policies GD-4 and CS-4 (paras. 
5.3.11 and 13.3.19) will be particularly relevant.  It is envisaged that the site could be 
developed during the period 2006-2011.

3.2 Site History

The proposed site currently covers three distinct plots consisting of a semi cleared 
site with concrete hard standing and a few standing walls,  a dilapidated warehouse 
in bad state of repair, and a plot overgrown with shrubs and brambles.  The site 
formerly consisted of a coal yard to the west, now known as Cattrans Coal Yard 
(formerly The Old Coal Yard) (0.31ha) and a builders yard to the east (0.3ha).   The 
Coal Yard was first developed in 1963 (63/P/17233), and provisionally served as a 
self hire minibus compound (89/P/0270).  The area to the east originally served as an 
open garage area (49/P/01344) before becoming a builders yard and storage 
compound.  The site was identified in the 2001 UCS survey and subsequently 
allocated in the Local Plan.  A number of proposals have been brought forward in  
recent years by two applicants to develop the site along with adjoining sites.  
03/P/1496 superceded by 04/P/0350 proposed developments incorporating the 
Stanmore Hotel site to the north of the allocated site (0.44ha) alongside a portion of 
the allocated site (0.13ha of the builders yard) for 40 and 44 units respectively (with 
affordable provision for 12 and 14 units).  On both occasions the applications were 
withdrawn by the applicant.  A second series of applications were submitted by  
another applicant 05/P/0056 superceded by 06/P/0695 for the same area as the 
previous applications (0.57ha) alongside applications for the remainder of the 
allocated site (06/P/0696 which incorporates Cattrans Coal Yard 0.31ha) and the  
former Jewson site to the west (06/P/0697) (0.67ha).  These applications are 
currently under review (July 2006).

Flood History



3.3 Mounts Bay is protected to the south west by the Lands End Peninsular and to the 
East by the Lizard.  It is however vulnerable to the impact of the full force of storms 
from the south and most particularly from the south east.

3.4 Prior to 1825 the present line of the Promenade running along Penzance Beach 
consisted of a dune system (towans) covered in marran grasses similar to the dunes 
systems extant to the north in St Ives Bay and the remnant dunes below Marazion 
Marshes.  The eastern end of the Penzance towans stretching along from Jubilee 
Pool was called  Sandy Bank. This dune system presented a natural defence against 
coastal intrusion.  During the first quarter of the nineteenth century Penzance had 
began to expand westward beyond Chapel Street. From 1825 South Terrace had  
been developed and construction had started along Marine Terrace.  By far the 
greatest impact to the natural coastal processes on Penzance Beach occurred in  
1843 with the construction of the Promenade and sea wall which used much of the 
dune system as backfill to the construction.  The initial impact of the new sea wall on 
the sediment processes of the beach is difficult to assess but it undoubtedly effected 
the natural cycle of beach replenishment which the dune system had previously 
afforded to the foreshore.  Records suggest that the level of the beach remained 
relatively high for the next forty years where popular memory records the fact that it 
was possible to jump down to the beach from the top of the wall up until the 1880s.

3.5 Other man made constructions developed soon after the promenade wall are also 
believed to have interfered with the sediment processes along the beach front.  Most 
particularly the construction of the new piers at Newlyn in 1884 and 1886 (with 
extensions in 1892 and 1914) and the construction of Jubilee Pool in 1935.  
However, it must be observed that erosion of the Penzance beach was apparent over 
50 years before the development of the Jubilee Pool, indicating that the site 
contributes little to sediment transport. It is to be noted that the accreted foreshore 
below the Penlee Quarry during this period (c1880) was popularly associated with  
the depletion of the Promenade Beach.  This association evidently stemmed from 
observations that as the one beach eroded the other shore accreted.  The activities 
at Penlee Quarry were partially blamed at the time, but the causes for the accretion 
may also be attributed to sediment transport from Penzance Beach.

3.6 The maintenance and repair of the sea wall has generally been undertaken  in 
piecemeal fashion when required.  The promenade wall was first breached during a 
storm in 1895. During 1895 and 1896 repairs to the breach were undertaken and a 
double sea wall was constructed along the frontage opposite Cornwall Terrace.  Then 
between 1903 to 1904 strengthening works were undertaken when it was discovered 
that the  sea wall had began to be undermined due to the drop in the level of the 
beach since its construction.  A berm was constructed to protect the toe of the wall 
along a section of the wall between Morrab Road and Alexandra Road.  From 1904 
to 1962 there is a history of sporadic breaches and various repairs to different 
sections of the wall.  

3.7 In the early hours of the morning of the 7th March 1962 severe storms battered the 
Promenade wall breaching large sections and washing away parts of the esplanade 
behind.  A high tide coincided with a force 7 increasing to force 8 gale brought waves 
as high as 12 feet crashing over the top of the sea wall.  The storm did not abate until 
the morning of the next day after the second high tide, when the full impact of the 
disaster was realised.  In the words of Peter Tresidder, the chief council engineer  



who witnessed the event:

The sea wall,the promenade and the road were ripped to pieces.  In one place 
at South Terrace there was a breach in the wall which extended right across 
the road to the boundary wall of a house....The whole of the wall at 
Wherrytown was in ruins.

3.8 Repair work on the sea wall was commenced two days later and completed in 12 
weeks, but it was recognised that the wall required extensive re-construction.  A firm 
of consulting engineers, Messrs Lewis and Duvivier, was commissioned to undertake 
a report on the scope of the work required.  The report was published in August 1962 
and outlined a six phase work programme which along most of the length required 
the construction of a new sea wall on the seaward side of the previous wall, in effect 
advancing the line along the perimeter of the beach.  The works outlined in the report 
were undertaken between May 1965 and March 1967.

3.9 The effect of the 1962 flood was particularly devastating for Wherrytown.  Large 
areas of the pre-twentieth century development at Wherrytown was washed away  
including rows of workers cottages which once straddled both sides of the main road 
on West Terrace, along with the remains of the Wheal Wherry mine workings, 
ropewalks  and the Bolitho Bedford ornamental gardens (which had been landscaped 
on the site of the old serpentine works).  Of the original settlement only the Mounts 
Bay Inn and a large industrial shed (now the Co-op store car park) remain as 
testimony to the disaster. The old bus depot sustained minor damage (on the site of 
the current Lidl food store) as did the transport depot owned by the Penzance 
Industrial Co-operative Society (on the current Co-op food store site) and the 
Wherrytown Saw Mills of Harvey & Co (on the present former Jewson site).  Ten 
cottages were demolished on the north side of the road (Beachfield Place) as part of 
the emergency repair works undertaken in the aftermath of the storm.

3.10 The townscape of Wherrytown was never satisfactorily restored after the event, and 
remains one of the prime sites for potential redevelopment in Penzance.  The area 
now consists of two food stores, a petrol station, a vacant timber yard and a row of 
buildings erected by Laregan Estates a year after the disaster (Beachfield Place) .  
Although the sea defences were restored after the event, issues relating to adequate 
flood defence for the future have remained an obstacle to proposals to redevelop the 
area.  In Peter Tresidder's report Sea Defence Works In Penzance (1967) the 
situation concerning Wherrytown was described in the following manner:

The Wherrytown area was always susceptible to flooding in times of storm.
This was largely due to the large quantities of water streaming over the barrel 
shaped cross section of this part of the promenade and down into the road. 
Here the promenade has been re-graded to give a uniform slope towards the 
sea from the flood wall and I am confident that the new flood wall will 
practically eliminate the risk of flooding in this area.

3.11 Since 1962 a number of flooding event have occurred along the promenade frontage 



indicating that the problem is and will remain recurrent until specific improvements 
are made to the sea wall.  The main flood events include:

● 1962 Topping  of  sea  wall  from  South  Terrace  to  Tolcarne  effecting 
approximately 60 dwellings;

● 1963 Overtopping on to Wherrytown Road;
● 1983 Overtopping along entire frontage due to high tide and 65mph winds;
● 1992 Surface water run-off flooding along the promenade;
● 1998 Overtopping closes West Promenade Road (December);
● 2003 Overtopping closes West Promenade Road on 4 separate occasions;
● 2004 Two separate flood events.  Overtopping closes West Promenade 

Road, bottom of Morrab Road flooded and minor damage to sea wall  
opposite amusement arcade (March) effecting 5 properties Overtopping 
on promenade (October)

● 2005 Overtopping combined with heavy rains causes surface run-off flooding 
on two occasions (October and November).

Hydrological Investigation of Mounts Bay

3.12 The succession of frequent flood events along the promenade highlighted the 
apparent inadequacies of the current sea defence to the area, this combined with a 
number of development proposals planned along the coastal fringe of Mounts Bay, 
prompted the local authority to commission Hyder Consultancy Ltd to undertake an 
examination of the hydrology of the bay.   The study brief included initial feasibility 
studies, marine investigations, numerical modelling, and a series of environmental  
impact assessments to enable proposed developments in Penzance and Newlyn  
harbours, Western Promenade and Penlee Quarry to be brought forward.  As a part 
of the study brief, Hyder published a number of initial reports of the promenade wall: 
the Promenade Option Review(January 2004), Penzance Promenade Condition 
Survey (January 2004), followed by the Penzance Promenade Sea Defence Option 
Study (May 2005).  The principle findings of these reports are set out below together 
with references to other relevant reports alongside analytical comments of the SFRA.

Present Status of the Promenade Sea Wall

3.13 Penzance Promenade is 932m in length and supports an esplanade with a secondary 
flood wall on the landward side.  A conditional survey of the wall was undertaken by 
Hyder in February to March 2004. The report generally suggests that the wall is in 
fair condition but points out that there are large sections of missing or cracked 
pointing, which may indicate the presence of voiding behind the wall.  Voiding was 
not detected by probing.  The report suggests that the issue of voiding should be 
resolved by further geotechnical investigation.   The report suggests that the 
anticipated remaining life of the sea wall is 25 years based on the probability of 
failure is 1% from year 0, and that the do minimum option should be pro-active, to 
maintain the structure and prevent undermining of the foundation.



3.14 Current Problems with the Promenade Wall
 

● Durability Significant loss of pointing between facing stones on seaward 
side is indicative of voiding caused by the erosion of the backfill 
behind the wall through the joints;

● Overtopping Promenade wall is frequently overtopped by waves causing 
potential danger to pedestrians and road users;

● Undermining Erosion of the beach particularly below the central and western 
portions of the wall has led to the exposure of its foundations to 
the full impact of wave action.

