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1. Introduction 


 .   


 This Technical Note has been prepared following discussions with the Norfolk County Council and 


Highways England to consider the effects of revising some of the site assumptions within Volume 


6, Annex 7.1: Transport Assessment of the Environmental Statement (APP-159), to address some 


of the changes made to the operations for the delivery of Hornsea Three. 


 The principle of the revisions made to reduce the overall haul road depth was discussed during 


ISH4 and subsequently agreed with Norfolk County Council and Highways England (as set out in 


the relevant Statement of Common Grounds submitted at Deadline 4) The purpose of this 


Technical Note is to take the revised HGV flows calculated and distribute onto the highway 


network.  At this point the new HGV distribution for Hornsea Three will be used to inform the 


preparation of the Outline CTMP and also the cumulative link impact / threshold assessment with 


Norfolk Vanguard to be reported at Deadline 6. 


 Table 1.4 ‘Maximum design scenario considered the assessment of potential impacts on traffic and 


transport’ within Appendix 31 to Deadline 1: Transport Assessment (REP1-162) summarises the 


key parameters of the construction works.  


 Details of the assignment of the construction traffic onto the highway network was provided at 


Appendix A of the Transport Assessment and is included as part of Annex A of this report for 


clarity. 


 As part the Appendix 1: Main Construction Compound Briefing Note submission at Deadline 3 


(REP3-010), a table indicating the previous and updated HGV vehicle movements by cable route 


section was provided. This table has been included as Annex B of this report.  The principle of this 


reduction in vehicle movements has been agreed by both Norfolk County Council and Highways 


England in correspondence and as documented within the Statement of Common Grounds with 


both Stakeholders (submitted for Deadline 4).  


 The assumed haul road depth previously used to calculate number of HGV movements per Access 


point, has been reduced in depth and the resultant number of HGVs predicted to be generated by 


the construction works of Hornsea Three is explained in the section 2 of this report, before 


considering the net effects of this change on the highway network. 
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2. Clarification of the Revised Trip Generation during Construction 


 The Transport Assessment Volume 6, Annex 7.1 (APP-159) set out a number of assumptions 


relating to the construction methodology to enable a maximum design scenario to be established. 


These assumptions are set out Volume 6, Annex 7.6 – Construction Vehicle Trip Generation 


Assumptions (APP-164). 


 Some of those original HGV generation assumptions have now been refined based on additional 


details of the ground conditions along the onshore cable corridor route. 


 As a result, the Applicant has committed to a refinement in the maximum depth of the construction 


haul road which results in a reduction of the HGV numbers presented as part of the Transport 


Assessment and shown in Appendix A of this report. 


 Volume 6, Annex 7.6 – Construction Vehicle Trip Generation Assumptions (APP-164) had 


assumed a total average haul road depth of 1000mm.  After further consideration the requirement 


for aggregate depths of around 1000mm would be associated with very poor soil types, such as 


peat and loams and this is not expected to be found along the haul route as defined. 


 As a result, the haul road specification within the Outline CTMP (submitted at Deadline 4) has 


been developed to state; 


‘1.2.3.2  The depth of the sub-base of the haul road will be dependent on the California Bearing 


Ratio (CBR) of the substrata.  The following table can be used as a guide to the required thickness 


of the granular sub-base for typical silty clay soils in reasonable condition and at normal depths. 


The maximum depth of the haul road would not exceed 0.5 m. 


 


Granular Sub-Base Thickness 


CBR 2% CBR 3% CBR 4% CBR 5% 


370mm 310mm 240mm 200mm 


 


 As a result of this commitment within the Outline CTMP, the haul road depth has been assumed to 


not exceed 500mm, which allows for some maintenance works to be completed, if necessary, at 


locations where the full 500 mm depth is not required, over the contract period.  Taking account of 


the above the revised HGV numbers for the construction vehicle movements by cable route 


section are shown in Annex C.   
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3. Reduced HGV traffic applied to Network Links 


 The Transport Assessment Volume 6, Annex 7.1 (APP-159), in paragraph 1.6 ‘Transport Impact of 


Construction’, determines the transport impacts of the construction phase of Hornsea Three. 


 Detailed assessments of vehicle generation have been carried out for the construction phase of 


the development in four scenarios that create different traffic flows on each road link and junction 


within the study area.  To ensure a robust analysis, the maximum construction traffic flow for the 


four scenarios on each link and junction has been assumed as the peak construction traffic flows 


and has been assessed, as previously agreed within the Transport Assessment. 


 The Hornsea Three construction routes to the access points have been determined in the 


Transport Assessment as follows: 


• A11 – 35%; 


• A47 (west) – 35%; 


• A148 (west) – 10%; 


• A47 (east) – 5%; 


• A146 – 5%; and 


• A140 – 10%. 


 The above distribution is defined as the ‘normal’ or standard scenario, where all HGVs travel 


through the maximum number of links within the study area and thus represents the maximum 


construction movement design scenario. 


 To ensure the assessment accounted for day-to-day variances, a sensitivity methodology was also 


adopted within the Transport Assessment, which increased the proportion of trips from each origin. 


This methodology doubled the proportion of HGVs would originate from the above six links and 


thus allowed for day-to-day variances along them. This is considered to be a significant over 


estimation and, whilst a valid way to consider the link by link Environmental Transport Assessment, 


it is not a practical means to consider any CTMP interventions measures where construction traffic 


predictions are 100% above their predicted levels. 


 The assessment distribution of HGVs for the ‘sensitivity’ scenario was therefore as follows:  


• A11 – 50%; 


• A47 (west) – 50%; 


• A148 (west) – 25%; 


• A47 (east) – 25%; 


• A146 – 25%; 


• A140 – 25%; and 


• Total – 200%. 


 The construction traffic flow diagrams contained within Appendix B of the original Transport 


Assessment, Volume 6, Annex 7.1 (APP-159) for both normal and sensitivity scenarios 


summarised above, have been revised and are contained in Annex D of this report. 
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 Table 1.7 of the Transport Assessment, which indicates the predicted level of construction traffic 


expressed as a percentage change in daily flows on the assessed links, has been reproduced 


below in Table 1.1. 


 The links shown in Table 1.1 replicate the link network assessment within the original Transport 


Assessment. 


 In order to provide a more realistic traffic assessment of each of those links, as the sensitivity 


scenario effectively doubles the number of HGVs on each link and through each junction, the 


standard scenario also defined above has been populated in Table 1.1 to define the significant 


uplift to construction traffic defined on the highway network. 


 Finally, the revised construction traffic for each of the links for the standard scenario has also been 


included in Table 1.1. 
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Table 3.1: Percentage impact of Hornsea Three HGV traffic – sensitivity and normal distribution. 


Highway Link 


Transport Assessment Table 1.7 -  Percentage impact of 


construction traffic – sensitivity testing 


Revised Table 1.7 of TA for sensitivity 


testing (Reduced HGVs) 


Percentage impact of construction 


traffic – standard testing 


Revised percentage impact of 


construction traffic – standard testing 


(Reduced HGVs) 


2022 Base 
Maximum 


Construction 


Percentage 


Increase 


Maximum 


Construction 


Percentage 


Increase 


Maximum 


Construction 


Percentage 


Increase 


Maximum 


Construction 


Percentage 


Increase 


Total HGVs Total HGVs Total HGVs Total Total Total HGVs Total Total Total HGVs Total HGVs Total HGVs 


Link ID 35: A148, west of The Street and east of Green Lane 13908 838 517 377 3.7% 45% 399 259 2.9% 31% 366 226 2.6% 27% 295 156 2.1% 19% 


Link ID 34: A148 west of Holt and east of Letheringsett 11466 691 517 377 4.5% 55% 399 259 3.5% 38% 366 226 3.2% 33% 295 156 2.6% 23% 


Link ID 36: A148, east of the B1149 roundabout and west of Station Road 12242 612 380 297 3.1% 48% 286 203 2.3% 33% 262 178 2.1% 29% 205 122 1.7% 20% 


Link ID 50: B1354 between the Swanton Road junction and B1110 junctions 4037 292 0 0 0.0% 0% 0 0 0.0% 0% 0 0 0.0% 0% 0 0 0.0% 0% 


Link ID 55: B1354 east of Melton Constable and west of Briston 5598 405 0 0 0.0% 0% 0 0 0.0% 0% 0 0 0.0% 0% 0 0 0.0% 0% 


Link ID 59: B1149 at Edgefield, north of the village hall and south of Hempstead Road 4537 173 511 373 11.3% 216% 393 256 8.7% 148% 361 224 8.0% 130% 291 153 6.4% 89% 


Link ID 37: A148 at High Kelling, south of Kelling Hospital 13893 694 380 297 2.7% 43% 286 203 2.1% 29% 262 178 1.9% 26% 205 122 1.5% 18% 


Link ID 41: A148, east of Bodham and west of the Woodlands Leisure centre 13237 712 684 439 5.2% 62% 543 299 4.1% 42% 451 207 3.4% 29% 385 141 2.9% 20% 


Link ID 43: A148, west of the B1436 junction and east of the Lion’s Mouth junction 14346 645 817 495 5.7% 77% 660 338 4.6% 52% 540 218 3.8% 34% 471 149 3.3% 23% 


Link ID 190: B1436, east of Felbrigg 9665 488 817 495 8.5% 101% 660 338 6.8% 69% 540 218 5.6% 45% 471 149 4.9% 30% 


Link ID 49: A140, south of Roughton and north of the Topshill Road junction 12041 593 817 495 6.8% 83% 660 338 5.5% 57% 540 218 4.5% 37% 471 149 3.9% 25% 


Link ID 1: A149 west of Weybourne and east of The Pheasant Hotel 3567 24 0 0 0.0% 0% 0 0 0.0% 0% 0 0 0.0% 0% 0 0 0.0% 0% 


Link ID 2: A149 east of Weybourne, west of the North Norfolk Railway Line 4771 33 354 221 7.4% 675% 288 155 6.0% 473% 243 110 5.1% 337% 210 77 4.4% 237% 


Link ID 81: A1067, north of Bridge Road and east of Little Ryburgh 9451 543 285 214 3.0% 39% 214 142 2.3% 26% 199 128 2.1% 24% 157 85 1.7% 16% 


Link ID 84: B1145 at Bawdeswell, between The Street junction and Hall Road junction 3390 128 0 0 0.0% 0% 0 0 0.0% 0% 0 0 0.0% 0% 0 0 0.0% 0% 


Link ID 86: B1145, west of Reepham and east of the Old Lane junction 2980 113 0 0 0.0% 0% 0 0 0.0% 0% 0 0 0.0% 0% 0 0 0.0% 0% 


Link ID 90: B1145 east of Cawston, west of the B1149 crossroads 3477 127 622 379 17.9% 298% 497 254 14.3% 200% 433 190 12.4% 149% 370 127 10.6% 100% 


Link ID 78: B1145 east of the B1149 crossroads junction, west of Cawston Park Hospital 4834 163 81 0 1.7% 0% 81 0 1.7% 0% 81 0 1.7% 0% 81 0 1.7% 0% 


Link ID 118: A140, south of Aylsham’s B1145 / A140 roundabout, and north of Marsham 15732 750 777 495 4.9% 66% 621 338 3.9% 45% 500 218 3.2% 29% 431 149 2.7% 20% 


Link ID 111: A1067, between Attlebridge and the Fir Covert Road junction 8995 626 631 356 7.0% 57% 512 237 5.7% 38% 432 157 4.8% 25% 379 104 4.2% 17% 


Link ID 145: A140 between the A47 and B1113 junctions 24868 1314 845 528 3.4% 40% 720 402 2.9% 31% 581 264 2.3% 20% 518 201 2.1% 15% 


Link ID 146: B1113, south of the A47 near Norwich Sports ground 8848 301 845 528 9.6% 175% 720 402 8.1% 134% 581 264 6.6% 88% 518 201 5.9% 67% 


Link ID 129: A47 at Honingham 29944 2928 573 412 1.9% 14% 454 293 1.5% 10% 408 247 1.4% 8% 336 176 1.1% 6% 


Link ID 157: A47 at Bawburgh 48143 3435 587 412 1.2% 12% 468 293 1.0% 9% 422 247 0.9% 7% 351 176 0.7% 5% 


Link ID 147: A47 at Intwood 58002 4520 970 552 1.7% 12% 819 402 1.4% 9% 692 274 1.2% 6% 622 205 1.1% 5% 


Link ID 153: A11 at Hethersett 53652 4522 411 283 0.8% 6% 332 204 0.6% 5% 326 198 0.6% 4% 271 143 0.5% 3% 