Proposed Mitigation Measures

3.15 There are a number of solutions to each of the three principle problems facing the 
wall outlined above.  These will be summarised in the same order below:

● Durability
Remediate Wall Programme of re-pointing and grouting open joints and 

infilling voids wherever apparent to maintain structure to 
current standard of protection.  This will require constant 
monitoring and recording.

● Overtopping
Heighten Wall Mediate overtopping by increasing the height of the wall. 

This will involve the construction of a new wall along the 
top of the existing one.  This option will not solve the 
problem of beach erosion and will bring forward issues of 
views with the public.  The suggested height of the new 
wall would need to be at least 1.5m.  However, to reduce 
overtopping to a safe pedestrian levels will requires 
increasing the present height of the wall by 2m at its 
lowest point and 1.4m at its highest point.

● Undermining
Construct a Berm The toe of the wall will need to be protected from the 

constant undermining by wave action by constructing a 
berm along the entire length similar to the one 
constructed between 1903-1904.

Protection of the Beach

3.16 The three problems facing the sea wall, (durability, overtopping and undermining) are 
all the result of the walls exposure to the direct impact of wave action from the sea, 
particularly during high tides and during periods of high winds from the south east.  
The best overall defence is the more expensive and long term solution of developing 
the beach in front of the wall.  Records show that the beach has increasingly 
regressed since the promenade was constructed in 1843.  The natural sediment 
processes of the beach were disrupted when the dune system was seriously affected 
by partially incorporation into the construction of the wall as infill.  The natural cycle of 
sand replenishment between dune system and beach was effectively ended.  The 



best defence would therefore be to develop and protect the beach on the foreshore.  
This would break the maximum impact of the wave energy before it comes into 
contact with the wall.  There are a number of possible mitigation measure which 
could restore the beach:

● Beach Recharge Place sufficient amounts of appropriate sediment on the 
beach;

● Groynes Groynes prevent the movement of sediment along the 
beach in a lateral direction;

● Breakwater Construction of an offshore breakwater;
● Perched Beach A perched beach retains the beach below a retaining rock 

toe.

All four processes have varying degrees of effectiveness against different causes of 
beach erosion .  There are a number of pros and cons  associated with each of the 
above solutions discussed in the Hyder reports.  A summary of these mitigation 
processes are  outlined below:

Movement of Currents in Mounts Bay

3.17 In 1987 during the Penzance and St Ives Sewage Treatment Scheme, site 
investigations based around the Gear Rock, (to the south of the Battery Rocks) in 
Mounts Bay, analysed the current movements effecting the area around Newlyn and 
Penzance.  The findings of the investigation are outlined below:

● Identified that the area was dominated by weak tidal constituents and the 
effect of wind induced currents;

● Winds from the north west through south west induced a clockwise current 
flow;

● Winds from the north east through south east induced an anti clockwise flow;
● Normal reversing tidal flow only appears significant with light and variable 

winds or with those predominating from the south.

Beach Recharge

3.18 In 1962 20,000 tonnes of shingle dredged from Newlyn Harbour was dumped on the 
foreshore below South Terrace near  to Jubilee Pool. Within seven tidal cycles this 
sediment had been moved along the beach by littoral processes and deposited below 
West Terrace, forming a pebble beach where before there had not been a beach at 
all.  The Hyder reports argue against beach recharging based on the premise that the 
littoral shift in Mounts Bay is directly inshore/offshore.  However, the shift of the 
beach material in 1962 suggests that the littoral shift of sediment along Penzance 
beach is predominantly from east to west, and that this is consequential to the 
vulnerable exposure of the bay to  the south east.  Beach recharge is usually built to 
a crest level where overtopping is reduced to a low level (approximately 2%) to 
prevent erosion of the lee of the beach crest.  In the case of the foreshore of the 
Promenade this would require a crest level of approximately +7 MCD or equivalent to 
180,000m3 of beach material.  This figure does not include the amount of extra top up 
material required to sustain the recharged beach while it adjusts to the littoral 



processes of the area.  The Hyder reports comment that any beach recharging 
scheme should be supported by a perched beach option due to the onshore/offshore 
sediment shift along the foreshore.

Groynes

The Hyder reports suggest that groynes would  be ineffectual on Penzance Beach 
due to the direct onshore/offshore process of sediment movement.  Littoral drift on 
the beach is not recognised and therefore the option of beach recharge supported by 
groynes is not discussed as an option.

Breakwater

An offshore breakwater extending to the south west of Battery Rocks would break the 
the waves offshore, removing much of their energy before hitting the foreshore and 
the wall. A second advantage of a breakwater is that it encourage the accumulation 
of material on the landward side of the structure, encouraging the creation of a 
beach.

Perched Beach

This consists of a retaining wall which holds the sediment below the toe of the 
structure.  The draw back to this option is that the defence affords issues of potential 
danger to the public and thus presents a health and safety hazard. 

Costs of Remedial Action

3.19 The following breakdown of costs for each option are summarised below.  It is to be 
noted that the costs are approximate and does not include two options:

Perched Beach and Recharge £ 4,300,000
Groynes and Recharge Not given
Toe Protection £ 150,000
Heighten Promenade Wall £ 625,000
Offshore Breakwater £ 8,800,000
Remediate Wall Not given

Groynes and Recharge are not estimated as Hyder reports do not believe Groynes to 
be an appropriate option. The remediation of the wall cannot be quantifiable as the 
extent of voiding is an unknown quantum pending further investigation.

SMP and Sea Defence



3.20 Shoreline Management Plan Lizard Point to Lands End covers the area of Penzance 
Beach in Management Unit 11: Penzance Harbour to Newlyn Harbour, which is 
considered as a single implementation length of developed and defended frontage.
The SMP recognises a number of key processes along the line of the Promenade:

● Foreshore level reported to have fallen significantly during the last 30 years, 
but no measure rates of erosion are available;

● Eroding foreshore and falling beach level;
● No natural recharge source along local shoreline;
● Frontage sheltered from predominant south westerly waves;
● Low sediment transport potential;
● Area of weak tidal currents, susceptible to wind currents of varying speed and 

direction.
The SMP recognises two issues which relate to development risk:

● Undermining of sea defence due to eroding foreshore;
● Overtopping along frontage threaten residential commercial and recreational 

properties.

3.21 SMP Recommendations

The SMP recommends two strategic options for the implementation length:

● Hold the line strategy,  continued maintenance of the current defence line the 
preferred option as this will; 
1. not impact on the intertidal habitats which exist at Battery Rocks and at the 

Chimney,
2. not effect coastal processes and the natural supply of sediment,
3. allow for the continued operation of Newlyn Harbour.

● Continued erosion of foreshore and lowering of the beach level will eventually 
lead to undermining of the sea defences.  Recommendation of continued 
monitoring of foreshore levels.

The SMP concludes its preferred strategy option with the following comment:

The preferred strategy for this length can be achieved by maintaining the 
existing defences along this frontage, although there may be need to improve 
these in the future due to the risk of undermining.  A beach recharge option id 
not feasible for this length as the tidal impact on the vertical walls along this 
length serves to remove any sediment offshore.  Such a scheme was 
attempted in the 1960's and 30,000 tonnes of material was lost from the beach 
and transported further west to Newlyn within 6 tidal cycles.

3.22 Tresidder's Report

The chief engineer in the authority at the time of the 1962 disaster, Peter Tresidder, 
was an eyewitness to the event and supervised the repair and reconstruction of the 
Promenade sea defences during the aftermath, presented a report in 1967 which 
contradicts  some of the principle findings of the later SMP and the Hyder reports.  



The contradiction among these reports is centred around the occurrence of littoral 
drift of sediment along Penzance Beach.  

3.23 The SMP cited above specifically describes how the tidal impact on the vertical walls 
along this length serves to remove any sediment offshore.  For this reason alone the 
SMP concludes that beach recharge should not be viewed as a feasible option.  As 
evidence to this conclusion the SMP describes how 30,000 tonnes of material was 
lost from the beach and transported further west to Newlyn within 6 tidal cycles.  Peter 
Tresidder's report of the disposal of the sediment differs in three respects to that 
outlined in the SMP:

● 20,000 not 30,000 tonnes of sediment was initially deposited;
● the sediment was not lost to the beach by offshore drift but moved gradually 

westward along the beach;
● the sediment was deposited at Wherrytown and not Newlyn.

The significance surrounding these contradictions is if littoral drift sediment 
processes do occur along Penzance Beach, then beach recharge supported by 
groynes becomes a feasible option of sea defence in the area.  The following extract 
is from Peter Tresidder's report,  Sea Defence Works at Penzance, 1967:

I have had no experience of groynes but I understand there were some 
groynes at Penzance long years ago.  Their history has been lost I regret to 
say.  It may be that a scheme will one day be prepared for artificial beach 
replenishment and the construction of groynes to retain the beach.  We do 
have a small localised example of littoral drift between the bathing pool (which 
was built in 1935) and the Queens Hotel.  In 1962 the council agreed to my 
suggestion that dredged beach shingle from Newlyn should be dumped on the 
foreshore near the bathing pool and some 20,000 tons were in fact tipped 
there.  Since then the material has moved slowly westwards and there is now 
a passable beach were there used not to be any beach.  In this connection it is 
interesting to note that a landing slipway built in 1904 extending seawards from 
Morrab Road has acted as a groyne in preventing the movement of beach 
material further west.

In a letter dated 7th March 1996 Tresidder further mentions that:

I had 20,000 tons of shingle tipped onto the foreshore opposite South Terrace 
but in a few years the sea moved it westwards to the foreshore opposite West 
Terrace

3.24 Early photographs of Penzance show the existence of groynes running the length of 
the beach.  The evidence therefore is contradictory.  Historical evidence seems to 
suggest that the littoral movement of sediment is from east to west.  The Hyder 
reports and the SMP suggest it is directly inshore/offshore.  This SFRA would require 
further investigation to resolve this issue.  If the littoral shift of beach material is 
indeed proven to be from east to west the option of beach recharge supported by 
groynes would be a realistic option to take and is by far the most sustainable in the 
long term, both in terms of maintaining the current sea wall, and supplying Penzance 
with a new beach.  

3.25 A new beach along the Promenade would have the potential of regenerating the 
surrounding area as the status of the beach will be increased to a tourist destination. 



If undertaken, the recharge programme would follow historic precedent by recharging 
the beach on the eastern end near Jubilee Pool, in effect restoring 'Sandy Bank'.  A 
suggested model would be that an artificially recreated sand dune system will be 
defended to the south east from wave attack by Battery Rocks.  This will supply a 
natural recharge source for the beach.  The westward littoral drift of sediment follows 
the predominant tidal current from the south east exposure.  During low tide the 
predominant south westerly winds would replenish the artificial dune system along 
the eastern end of the beach.  The recreation of a dune system supported by a 
network of groynes to hinder the rapid dispersal of sediment towards the west, would 
re-initiate a natural process of sand replenishment between dunes and foreshore.