Link ID 144: A47, between A140 and A146 junctions 55089 3157 803 392 1.5% 12% 686 274 1.2% 9% 641 229 1.2% 7% 570 159 1.0% 5% 
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Highway Link 
Transport Assessment Table 1.7 -  Percentage impact of 


construction traffic – sensitivity testing 


Revised Table 1.7 of TA for sensitivity 


testing (Reduced HGVs) 


Percentage impact of construction 


traffic – standard testing 


Revised percentage impact of 


construction traffic – standard testing 


(Reduced HGVs) 


Link ID 197: A1065, North of Swaffham 8336 530 353 259 4.2% 49% 274 180 3.3% 34% 273 179 3.3% 34% 218 124 2.6% 23% 


Link ID 195: A1065, east of Weasenham 5580 485 353 259 6.3% 77% 274 180 4.9% 54% 273 179 4.9% 37% 218 124 3.9% 37% 


Link ID 5: A1082, South of Sheringham 8788 119 354 221 4.0% 185% 288 155 3.3% 130% 243 110 2.8% 93% 210 77 2.4% 65% 


Link ID 200: A1270 Northern Distributor Road between A1067 and B1149 junction 21467 1368 671 356 3.1% 26% 493 237 2.3% 17% 372 157 1.7% 11% 294 104 1.4% 8% 


Link ID 114: B1149 between A1270 Northern Distributor Road and Buxton Road junctions 11400 594 978 562 8.6% 95% 801 385 7.0% 65% 663 247 5.8% 42% 585 169 5.1% 29% 


Link ID 201: A1270 Northern Distributor Road between B1149 and A140 junctions 25000 1593 1070 622 4.3% 39% 874 426 3.5% 27% 722 274 2.9% 17% 635 187 2.5% 12% 


Link ID 204: A1270 Northern Distributor Road between A140 and A47 junctions 22933 1461 1093 629 4.8% 43% 897 432 3.9% 30% 741 277 3.2% 19% 655 190 2.9% 13% 


Link ID 118: A140 between A1270 and B1145 14967 484 777 495 5.2% 102% 621 338 4.1% 70% 500 218 3.3% 45% 431 149 2.9% 31% 


Link ID 204: A1270 between A140 and A47 (Near junction with A47) 35367 2254 1093 629 3.1% 28% 897 432 2.5% 19% 741 277 2.1% 12% 655 190 1.9% 8% 


Link ID 137: A47 East of A1270 junction 45233 2882 664 263 1.5% 9% 585 184 1.3% 6% 454 53 1.0% 2% 438 37 1.0% 1% 
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4. Conclusion and Use of Data 


 The purpose of this Technical Note is to provide additional clarity over the changes to be made to 


the Hornsea Three activities which will change the overall level of HGVs on the highway network, 


the principle of the changes have been agreed with Norfolk County Council and Highways England 


which is documented in the Statements of Common Ground (submitted for Deadline 4). 


 The change made focused entirely around a reduction in the haul road depth, reducing the depth 


currently calculated within the Transport Assessment from 1000m to 500m.  This justification has 


been accepted by key Stakeholders. 


 The Hornsea Three construction movement calculation table presented as part of Appendix 1: 


Main Construction Compound Briefing Note submission at Deadline 3 (REP3-010) has been 


updated to recalculate the change made as presented in Annex C of this report.   


 Whilst the HGV numbers assessment within the Transport Assessment and Environmental 


Statement remain valid for the purpose of the theoretical transport environmental assessment, 


going forward to consider specific intervention measures the reduced HGV generated by this 


change are to be used.  In general, the number of HGVs for Hornsea Three has been reduced by 


30%.  


 From this information, the Hornsea Three HGV traffic has been assigned to the network as 


previously agreed for both normal and sensitivity scenarios and Table 1.1 produced to highlight the 


percentage changes per distribution scenario. 


 In discussion with Norfolk County Council, the HGV update presented in this report will be used to; 


• Update the outline CTMP intervention schemes at; 


o The Street Oulton 


o B1145 Cawston 


o Taverham Road at the junction with the A47 


• Consider wider CTMP route timing restrictions; and 


• Prepare cumulative effects of Hornsea Three / Norfolk Vanguard / Norfolk Boreas on 


specific highway links to be agreed with Norfolk County Council which will be submitted at 


Deadline 6. 
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Annex A - Transport Assessment Appendix A - HGV Movements per Access 


Point and Calculations Table 
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Annex B - HGV Calculations used for Transport Assessment  
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m3 / 
HGV


m2 / 
HGV cables


m/cable 
roll 1/cable m/HGV


Factor 101 
to 120 HDDs 


(up to 120 
HDDs in PE) 1.188


3600


Cable dia / 
No. cables 
per trench 3 20


/ No. 
Pipes 
per 2 18 440 581 8


junction 
bays


1 Landfall to Holgate Hill 1 3.0 2.6 A149 - 5 6 6 1,800 540 972 49 49 194 2 18 2 43 2,615 26 12 1.0 31,380 56,484 2,824 1 14 2,824 11,326 0.275 4,633 27,800 45,870 2,293 64 5 4,725 0.250 1,312 2,165 108 108 217 18 24 4 8 4,644 774 1,564 47,070 59 59 47,070 63 244 107 91 26 224 119 191 415
2  Holgate Hill to woodland north 1 1.6 1.5 Bridge Road - 2 3 3 1,800 540 972 49 49 194 2 18 2 43 1,485 15 12 1.0 17,820 32,076 1,604 0 8 1,604 6,432 0.275 2,631 15,787 26,048 1,302 37 3 2,685 0.250 745 1,230 61 61 123 18 13 2 4 26,730 34 34 26,730 36 140 53 46 26 125 48 107 232
3 Woodland northeast of High Kelling 1 2.5 2.2 A148 - 4 5 5 3,461 1,038 1,869 93 93 374 3 35 3 83 2,180 22 12 1.0 26,160 47,088 2,354 1 11 2,354 9,441 0.275 3,863 23,175 38,239 1,912 54 4 3,941 0.250 1,094 1,805 90 90 181 18 21 3 7 39,240 50 50 39,240 53 206 89 76 26 191 95 163 354
4 Woodland south of Church Road 


to woodland south and east of 
School Lane


2.5 2.5 Hempstead Road - 2 2 2 0 0 0 0 0 0 0 0 0 0 2,470 25 12 1.0 29,640 53,352 2,668 1 13 2,668 10,698 0.275 4,376 26,258 43,326 2,166 61 5 4,464 0.250 1,240 2,045 102 102 205 18 20 3 7 44,460 56 56 44,460 60 232 36 30 0 66 48 56 122


5 Woodland east of  School Lane to 
Plumstead Road


1.9 1.8 Hempstead Road - 2 2 2 0 0 0 0 0 0 0 0 0 0 1,800 18 12 1.0 21,600 38,880 1,944 1 9 1,944 7,795 0.275 3,189 19,136 31,574 1,579 44 4 3,253 0.250 903 1,490 75 75 149 18 16 3 5 32,400 41 41 32,400 44 170 36 30 0 66 48 56 122


6 Plumstead Road to the B1149 2.3 2.3 B1149 - 5 5 5 14,373 4,312 7,761 388 388 1,552 14 144 14 345 2,300 23 12 1.0 27,600 49,680 2,484 1 12 2,484 9,961 0.275 4,075 24,451 40,344 2,017 57 5 4,158 0.250 1,154 1,904 95 95 190 18 19 3 6 41,400 52 52 41,400 56 216 89 76 0 165 119 139 304
7 B1149 to land South of Town Close 


Lane
1 1.9 1.6 B1354 - 2 3 3 1,800 540 972 49 49 194 2 18 2 43 1,570 16 12 1.0 18,840 33,912 1,696 0 8 1,696 6,799 0.275 2,782 16,690 27,539 1,377 39 3 2,838 0.250 788 1,300 65 65 130 18 16 3 5 28,260 36 36 28,260 38 148 53 46 26 125 48 107 232


8 Land south of Town Close Lane to  
woodland north of Reepham Road


4.4 4.4 Heydon Road - 7 7 7 0 0 0 0 0 0 0 0 0 0 4,370 44 12 1.0 52,440 94,392 4,720 1 22 4,720 18,925 0.275 7,743 46,457 76,654 3,833 107 9 7,897 0.250 2,193 3,618 181 181 362 18 36 6 12 78,660 99 99 78,660 105 408 125 107 0 231 166 195 426


9  Land north of Reepham Road to 
woodland north of Reepham 


2.0 1.9 Wood Dalling Road - 5 5 5 0 0 0 0 0 0 0 0 0 0 1,935 19 12 1.0 23,220 41,796 2,090 1 10 2,090 8,380 0.275 3,428 20,571 33,942 1,697 48 4 3,498 0.250 971 1,602 80 80 160 18 16 3 5 34,830 44 44 34,830 47 182 89 76 0 165 119 139 304


10  Woodland north of Reepham to 
woodland at Booton Common


1 1.7 1.7 B1145 - 4 5 5 1,800 540 972 49 49 194 2 18 2 43 1,660 17 12 1.0 19,920 35,856 1,793 0 9 1,793 7,190 0.275 2,941 17,647 29,118 1,456 41 3 3,000 0.250 833 1,374 69 69 137 18 14 2 5 29,880 38 38 29,880 40 156 89 76 26 191 95 163 354


11  Woodland east of Reepham to 
The Grove 


1 2.2 2.0 Church Road - 3 4 4 3,223 967 1,740 87 87 348 3 32 3 77 1,995 20 12 1.0 23,940 43,092 2,155 1 10 2,155 8,640 0.275 3,535 21,209 34,994 1,750 49 4 3,605 0.250 1,001 1,652 83 83 165 18 18 3 6 35,910 45 45 35,910 48 186 71 61 26 158 71 135 293


12  The Grove to woodland south of 
Church Farm Lane 


2.3 2.2 Norwich Road / 
Reepham Road


- 2 2 2 0 0 0 0 0 0 0 0 0 0 2,160 22 12 1.0 25,920 46,656 2,333 1 11 2,333 9,354 0.275 3,827 22,963 37,888 1,894 53 4 3,903 0.250 1,084 1,789 89 89 179 18 19 3 6 38,880 49 49 38,880 52 202 36 30 0 66 48 56 122


13  Woodland south of Church Farm 
Lane to River Wensum 


1 2.3 2.0 Hall Road - 3 4 4 1,800 540 972 49 49 194 2 18 2 43 2,020 20 12 1.0 24,240 43,632 2,182 1 11 2,182 8,750 0.275 3,579 21,474 35,433 1,772 50 4 3,651 0.250 1,014 1,673 84 84 167 18 19 3 6 36,360 46 46 36,360 49 190 71 61 26 158 71 135 293


14  River Wensum to woodland south 
west of Ringland 


1 5.2 4.8 The Street / Marl Hill 
Road


- 8 9 9 1,800 540 972 49 49 194 2 18 2 43 4,800 48 12 1.0 57,600 103,680 5,184 1 24 5,184 20,787 0.275 8,505 51,028 84,197 4,210 117 10 8,673 0.250 2,409 3,974 199 199 397 18 43 7 14 86,400 108 108 86,400 116 448 160 137 26 324 190 274 598


15  Woodland south west of Ringland 
to A47


2 2.1 1.5 Weston Road - 2 4 4 3,600 1,080 1,944 97 97 389 4 36 4 86 1,535 15 12 1.0 18,420 33,156 1,658 0 8 1,658 6,648 0.275 2,720 16,318 26,925 1,346 38 3 2,775 0.250 770 1,271 64 64 127 18 17 3 6 27,630 35 35 27,630 37 144 71 61 52 184 48 159 343


16 A47 to Bawburgh Road 2.3 2.3 Church Lane / 
Marlingford Road


- 5 5 5 3,760 1,128 2,030 102 102 406 4 38 4 90 2,305 23 12 1.0 27,660 49,788 2,489 1 12 2,489 9,983 0.275 4,084 24,504 40,432 2,022 57 5 4,166 0.250 1,157 1,909 95 95 191 18 19 3 6 41,490 52 52 41,490 56 216 89 76 0 165 119 139 304


17  Bawburgh Road to woodland west 
of Little Melton 


1 3.1 3.0 B1108 - 5 6 6 1,800 540 972 49 49 194 2 18 2 43 3,045 30 12 1.0 36,540 65,772 3,289 1 16 3,289 13,188 0.275 5,395 32,371 53,412 2,671 75 6 5,503 0.250 1,528 2,521 126 126 252 18 25 4 8 54,810 69 69 54,810 74 286 107 91 26 224 119 191 415


18  Woodland west of Little Melton to 
A11 


1 4.1 3.4 B1172 - 10 11 11 1,800 540 972 49 49 194 2 18 2 43 3,355 34 12 1.0 40,260 72,468 3,623 1 17 3,623 14,529 0.275 5,944 35,667 58,850 2,942 82 7 6,062 0.250 1,684 2,778 139 139 278 18 34 6 11 60,390 76 76 60,390 81 314 196 168 26 390 238 330 719


19  A11 to woodland north west of 
Swardeston 


2.5 2.4 Station Lane - 4 4 4 0 0 0 0 0 0 0 0 0 0 2,375 24 12 1.0 28,500 51,300 2,565 1 12 2,565 10,285 0.275 4,208 25,248 41,660 2,083 58 5 4,291 0.250 1,192 1,967 98 98 197 18 20 3 7 42,750 54 54 42,750 57 222 71 61 0 132 95 111 243


20  Woodland north west of 
Swardeston to B1113 


1.7 1.6 B1113 - 4 4 4 1,102 330 595 30 30 119 1 11 1 26 1,595 16 12 1.0 19,140 34,452 1,723 0 8 1,723 6,907 0.275 2,826 16,956 27,978 1,399 39 3 2,882 0.250 800 1,321 66 66 132 18 14 2 5 28,710 36 36 28,710 39 150 71 61 0 132 95 111 243


21  B1113 to end of cable route 1.9 1.8 B1113 / Mangreen 
Lane


- 5 5 5 44,356 13,307 23,952 1,198 1,198 4,790 44 444 44 1,065 1,840 18 12 1.0 22,080 39,744 1,987 1 10 1,987 7,970 0.275 3,260 19,561 32,275 1,614 45 4 3,325 0.250 923 1,524 76 76 152 18 16 3 5 33,120 42 42 33,120 45 174 89 76 0 165 119 139 304


Totals 12 53.5 49.4 89 101 101 88,274 26,482 47,668 2,383 2,383 9,534 88 883 88 2,119 49,410 494 252 21 592,920 1,067,256 53,363 14 255 53,363 213,989 6 87,545 0 525,272 866,698 ##### 1,215 99 0 89,297 24,795 40,912 2,046 2,046 4,091 378 440 147 0 4,644 774 1,564 889,380 1,121 1,121 889,380 1,196 4,634 1,800 1,538 314 3,652 2,115 3,095 6,746
454


TT (HDD / Thrust Bore) connection


Duration/days
Hourly 
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Landfall 4,800 550 5 5 10 15 4,800 9,600 14,400 5 5 0
1 Landfall to Holgate Hill 18,322 415 18,737 180 102 2 104 20 70 30 105 135 5,393 135 5,528 104 135 239 18,737 5,528 24,265 68 68 9
2 Holgate Hill to woodland north east 


of High Kelling 9,622 232 9,854 102 94
2


96 20 31 30 47 77 3,063 77 3,139 96 77 173 9,854 3,139 12,994 38 38 9
3 Woodland northeast of High Kelling 


to woodland south of Church Road
14,232 354 14,586 150 95 2 97 20 57 30 86 116 4,496 116 4,612 97 116 212 14,586 4,612 19,198 58 58 9


4 Woodland south of Church Road 
to woodland south and east of 
School Lane 15,606 122 15,727 170 92 2 94 20 26 30 39 69 5,094 69 5,163 94 69 163 15,727 5,163 20,891 35 35 9


5 Woodland east of  School Lane to 
Plumstead Road 11,372 122 11,494 124 92 2 94 20 26 30 39 69 3,713 69 3,782 94 69 163 11,494 3,782 15,275 35 35 9


6 Plumstead Road to the B1149 16,429 304 16,733 158 104 2 106 20 65 30 98 128 4,744 128 4,871 106 128 233 16,733 4,871 21,604 64 64 10
7 B1149 to land South of Town Close 


Lane 10,158 232 10,391 108 94 2 96 20 31 30 47 77 3,238 77 3,315 96 77 173 10,391 3,315 13,705 38 38 9
8 Land south of Town Close Lane to  


woodland north of Reepham Road 27,604 426 28,030 300 92 2 94 20 91 30 137 167 9,013 167 9,180 94 167 260 28,030 9,180 37,209 83 83 9
9 Land north of Reepham Road to 


woodland north of Reepham 12,226 304 12,530 133 92 2 94 20 65 30 98 128 3,991 128 4,118 94 128 221 12,530 4,118 16,649 64 64 9
10 Woodland north of Reepham to 


woodland at Booton Common 10,726 354 11,081 114 94 2 96 20 57 30 86 116 3,424 116 3,539 96 116 212 11,081 3,539 14,620 58 58 9
11 Woodland east of Reepham to The 


Grove 13,028 293 13,321 137 95 2 97 20 44 30 66 96 4,115 96 4,211 97 96 193 13,321 4,211 17,532 48 48 9
12 The Grove to woodland south of 


Church Farm Lane 13,645 122 13,767 149 92 2 94 20 26 30 39 69 4,455 69 4,524 94 69 163 13,767 4,524 18,291 35 35 9
13 Woodland south of Church Farm 


Lane to River Wensum 


13,002 293 13,296 139 94 2 96 20 44 30 66 96 4,166 96 4,262 96 96 192 13,296 4,262 17,558 48 48 9
14 River Wensum to woodland south 


west of Ringland 30,557 598 31,155 330 93 2 94 20 109 30 164 194 9,900 194 10,094 94 194 288 31,155 10,094 41,248 97 97 9
15 Woodland south west of Ringland 


to A47 10,175 343 10,518 106 96 2 99 20 36 30 54 84 3,166 84 3,250 99 84 183 10,518 3,250 13,768 42 42 9
16 A47 to Bawburgh Road 15,059 304 15,363 158 95 2 97 20 65 30 98 128 4,754 128 4,882 97 128 224 15,363 4,882 20,245 64 64 9
17 Bawburgh Road to woodland west 


of Little Melton 19,476 415 19,891 209 93 2 95 20 70 30 105 135 6,280 135 6,415 95 135 230 19,891 6,415 26,306 68 68 9
18 Woodland west of Little Melton to 


A11 21,433 719 22,152 231 93 2 95 20 135 30 203 233 6,920 233 7,152 95 233 327 22,152 7,152 29,304 116 116 9
19 A11 to woodland north west of 


Swardeston 15,002 243 15,246 163 92 2 94 20 52 30 78 108 4,898 108 5,006 94 108 202 15,246 5,006 20,252 54 54 9
20 Woodland north west of 


Swardeston to B1113 10,222 243 10,465 110 93 2 95 20 52 30 78 108 3,290 108 3,398 95 108 203 10,465 3,398 13,863 54 54 9
21 B1113 to end of cable route 17,481 304 17,786 127 138 2 140 20 65 30 98 128 3,795 128 3,923 140 128 267 17,786 3,923 21,708 64 64 13


Booster Station 6,597 6,597 12 12 34 34 24,012 24,012 12 34 46 6,597 24,012 30,609 17 17 1
Converter / Sub Station 24,012 24,012 29 29 82 82 135,000 135,000 29 82 111 24,012 135,000 159,012 41 41 3


Total 325,374 6,746 30,609 367,529 2,024 41 40 2,111 420 1,217 630 1,826 116 2,571 101,908 2,456 159,012 263,376 2,111 2,581 4,692 367,529 272,976 640,505 1,294 1,294 192


Staff Converter Station Staff Movements
cable route 20 Average staff per day 50


small 8 Mode share 50%
large 13


Mode share 75%


months of 
constructi


on days working days/week 5.5
land fall 3 68.75working weeks/year 50
TT Site 2.2 50.00 working month 23 working days


cable route rate of construction 3 months per location (per 750m, but calculate as per km to fit minimum construction duration)


25m long x 
9m wide x 
2.5m deep 
plus Link 


Boxes 3m x 
3m x 2.0mL
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Drainage Pipe Transition Pits


Total HGV Movements


TT site


Staff


Fencing and temporary Roadway construction along cable routeSite facilities and equipment


Staff Peak Hour


Temporary Site Compounds


Daily Vehicle Movements Total Vehicle MovementsDaily Staff Movements Total staff movementsDaily HGV Movements
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Construction Vehicle Trip Generation Calculations


JNY8772 Hornsea Project Three
Construction Vehicle Movements by Cable Route Section


HDD Site 
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HDD Site 
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50% 0.3 1.8 20 200 6 0.5 1.8 20 21600 5


trench 
width 


(average) 3.25 m 6 1.65 20 800 0.5


trench 
width at 
bottom 0.5 m 1.65 20 6 6 18 800 1 750 15 13 22 20
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(m2) depth t/m3 t/load 2000 200 m/HGV m m t /m3 t/load m2/HGV /km depth 0.60 m trenches t/m3 t/load


tiles per 
HGV / tiles 


to cover 
trench width loads depth 1.2 m t/m3 t/load


m3 / 
HGV


m2 / 
HGV cables


m/cable 
roll 1/cable m/HGV


Factor 101 
to 120 HDDs 


(up to 120 
HDDs in PE) 1.188


3600


Cable dia / 
No. cables 
per trench 3 20


/ No. 
Pipes 
per 2 18 440 581 8


junction 
bays


1 Landfall to Holgate Hill 1 3.0 2.6 A149 - 5 6 6 1,800 540 972 49 49 194 2 18 2 43 2,615 26 12 0.5 15,690 28,242 1,412 1 14 1,412 5,678 0.275 4,633 27,800 45,870 2,293 64 5 4,725 0.250 1,312 2,165 108 108 217 18 24 4 8 4,644 774 1,564 47,070 59 59 47,070 63 244 107 91 26 224 119 191 415
2  Holgate Hill to woodland north 1 1.6 1.5 Bridge Road - 2 3 3 1,800 540 972 49 49 194 2 18 2 43 1,485 15 12 0.5 8,910 16,038 802 0 8 802 3,224 0.275 2,631 15,787 26,048 1,302 37 3 2,685 0.250 745 1,230 61 61 123 18 13 2 4 26,730 34 34 26,730 36 140 53 46 26 125 48 107 232
3 Woodland northeast of High Kelling 1 2.5 2.2 A148 - 4 5 5 3,461 1,038 1,869 93 93 374 3 35 3 83 2,180 22 12 0.5 13,080 23,544 1,177 1 11 1,177 4,732 0.275 3,863 23,175 38,239 1,912 54 4 3,941 0.250 1,094 1,805 90 90 181 18 21 3 7 39,240 50 50 39,240 53 206 89 76 26 191 95 163 354
4 Woodland south of Church Road 


to woodland south and east of 
School Lane


2.5 2.5 Hempstead Road - 2 2 2 0 0 0 0 0 0 0 0 0 0 2,470 25 12 0.5 14,820 26,676 1,334 1 13 1,334 5,363 0.275 4,376 26,258 43,326 2,166 61 5 4,464 0.250 1,240 2,045 102 102 205 18 20 3 7 44,460 56 56 44,460 60 232 36 30 0 66 48 56 122


5 Woodland east of  School Lane to 
Plumstead Road


1.9 1.8 Hempstead Road - 2 2 2 0 0 0 0 0 0 0 0 0 0 1,800 18 12 0.5 10,800 19,440 972 1 9 972 3,907 0.275 3,189 19,136 31,574 1,579 44 4 3,253 0.250 903 1,490 75 75 149 18 16 3 5 32,400 41 41 32,400 44 170 36 30 0 66 48 56 122


6 Plumstead Road to the B1149 2.3 2.3 B1149 - 5 5 5 14,373 4,312 7,761 388 388 1,552 14 144 14 345 2,300 23 12 0.5 13,800 24,840 1,242 1 12 1,242 4,993 0.275 4,075 24,451 40,344 2,017 57 5 4,158 0.250 1,154 1,904 95 95 190 18 19 3 6 41,400 52 52 41,400 56 216 89 76 0 165 119 139 304
7 B1149 to land South of Town Close 


Lane
1 1.9 1.6 B1354 - 2 3 3 1,800 540 972 49 49 194 2 18 2 43 1,570 16 12 0.5 9,420 16,956 848 0 8 848 3,408 0.275 2,782 16,690 27,539 1,377 39 3 2,838 0.250 788 1,300 65 65 130 18 16 3 5 28,260 36 36 28,260 38 148 53 46 26 125 48 107 232


8 Land south of Town Close Lane to  
woodland north of Reepham Road


4.4 4.4 Heydon Road - 7 7 7 0 0 0 0 0 0 0 0 0 0 4,370 44 12 0.5 26,220 47,196 2,360 1 22 2,360 9,486 0.275 7,743 46,457 76,654 3,833 107 9 7,897 0.250 2,193 3,618 181 181 362 18 36 6 12 78,660 99 99 78,660 105 408 125 107 0 231 166 195 426