3.26 It is interesting to note that the work undertaken by Hyder admits that the specific 
causes for reduction of the foreshore level along the Promenade has not been 
determined, the reports do conclude however, that a possible cause may be 
attributed to the loss of groynes which retained the relatively small amount of 
longshore drift material.

Proposed Development Elevation

3.27 Both sea level rise and storm surge events have implications on proposed 
developments  situated along coastal fringes.  Both of these factors would need to be 
accommodated in any development proposal.  The degree of accommodation  
depends on the design life (estimated life span) of the planned development.  This 
accommodation is therefore based on allowances for anticipated sea level rise and 
the maximum still sea water level (which has to include average anticipated surge 
levels).  

3.28 Hyder has calculated that proposed developments in the vicinity of the Promenade 
must accommodate for a 6.55m ACD (Above Chart Datum) design extreme still water 
level.  This figure includes an allowance for the design wave height appropriate for 
the design return period of 1 in 100 year wave height for a 50 year design life.  Hyder 
emphasises that the choice of return period and design life is related to a level of  
acceptable risk.  This figure was estimated by adding: the Mean High Water Springs 
(MHWS) as recorded at Newlyn Tidal Observatory at 5.53m ACD along with an 
allowance of 0.77m for surge(based on 100 year surge average), gives 6.30 ACD.  In 
addition to this sea level rise must be added to the equation.  DEFRA gives a 5mm 
per year sea level rise allowance to cover a 50 year design life for sea defences and 
coastal protection structures situated along the south west coastline.  This gives 
6.30m plus 0.25m (50 years multiplied by 5mm) equals 6.55m ACD allowance.

3.29 Summary of SFRA Findings

● Proposed developments reliant upon the Promenade sea defence must make 
allowance of  a  6.55m ACD design extreme still  water  level  for  a  50 year 
design life;

● The  anticipated  remaining  life  of  the  current  defence  standard  of  the 
Promenade wall is estimated at 25 years (from 2004 – 2029);

● The sea wall is in constant risk of overtopping, erosion and undermining from 
direct wave impact;



● Mitigation against these risks by heightening the wall, regular re-pointing  and 
infilling, and constructing a berm are costly and only effective in the short term;

● Erosion of the foreshore and the lowering of the beach level is directly related 
to the life span of the Promenade sea wall;

● Recharging of the beach is the most sustainable way of achieving long term 
protection of the current defence standard of the sea wall by reducing direct 
wave impact;

● This SFRA has identified the need to re-assess the sediment flow processes 
along the foreshore of the beach.  Contradictions between the SMP, the Hyder 
investigations and the Tressider report need to be addressed to determine the 
most  suitable support  option to  a  beach recharge programme.  For  direct 
inshore/offshore  movement  the  programme  would  have  to  consider  the 
options of a breakwater or a perched beach.  For a littoral sediment drift from 
east to west the best option would be to re-establish a system of groynes.

3.30 Summary of Proposed Actions

● Regular monitoring of the beach level on the foreshore;
● Monitoring of the sea wall at least twice a year to assess winter damage in 

March, and a winter preparation inspection in September;
● A trial groyne with limited beach recharge to assess sediment process in the 

vicinity of  Jubilee Pool.   Recharge material  may possibly be sourced from 
Penlee Beach (the probable drift  terminus of  the eroded Penzance Beach 
sediment).

4. HAYLE HARBOUR REGENERATION



Allocated Site:  Hayle Harbour (Hayle)

4.1 Local Plan Proposal TV-D

South Quay/Foundry Yard (6.0ha), North Quay (7.9ha), and East Quay (1.0ha) are 
proposed for redevelopment for uses within classes A1, A2, A3, B1, B2, B8, C1, C3, 
D1 and D2 of the Town and Country Planning (Use Classes) Order 1987 (as 
amended).  Proposals for development will be required to:-

(i) Make provision for improved port facilities;
(ii) Make provision for the maintenance of the existing level of industrial  

and storage facilities;
(iii) Ensure that town centre uses (A1, A2 and A3) are closely integrated 

with the adjacent town centre in terms of location, orientation and 
pedestrian movement;

(iv) Provide for at least 400 dwellings with a target of for 25% of provision 
being 'affordable' and meeting the requirements of Policy H-14;

(v) Be of a scale and design that respects the maritime environment and 
heritage of these prominent locations in the harbour;

(vi) Retain existing buildings and traditional features which contribute to the 
character of the area;

(vii) Be compatible with their surroundings; and
(viii) Include provision for the improvement of the junction between Carnsew 

Road and Foundry Lane.

Paragraph 7.3.108 of the Local Plan describes the context of the proposal:

Within the heart of the harbour area there are a number of quays which are 
unused and under utilised.  The redevelopment of these areas is crucial to the 
revitalisation of both the harbour and town.  However, these sites either adjoin 
or are in close proximity to the Hayle and Carrack Gladden SSSI and a County 
Wildlife Site....In addition the quay and the structure adjacent to Carnsew Pool 
are important indicators of the town's industrial and maritime heritage....The 
Conservation Area has since been extended to include the harbour area...

4.2 Site History

The area of the proposal covers three quays surrounding the harbour;

● South Quay and Foundry Yard consists of an area which incorporates the old 
quay (which is a listed building) extending to the north of the viaduct, which is 
currently in a poor state of repair, an area to the west currently occupied by a 
number of retail and industrial units, and a derelict area adjacent to the south 
on the other side of the B3301 occupying the former Foundry Yard;

● North Quay extends to the north of the entrance of Carnsew Pool from the old 
customs house to the site of  the old power station.  The quay is  in good 
condition and is currently occupied by a number of industrial units.  Former 
uses of the area include the power station and the depots of Octel and Esso, 
which took advantage of access to the adjacent main channel of the estuary;



● East Quay is also a listed building and is situated between North and South 
Quays and is similarly occupied by a number of industrial and retail properties.

4.3 The town of Hayle and it's associated quays developed rapidly alongside the 
development of two foundries which were established during the industrial revolution. 
These consisted of the Harvey & Co foundry at Penpol to the west and the Cornish 
Copper Company foundry works which was situated to the east at Copper House and 
adjoining Venton League.  As a result of this historical background the current town 
of Hayle has two town centre areas focused on the Foundry and Copperhouse ends, 
which are joined together by later early twentieth century development centred on the 
Passmore Edwards Institute building and the early drill hall.

4.4 The earliest development of Hayle centred around a small port which served as a 
coal importing and tin ore exporting station between the accessible coal fields of 
South Wales adjacent to the north of the Bristol Channel, and the surrounding tin  
mines.  Tin ore was processed in the stamping mills constructed in neighbouring 
Angarrack in 1704, and delivered to the harbour by mule for shipment.  In the 1740's 
a new quay was built by one John Curnow to service the increasing mining industry 
in the area (above East Quay).  Then in 1758 the Cornish Copper Company moved in 
from Camborne and developed a copper smelting works along Copper House Creek 
in present day Venton League. The western side of the harbour was developed 
around the foundry established by John Harvey in 1779.  This foundry focused on 
developing and engineering machinery to support the mining industry and was 
particularly famous for the production of precision beam engines and ocean going 
ships. The town continued to develop and prosper, briefly superceding Helston as the 
Stannery town of the area (1833-1838).

4.5 After reaching it's peak in the mid eighteenth century, the foundry and the town 
began a slow decline.  In 1875 Harvey's acquired the Cornish Copper Company but 
by 1903 the foundry itself was closed.  The harbour was eventually closed to 
commercial shipping when the coal fired Hayle Power Station was closed in 1977.  
From 1977 to the current time the main function of the harbour is to serve as a 
shellfish port to  a small but locally significant fishing fleet.  The harbours facilities  
also operate as a winter berth for the St Ives fishing fleet. 

4.6 Today Hayle's economy, much like the rest of the district, is centred on tourism, 
exploiting the 'three miles of golden sand' which stretch from the harbour to Godrevy 
Head. The area of the towens is currently proliferated with caravan and camping 
sites, holiday villages, and holiday chalets.  

Hayle Harbour Regeneration 

4.7 The area of the harbour remains under used and in some places stands derelict.  A 
number of projects have been put forward to regenerate the harbour area since the 
1980s initiated by Peter De Savory, but have failed to secure funding.  The prospect 
of a regeneration plan became real during 2004 when the Dutch development 
company ING Real Estate Development UK acquired the Hayle Harbour 
Management Company and the surrounding area owned by Rosshill Properties Ltd.  
Since the acquisition of the harbour ING have made a number of pro-active moves to 
progressing their regeneration proposals, which included a public consultation 



exercise and exhibition in Hayle in December 2004, which attracted over 2,000 
people, and commenced emergency remedial repair work and renovation of a section 
of the South Quay wall in February 2005.  The next area to be repaired includes the 
old dock gates to the southern most sluice to Carnsew Pool.

4.8 ING have now set up a new subsidiary company called ING Red (Hayle Harbour Ltd) 
to oversee the redevelopment work.  The proposed development has been planned 
to be phased over a 12 year period with an estimated cost of £150,000,000.  The 
main elements of the proposal includes:

● Restoration of the quays and sluices
● provision for a new fishing harbour 
● 54,000 square feet of industrial space
● 75,000 square feet of business space
● 23,000 square feet of Wavehub space
● 870 new dwellings (with 175 affordable provision)
● 120,000 square feet of retail and commercial
● Penpol Creek flood defence and half tide system
● new roads, an access junction and bridges

A full planning application for phase 1 is currently expected to be submitted in August 
2006 alongside outline applications for phases 2-4.

Flood History

4.9 The morphological processes inherent in an estuary are extremely complex and 
unpredictable sustaining long periods of accretion followed by long periods of 
erosion.  Currents within the estuary are influenced by both tidal flow (spring or high 
tide and neap or low tides at fortnightly intervals) and fresh water flows from the 
various streams which empty into the estuary.  The flood tide flows through the main 
navigational channel at the mouth of the estuary and divides at Middle Weir into two 
channels.  One channel goes to the west into Lelant Water while the other heads to 
the east into the harbour area.  The tidal waters evacuate the estuary along the same 
channels determined by the rate of the offshore tidal level and the constraints offered 
by sand bars and sluicing release.  The sediment flow and hydrological processes of 
Hayle Estuary is a sub cell which is wholly dependent on the coastal processes of St 
Ives Bay, of which it forms the southern most extremity.  Sediment  within St Ives Bay 
forms a closed sand cell, which constantly circulates sediment around the bay. Very 
little sediment is believed to enter or leave the system.  As a consequence of the St 
Ives Bay closed sand cell system, littoral topography along the bay and estuary are 
subject to change.  For example, the channel through the estuary is known to have 
been deeper, allowing passage of ships to travel upstream along the River Hayle as 
far as St Erth Bridge up until the sixteenth century.  The tide is also known to have 
flowed in and out of the area of Foundry Square, being at the mouth of the Mellinear 
Stream.  Due to the development of the harbour defences flood risk has principally 
been restricted to fluvial flooding around the outflows of the Hayle River, Mellinear 
Stream and the Angarrack Stream.  Mitigation measures undertaken by the 
Environment Agency have alleviated flood risk along the course and outflows of all  
three rivers, however, proposed development in the harbour regeneration project will 
effect the outflow of the Mellinear Stream.  The ING proposal does include mitigation 



measures to address this risk which will be a described in more detail below.