9  Land north of Reepham Road to 
woodland north of Reepham 


2.0 1.9 Wood Dalling Road - 5 5 5 0 0 0 0 0 0 0 0 0 0 1,935 19 12 0.5 11,610 20,898 1,045 1 10 1,045 4,201 0.275 3,428 20,571 33,942 1,697 48 4 3,498 0.250 971 1,602 80 80 160 18 16 3 5 34,830 44 44 34,830 47 182 89 76 0 165 119 139 304


10  Woodland north of Reepham to 
woodland at Booton Common


1 1.7 1.7 B1145 - 4 5 5 1,800 540 972 49 49 194 2 18 2 43 1,660 17 12 0.5 9,960 17,928 896 0 9 896 3,605 0.275 2,941 17,647 29,118 1,456 41 3 3,000 0.250 833 1,374 69 69 137 18 14 2 5 29,880 38 38 29,880 40 156 89 76 26 191 95 163 354


11  Woodland east of Reepham to 
The Grove 


1 2.2 2.0 Church Road - 3 4 4 3,223 967 1,740 87 87 348 3 32 3 77 1,995 20 12 0.5 11,970 21,546 1,077 1 10 1,077 4,330 0.275 3,535 21,209 34,994 1,750 49 4 3,605 0.250 1,001 1,652 83 83 165 18 18 3 6 35,910 45 45 35,910 48 186 71 61 26 158 71 135 293


12  The Grove to woodland south of 
Church Farm Lane 


2.3 2.2 Norwich Road / 
Reepham Road


- 2 2 2 0 0 0 0 0 0 0 0 0 0 2,160 22 12 0.5 12,960 23,328 1,166 1 11 1,166 4,689 0.275 3,827 22,963 37,888 1,894 53 4 3,903 0.250 1,084 1,789 89 89 179 18 19 3 6 38,880 49 49 38,880 52 202 36 30 0 66 48 56 122


13  Woodland south of Church Farm 
Lane to River Wensum 


1 2.3 2.0 Hall Road - 3 4 4 1,800 540 972 49 49 194 2 18 2 43 2,020 20 12 0.5 12,120 21,816 1,091 1 11 1,091 4,386 0.275 3,579 21,474 35,433 1,772 50 4 3,651 0.250 1,014 1,673 84 84 167 18 19 3 6 36,360 46 46 36,360 49 190 71 61 26 158 71 135 293


14  River Wensum to woodland south 
west of Ringland 


1 5.2 4.8 The Street / Marl Hill 
Road


- 8 9 9 1,800 540 972 49 49 194 2 18 2 43 4,800 48 12 0.5 28,800 51,840 2,592 1 24 2,592 10,419 0.275 8,505 51,028 84,197 4,210 117 10 8,673 0.250 2,409 3,974 199 199 397 18 43 7 14 86,400 108 108 86,400 116 448 160 137 26 324 190 274 598


15  Woodland south west of Ringland 
to A47


2 2.1 1.5 Weston Road - 2 4 4 3,600 1,080 1,944 97 97 389 4 36 4 86 1,535 15 12 0.5 9,210 16,578 829 0 8 829 3,332 0.275 2,720 16,318 26,925 1,346 38 3 2,775 0.250 770 1,271 64 64 127 18 17 3 6 27,630 35 35 27,630 37 144 71 61 52 184 48 159 343


16 A47 to Bawburgh Road 2.3 2.3 Church Lane / 
Marlingford Road


- 5 5 5 3,760 1,128 2,030 102 102 406 4 38 4 90 2,305 23 12 0.5 13,830 24,894 1,245 1 12 1,245 5,004 0.275 4,084 24,504 40,432 2,022 57 5 4,166 0.250 1,157 1,909 95 95 191 18 19 3 6 41,490 52 52 41,490 56 216 89 76 0 165 119 139 304


17  Bawburgh Road to woodland west 
of Little Melton 


1 3.1 3.0 B1108 - 5 6 6 1,800 540 972 49 49 194 2 18 2 43 3,045 30 12 0.5 18,270 32,886 1,644 1 16 1,644 6,611 0.275 5,395 32,371 53,412 2,671 75 6 5,503 0.250 1,528 2,521 126 126 252 18 25 4 8 54,810 69 69 54,810 74 286 107 91 26 224 119 191 415


18  Woodland west of Little Melton to 
A11 


1 4.1 3.4 B1172 - 10 11 11 1,800 540 972 49 49 194 2 18 2 43 3,355 34 12 0.5 20,130 36,234 1,812 1 17 1,812 7,283 0.275 5,944 35,667 58,850 2,942 82 7 6,062 0.250 1,684 2,778 139 139 278 18 34 6 11 60,390 76 76 60,390 81 314 196 168 26 390 238 330 719


19  A11 to woodland north west of 
Swardeston 


2.5 2.4 Station Lane - 4 4 4 0 0 0 0 0 0 0 0 0 0 2,375 24 12 0.5 14,250 25,650 1,283 1 12 1,283 5,155 0.275 4,208 25,248 41,660 2,083 58 5 4,291 0.250 1,192 1,967 98 98 197 18 20 3 7 42,750 54 54 42,750 57 222 71 61 0 132 95 111 243


20  Woodland north west of 
Swardeston to B1113 


1.7 1.6 B1113 - 4 4 4 1,102 330 595 30 30 119 1 11 1 26 1,595 16 12 0.5 9,570 17,226 861 0 8 861 3,462 0.275 2,826 16,956 27,978 1,399 39 3 2,882 0.250 800 1,321 66 66 132 18 14 2 5 28,710 36 36 28,710 39 150 71 61 0 132 95 111 243


21  B1113 to end of cable route 1.9 1.8 B1113 / Mangreen 
Lane


- 5 5 5 44,356 13,307 23,952 1,198 1,198 4,790 44 444 44 1,065 1,840 18 12 0.5 11,040 19,872 994 1 10 994 3,995 0.275 3,260 19,561 32,275 1,614 45 4 3,325 0.250 923 1,524 76 76 152 18 16 3 5 33,120 42 42 33,120 45 174 89 76 0 165 119 139 304


Totals 12 53.5 49.4 89 101 101 88,274 26,482 47,668 2,383 2,383 9,534 88 883 88 2,119 49,410 494 252 11 296,460 533,628 26,681 14 255 26,681 107,263 6 87,545 0 525,272 866,698 ##### 1,215 99 0 89,297 24,795 40,912 2,046 2,046 4,091 378 440 147 0 4,644 774 1,564 889,380 1,121 1,121 889,380 1,196 4,634 1,800 1,538 314 3,652 2,115 3,095 6,746
454


TT (HDD / Thrust Bore) connection
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Landfall 4,800 550 5 5 10 15 4,800 9,600 14,400 5 5 0
1 Landfall to Holgate Hill 12,674 415 13,089 180 70 2 72 20 70 30 105 135 5,393 135 5,528 72 135 207 13,089 5,528 18,617 68 68 7
2 Holgate Hill to woodland north east 


of High Kelling 6,414 232 6,647 102 63
2


65 20 31 30 47 77 3,063 77 3,139 65 77 142 6,647 3,139 9,786 38 38 6
3 Woodland northeast of High Kelling 


to woodland south of Church Road
9,523 354 9,877 150 64 2 66 20 57 30 86 116 4,496 116 4,612 66 116 181 9,877 4,612 14,489 58 58 6


4 Woodland south of Church Road 
to woodland south and east of 
School Lane 10,270 122 10,392 170 60 2 62 20 26 30 39 69 5,094 69 5,163 62 69 131 10,392 5,163 15,555 35 35 6


5 Woodland east of  School Lane to 
Plumstead Road 7,484 122 7,606 124 60 2 62 20 26 30 39 69 3,713 69 3,782 62 69 131 7,606 3,782 11,387 35 35 6


6 Plumstead Road to the B1149 11,461 304 11,765 158 72 2 74 20 65 30 98 128 4,744 128 4,871 74 128 202 11,765 4,871 16,636 64 64 7
7 B1149 to land South of Town Close 


Lane 6,767 232 7,000 108 63 2 65 20 31 30 47 77 3,238 77 3,315 65 77 141 7,000 3,315 10,314 38 38 6
8 Land south of Town Close Lane to  


woodland north of Reepham Road 18,164 426 18,590 300 60 2 62 20 91 30 137 167 9,013 167 9,180 62 167 229 18,590 9,180 27,770 83 83 6
9 Land north of Reepham Road to 


woodland north of Reepham 8,046 304 8,350 133 60 2 62 20 65 30 98 128 3,991 128 4,118 62 128 190 8,350 4,118 12,469 64 64 6
10 Woodland north of Reepham to 


woodland at Booton Common 7,141 354 7,495 114 63 2 65 20 57 30 86 116 3,424 116 3,539 65 116 180 7,495 3,539 11,034 58 58 6
11 Woodland east of Reepham to The 


Grove 8,718 293 9,012 137 64 2 66 20 44 30 66 96 4,115 96 4,211 66 96 162 9,012 4,211 13,222 48 48 6
12 The Grove to woodland south of 


Church Farm Lane 8,980 122 9,101 149 60 2 62 20 26 30 39 69 4,455 69 4,524 62 69 131 9,101 4,524 13,625 35 35 6
13 Woodland south of Church Farm 


Lane to River Wensum 


8,639 293 8,932 139 62 2 64 20 44 30 66 96 4,166 96 4,262 64 96 160 8,932 4,262 13,195 48 48 6
14 River Wensum to woodland south 


west of Ringland 20,189 598 20,787 330 61 2 63 20 109 30 164 194 9,900 194 10,094 63 194 257 20,787 10,094 30,880 97 97 6
15 Woodland south west of Ringland 


to A47 6,859 343 7,202 106 65 2 67 20 36 30 54 84 3,166 84 3,250 67 84 151 7,202 3,250 10,452 42 42 6
16 A47 to Bawburgh Road 10,080 304 10,384 158 64 2 65 20 65 30 98 128 4,754 128 4,882 65 128 193 10,384 4,882 15,266 64 64 6
17 Bawburgh Road to woodland west 


of Little Melton 12,899 415 13,314 209 62 2 64 20 70 30 105 135 6,280 135 6,415 64 135 199 13,314 6,415 19,729 68 68 6
18 Woodland west of Little Melton to 


A11 14,186 719 14,905 231 62 2 63 20 135 30 203 233 6,920 233 7,152 63 233 296 14,905 7,152 22,057 116 116 6
19 A11 to woodland north west of 


Swardeston 9,872 243 10,116 163 60 2 62 20 52 30 78 108 4,898 108 5,006 62 108 170 10,116 5,006 15,122 54 54 6
20 Woodland north west of 


Swardeston to B1113 6,776 243 7,020 110 62 2 64 20 52 30 78 108 3,290 108 3,398 64 108 172 7,020 3,398 10,417 54 54 6
21 B1113 to end of cable route 13,507 304 13,811 127 107 2 109 20 65 30 98 128 3,795 128 3,923 109 128 236 13,811 3,923 17,734 64 64 10


Booster Station 6,597 6,597 12 12 34 34 24,012 24,012 12 34 46 6,597 24,012 30,609 17 17 1
Converter / Sub Station 24,012 24,012 29 29 82 82 135,000 135,000 29 82 111 24,012 135,000 159,012 41 41 3


Total 218,649 6,746 30,609 260,804 1,365 41 40 1,451 420 1,217 630 1,826 116 2,571 101,908 2,456 159,012 263,376 1,451 2,581 4,032 260,804 272,976 533,779 1,294 1,294 132


Staff Converter Station Staff Movements
cable route 20 Average staff per day 50


small 8 Mode share 50%
large 13


Mode share 75%


months of 
constructi


on days working days/week 5.5
land fall 3 68.75working weeks/year 50
TT Site 2.2 50.00 working month 23 working days


cable route rate of construction 3 months per location (per 750m, but calculate as per km to fit minimum construction duration)


Total HGV Movements


TT site


Staff


Fencing and temporary Roadway construction along cable routeSite facilities and equipment


Staff Peak Hour


Temporary Site Compounds


Daily Vehicle Movements Total Vehicle MovementsDaily Staff Movements Total staff movementsDaily HGV Movements
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Trench Construction Cable and ducting deliveries
Cable Route - General
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TT (HDD / Thrust Bore) Sites







HGV Movements per Access Point


Cable Route Section Description
Total Two-Way 
Light Vehicle 
Movements


Total Two-Way 
HGV Movements


Duration / 
Days


Daily Two-Way 
HGV 


Movements


Number of 
Construction 


Accesses


*Daily HGVs 
per access


Landfall Landfall 9,600 4,800 550 5 47 (B) 1 5
1 Landfall to Holgate Hill 5,528 13,089 180 72 47 (B) 45(B) 44(B) ACC_P_75 4 18
2 Holgate Hill to woodland north east of High Kelling 3,139 6,647 102 65 42(C ) 41(B) 1 65


3
Woodland northeast of High Kelling to woodland south of Church 
Road


4,612 9,877 150 66 ACC_P_74 ACC_P_73 ACC_P_72 ACC_P_71 ACC_P_70 ACC_P_69 6 11


4
Woodland south of Church Road to woodland south and east of 
School Lane


5,163 10,392 170 62 ACC_P_68 ACC_P_67 39a(B) 3 21


5 Woodland east of  School Lane to Plumstead Road 3,782 7,606 124 62 ACC_P_66 ACC_P_65 ACC_P_64 ACC_P_63 ACC_P_62 ACC_P_61 6 10
6 Plumstead Road to the B1149 4,871 11,765 158 74 37(E) ACC_P_60 2 37
7 B1149 to land South of Town Close Lane 3,315 7,000 108 65 ACC_P_59 ACC_P_58 ACC_P_57 36(C ) ACC_P_56 35(C ) 3 22


8
Land south of Town Close Lane to  woodland north of Reepham 
Road


9,180 18,590 300 62 ACC_P_55 ACC_P_54 ACC_P_53 ACC_P_52 ACC_P_51 ACC_P_50 ACC_P_49 ACC_P_48 8 8


9 Land north of Reepham Road to woodland north of Reepham 4,118 8,350 133 62 ACC_P_47 ACC_P_46 34 (A) 33(A) ACC_P_45 ACC_P_44 6 10
10 Woodland north of Reepham to woodland at Booton Common 3,539 7,495 114 65 ACC_P_43 ACC_P_42 32(B ) / 31(B ) 3 22
11 Woodland east of Reepham to The Grove 4,211 9,012 137 66 ACC_P_41 ACC_P_40 2 33
12 The Grove to woodland south of Church Farm Lane 4,524 9,101 149 62 ACC_P_39 ACC_P_38 ACC_P_37 ACC_P_36 ACC_P_35 ACC_P_34 6 10
13 Woodland south of Church Farm Lane to River Wensum 4,262 8,932 139 64 29(B ) 29(B ) ACC_P_33 ACC_P_32 28(C ) 27(C ) 26(B ) 25(B ) 6 11
14 River Wensum to woodland south west of Ringland 10,094 20,787 330 63 ACC_P_31 ACC_P_30 24(A) ACC_P_29 ACC_P_28 ACC_P_27 ACC_P_26 23(A) ACC_P_25 ACC_P_24 22(B ) ACC_P_23 ACC_P_22 21(B) 20(B) 14 5
15 Woodland south west of Ringland to A47 3,250 7,202 106 67 18(B) 17(B) 16(A) 3 22
16 A47 to Bawburgh Road 4,882 10,384 158 65 ACC_P_21 ACC_P_20 15(A) ACC_P_19 14(A) 4 16
17 Bawburgh Road to woodland west of Little Melton 6,415 13,314 209 64 ACC_P_18 13(C ) ACC_P_17 ACC_P_16 ACC_P_15 ACC_P_14 5 13
18 Woodland west of Little Melton to A11 7,152 14,905 231 63 11(A) ACC_P_13 10(A) 9(A) ACC_P_12 ACC_P_11 ACC_P_10 ACC_P_9 8(A) 7(A) ACC_P_8 6(B) 50(B) 5(A) 4(C ) / 4(B) 3(B) 16 4
19 A11 to woodland north west of Swardeston 5,006 10,116 163 62 2(B) ACC_P_7 ACC_P_6 ACC_P_5 ACC_P_4 5 12
20 Woodland north west of Swardeston to B1113 3,398 7,020 110 64 ACC_P_3 ACC_P_2 1(B) 3 21
21 B1113 to end of cable route 3,923 13,811 127 109 ACC_P_1 ACC_P_A ACC_P_B ACC_P_C ACC_P_D A(B) 2 54


HVAC Booster Station Booster Station 24,012 6,597 275 12 37(E ) 1 12
HVAC Substation Converter / Sub Station 135,000 24,012 825 29 ACC_P_1 1 29


111 472
Monitoring Access only
Crossing Point Only *Excluding Monitoring Accesses and Crossing Points


Accesses
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Annex D - Revised Transport Assessment Appendix B Traffic Flow Diagrams 







Traffic Flow Diagrams


12hr Total Construction Traffic







Landfall Access


(114) 1390 (128) 1827
A149 A149


1497 (113) 2028 (132) A1082


(96) 2751 A148
3467 (48) (164) 2926
(48) 3593


A140
Bridge Road 2823 (91)


3040 785 998 (32)
(168) (27)


(525) 4799
A148


4629 (562)


3933 (398)
(402) 4093


   (4) (87)
(4) 214 198 2016


(206) 3893
(6) (68) (155) (471) 5224 B1436


(12) 382 357 1886 2710
(13) 691
(11) 105 3666 2172


5071 (659) (195) (91)


2583 (168)
639 (24)


1498 (62) Section 3 Access
111 1906 1465
(10) (58) (57) B1149


Hempstead Road


Hempstead Road / Hole Farm Road


4667 (460)
1929 (171) (417) 4542
(183) 1890


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(203) 3453 (11) 87
(3) 35 (102) 1269 3375 (200) (109) 1373 (11) (17) (6)


(229) 3061 (1) (4) (2) 270 (18) (22) 206 102 688 69
(229) 3242 44 120 21


(703) 5651 (238) 1633
A148 A148 1309 334  


(95) (13) B1354
27 (3) 5603 (637) 1655 (245) 68 (8)


3174 127 2226 2940 (223) 212 748 368 1360 (92)
(228) (1) (88) 2276 (91) (16) (15) (18) 405 (17)


Town Close Lane 
B1110


A1067


Valley Road


B1110 Heydon Road


3933 (527)
(564) 3932


Norwich Road


A140
(9) 106 (7) (20) (35)


(205) 2821 71 548 609 B1149
(11) 418


(7) 702
(9) 118 (51) 1602


564 (33) A1067 (32) 1152 (7) (137) (27) (23) 792 (9) (60) (30)
2832 (230) Wood Dalling Road (18) 516 111 2094 243 665 1762 1182


430 2 0 114 (6) (173) 1721 (190) 2044
(12) (0) (0) B1145 B1145 B1145


(36) 1169 (42) (28) Section 10 Access 1744 (172) 2031 (195)
B1110 (281) 3969 1215 496 580 1964 614 251 (18) 726 1864 3476 1161 (28)


(34) (120) (10) 1164 (36) (18) (51) (214) 1536 (57)
609 (13) 3664 (220)


536 (23) A140
3887 (288) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


6152 (725)
(617) 6203


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road


Section 14 Access New Drayton Lane


Northern Distributor A140


A1067


Taverham Road / Church Lane / Ringland Road A140


A1270 Northern Distributor Road


#### ####
A47 West


A47
#### ####


Dereham Road 20327 (1586)
(1675) 19281


Section 17 Access


B1108


Section 18 Access


(89) (463)
2626 8413


2954 1353
(86) (62)


1475 8381 A140
(49) (462)


9923 (1252)
A11 (898) 10088


Station Lane


Section 20 Access
3926 (2017) 26041 (1409) 24732


(366)
(232) A47 East 


3358 20236 (1992) 19219 (1391)


A140 A146


Section 21 Access


2017 Observed Traffic Flows
07:00-19:00


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


A1065


B1172


A47 


A148


B1354







Landfall Access


1.10 growth 2017-2022 (124) 1511 (139) 1986
A149 A149


1.09 growth 2017-2022 1627 (122) 2204 (143) A1082


(104) 2990 A148
1.09 growth 2017-2022 3768 (52) (178) 3180


(52) 3905
A140


Bridge Road 3068 (99)
3304 853 1085 (35)
(183) (29)


(571) 5216
A148


5031 (611)


4274 (432)
0 (0) (437) 4448


(0) 0


   (4) (95)
(4) 233 215 2191


(224) 4231
(7) (74) (168) (512) 5678 B1436


(13) 415 388 2050 2945
(14) 751
(12) 114 3984 2361


5512 (717) (212) (99)


2807 (183)
694 (26)


1628 (67) Section 3 Access
121 2072 1592
(11) (63) (62)


Hempstead Road


Hempstead Road / Hole Farm Road


5072 (500)
2097 (186) (453) 4936
(199) 2054


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(221) 3753 (12) 95
(3) 38 (111) 1379 3668 (217) (118) 1492 (12) (18) (7)


(249) 3327 (1) (4) (2) 293 (20) (24) 224 111 748 75
(249) 3524 48 130 23


(764) 6142 (259) 1775
A148 A148 1423 363  


(103) (14) B1354
29 (3) 6089 (692) 1799 (266) 74 (9)


3450 138 2419 3195 (242) 230 813 400 1478 (100)
(248) (1) (96) 2474 (99) (17) (16) (20) 440 (18)


Town Close Lane 
B1110


A1067


Valley Road


B1110 Heydon Road


4275 (573)
(613) 4273


Norwich Road


A140
(10) 115 (8) (22) (38)


(223) 3066 77 596 662 B1149
(12) 454


(8) 763
(10) 128 (55) 1741


613 (36) A1067 (35) 1252 (8) (149) (29) (25) 861 (10) (65) (33)
3078 (250) Wood Dalling Road (20) 561 121 2276 264 723 1915 1285


467 2 0 124 (7) (188) 1870 (206) 2222
(13) (0) (0) B1145 B1145


(39) 1271 (46) (30) Section 10 Access 1895 (187) 2208 (212)
B1110 (305) 4314 1321 539 630 2135 667 273 (20) 789 2026 3778 1262 (30)


(37) (130) (11) 1265 (39) (20) (55) (233) 1669 (62)
662 (14) 3982 (239)


583 (25) A140
4225 (313) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


6687 (788)
(671) 6742


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road


Section 14 Access New Drayton Lane


Northern Distributor A140


A1067


Taverham Road / Church Lane / Ringland Road A140


A1270 Northern Distributor Road


#### ####
A47 West


A47
#### ####


Dereham Road 22092 (1723)
(1820) 20956


Section 17 Access


B1108


Section 18 Access
A1151


(97) (503)
2854 9144


3211 1471
(93) (67)


1603 9109 A140
(53) (502)


10785 (1360)
A11 (976) 10964


Station Lane


Section 20 Access
4267 (2192) 28302 (1531) 26880


(398)
(252) A47 East 


3650 21993 (2165) 20888 (1512)


A140 A146


Section 21 Access


B1354


A1065


B1172


A47 


A148


TEMPRO
Average Weekday


Trunk


Principal


Minor


2022 Base Traffic Flows


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


07:00-19:00







Tables Linked to Construction Vehicle Movements Spreadsheet


Total HGV Lights Phase
1 Landfall to Holgate Hill 228 72 123 1


2
Holgate Hill to woodland north east of High Kelling


173 65 77 1


3
Woodland northeast of High Kelling to woodland south of Church Road


223 66 128 1


4
Woodland south of Church Road to woodland south and east of School Lane


163 62 69 1


5
Woodland east of  School Lane to Plumstead Road


163 62 69 1


6 Plumstead Road to the B1149 233 74 128 2
7 B1149 to land South of Town Close Lane 173 65 77 -


8
Land south of Town Close Lane to  woodland north of Reepham Road


260 62 167 2


9
Land north of Reepham Road to woodland north of Reepham 


221 62 128 2


10
Woodland north of Reepham to woodland at Booton Common


212 65 116 2


11 Woodland east of Reepham to The Grove 193 66 96 2


12
The Grove to woodland south of Church Farm Lane 


163 62 69 3


13
Woodland south of Church Farm Lane to River Wensum 


192 64 96 3


14
River Wensum to woodland south west of Ringland 


277 63 182 3


15 Woodland south west of Ringland to A47 173 67 72 3
16 A47 to Bawburgh Road 224 65 128 3


17
Bawburgh Road to woodland west of Little Melton 


241 64 147 4


18 Woodland west of Little Melton to A11 316 63 221 4
19 A11 to woodland north west of Swardeston 191 62 96 4


20
Woodland north west of Swardeston to B1113 


203 64 108 4


21 B1113 to end of cable route 267 109 128 4
Landfall Landfall 15 5 10


Booster Station Booster Station 46 12 34
Converter / Sub 


Station
Converter / Sub Station 111 29 82


Total: 4,661 1,451 2,545 3,996


Route Section Description
12hr Vehicle Flows







HGVs Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11 (36)
10% from A140 south 13% from A140 south 62


0% from A140 north 12% from A140 north (36) 62
100% 100% A149 A149


62 (36) 62 (36) A1082


A148
62 (36) (20) 49


(36) 62
A140


Bridge Road
(16) (20) 49


(16) 13 13 49 (20)
(16) 13


A148


13 (16) 49 (20)