Physical Characteristics

4.10 The development of the quays and sluice pools has had an impact on the natural  
sediment processes of the estuary.  By 1810 the Cornish Copper Company had built 
Black Road from smelting waste (scoria) which effectively divided Copper House  
Creek into Wilson's Pool (on the upper reaches of the creek) and Copper House 
Pool.  At this time the Copper House Pool was first modified into a tidal reservoir  
which incorporating Merchant Cernow's Quay into the structure. This new tidal 
reservoir was designed to  both serve the docks (which were located in the vicinity of 
the current Co-op supermarket site) and to sluice (flush)  sediment from the main 
navigational channel through the estuary.  The company also channelled a new 
deep water canal to gain access to their smelters.  Development on the western side 
of the harbour was initiated after 1779 when the newly established Harvey's Foundry 
constructed a quay below Carnsew to allow for the landing and loading of freight from 
the sea. At first the Cornish Copper Company allowed the foundry's shipping to use 
their sluice for larger ships.  However, the rivalry between the two companies 
increased with the growing success of the foundry.  The competition culminated with 
the Cornish Copper Company refusing to operate their sluices to allow vessels 
access to Harvey's Foundry.  In response Harvey's developed their own tidal 
reservoir at Carnsew Pool, with its own sluice mechanism and a number of new 
quays around it.  The works were finished by 1842, and completed the shape of the 
harbour to how it appears today.  The sluices operated by impounding water at high 
tide within the reservoirs. The impounded water was then released a few hours into 
the ebb tide to maximise the flow of the water and the scouring action of clearing 
sediment from the main navigational channel of the estuary.  From the 1950's the use 
of the sluicing system became sporadic and intermittent as large shipping became 
infrequent users of the harbours facilities.  The sluices ceased to operate in 1976 and 
in 1977 the harbour was closed to commercial shipping.

4.11 The Hayle Estuary is made up of four main inter tidal areas:

● Lelant Water to the west, comprising of 57ha of mudflats  and sandflats and a 
deep water  channel.   The main outflow is  from the River Hayle,  the main 
source of mud sediment supply to this area.

● Carnsew Pool is situated between Lelant Water and the Harbour Area and 
comprises of 12ha of man made tidal reservoir which connects to the main 
harbour at the sluice gate on the north east of the retaining wall.

● Harbour Area comprises of 15ha with mudflats, sand banks and shingle banks 
situated between the three quays.  The main channel to the estuary enters the 
harbour by Cockle Bank, where the two sluicing channels merge with it.

● Copper House Pool to the east comprises 21ha of man made tidal reservoir 
which includes mudflats and deep water channels.  The main source of mud 
sediment is from the main outflow of the Angarrack Stream.  The level of the 
tide is maintained by the sill of the flood defence situated at the site of the 
original sluice gate on the western side of the pool.

SMP and Potential Flood Risk



4.12 The area of the Hayle estuary is covered in the Lands End to Hartland Point 
Shoreline Management Plan under the Management Unit: Hayle Estuary.  This 
management unit is further divided into four implementation lengths:

1. Porth Kidney Sands – Lelant Towans sand dune system and wide beach on 
west side to estuary mouth;

2. Lelant Towans to Carnsew Pool – partially defended mixed use frontage;
3. Carnsew Pool to end of North Quay – defended frontage including harbour 

quays and tidal reservoirs;
4. Harvey's Towans – sand dunes backed by tourist accommodation on east side 

of the estuary.

4.13 The SMP identifies the following threats to each of the implementation lengths;

1. Porth Kidney dune system receding, with the potential of long term risk to 
railway line and golf course.  Recommended action is to hold the line and 
undertake management of dunes, if no action taken both the rail line and golf 
course will be encroached by the sea.

2. Lelant Towans and the estuarine shore to Griggs Quay, the outlet of the River 
Hayle, and the Causeway transport link.  Hold the line policy recommended, 
little risk of flooding with maintenance of existing flood defences. 
Improvements to existing defences would achieve preferred strategy.  Along 
this stretch there have been two breaches of the flood banks around the 
mouth of the river Hayle since 1997.  Hayle tidal barrier was constructed in 
2001 to help alleviate the older defence situated beneath the Causeway 
(which had allowed sea water from the estuary to enter into the river causing 
flooding).

3. Carnsew Pool the harbour quays and Copper House Pool.  A hold the line 
policy is the preferred option, although an advance the line policy is 
acceptable in regards to developing the harbour or tourist facility. Advance on 
to the mudflat habitat adjacent to Carnsew Pool unacceptable.  All defences 
considered to be in a poor state of repair requiring remedial work within the 
next five years (1999-2004) and that there is no requirement to increase the 
level of these defences.  No requirement for additional defences where 
currently nonexistent.  The proposed standard for sea defences in this 
implementation length is 100-300 year standard.

4. Harvey's Towans is currently suffering from erosion along the shoreline east 
of the mouth.  The preferred option is to hold the line.  Stabilise and maintain 
current position of the dunes.  Undertake management of the dunes to 
enhance habitat value.  A retreat the line policy is considered acceptable in 
the long term by relocating some of the more seaward chalets to allow natural 
dune system to form.

Summary of SMP Recommendations

4.14 The SMP makes the following recommendations in regards to future coastal and sea 
defence maintenance for the Hayle Estuary:

● Dune management to be undertaken at Porth Kidney/Lelant Towans to the 



west and Harvey's Towans to the east to protect respective dune systems 
from erosion;

● Improve (remediate) existing sea defences in Hayle Harbour within five years 
(by 2004);

● The level of the sea defences do not need to be increased;
● No requirement for additional defences around harbour area;
● Existing built defences are not detrimental to sediment processes;
● Hard defences in areas of dunes could be detrimental to beach stability.
● The existing standard (1999) of  the  harbour  sea defences are considered 

poor/bad condition (<2).  The proposed standard is recommended to be 100-
300 years.

● Sluicing from Copper House Pool can significantly effect beach and channel 
formations at the estuary mouth.

4.15 Impact of Sand Extraction

With the disuse of the sluices, previous owners of the Harbour employed the method 
of sand extraction to keep a safe navigable channel in the estuary.  This method 
involved both the use of dredging in the channel and sand extraction from the 
foreshore of the beach (running approximately three quarters of a mile to the north of 
the harbour).  The Hayle Harbour Act 1989 allowed for the creation of the Hayle 
Harbour Company to manage all of the tidal waters pertaining to the harbour.  Part of 
this management allows for the removal of sand from the estuary to keep the channel 
navigable and for the disposal of the sand.  Section 6 of the Act states:

Subject to the provisions of the Act, the Company may from time to time 
deepen, dredge, scour, cleanse, alter and improve the foreshore and bed of 
the sea and blast any rock within the limits of the harbour and the channels 
and approaches thereto and may use, appropriate or dispose of the 
materials....

4.16 The Hayle Harbour Company, acting as a subsidiary company of the harbour owner 
(de Savery group in the 1980's, administrators up to 1996 and Rosshill up to 2004) 
has continued to extract sand from the estuary and foreshore.  Concerns over the 
effect of commercial sand extraction in the estuary by local people led to the 
formation of an action group called SOS Hayle (Saver Our Sand).  Publicity raised by 
the group highlighted how vast quantities of sand (up to 30,000 tonnes per year) 
were being removed from the estuary on a commercial basis and not just to manage 
the navigational channel.  Concerns at the rate of extraction led the local authority in 
2002 to commission a report to be undertaken on the hydrological processes of the 
Hayle Estuary.  The hydrological consultants  Babtie Group Ltd were appointed and 
published their findings in 2003 in the: Hayle Hydrodynamic Modelling Report 2003.  
The Babtie Report, while acknowledging the need to continue limited dredging to  
maintain the navigational channel of the estuary, also intimated that such activity  
would not effect the erosion of Hayle Beach or the towans as long as the extracted 
sediment is not removed from the sediment transport cell of the estuary.  Despite the 
extractors agreeing to abide by the findings of the report extraction continued 
unabated. Further pressure from English Nature and SOS led to a section 18 Notice 
being put into force by the coastal protection authority  in September 2003, under the 
powers of the Coast Protection Act 1949, prohibiting the excavation or removal of  



materials under or on the seashore.  Extraction briefly continued under the new 
owners ING until July 2004, when the company placed a moratorium on removing 
sand from the beach.  Since then ING have taken on board a new approach to 
protecting the environmental and conservational value of the estuary into their 
development proposals, including the policy of recharging the beach with sediment 
dredged from the channel, in accordance with one of the key findings of the Babtie 
Report.

Babtie Report 2003

4.17 The main aim of the study was to assess the estuarine and coastal processes at 
Hayle Harbour, using mathematical modelling to assess the impact of tides, currents 
and waves on sediment movement mechanisms.  The assessment particularly 
targeted:

● The rapid accretion of sediment in Hayle Harbour;
● The effect dredging has on the sediment transport processes;
● The erosion and retreat of the Hayle towans dune system;
● The reduction in the level of Hayle Beach;
● The impact of dredging on the retreating dunes and beach.