49 (20)
13 (16) (20) 49


(16) 13


   


(20) 49
(16) (16) 13 B1436
13


49
13 (16) (20)


13 (16)


B1149 Hempstead Road


Section 3 Access


Hempstead Road / Hole Farm Road


49 (20)
(20) 49


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(16) 13
13 (16)


(4) 5 (16) 13
5 (4)


8 (13) (16) 13
A148 A148  


B1354
13 (16)


8 13 (16)
(13)


Town Close Lane 
B1110


A1067


Valley Road
8 (13)


(13) 8


B1110 Heydon Road


Norwich Road


A140


B1149


A1067
Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 8
B1110 49 8 (0)


(20)
49 (20)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


41 (20)
(20) 41


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
8 (13)


(13) 8


Section 14 Access New Drayton Lane


Northern Distributor A140


A1067
41 19.9


Taverham Road / Church Lane / Ringland Road A140


41 A1270 Northern Distributor Road
8 (13) (20)


(13) 8


41 (20)
(0) 0 (20) 41


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


41 (20)
(20) 41


(0)
0


A140
(13) 10 (13) 10


A11


10 (13) Station Lane
10 0


(13) (0) (18) (2)
Section 20 Access (13) 10 (16) 17 (18) 24 24 17


(13) 10 (16) 17
A47 


A47 East 
10 (13) 17 (16) 17 (16) 17 (2)


8 10 (13) 7 7 (2)
(4) 8 (4) (2)


A140 A146


8 (4) 7 (2)
Section 21 Access (4) 8 (2) 7


72 Total HGVs


B1172


123 Light Vehicles


A148
B1354


A1065


12hr Total Construction Traffic
Route Section 1


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11
10% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


100% 100% A149 A149


A1082


A148
(18) 30


A140


Bridge Road
30


(18)
(15) 8 (18) 30


A148


8 (15) 38 (33)
(33) 38 30 (18)


30 (18)
30 (18) (18) 30


(18) 30


   (15) (18)
8 30


(18) 30
(15) (15) 8 B1436


8


30
8 (15) 30 (18) (18)


8 (15)


B1149 Hempstead Road


Section 3 Access


Hempstead Road / Hole Farm Road


30 (18)
(18) 30


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(15) 8
8 (15)


(3) 3 (15) 8
3 (3)


5 (11) (15) 8
A148 A148  


B1354
8 (15)


5 8 (15)
(11)


Town Close Lane 
B1110


A1067


Valley Road
5 (11)


(11) 5


B1110 Heydon Road


Norwich Road


A140


B1149


A1067
Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 5
B1110 30 5 (0)


(18)
30 (18)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


26 (18)
(18) 26


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
5 (11)


(11) 5


Section 14 Access New Drayton Lane


Northern Distributor A140


A1067
26 (18)


Taverham Road / Church Lane / Ringland Road A140


26 A1270 Northern Distributor 
5 (11) (18)


(11) 5


26 (18)
(0) 0 (18) 26


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


26 (18)
(18) 26


(0)
0


A140
(11) 6 (11) 6


A11


6 (11) Station Lane
6 0


(11) (0) (16) (2)
Section 20 Access (11) 6 (15) 11 (16) 15 15 11


(11) 6 (15) 11
A47 


A47 East 
6 (11) 11 (15) 11 (15) 11 (2)


5 6 (11) 4 4 (2)
(3) 5 (3) (2)


A140 A146


5 (0) 4 (2)
Section 21 Access (3) 5 (2) 4


A1065


B1172


B1354


77 Light Vehicles


65 Total HGVs


A148


12hr Total Construction Traffic
Route Section 2


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11
10% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


100% 100% A149 A149


A1082


A148
(18) 51


A140


Bridge Road
51


(18)
(15) 13 (18) 51


A148


13 (15)
51 (18)


51 (18)
51 (18) (18) 51


(18) 51


   


(18) 51
(15) (15) 13 B1436
13 (15) 13


51
13 (15) (18)


13 (15)


13 51
(15) (18)


B1149 Hempstead Road


64 (33)
(33) 64


Section 3 Access


Hempstead Road / Hole Farm Road


51 (18)
(18) 51


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(15) 13
13 (15)


(3) 5 (15) 13
5 (3)


8 (11) (15) 13
A148 A148  


B1354
13 (15)


8 13 (15)
(11)


Town Close Lane 
B1110


A1067


Valley Road
8 (11)


(11) 8


B1110 Heydon Road


Norwich Road


A140


B1149


A1067
Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 8
B1110 51 8 (0)


(18)
51 (18)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


43 (18)
(18) 43


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
8 (11)


(11) 8


Section 14 Access New Drayton Lane


Northern Distributor A140


A1067
43 (18)


Taverham Road / Church Lane / Ringland Road A140


43 A1270 Northern Distributor 
8 (11) (18)


(11) 8


43 (18)
(0) 0 (18) 43


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


43 (18)
(18) 43


(0)
0


A140
(11) 10 (11) 10


A11


10 (11) Station Lane
10 0


(11) (0) (16) (2)
Section 20 Access (11) 10 (15) 18 (16) 25 25 18


(11) 10 (15) 18


A47 East 
10 (11) 18 (15) 18 (15) 18 (2)


8 10 (11) 7 7 (2)
(3) 8 (3) (2)


A140 A146


8 (3) 7 (2)
Section 21 Access (3) 8 (2) 7


A1065


B1172


A47 


B1354


128 Light Vehicles


66 Total HGVs


A148


12hr Total Construction Traffic
Route Section 3


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11
10% from A140 south 13% from A140 south 


0% from A140 north 12% from A140 north
100% 100% A149 A149


A1082


A148
(17) 27


A140


Bridge Road
27


(17)
(14) 7 (17) 27


A148


7 (14)
27 (17)


27 (17)
27 (17) (17) 27


(17) 27


   


(17) 27
(14) (14) 7 B1436


7


27
7 (14) (17)


27 (17)
7 (14)


7 27
(14) (17)


B1149 Hempstead Road


35 (31)
(31) 35


Section 3 Access


Hempstead Road / Hole Farm Road


27 (17)
(17) 27


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(14) 7
7 (14)


(3) 3 (14) 7
3 (3)


4 (11) (14) 7
A148 A148  


B1354
7 (14)


4 7 (14)
(11)


Town Close Lane 
B1110


A1067


Valley Road
4 (11)


(11) 4


B1110 Heydon Road


Norwich Road


A140


B1149


A1067
Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 4
B1110 27 4 (0)


(17)
27 (17)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


23 (17)
(17) 23


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
4 (11)


(11) 4


Section 14 Access New Drayton Lane


Northern Distributor A140


A1067
(23) (17)


Taverham Road / Church Lane / Ringland Road A140


23 A1270 Northern Distributor 
4 (11) (17)


(11) 4


23 (17)
(0) 0 (17) 23


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


23 (17)
(17) 23


(0)
0


A140
(11) 5 (11) 5


A11


5 (11) Station Lane
5 0


(11) (0) (16) (2)
Section 20 Access (11) 5 (14) 10 (16) 14 14 9


(11) 5 (14) 10


A47 East 
5 (11) 10 (14) 10 (14) 9 (2)


4 5 (11) 4 4 (2)
(3) 4 (3) (2)


A140 A146


4 (3) 4 (2)
Section 21 Access (3) 4 (2) 4


A1065


B1172


A47 


B1354


69 Light Vehicles


62 Total HGVs


A148


12hr Total Construction Traffic
Route Section 4


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11
10% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


100% 100% A149 A149


A1082


A148


A140


Bridge Road


(14) 7
A148


7 (14)


   


(14) B1436
7


Section 3 Access
7


(14) B1149 Hempstead Road


(14)
7


(31) 35


27 Hempstead Road / Hole Farm Road
(17) 7 (14) 35 (31)


27 (17)


27 (17)
(17) 27


(17)
27


27 Plumstead Road and Sweetbriar Lane
(17)


A148


B1110
Thorpland Rd


27 Organic Waste Site 
(17)


(14) 7
7 (14)


(3) 3 (14) 7
3 (3)


4 (11) (14) 7
A148 A148  


B1354
7 (14)


4 7 (14)
(11)


Town Close Lane 
B1110


A1067
(17)
27


Valley Road
4 (11)


(11) 4 27
(17)


(17)
27


B1110 Heydon Road


27
(17)


Norwich Road


A140


B1149


(0) 4
A1067 (17) (0)


Wood Dalling Road 23 4
(0) 4


B1145 B1145 B1145


Section 10 Access 4 (0) (0) 4
B1110 23 4 (0) 4 (0)


(17) 4 (0)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


(17)
23


Hall Road Buxton Road


23
(17)


Marl Hill Station Road / Reepham Road
4 (11)


(11) 4


Section 14 Access New Drayton Lane


(17) 23


Northern Distributor A140


23 (17)
A1067


Taverham Road / Church Lane / Ringland Road A140


23 A1270 Northern Distributor 
4 (11) (17)


(11) 4


23 (17)
(0) 0 (17) 23


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


23 (17)
(17) 23


(0)
0


A140
(11) 5 (11) 5


A11


5 (11) Station Lane
5 0


(11) (0) (16) (2)
Section 20 Access (11) 5 (14) 10 (16) 14 14 9


(11) 5 (14) 10


A47 East 
5 (11) 10 (14) 10 (14) 9 (2)


4 5 (11) 4 4 (2)
(3) 4 (3) (2)


A140 A146


4 (3) 4 (2)
Section 21 Access (3) 4 (2) 4


A1065


B1172


A47 


B1354


69 Light Vehicles


62 Total HGVs


A148


12hr Total Construction Traffic
Route Section 5


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







Landfall Access


(36)
62


(0) 0 (36) 62
A149 A149


0 (0) 62 (36) 62 (36) A1082


(0) 0 A148
62 (36) (73) 157


(36) 62
A140


Bridge Road 0 (0)
(16) (20) 157 0 0 (0)


(16) 13 13 49 (73) (0)
(74) 48 (53) 108


A148


48 (74) 38 (33) 49 (20)
(33) 38 108 (53)


157 (73)
121 (69) (73) 157
(69) 121


   (0) (0)
(0) 0 0 0


(73) 157
(0) (14) (60) (60) 41 B1436


(0) 0 0 7 41 (15) 13
(0) 0
(0) 0 157 0


41 (60) 30 (18) (73) (0)
27 (17)


41 (60)
0 (0)
0 (0) 7 27 13 51


0 7 0 (14) (17) (15) (18)
(0) (14) (0) B1149 Hempstead Road


35 (31)
(31) 35


64 (33)
(0) (14) (33) 64
0 7


(31) 35 Section 3 Access


0 27 Hempstead Road / Hole Farm Road
(0) (17) 7 (14) 35 (31)


27 (17)


157 (73)
27 (17) (73) 157


(17) 27


(17) (0)
27 0


(0) 0


27 0 Plumstead Road and Sweetbriar Lane
(17) (0) 0 (0)


0 (0)


A148 (17) (0)
27 0


B1110
Thorpland Rd


27 0 Organic Waste Site 
(17) (0) 0 (0)


0 (0)
(74) 48 (0) 0


(0) 0 (0) 0 48 (74) (0) 0 (0) (0) (0)
(16) 18 (74) 48 (0) (0) (0) 0 (0) (0) 0 0 0 0


18 (16) (0) 0 0 0 0 (0) (0)
30 (57) (74) 48 (0) 0 0 27


A148 A148 0 0  
(0) (0) B1354


0 (0) 48 (74) 0 (0) 0 (0)
30 0 0 0 48 (74) 0 0 0 0 (0)


(57) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0)
0


(0)
Town Close Lane 


B1110
A1067


(0) 0 (0) (17)
(0) 0 0 27


Valley Road
30 (57)


(57) 30 0 27
(0) (17)


(0) 0 (0) (17)
(0) 0 0 27


B1110 Heydon Road


0 (0) 0 27
(0) 0 (0) (17)


Norwich Road


A140
(0) 0 (0) (0) (0)
(0) 0 0 0 0 B1149
(0) 0


(0) 0
(0) 0 (0) 4


0 (0) A1067 (0) 0 (0) (17) (0) (0) 0 (0) (0) (0)
0 (0) Wood Dalling Road (0) 0 0 23 4 0 0 0


0 0 0 0 (0) (0) 0 (0) 4
(0) (0) (0) B1145 B1145 B1145


(0) 0 (0) (0) Section 10 Access 0 (0) 4 (0) (0) 28
B1110 (0) 0 0 0 0 23 0 4 (0) 0 0 157 0 (0) 28 (0)


(0) (17) (0) 0 (0) (0) (0) (73) 4 (0)
0 (0) 157 (73)


0 (0) A140
0 (0) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


0 (0) 0 (0) 0 (0) (0) 0
(0) 0 (0) 0 (0) 0 (0) 0 (0) (17) 133 (73)


0 23 (73) 133
Hall Road Buxton Road


(0) 0 0 (0)
(0) 0 0 (0) (0) 0 (0) 0 (0) 0


0 (0) 0 (0) 0 (0) 0 23
(0) (17)


Marl Hill (0) 0 Station Road / Reepham Road
30 (57) 0 0 0 (0)


(57) 30 (0) (0) (0) 0
(0) 0


0 0 (0) (0)
(0) (0) Section 14 Access 0 0 New Drayton Lane


(0) 0
(0) 0 (17) 23
(0) 0 (0) 0
(0) 0


0 (0) Northern Distributor A140
0 (0)


23 (17) 0 (0)
A1067 0 (0) 0 (0)


133 (73)
Taverham Road / Church Lane / Ringland Road 0 0 0 A140


(0) (0) (0)
0 23 133 A1270 Northern Distributor 


30 (57) (0) (17) (73)
(57) 30 0 (0)


(0) 0


(0) (0) 156 (90)
(0) 0 (0) 0 0 0 (90) 156


(0) 0 (0) 0 (0) 0 (0) 0
A47 West


A47
0 (0) 0 (0) 0 (0)


0 (0) 0 0 0 (0) 0 (0)
(0) (0)


Dereham Road 0 (0)
(0) 0


Section 17 Access 0 (0)
(0) 0


0 (0) (0) (0)
(0) 0 (0) 0 0 0


(0) 0
B1108


0 (0)
Section 18 Access 0 0


(0) (0) A1151


0 (0)
(0) 0 (0) (0)


0 0
0 0


(0) (0)
0 (0)


156 (90)
(0) 0 (90) 156
(0) 0 (0) (0) (0) 0 0


0 0 0 (0) (0)


(0) 0 A140
(57) 36 0 (0) (57) 36


A11


36 (57) Station Lane
36 0 0


(57) (0) (0) (0) 0 (0) (0) (0) (82) (8)
0 (0) Section 20 Access (57) 36 0 0 0 (74) 66 (82) 92 92 64


(0) 0 0 (57) 36 (0) 0 (74) 66 (0) 0 (0) 0
(0)


(0) A47 East 
0 (0) 0 36 (57) 0 (0) 66 (74) 66 (74) 64 (8)


(0) 0 0 0 30 36 (57) 0 26 26 (8) 0 (0)
(0) (0) (16) 30 (16) (0) (8)


A140 A146


0 (0)
(0) 0


30 (13) 26 (8)
Section 21 Access (16) 30 (8) 26


12hr Total Construction Traffic
Phase 1 Total


A1065


B1172


A47 


B1354


465 Light Vehicles


328 Total HGVs


A148


793 Total Vehicles


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11
10% from A140 south 13% from A140 south 


0% from A140 north 12% from A140 north
100% 100% A149 A149


A1082


A148


A140


Bridge Road


(17) 13
A148


13 (17)


   


(17) B1436
13


Section 3 Access
13


(17) B1149 Hempstead Road


(17)
13


13 Hempstead Road / Hole Farm Road
(17)


13 (17)
(17) 13


(17)
13


Plumstead Road and Sweetbriar Lane


A148 (17)
13


B1110 (37) 64
Thorpland Rd


51 Organic Waste Site 
(20) 13 (17)


51 (20)
(17) 13


13 (17)
(4) 5 (17) 13
5 (4)


8 (13) (17) 13
A148 A148  


B1354
13 (17)


8 13 (17)
(13)


Town Close Lane 
B1110


A1067
(20)
51


Valley Road
8 (13)


(13) 8 51
(20)


(20)
51


B1110 Heydon Road


51
(20)


Norwich Road


A140


B1149


(0) 8
A1067 (20) (0)


Wood Dalling Road 43 8
(0) 8


B1145 B1145 B1145


Section 10 Access 8 (0) (0) 8
B1110 43 8 (0) 8 (0)


(20) 8 (0)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


(20)
43


Hall Road Buxton Road


43
(20)


Marl Hill Station Road / Reepham Road
8 (13)


(13) 8


Section 14 Access New Drayton Lane


(20) 43


Northern Distributor A140


43 (20)
A1067


A140


43 A1270 Northern Distributor 
8 (13) (20)


(13) 8
Taverham Road


43 (20)
(0) 0 (20) 43


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


43 (20)
(20) 43


(0)
0


A140
(13) 10 (13) 10


A11


10 (13) Station Lane
10 0


(13) (0) (19) (2)
Section 20 Access (13) 10 (17) 18 (19) 25 25 18


(13) 10 (17) 18


A47 East 
10 (13) 18 (17) 18 (17) 18 (2)


8 10 (13) 7 7 (2)
(4) 8 (4) (2)


A140 A146


8 (4) 7 (2)
Section 21 Access (4) 8 (2) 7


A1065


B1172


A47 


B1354


128 Light Vehicles


74 Total HGVs


A148


12hr Total Construction Traffic
Route Section 6


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11
10% from A140 south 13% from A140 south 


0% from A140 north 12% from A140 north
100% 100% A149 A149


A1082


A148


A140


Bridge Road


(14) 17
A148


17 (14)


   


(14) B1436
17


Section 3 Access
17


(14) B1149 Hempstead Road


(14)
17


17 Hempstead Road / Hole Farm Road
(14)


17 (14)
(14) 17


(14)
17


17 Plumstead Road and Sweetbriar Lane
(14)


A148 (14)
17


B1110
Thorpland Rd


17 Organic Waste Site 
(14)


(14) 17
17 (14)


(3) 6 (14) 17
6 (3) (14)


11 (11) (14) 17 17
A148 A148  


B1354
17 (14)


11 17 (14)
(11)


Town Close Lane 
B1110


A1067
(14)
17


Valley Road
11 (11)


(11) 11 17
(14)


(14) 17 (14)
(17) 66 17


B1110 Heydon Road
83 (31)


66
(17)


Norwich Road


A140


B1149


(0) 10
A1067 (17) (0)


Wood Dalling Road 56 10
(0) 10


B1145 B1145 B1145


Section 10 Access 10 (0) (0) 10
B1110 56 10 (0) 10 (0)


(17) 10 (0)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


(17)
56


Hall Road Buxton Road


56
(17)


Marl Hill Station Road / Reepham Road
11 (11)


(11) 11


Section 14 Access New Drayton Lane


(17) 56


Northern Distributor A140


56 (17)
A1067


Taverham Road / Church Lane / Ringland Road A140


56 A1270 Northern Distributor 
11 (11) (17)


(11) 11


56 (17)
(0) 0 (17) 56


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


56 (17)
(17) 56


(0)
0


A140
(11) 13 (11) 13


A11


13 (11) Station Lane
13 0


(11) (0) (16) (2)
Section 20 Access (11) 13 (14) 24 (16) 33 33 23


(11) 13 (14) 24


A47 East 
13 (11) 24 (14) 24 (14) 23 (2)


11 13 (11) 9 9 (2)
(3) 11 (3) (2)


A140 A146


11 (3) 9 (2)
Section 21 Access (3) 11 (2) 9


A1065


B1172


A47 


B1354


167 Light Vehicles


62 Total HGVs


A148


12hr Total Construction Traffic
Route Section 8


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11
10% from A140 south 13% from A140 south 


0% from A140 north 12% from A140 north
100% 100% A149 A149


A1082


A148


A140


Bridge Road


(14) 13
A148


13 (14)


   


(14) B1436
13


Section 3 Access
13


(14) B1149 Hempstead Road


(14)
13


13 Hempstead Road / Hole Farm Road
(14)


13 (14)
(14) 13


(14)
13


13 Plumstead Road and Sweetbriar Lane
(14)


A148 (14)
13


B1110
Thorpland Rd


13 Organic Waste Site 
(14)


(14) 13
13 (14)


(3) 5 (14) 13
5 (3) (14)


8 (11) (14) 13 13
A148 A148  


B1354
13 (14)


8 13 (14)
(11)


Town Close Lane 
B1110


A1067
(14)
13


Valley Road
8 (11)


(11) 8 13
(14)


(14)
13


B1110 Heydon Road


13
(14)


Norwich Road


A140


B1149


64 (31)
(31) 64 (14) 13 (0) 8


A1067 (14)
Wood Dalling Road (17) 43 13


(31) 64 (0) 8
B1145 B1145 B1145


Section 10 Access 64 (31) 8 (0) (0) 8
B1110 64 (31) 43 8 (0)


(17) 8 (0) 8 (0)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


(17)
43


Hall Road Buxton Road


43
(17)


Marl Hill Station Road / Reepham Road
8 (11)


(11) 8


Section 14 Access New Drayton Lane


(17) 43


Northern Distributor A140


43 (17)
A1067


Taverham Road / Church Lane / Ringland Road A140


43 A1270 Northern Distributor 
8 (11) (17)


(11) 8


43 (17)
(0) 0 (17) 43


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


43 (17)
(17) 43


(0)
0


A140
(11) 10 (11) 10


A11


10 (11) Station Lane
10 0


(11) (0) (16) (2)
Section 20 Access (11) 10 (14) 18 (16) 25 25 18


(11) 10 (14) 18


A47 East 
10 (11) 18 (14) 18 (14) 18 (2)


8 10 (11) 7 7 (2)
(3) 8 (3) (2)


A140 A146


8 (3) 7 (2)
Section 21 Access (3) 8 (2) 7


A1065


B1172


A47 


B1354


128 Light Vehicles


62 Total HGVs


A148


12hr Total Construction Traffic
Route Section 9


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11
10% from A140 south 13% from A140 south 


0% from A140 north 12% from A140 north
100% 100% A149 A149


A1082


A148


A140


Bridge Road


(15) 12
A148


12 (15)


   


(15) B1436
12


Section 3 Access
12


(15) B1149 Hempstead Road


(15)
12


12 Hempstead Road / Hole Farm Road
(15)


12 (15)
(15) 12


(15)
12


12 Plumstead Road and Sweetbriar Lane
(15)


A148 (15)
12


B1110
Thorpland Rd


12 Organic Waste Site 
(15)


(15) 12
12 (15)


(3) 4 (15) 12
4 (3) (15)


7 (11) (15) 12 12
A148 A148  


B1354
12 (15)


7 12 (15)
(11)


Town Close Lane 
B1110


A1067
(15)
12


Valley Road
7 (11)


(11) 7 12
(15)


(15)
12


B1110 Heydon Road


12
(15)


Norwich Road


A140


B1149


(15) 12 (0) 7
A1067 (15)


Wood Dalling Road (18) 39 12
(32) 58 (0) 7


B1145 B1145 B1145


Section 10 Access 58 (32) 7 (0) (0) 7
B1110 58 (32) 39 7 (0)


(32) 58 (18) 7 (0) 7 (0)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


(18)
39


Hall Road Buxton Road
(0) 0


39
(18)


Marl Hill Station Road / Reepham Road
7 (11)


(11) 7


Section 14 Access New Drayton Lane


(18) 39


Northern Distributor A140


39 (18)
A1067


Taverham Road / Church Lane / Ringland Road A140


39 A1270 Northern Distributor 
7 (11) (18)


(11) 7


39 (18)
(0) 0 (18) 39


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


39 (18)
(18) 39


(0)
0


A140
(11) 9 (11) 9


A11


9 (11) Station Lane
9 0


(11) (0) (16) (2)
Section 20 Access (11) 9 (15) 16 (16) 23 23 16


(11) 9 (15) 16


A47 East 
9 (11) 16 (15) 16 (15) 16 (2)


7 9 (11) 7 7 (2)
(3) 7 (3) (2)


A140 A146


7 (3) 7 (2)
Section 21 Access (3) 7 (2) 7


A1065


B1172


A47 


B1354


116 Light Vehicles


65 Total HGVs


A148


12hr Total Construction Traffic
Route Section 10


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11
10% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


100% 100% A149 A149


A1082


A148


A140


Bridge Road


(15) 10
A148


10 (15)


   


(15) B1436
10


Section 3 Access
10


(15) B1149 Hempstead Road


(15)
10


10 Hempstead Road / Hole Farm Road
(15)


10 (15)
(15) 10


(15)
10


10 Plumstead Road and Sweetbriar Lane
(15)


A148 (15)
10


B1110
Thorpland Rd


10 Organic Waste Site 
(15)


(15) 10
10 (15)


(3) 4 (15) 10
4 (3) (15)


6 (11) (15) 10 10
A148 A148  


B1354
10 (15)


6 10 (15)
(11)


Town Close Lane 
B1110


A1067
(15)
10


Valley Road
6 (11)


(11) 6 10
(15)


(15)
10


B1110 Heydon Road


10
(15)