4.18 The Babtie report described the principle dynamics of the estuary as:

● Hayle Estuary is to be considered a sub cell of the St Ives Bay closed sand 
cell, a self sustaining sediment process system;

● Main source of sand transported into the estuary is sourced from Hayle Beach;
● More sand is transported from the beach into the estuary then is transported 

onto the beach from long shore drift  from Black Cliff  to the east and from 
offshore supply, leading to the reduction of the beach level;

● Flood tide dominates Hayle Beach transporting sediment to the mouth of the 
estuary during spring tides effecting the navigational channel into the estuary;

● Predominant  wave action hits the beach obliquely , causing littoral drift  of 
sediment westwards towards the mouth of the estuary;

● Erosion to the dune systems on both sides of the estuary mouth is evident 
from the receding dune crests.  The cause of this has been identified to be the 
lowering of the foreshore which has allowed wave action to penetrate further 
up the beach to the toe of the dunes;

● The  lowered  beach  sand  remains  wet  and  cohesive  due  to  sea  water 
coverage for longer periods, making natural development of the dunes fed by 
wind blown sand from the beach less likely to occur;

The Babtie report emphasises that the influence of wave action and fluvial discharge 
into the estuary generally has little impact on sediment transport.  The main source of 
sediment transport comes from offshore, as part of the overall closed sand cell 
system of St Ives Bay.  The general movement of sediment in this system tends to 
follow a west east flow which has led to the formation of a spit extending from Porth 
Kidney Sands across the mouth of the estuary.  

Hayle Regeneration and Flood Risk



4.19 The SFRA identifies three development proposals for redeveloping the harbour which 
have potential flood risk implications. These issues will need to be addressed by 
discussion with the Environment Agency, so that adequate mitigation may be 
resolved:

● Half Tide Harbour Barrier
● Removal of Cockle Bank
● Penpol Flood Barrier;
● Reinstatement of sluices.
● New Quay built below Harvey's Towans
● Proposed Surface Elevation of Quay Development;

Half Tide Harbour Barrier

4.20 The first proposal brought forward by ING for redeveloping the harbour included a 
scheme to construct a tidal sill across the main channel to the harbour from North 
Quay across to the Middle Weir.  The sill was to include a third sluice gate (in 
addition to the sluices at Carnsew and Copper House Pools), which would protect all 
the quays from flooding and create 15ha of permanent deep water in the harbour.  
The impounded water would be maintained at a minimum half tide level and the 
channels flushed by water flow fed from the two tidal pool sluices feeding through to 
the new proposed third sluice.  Part of this proposal also included the need to level 
out Cockle Bank.  This scheme was dropped when the Environment Agency advised 
that all new development surrounding the harbour would have to be raised to an 
acceptable height above flood risk level despite the proposed flood defence scheme. 
The new proposed scheme now abandons the concept of a third sluice option in 
favour of just removing Cockle Bank to create a permanent deep water berthing area 
for the mariner, to permit moored boats to remain afloat  at all stages of the tide.  
Alongside this scheme a protective flood gate would offer flood defence at Penpol  
Creek.

4.21 The SFRA would recommend that the retention of the proposed half tide harbour  
barrier is the more sustainable option in terms of effecting sediment transportation in 
the estuary.  Allowing for half tidal level of water to be maintained permanently in the 
harbour area would reduce the need to remove Cockle Bank and the efficiency of the 
two historic sluices (see paragraphs 3.9.2 and 3.9.4 below).  The proposal would also 
provide an increased flood defence standard then that offered by the alternative 
Penpol Creek flood defence proposal (see paragraph 3.9.3 below).  An impounded 
harbour would greatly improve the visual amenity of the proposed  development 
along the frontage of Hayle (Bristol waterfront) which should be carefully weighed 
against the cost issues of raising the elevation of development above that which is 
required to mitigate against flood risk (see paragraph 3.9.6 below).

Removal of Cockle Bank

4.22 Cockle Bank is a man made structure situated in the middle of the harbour at a 
junction between the sluicing channels from Carnsew Pool and Copper House Pool.  
The function of Cockle Bank was to support the flow of water from the two sluices 



into the main navigational channel, acting as a hard barrier to direct the full scouring 
effect of the released impounded waters.  The removal of Cockle Bank will therefore 
effect the overall performance and efficiency of the proposed reinstatement of the 
two sluices.  The two sluicing channels entering into a deep water basin would both 
lose momentum in flow and empty sediment from their respective channels into the 
proposed berthing area.  This would require continued dredging to maintain the  
depth of the marina area and also the main navigational channel.  The SFRA would 
recommend a detailed hydrological survey to assess the full implications of removing 
the Cockle Bank and the overall effect this would have on the efficiency of the 
reinstated sluices.  

Penpol Creek Flood Barrier

4.23 To replace the initial flood barrier (serving the entire harbour area outlined in the first 
proposal), ING has brought forward a another flood mitigation measure in the new 
proposal.  The greatest threat of flood risk to the proposed redevelopment area is in 
the vicinity of Foundry Square.  Whereas new development can be constructed 
above the suggested flood risk level to accommodate the requirements of 
Environment Agency advice, the area of Foundry Square and Penpol Terrace is 
already developed, and as these structures cannot be raised above the recognised 
flood risk level, an alternative alleviation scheme must be sought.  The threat of flood 
risk to the Foundry Square area stems from the outflow of the Mellinear Stream into 
Penpol Creek.  The release of water from the stream is restricted by the tidal water 
level in the adjoining Creek, whereby water cannot escape from the stream into the 
estuary until the tidal level recedes below the water level of the Mellinear floodplain.  
Thus the risk of flooding in Foundry Square coincides with high spring tidal surges 
and periods of heavy rain.  The Environment Agency have already developed a 
system of flood defence structures running the course of the Mellinear Stream from 
the sluice gates situated upstream of the Mill Pond down to the syphon outflow at the 
outflow into Penpol Creek.  

4.24 ING propose to use the half tide lock already proposed for Penpol Creek (to maintain 
a specific level of water in the creek for the mooring of large vessels), to be adapted 
into a flood defence barrier by raising the gate to a higher level to keep water out  
rather than to just keep water in.  The defence will operate by the closing of the gate 
when the tide is low during periods of predicted flood risk to ensure that there is 
enough water storage capacity within the protected part of the Creek to receive the 
outflow of the surplus run of stream water and surface water run-off from Foundry 
Square.  This would be stored until the tide begins to recede below a level which 
allows for the impounded flood water to be released.  

4.25 The flood alleviation scheme for Penpol Creek is sound, but there could still be 
problems associated with the siting of the flood/tidal lock structure.  ING suggest two 
proposed locations for the barrier, option 1 will locate the structure at a mid point  
along the creek.  Option 2 will locate the lock at the mouth of the creek.  Currently 
ING appear to be supporting the site of the first option, as the siting of the lock at a 
mid point along the creek will allow for the rest of the creek  to the north outside of 
the protected area to be used for the mooring of boats.  They further indicate that 
their engineers have advised that, although option 1 affords less protection then 
option 2 (i.e. half the storage capacity for flood water), it would still offer an 



acceptable level of risk.  Option 2, the location of the barrier at the mouth of the creek 
adjoining the present site of Philps Bakery would afford maximum flood protection but 
would offer restrictions for small boat use to the creek.  The SFRA recognises the 
need for ING to  integrate their development proposals for the creek with existing  
use, but to sacrifice a higher level of flood protection for the accommodation of a 
limited number of small boats which could be berthed elsewhere in the vicinity could 
be a tragic mistake.  The SAFRA fully supports the maximum level of flood protection 
offered by option 2 as an alternative to the half tide harbour barrier.

Reinstatement of Sluices

4.26 The restoration of the sluice systems of Carnsew and Copper House Pools is one of 
the key objectives of the ING redevelopment proposal for Hayle Harbour.  As the  
sluices were last operated in 1975, ING commissioned Wallingford hydrological 
consultants to construct computer models of the harbour and estuary to predict the 
impact of proposed development and sluicing on tidal flow and sediment movement.  
The hydrological modelling was based on three criteria:

1. The impact of sluicing and its effect on maximum tidal flow during the ebb on a 
spring tide under current conditions compared with the maximum tidal flow during 
the ebb on a spring tide under current conditions without sluices.  

2. Maximum tidal currents during the ebb on a spring tide following inclusion of the 
new scheme (quay structures and dredging) with and without sluicing.

3. Hydrological assessment of spring tidal levels within Carnsew and Copper House 
Pools based on a comparison of levels during current conditions and following 
inclusion of the new scheme under normal tidal conditions.

4.27 The findings of the three sets of hydrological modelling scenarios were;

1. Sluicing will increase peak current within the harbour and on either side of Cockle 
Bank and along the main navigational channel to the sand bar at the mouth of the 
estuary and beyond.

2. Main change to tidal flow is a small increase in the vicinity of the new quay and a 
reduction in the dredged zone within the harbour (on the site of Cockle Bank).

3. Minor effects on tidal water levels, being a slight decrease of the low tidal level.

New Quay below Harveys Towans

4.28 It is proposed that a new quay will be constructed at the northern end of the North 
Quay to act as a wave defence for a new deep water harbour area which will 
accommodate berths for fishing vessels, commercial activity and the servicing of  
wave hub equipment.  The hydrological modelling undertaken by the consultants  
Wallingford, predicted that there will be an anticipated increase in tidal flow in the  
vicinity of the new quay area due to the effect of sluicing and developments proposed 
in the new scheme.  This is of significant concern as the location of the proposed 
quay will be in the vicinity of an area of eroding foreshore and dune system identified 
in the SMP.



4.29 An area spanning 120m of Hayle Beach has suffered from commercial sand 
extraction for a number of years up until 2004.  It is not known to what extent this 
process has had in contributing to the lowering of the surrounding beach level and 
the erosion of the adjoining dune system, but it certainly could not have been 
beneficial.  The erosion is apparently localised  to an area of approximately 100 
square metres of Harvey's Towans, lying directly to the east of the estuary mouth.  
The main mechanism is head erosion at the seaward edge of the dunes prompted by 
high water and wave action.  The process involves erosion of the base of the dune by 
wave impact, whereby the upper section of the dune collapses leaving steep 
unvegetated faces prone to further wind and wave attack.  

4.30 The direct cause for the erosion of the dune system is due to the lowering of the 
foreshore of the adjacent beach,  whereby the loss of beach material allows for larger 
waves to penetrate further up the beach to the toe of the dune.  The dunes would 
naturally be replenished by wind blown sand from the beach.  Unfortunately, due to 
the low level of the beach, the remaining beach sediment remains wetter for longer 
periods making it less likely to be transported by wind back to the dune.

4.32 It is difficult to assess what impact the construction of the new quay will have on the 
further lowering of the beach, other then the fact that it will increase tidal flow on the 
adjacent foreshore which will hence effect an increased level of sediment 
transportation.  The SMP recommends that the dune system should be stabilised  
through dune management and perhaps a policy of retreat the line in the long term.  
This would involve the relocation of a number of chalets currently situated behind the 
second crest of the dunes, to allow a natural dune to reestablish itself in the long 
term.  The SMP advises that Hard defences in areas of dunes could be detrimental to 
beach stability.  The Babtie Report however, recognises that some mitigation may be 
necessary to stabilise the foreshore and dune system.  This would especially be the 
case with the hydrological model's predicted increased tidal flow in the area.  The 
report describes two possible options:

● The  construction  of  a  single  stone  groyne  to  be  located  at  the  interface 
between the dune and the mouth of the estuary.  This would act to control tidal 
flow from towards the estuary mouth and allow for  the littoral  transport  of 
sediment to the beach to encourage accretion. This would help to maintain a 
higher and wider beach.

● Beach replenishment used in  conjunction with  groyne.  Material  to  be fed 
uniformly along the beach.  Best source of sediment being that dredged from 
the estuary.

● Dune  Management  as  suggested  in  the  SMP  will  comprise  of  three 
components:
● Monitoring  of  beach  levels  and  dune  movement  at  three  monthly 

intervals;
● Restricting public access to area at risk of erosion;
● Replenish and maintain vegetation on exposed areas of dunes.

Proposed Development Elevation of Quays;



4.33 Predicted sea level rise and storm surge will need to be taken into account on the 
proposed redevelopment of the Hayle harbour quays by ING to ensure that all 
development is situated upon a surface elevation above a flood risk level acceptable 
to the Environment Agency.  This level would therefore have to be higher than the 
design extreme still water level.  This degree of accommodation for flood risk is also 
dependent on the design life of the planned development.  The development will be 
measured by an anticipated design life of 100 years.  Currently ING have initially 
proposed a future safe flood risk level of 5.5m OD (or 8.55m ACD) for the proposal. 
The proposed  must take into account the 5mm per year sea level rise allowance 
recommended by DEFRA. The surface elevation of quay development proposed by 
ING has initially been estimated at 5.5m OD (8.55m ACD) which includes the 100 
year allowance for sea level rise (100 years multiplied by 5mm which equals 500mm) 
added to the lowest elevation of the current quays (4.1m OD or 7.15m ACD).  This 
apparently gives an allowance of 0.9m for surge height increase in a 100 year return 
period event.  

4.34 The proposed development will therefore stand from between 1m to 1.5m above the 
present surface of the quays.  To meet their proposed safety level of 5.5m OD or  
8.55m ACD, ING have made various plans to raise the ground level behind the quays 
to meet this requirement, as heightening the quays themselves is not on option as 
they are listed structures.  To accommodate this requirement, ING propose to raise 
the level within the interior of the quays by constructing a platform 1m to 1.5m high 
descending to the quay walls by a series of steps, slopes and banks.

4.35 To determine the safe surface elevation for development on the harbour quays (that 
is the design extreme still water level) tidal data collated from the Newlyn Tidal 
Observatory can be used to the same formula as used by Hyder for the Western 
Promenade proposal in Penzance cited above. That is 5.53m ACD or 2.48m OD 
(MHWS) plus an allowance of 0.77m ACD or -2.28 OD (MLWS – based on 100 year 
surge average) gives 6.30m ACD or 3.25m OD.  In addition to this the sea level rise 
consideration of 5mm per year (recommended by DEFRA) for the 100 year design 
life of the development (500mm)  gives a total of 6.80m ACD or 3.75m OD for the 
design extreme still water level.  

4.36 The SFRA has identified that the quay developments must be built above the design 
extreme still water level of 6.80m ACD or 3.75m OD.  The current ING proposal to 
develop on an elevation of 8.55m ACD or 5.5m OD accords with this requirement, 
and allows additional provision for 350 years of sea level rise (an extra 1,750mm 
divided by 5mm annual sea level rise allowance).  The SMP recommends that the 
standard of defence for the harbour area should be increased from the current 
standard of <2 years to a proposed standard of between 100-300 years.  The ING 
proposal is equivalent to 450 years standard of protection.  In conclusion the 
following summary is outlined in the SMP in regards to a sea defence strategy for  
Hayle harbour:

Throughout lengths 2 and 3, nearly all of the defences are reported to be in 
poor or bad condition, with a need to undertake remedial works assumed to be  
within 5 years.  No requirement to increase the level of these defences has 
been determined from the data currently available, although it should be noted 
that no details exist for a number of these defences.  No requirement for 
additional new defences where none exist at present has been determined and 



therefore no action is necessary in these areas.  Future development 
proposals would, however, necessitate a more detailed examination of both  
the above requirements.  It is therefore probable that the preferred strategy for 
both these lengths can be achieved by improvements to the existing defences, 
with such works likely to satisfy grant aid requirements unless categorised as 
routine maintenance.

4.37 Summary of Flood Risk Implications

● The original proposal for a half tide barrier serving to impound the harbour area offers 
the best defence standard for the development proposal aside from cost;

● Under present conditions, sluicing will increase peak tidal flow through navigational 
channels in and from the harbour to the mouth of the estuary and beyond;

● Removal of Cockle Bank with dredged maintained deep water area will reduce effect 
of tidal flow and sluicing efficiency;

● The  Penpol  tidal  lock  and  flood  barrier  affords  a  potentially  good  standard  of 
protection to Foundry Square as an alternative to the harbour half tide barrier;

● The new quay will effect an increase in tidal flow in the vicinity of Harvey's Towans;
● Development should be built above the design extreme still water level of 680m ACD 

or 3.75m AOD.

4.38 Summary of Proposed Actions

● The reinstatement of the sluices is a more sustainable and environmentally sensitive 
method of  controlling  sediment  transportation  in  the  harbour  and estuary  to  the 
alternatives of dredging and sand extraction from Hayle Beach;

● The original proposal for a half tide barrier serving the harbour should be reassessed 
as it provides the best defence standard for the development.  The pluses gained by 
visual amenity gained to support the regeneration of the harbour should be critically 
offset against savings in cost for higher then required development elevation levels 
planned for the quays;

● The removal of Cockle Bank should be reconsidered in light of the structure's primary 
function of supporting the sluice channel flows in the centre of the harbour.  The 
extraction of  the  bank will  cause the  need to  constantly  dredge the  deep water 
berthing area (proposed in it's place), as well as the main navigation channel. This is 
due to the fact  that  the overall  effectiveness of  the sluices could be significantly 
reduced by the loss of the bank;

● The siting of  the Penpol flood barrier should be situated at  the mouth of Penpol 
Creek to maximise the standard of protection of the proposed flood defence if the half 
tide harbour barrier is abandoned;

● To develop an integrated beach and dune management plan to consider mitigation 
against further erosion of dunes and beach (especially in light of predicted increased 
tidal flow in area of the proposed new quay).  This may involve a programme of 
beach replenishment from dredged estuarine sediment source and the construction 
of a stone groyne to encourage sediment deposit away from the mouth of the estuary 
and on to the depleted foreshore;

● Elevation of quay developments may not require a 1 in 450 year standard of defence. 
SMP recommendation is for between 100 – 300 year standard (between 6.80m ACD 
or 3.75m AOD and 7.00m ACD or 3.95m AOD) as sufficient.
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Appendix I: Surface Water Drainage Calculations 





Prepared by date D.B

Checked by date LM

Site Information
Hydrological 

Region Soil Type
Soil runoff 
Coefficient 

Annual 
Average 
Rainfall

Catchment 
Wetness Index

Growth curve 100 
year

All Sites 8.00 1.00 0.15
1050.50 124.00 2.40

Description Area (ha)
Existing % 

Impermeable
Proposed % 
Impermeable

Greenfield 
Runoff (l/s)

Existing 
Runoff (l/s)

Proposed Runoff 
(l/s)

Increase/
Reduction

Proposed Riviere Fields
7.72 0% 49.54% 7.58 12.06 37.64

Proposed Hilltop
3.77 - 33.12% - - 14.24

Proposed South Quay
6.08 - 73.54% - - 39.40

Proposed North Quay
5.02 - 93.17% - - 39.13

Proposed East Quay
1.62 - 75.91% - - 10.75

Proposed North Quay Power Station
7.70 - 40.99% - - 33.13

Description
% Permeable % impermeable

ha m^2 ha m^2

Greenfield Riviere Field 7.72 77174.00 7.72 77174.00
100.00% 0.00%

Proposed Riviere Field 7.72 77174.00 3.89 38942.00 50.46% 49.54%
Proposed Hilltop 3.77 37672.00 2.52 25196.00 66.88% 33.12%
Proposed South Quay 6.08 60765.00 1.61 16078.00 26.46% 73.54%
Proposed North Quay 5.02 50181.00 0.34 3429.00 6.83% 93.17%
Proposed East Quay 1.62 16187.00 0.39 3900.00 24.09% 75.91%
Proposed North Quay Power Station 7.70 76951.00 4.54 45410.00 59.01% 40.99%

Storage Volumes
Proposed Riviere Field

Total 3,379

Storage Volume Required 
(m3)

3,379

Project

Job Number: Hayle 022961

Sheet No 1 of 

Area of Project FRA Calculations Revision 0

Element 
Description

Total Site Area Permeable Area

Buro Happold



Prepared by 
date

DB

Checked by 
date

Greenfield Run-off Rate (Riviere Fields)

Existing Runoff Calculations Permeable Area

Existing Site Area 7.72 ha
7.72

Name Symbol Unit Value

100%

Hydrological Region R 8.00

SOIL type S 1.00

Catchment size A ha 7.72

Area A ha 50

Annual rainfall SAAR mm 1050.50

Soil runoff coefficient SPR 0.15

Catchment mean annual peak flow for 50 ha QBAR (50ha) l/s 32.56

Catchment mean annual peak flow for site QBAR (site) l/s 5.03

Mean annual peak flow per unit area QBAR/A l/s/ha 0.65

1 year peak discharge per unit area Q1 l/s/ha 0.6

Growth curve 100 year GC100 2.40

100 year peak discharge per unit area Q100 l/s/ha 1.6

1-year discharge rate l/s 4

100-year discharge rate l/s 12.06

l/s/ha 1.56

QBAR/A x 0.85

Appendix 1, Fig. 1.2

QBAR/A x GC100

0.00108(A/100)0.89.SAAR1.17.SPR2.17

Gross catchment excluding large parkland areas being allocated 
as public open space. If greater than 200 ha use FEH.
Excluding public open space. If  50 ha or less, use 50 ha in 
formula and factor by the ratio of the site area to 50 ha.

FEH Descriptors
CIRIA/HR Wallingford: Drainage of development sites A guide: 
X108: Table E1:SPR value for SOIL (runoff coefficient) 

Element 
Description

Greenfield Rate of Runoff

1 to 10 (Appendix 1, Fig. 1.1)

Wallingford Procedure: Volume 3: WRAP map 

Guidance Notes

DEFRA/EA: Flood and Coastal Defence R&D Programme: 
Preliminary rainfall runoff management for developments: R&D 
technical Report W5-074A/TR1 Revision B (2004) 

Area of 
Project

FRA Calculations for the Broccoli Feilds Revision 0

Project

Job Number: 

Sheet No 2 of 

Buro Happold



Prepared by date

Checked by date

Developed Riviere Field  Rate of Runoff (unattenuated)

Proposed Runoff Calculations Permeable Area Impermeable Area

Planning Application Area 7.72 ha 3.89 3.82

Name Symbol Unit Value

50% 50%

Hydrological Region R 8.00 8.00

SOIL type S 1.00 1.00

Catchment size A ha 3.89 3.82

Area A ha 50 50

Annual rainfall SAAR mm 1050.5 1050.5

Soil runoff coefficient SPR 15.00% 15.00%

Catchment mean annual peak flow for 50 ha QBAR (50ha) l/s 32.56 32.56

Catchment mean annual peak flow for site QBAR (site) l/s 2.54 2.49

Mean annual peak flow per unit area QBAR/A l/s/ha 0.65 0.65

Growth curve 100 year GC100 2.40 2.40

100 year peak discharge per unit area Q100 l/s/ha 1.56 1.56

Allowable discharge rate Qallow l/s 6.09 5.97

TOTAL l/s 12.06

Partially urban catchment QBAR(urban) for impermeable area only (in accordance with Wallingford Procedure)

Name Symbol Unit Value

Catchment index CIND 15.08

Catchment wetness index CWI 124.00

Urban fraction URBAN 1.00

Rainfall continentality factor NC 0.67

Rural catchment mean annual peak flow for site for 100yrs  QBAR(rural)100 l/s 5.97

Urban catchment mean annual peak flow for site for 100yrs  QBAR(urban)100 l/s 31.56

TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs l/s 37.64

TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs l/s/ha 4.88

TOTAL Impermeable + Permeable for 100 yrs + 30% climate change l/s 48.94

TOTAL Impermeable + Permeable for 100 yrs + 30% climate change l/s/ha 6.34

IMP x Q100

Comment

0.00108(A/100)0.89.SAAR1.17.SOIL2.17 (IH Report 124 Equation 
7.1)

QBARrural * (1 + URBAN)2*NC[1 + URBAN {(21/CIND) - 0.3}] 
from IH124 Equation 7.4

Institute of Hydrology (1994) Report No. 124 Flood Estimation 

for small catchments

CIND = 102.4*SOIL + 0.28 (CWI - 125)

FSR, I, Fig 6.62 

Urban Value 1.0 (maximum)

NC = 0.92 - 0.00024 SAAR (for 500 ≤ SAAR ≤ 1100 mm) or                               
NC = 0.74 - 0.000082 SAAR (for 1100 ≤ SAAR ≤ 3000 mm)

Appendix 1, Fig. 1.2

QBAR/A x GC100

FEH Descriptors
CIRIA/HR Wallingford: Drainage of development sites A 
guide: X108: Table E1:SPR value for SOIL (runoff coefficient) 

0.00108(A/100)0.89.SAAR1.17.SPR2.17

1 to 10 (Appendix 1, Fig. 1.1)

Wallingford Procedure: Volume 3: WRAP map 
Gross catchment excluding large parkland areas being 
allocated as public open space. If greater than 200 ha use 
Excluding public open space. If  50 ha or less, use 50 ha in 
formula and factor by the ratio of the site area to 50 ha.

Guidance Notes

DEFRA/EA: Flood and Coastal Defence R&D Programme: 
Preliminary rainfall runoff management for developments: 
R&D technical Report W5-074A/TR1 Revision B (2004) 

Percentage of site that will be permeable and impermeable

Element 
Description

Proposed Rate of Runoff

Sheet No 4 of 

Area of Project FRA Calculations Revision 0

Project

Job Number: 

Buro Happold



Prepared by date DB

Checked by date

Developed Hilltop Rate of Runoff (unattenuated)

Proposed Runoff Calculations Permeable Area Impermeable Area

Planning Application Area 3.77 ha 2.52 1.25

Name Symbol Unit Value

67% 33%

Hydrological Region R 8.00 8.00

SOIL type S 1.00 1.00

Catchment size A ha 2.52 1.25

Area A ha 50 50

Annual rainfall SAAR mm 1050.5 1050.5

Soil runoff coefficient SPR 15.00% 15.00%

Catchment mean annual peak flow for 50 ha QBAR (50ha) l/s 32.56 32.56

Catchment mean annual peak flow for site QBAR (site) l/s 1.64 0.81

Mean annual peak flow per unit area QBAR/A l/s/ha 0.65 0.65

Growth curve 100 year GC100 2.40 2.40

100 year peak discharge per unit area Q100 l/s/ha 1.56 1.56

Allowable discharge rate Qallow l/s 3.94 1.95

TOTAL l/s 5.89

Partially urban catchment QBAR(urban) for impermeable area only (in accordance with Wallingford Procedure)

Name Symbol Unit Value

Catchment index CIND 15.08

Catchment wetness index CWI 124.00

Urban fraction URBAN 1.00

Rainfall continentality factor NC 0.67

Rural catchment mean annual peak flow for site for 100yrs  QBAR(rural)100 l/s 1.9

Urban catchment mean annual peak flow for site for 100yrs  QBAR(urban)100 l/s 10.3

TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs l/s 14.2

TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs l/s/ha 3.8

TOTAL Impermeable + Permeable for 100 yrs + 30% climate change l/s 18.51

TOTAL Impermeable + Permeable for 100 yrs + 30% climate change l/s/ha 4.91

0.00108(A/100)0.89.SAAR1.17.SOIL2.17 (IH Report 124 Equation 
7.1)

QBARrural * (1 + URBAN)2*NC[1 + URBAN {(21/CIND) - 0.3}] 
from IH124 Equation 7.4

Institute of Hydrology (1994) Report No. 124 Flood Estimation 

for small catchments

CIND = 102.4*SOIL + 0.28 (CWI - 125)

FSR, I, Fig 6.62 

Urban Value 1.0 (maximum)

NC = 0.92 - 0.00024 SAAR (for 500 ≤ SAAR ≤ 1100 mm) or                               
NC = 0.74 - 0.000082 SAAR (for 1100 ≤ SAAR ≤ 3000 mm)

QBAR/A x GC100

IMP x Q100

Comment

0.00108(A/100)0.89.SAAR1.17.SPR2.17

Appendix 1, Fig. 1.2

Gross catchment excluding large parkland areas being 
allocated as public open space. If greater than 200 ha use 
Excluding public open space. If  50 ha or less, use 50 ha in 
formula and factor by the ratio of the site area to 50 ha.

FEH Descriptors
CIRIA/HR Wallingford: Drainage of development sites A 
guide: X108: Table E1:SPR value for SOIL (runoff coefficient) 

Percentage of site that will be permeable and impermeable

1 to 10 (Appendix 1, Fig. 1.1)

Wallingford Procedure: Volume 3: WRAP map 

Element 
Description

Proposed Rate of Runoff

Guidance Notes

DEFRA/EA: Flood and Coastal Defence R&D Programme: 
Preliminary rainfall runoff management for developments: 
R&D technical Report W5-074A/TR1 Revision B (2004) 

Area of Project FRA Calculations Revision

Project

Job Number: 

Sheet No 4 of 

Buro Happold



Prepared by date DB

Checked by date

Developed South Quay Rate of Runoff (unattenuated)

Proposed Runoff Calculations Permeable Area Impermeable Area

Planning Application Area 6.08 ha 1.61 4.47

Name Symbol Unit Value

26% 74%

Hydrological Region R 8.00 8.00

SOIL type S 1.00 1.00

Catchment size A ha 1.61 4.47

Area A ha 50 50

Annual rainfall SAAR mm 1050.5 1050.5

Soil runoff coefficient SPR 15.00% 15.00%

Catchment mean annual peak flow for 50 ha QBAR (50ha) l/s 32.56 32.56

Catchment mean annual peak flow for site QBAR (site) l/s 1.05 2.91

Mean annual peak flow per unit area QBAR/A l/s/ha 0.65 0.65

Growth curve 100 year GC100 2.40 2.40

100 year peak discharge per unit area Q100 l/s/ha 1.56 1.56

Allowable discharge rate Qallow l/s 2.51 6.98

TOTAL l/s 9.50

Partially urban catchment QBAR(urban) for impermeable area only (in accordance with Wallingford Procedure)

Name Symbol Unit Value

Catchment index CIND 15.08

Catchment wetness index CWI 124.00

Urban fraction URBAN 1.00

Rainfall continentality factor NC 0.67

Rural catchment mean annual peak flow for site for 100yrs  QBAR(rural)100 l/s 7.0

Urban catchment mean annual peak flow for site for 100yrs  QBAR(urban)100 l/s 36.9

TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs l/s 39.4

TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs l/s/ha 6.5

TOTAL Impermeable + Permeable for 100 yrs + 30% climate change l/s 51.22

TOTAL Impermeable + Permeable for 100 yrs + 30% climate change l/s/ha 8.43

0.00108(A/100)0.89.SAAR1.17.SOIL2.17 (IH Report 124 Equation 
7.1)

QBARrural * (1 + URBAN)2*NC[1 + URBAN {(21/CIND) - 0.3}] 
from IH124 Equation 7.4

Institute of Hydrology (1994) Report No. 124 Flood Estimation 

for small catchments

CIND = 102.4*SOIL + 0.28 (CWI - 125)

FSR, I, Fig 6.62 

Urban Value 1.0 (maximum)

NC = 0.92 - 0.00024 SAAR (for 500 ≤ SAAR ≤ 1100 mm) or                               
NC = 0.74 - 0.000082 SAAR (for 1100 ≤ SAAR ≤ 3000 mm)

QBAR/A x GC100

IMP x Q100

Comment

0.00108(A/100)0.89.SAAR1.17.SPR2.17

Appendix 1, Fig. 1.2

Gross catchment excluding large parkland areas being 
allocated as public open space. If greater than 200 ha use 
Excluding public open space. If  50 ha or less, use 50 ha in 
formula and factor by the ratio of the site area to 50 ha.

FEH Descriptors
CIRIA/HR Wallingford: Drainage of development sites A 
guide: X108: Table E1:SPR value for SOIL (runoff coefficient) 

Percentage of site that will be permeable and impermeable

1 to 10 (Appendix 1, Fig. 1.1)

Wallingford Procedure: Volume 3: WRAP map 

Element 
Description

Proposed Rate of Runoff

Guidance Notes

DEFRA/EA: Flood and Coastal Defence R&D Programme: 
Preliminary rainfall runoff management for developments: 
R&D technical Report W5-074A/TR1 Revision B (2004) 

Area of Project FRA Calculations Revision

Project

Job Number: 

Sheet No 4 of 

Buro Happold



Prepared by date DB

Checked by date

Developed North Quay Rate of Runoff (unattenuated)

Proposed Runoff Calculations Permeable Area Impermeable Area

Planning Application Area 5.02 ha 0.34 4.68

Name Symbol Unit Value

7% 93%

Hydrological Region R 8.00 8.00

SOIL type S 1.00 1.00

Catchment size A ha 0.34 4.68

Area A ha 50 50

Annual rainfall SAAR mm 1050.5 1050.5

Soil runoff coefficient SPR 15.00% 15.00%

Catchment mean annual peak flow for 50 ha QBAR (50ha) l/s 32.56 32.56

Catchment mean annual peak flow for site QBAR (site) l/s 0.22 3.04

Mean annual peak flow per unit area QBAR/A l/s/ha 0.65 0.65

Growth curve 100 year GC100 2.40 2.40

100 year peak discharge per unit area Q100 l/s/ha 1.56 1.56

Allowable discharge rate Qallow l/s 0.54 7.31

TOTAL l/s 7.84

Partially urban catchment QBAR(urban) for impermeable area only (in accordance with Wallingford Procedure)

Name Symbol Unit Value

Catchment index CIND 15.08

Catchment wetness index CWI 124.00

Urban fraction URBAN 1.00

Rainfall continentality factor NC 0.67

Rural catchment mean annual peak flow for site for 100yrs  QBAR(rural)100 l/s 7.3

Urban catchment mean annual peak flow for site for 100yrs  QBAR(urban)100 l/s 38.6

TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs l/s 39.1

TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs l/s/ha 7.8

TOTAL Impermeable + Permeable for 100 yrs + 30% climate change l/s 50.86

TOTAL Impermeable + Permeable for 100 yrs + 30% climate change l/s/ha 10.14

Project

Job Number: 

Sheet No 4 of 

Area of Project FRA Calculations Revision

Element 
Description

Proposed Rate of Runoff

Guidance Notes

DEFRA/EA: Flood and Coastal Defence R&D Programme: 
Preliminary rainfall runoff management for developments: 
R&D technical Report W5-074A/TR1 Revision B (2004) 

Percentage of site that will be permeable and impermeable

1 to 10 (Appendix 1, Fig. 1.1)

Wallingford Procedure: Volume 3: WRAP map 
Gross catchment excluding large parkland areas being 
allocated as public open space. If greater than 200 ha use 
Excluding public open space. If  50 ha or less, use 50 ha in 
formula and factor by the ratio of the site area to 50 ha.

FEH Descriptors
CIRIA/HR Wallingford: Drainage of development sites A 
guide: X108: Table E1:SPR value for SOIL (runoff coefficient) 

0.00108(A/100)0.89.SAAR1.17.SPR2.17

Appendix 1, Fig. 1.2

QBAR/A x GC100

IMP x Q100

Comment

0.00108(A/100)0.89.SAAR1.17.SOIL2.17 (IH Report 124 Equation 
7.1)

QBARrural * (1 + URBAN)2*NC[1 + URBAN {(21/CIND) - 0.3}] 
from IH124 Equation 7.4

Institute of Hydrology (1994) Report No. 124 Flood Estimation 

for small catchments

CIND = 102.4*SOIL + 0.28 (CWI - 125)

FSR, I, Fig 6.62 

Urban Value 1.0 (maximum)

NC = 0.92 - 0.00024 SAAR (for 500 ≤ SAAR ≤ 1100 mm) or                               
NC = 0.74 - 0.000082 SAAR (for 1100 ≤ SAAR ≤ 3000 mm)

Buro Happold



Prepared by date DB

Checked by date

Developed East QuayRate of Runoff (unattenuated)

Proposed Runoff Calculations Permeable Area Impermeable Area

Planning Application Area 1.62 ha 0.39 1.23

Name Symbol Unit Value

24% 76%

Hydrological Region R 8.00 8.00

SOIL type S 1.00 1.00

Catchment size A ha 0.39 1.23

Area A ha 50 50

Annual rainfall SAAR mm 1050.5 1050.5

Soil runoff coefficient SPR 15.00% 15.00%

Catchment mean annual peak flow for 50 ha QBAR (50ha) l/s 32.56 32.56

Catchment mean annual peak flow for site QBAR (site) l/s 0.25 0.80

Mean annual peak flow per unit area QBAR/A l/s/ha 0.65 0.65

Growth curve 100 year GC100 2.40 2.40

100 year peak discharge per unit area Q100 l/s/ha 1.56 1.56

Allowable discharge rate Qallow l/s 0.61 1.92

TOTAL l/s 2.53

Partially urban catchment QBAR(urban) for impermeable area only (in accordance with Wallingford Procedure)

Name Symbol Unit Value

Catchment index CIND 15.08

Catchment wetness index CWI 124.00

Urban fraction URBAN 1.00

Rainfall continentality factor NC 0.67

Rural catchment mean annual peak flow for site for 100yrs  QBAR(rural)100 l/s 1.9

Urban catchment mean annual peak flow for site for 100yrs  QBAR(urban)100 l/s 10.1

TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs l/s 10.8

TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs l/s/ha 6.6

TOTAL Impermeable + Permeable for 100 yrs + 30% climate change l/s 13.98

TOTAL Impermeable + Permeable for 100 yrs + 30% climate change l/s/ha 8.63

Project

Job Number: 

Sheet No 4 of 

Area of Project FRA Calculations Revision

Element 
Description

Proposed Rate of Runoff

Guidance Notes

DEFRA/EA: Flood and Coastal Defence R&D Programme: 
Preliminary rainfall runoff management for developments: 
R&D technical Report W5-074A/TR1 Revision B (2004) 

Percentage of site that will be permeable and impermeable

1 to 10 (Appendix 1, Fig. 1.1)

Wallingford Procedure: Volume 3: WRAP map 
Gross catchment excluding large parkland areas being 
allocated as public open space. If greater than 200 ha use 
Excluding public open space. If  50 ha or less, use 50 ha in 
formula and factor by the ratio of the site area to 50 ha.

FEH Descriptors
CIRIA/HR Wallingford: Drainage of development sites A 
guide: X108: Table E1:SPR value for SOIL (runoff coefficient) 

0.00108(A/100)0.89.SAAR1.17.SPR2.17

Appendix 1, Fig. 1.2

QBAR/A x GC100

IMP x Q100

Comment

0.00108(A/100)0.89.SAAR1.17.SOIL2.17 (IH Report 124 Equation 
7.1)

QBARrural * (1 + URBAN)2*NC[1 + URBAN {(21/CIND) - 0.3}] 
from IH124 Equation 7.4

Institute of Hydrology (1994) Report No. 124 Flood Estimation 

for small catchments

CIND = 102.4*SOIL + 0.28 (CWI - 125)

FSR, I, Fig 6.62 

Urban Value 1.0 (maximum)

NC = 0.92 - 0.00024 SAAR (for 500 ≤ SAAR ≤ 1100 mm) or                               
NC = 0.74 - 0.000082 SAAR (for 1100 ≤ SAAR ≤ 3000 mm)

Buro Happold



Prepared by date DB

Checked by date

Developed North Quay Power Station Rate of Runoff (unattenuated)

Proposed Runoff Calculations Permeable Area Impermeable Area

Planning Application Area 7.70 ha 4.54 3.15

Name Symbol Unit Value

59% 41%

Hydrological Region R 8.00 8.00

SOIL type S 1.00 1.00

Catchment size A ha 4.54 3.15

Area A ha 50 50

Annual rainfall SAAR mm 1050.5 1050.5

Soil runoff coefficient SPR 15.00% 15.00%

Catchment mean annual peak flow for 50 ha QBAR (50ha) l/s 32.56 32.56

Catchment mean annual peak flow for site QBAR (site) l/s 2.96 2.05

Mean annual peak flow per unit area QBAR/A l/s/ha 0.65 0.65

Growth curve 100 year GC100 2.40 2.40

100 year peak discharge per unit area Q100 l/s/ha 1.56 1.56

Allowable discharge rate Qallow l/s 7.10 4.93

TOTAL l/s 12.03

Partially urban catchment QBAR(urban) for impermeable area only (in accordance with Wallingford Procedure)

Name Symbol Unit Value

Catchment index CIND 15.08

Catchment wetness index CWI 124.00

Urban fraction URBAN 1.00

Rainfall continentality factor NC 0.67

Rural catchment mean annual peak flow for site for 100yrs  QBAR(rural)100 l/s 4.9

Urban catchment mean annual peak flow for site for 100yrs  QBAR(urban)100 l/s 26.0

TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs l/s 33.1

TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs l/s/ha 4.3

TOTAL Impermeable + Permeable for 100 yrs + 30% climate change l/s 43.07

TOTAL Impermeable + Permeable for 100 yrs + 30% climate change l/s/ha 5.60

0.00108(A/100)0.89.SAAR1.17.SOIL2.17 (IH Report 124 Equation 
7.1)

QBARrural * (1 + URBAN)2*NC[1 + URBAN {(21/CIND) - 0.3}] 
from IH124 Equation 7.4

Institute of Hydrology (1994) Report No. 124 Flood Estimation 

for small catchments

CIND = 102.4*SOIL + 0.28 (CWI - 125)

FSR, I, Fig 6.62 

Urban Value 1.0 (maximum)

NC = 0.92 - 0.00024 SAAR (for 500 ≤ SAAR ≤ 1100 mm) or                               
NC = 0.74 - 0.000082 SAAR (for 1100 ≤ SAAR ≤ 3000 mm)

QBAR/A x GC100

IMP x Q100

Comment

0.00108(A/100)0.89.SAAR1.17.SPR2.17

Appendix 1, Fig. 1.2

Gross catchment excluding large parkland areas being 
allocated as public open space. If greater than 200 ha use 
Excluding public open space. If  50 ha or less, use 50 ha in 
formula and factor by the ratio of the site area to 50 ha.

FEH Descriptors
CIRIA/HR Wallingford: Drainage of development sites A 
guide: X108: Table E1:SPR value for SOIL (runoff coefficient) 

Percentage of site that will be permeable and impermeable

1 to 10 (Appendix 1, Fig. 1.1)

Wallingford Procedure: Volume 3: WRAP map 

Element 
Description

Proposed Rate of Runoff

Guidance Notes

DEFRA/EA: Flood and Coastal Defence R&D Programme: 
Preliminary rainfall runoff management for developments: 
R&D technical Report W5-074A/TR1 Revision B (2004) 

Area of Project FRA Calculations Revision

Project

Job Number: 

Sheet No 4 of 
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