Norwich Road


A140


B1149


(0) 6
A1067 (15)


Wood Dalling Road 10
(0) 6


B1145 B1145 B1145


Section 10 Access 6 (0) (0) 6
B1110 10 6 (0)


(15) 6 (0)
6 (0)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


48 (33) (15) 16
(33) 48 (18) 32 (15)


16
Hall Road Buxton Road


48 (33) 32
(18)


Marl Hill Station Road / Reepham Road
6 (11)


(11) 6


Section 14 Access New Drayton Lane


(18) 32


Northern Distributor A140


32 (18)
A1067


Taverham Road / Church Lane / Ringland Road A140


32 A1270 Northern Distributor 
6 (11) (18)


(11) 6


32 (18)
(0) 0 (18) 32


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


32 (18)
(18) 32


(0)
0


A140
(11) 7 (11) 7


A11


7 (11) Station Lane
7 0


(11) (0) (16) (2)
Section 20 Access (11) 7 (15) 14 (16) 19 19 13


(11) 7 (15) 14


A47 East 
7 (11) 14 (15) 14 (15) 13 (2)


6 7 (11) 5 5 (2)
(3) 6 (3) (2)


A140 A146


6 (3) 5 (2)
Section 21 Access (3) 6 (2) 5


A1065


B1172


A47 


B1354


96 Light Vehicles


66 Total HGVs


A148


12hr Total Construction Traffic
Route Section 11


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







Landfall Access


(0)
0


(0) 0 (0) 0
A149 A149


0 (0) 0 (0) 0 (0) A1082


(0) 0 A148
0 (0) (0) 0


(0) 0
A140


Bridge Road 0 (0)
(0) (0) 0 0 0 (0)


(0) 0 0 0 (0) (0)
(74) 65 (0) 0


A148


65 (74) 0 (0) 0 (0)
(0) 0 0 (0)


0 (0)
0 (0) (0) 0


(0) 0


   (0) (0)
(0) 0 0 0


(0) 0 (0) 0
(0) (74) (0) (0) 0 B1436


(0) 0 0 65.2 0 (0) 0
(0) 0
(0) 0 0 0


0 (0) 0 (0) (0) (0)
0 (0) 0 (0)


0 (0) (0) 0
0 (0)
0 (0) 0 0 Section 3 Access


0 65 0 (0) (0)
(0) (74) (0) B1149 Hempstead Road


0 (0)
(0) 0


(74) (0)
65 0


(0) 0


65 0 Hempstead Road / Hole Farm Road
(74) (0) 0 (0) 0 (0)


0 (0)


0 (0)
65 (74) (0) 0


(74) 65


(74) (0)
65 0


52 0 Plumstead Road and Sweetbriar Lane
(57) (0) 0 (0)


0 (0)


A148 (57) (17)
52 13


B1110 (37) 64
Thorpland Rd


52 51 Organic Waste Site 
(57) (20) 13 (17)


51 (20)
(74) 65 (0) 0


(0) 0 (0) 0 65 (74) (0) 0 (0) (0) (0)
(16) 24 (74) 65 (0) (0) (0) 0 (0) (0) 0 0 0 0
24 (16) (0) 0 0 0 0 (0) (57)


41 (58) (74) 65.2 (0) 0 0 52
A148 A148 0 0  


(0) (0) B1354
0 (0) 65 (74) 0 (0) 0 (0)


41 0 0 0 65 (74) 0 0 0 0 (0)
(58) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0)


0
(0)


Town Close Lane 
B1110


A1067
(0) 0 (0) (78)
(0) 0 0 103


Valley Road
41 (58)


(58) 41 0 103
(0) (78)


(14) 17 (14) (64)
(31) 83 (17) 66 17 86


B1110 Heydon Road
83 (31)


0 (0) 66 86
(0) 0 (17) (64)


Norwich Road


A140
(0) 0 (0) (0) (0)
(0) 0 0 0 0 B1149
(0) 0


64 (31) (0) 0
(31) 64 (29) 25 (0) 39


0 (0) A1067 (0) 0 (29) (52) (0) (0) 0 (0) (0) (0)
0 (0) Wood Dalling Road (35) 82 25 109 18 0 0 0


0 0 0 0 (0) (63) 122 (0) 39
(0) (0) (0) B1145 B1145 B1145


(0) 0 (0) (0) (0) 0 Section 10 Access 122 (63) 39 (0) (0) 39
B1110 (0) 0 0 0 63.8 (31) 58 (32) 82 109 0 18 (0) 0 0 0 0 (0) 39 (0)


(32) 58 (35) (52) (0) 15 (0) (0) (0) (0) 39 (0)
6 (0) 0 (0)


0 (0) A140
0 (0) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


0 (0) 0 (0) 48 (33) (15) 16
(0) 0 (0) 0 (33) 48 (18) 32 (15) (72) 0 (0)


16 180 (0) 0
Hall Road Buxton Road


(0) 0 0 (0)
(0) 0 0 (0) (0) 0 (0) 0 (0) 0


0 (0) 0 (0) 48 (33) 32 180
(18) (72)


Marl Hill (0) 0 Station Road / Reepham Road
41 (58) 0 0 0 (0)


(58) 41 (0) (0) (0) 0
(0) 0


0 (0) (0) (0)
(0) 0 Section 14 Access 0 0 New Drayton Lane


(0) 0
(0) 0 (90) 213
(0) 0 (0) 0
(0) 0


0 (0) Northern Distributor A140
0 (0)


213 (90) 0 (0)
A1067 0 (0) 0 (0)


0 (0)
Taverham Road / Church Lane / Ringland Road 0 0 0 A140


(0) (0) (0)
0 213 0 A1270 Northern Distributor 


41 (58) (0) (90) (0)
(58) 41 0 (0)


(0) 0


(0) (0) 213 (90)
(0) 0 (0) 0 0 0 (90) 213


(0) 0 (0) 0 (0) 0 (0) 0
A47 West


A47
0 (0) 0 (0) 0 (0)


0 (0) 0 0 0 (0) 0 (0)
(0) (0)


0 (0)
Dereham Road (0) 0


(0) (0)
(0) 0 0 0
(0) 0


B1108


0 0
(0) (0) A1151


(0) (0)
0 0


0 0
(0) (0)


213 (90)
(0) 0 (90) 213
(0) 0 (0) (0) (0) 0 0


0 0 0 (0) (0)


(0) 0 A140
(58) 49 (58) 49


A11


49 (58)
49 0 0


(58) (0) (0) (0) 0 (0) (0) (0) (82) (8)
Section 20 Access (58) 49 0 0 0 (74) 89 (82) 126 126 87


0 (58) 49 (0) 0 (74) 89 (0) 0 (0) 0
(0)


(0) A47 East 
0 (0) 0 49 (58) 0 (0) 89 (74) 89 (74) 87 (8)


(0) 0 0 0 40 49 (58) 0 36 36 (8) 0 (0)
(0) (0) (16) 40 (16) (0) (8)


A140 A146


0 (0)
(0) 0


40 (16) 36 (8)
Section 21 Access (16) 40 (8) 36


12hr Total Construction Traffic
Phase 2 Total


A1065


B1172


A47 


B1354


633 Light Vehicles


329 Total HGVs


A148


962 Total Vehicles


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11
10% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


100% 100% A149 A149


A1082


A148


A140


Bridge Road


A148


   


B1436


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(3) 3
3 (3) (14) 7


4 (11)
A148 A148  


B1354


4 7
(11) (14)


Town Close Lane 
B1110


A1067


Valley Road
4 (11)


(11) 4


B1110 Heydon Road


7 (14)
(14) 7


Norwich Road


A140


(14) 7 B1149


A1067
7 (14) Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 4
B1110 (14) 7 4 4 (0)


(0)
4 (0)


A140
7 (14) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


35 (31)
(31) 35 4 (0)


(0) 4
Hall Road Buxton Road


(14) 7 7 (14)


Marl Hill Station Road / Reepham Road
4 (11)


(11) 4 (14) 7


(14) (17)
Section 14 Access 7 27 New Drayton Lane


(0) 4
(17) 23


(17) 27


27 (17) Northern Distributor A140


A1067 27 (17) 4 (0)


Taverham Road / Church Lane / Ringland Road A140


23 A1270 Northern Distributor 
4 (11) (17)


(11) 4


23 (17)
(0) 0 (17) 23


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


23 (17)
(17) 23


(0)
0


A140
(11) 5 (11) 5


A11


5 (11) Station Lane
5 0


(11) (0) (16) (2)
Section 20 Access (11) 5 (14) 10 (16) 14 14 9


(11) 5 (14) 10


A47 East 
5 (11) 10 (14) 10 (14) 9 (2)


4 5 (11) 4 4 (2)
(3) 4 (3) (2)


A140 A146


4 (3) 4 (2)
Section 21 Access (3) 4 (2) 4


A1065


B1172


A47 


69 Light Vehicles


62 Total HGVs


A148
B1354


12hr Total Construction Traffic
Route Section 12


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11
10% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


100% 100% A149 A149


A1082


A148


A140


Bridge Road


A148


   


B1436


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(3) 4
4 (3) (14) 10


6 (11)
A148 A148  


B1354


6 10
(11) (14)


Town Close Lane 
B1110


A1067


Valley Road
6 (11)


(11) 6


B1110 Heydon Road


10 (14)
(14) 10


Norwich Road


A140


(14) 10 B1149


A1067
10 (14) Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 6
B1110 (14) 10 6 6 (0)


(0)
6 (0)


A140
10 (14) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


48 (32)
(32) 48 6 (0)


(0) 6
Hall Road Buxton Road


(14) 10 10 (14)


Marl Hill (14) 10 Station Road / Reepham Road
6 (11) 38 (18)


(11) 6
(18) 38


Section 14 Access New Drayton Lane
(0) 6


(18) 32
(18) 38


Northern Distributor A140
38 (18)


A1067 38 (18) 6 (0)


Taverham Road / Church Lane / Ringland Road A140


32 A1270 Northern Distributor 
6 (11) (18)


(11) 6


32 (18)
(0) 0 (18) 32


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


32 (18)
(18) 32


(0)
0


A140
(11) 7 (11) 7


A11


7 (11) Station Lane
7 0


(11) (0) (16) (2)
Section 20 Access (11) 7 (14) 14 (16) 19 19 13


(11) 7 (14) 14


A47 East 
7 (11) 14 (14) 14 (14) 13 (2)


6 7 (11) 5 5 (2)
(3) 6 (3) (2)


A140 A146


6 (3) 5 (2)
Section 21 Access (3) 6 (2) 5


A1065


B1172


A47 


96 Light Vehicles


64 Total HGVs


A148
B1354


12hr Total Construction Traffic
Route Section 13


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11
10% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


100% 100% A149 A149


A1082


A148


A140


Bridge Road


A148


   


B1436


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(3) 7
7 (3) (14) 19


12 (11)
A148 A148  


B1354


12 19
(11) (14)


Town Close Lane 
B1110


A1067


Valley Road
12 (11)


(11) 12


B1110 Heydon Road


19 (14)
(14) 19


Norwich Road


A140


(14) 19 B1149


A1067
19 (14) Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 11
B1110 (14) 19 11 11 (0)


(0)
11 (0)


A140
19 (14) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


11 (0)
(0) 11


Hall Road Buxton Road


(14) 19 72 (17)


Marl Hill Station Road / Reepham Road
12 (11) 19 72


(11) 12 (14) (17)
(17) 72


91 (32)
(32) 91 Section 14 Access New Drayton Lane


(0) 11
(17) 61


(17) 72


Northern Distributor A140
72 (17)


A1067 72 (17) 11 (0)


Taverham Road / Church Lane / Ringland Road A140


61 A1270 Northern Distributor 
12 (11) (17)


(11) 12


61 (17)
(0) 0 (17) 61


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


61 (17)
(17) 61


(0)
0


A140
(11) 14 (11) 14


A11


14 (11) Station Lane
0


(0) (16) (2)
Section 20 Access (11) 14 (14) 26 (16) 36 36 25


(11) 14 (14) 26


A47 East 
14 (11) 26 (14) 26 (14) 25 (2)


12 14 (11) 10 10 (2)
(3) 12 (3) (2)


A140 A146


12 (3) 10 (2)
Section 21 Access (3) 12 (2) 10


A1065


B1172


A47 


182 Light Vehicles


63 Total HGVs


A148
B1354


12hr Total Construction Traffic
Route Section 14


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11
10% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


100% 100% A149 A149


A1082


A148


A140


Bridge Road


A148


   


B1436


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(3) 3
3 (3)


A148 A148  
B1354


0
(0)


Town Close Lane 
B1110


A1067


Valley Road
3 (3)


(3) 3


B1110 Heydon Road


0 (0)
(0) 0


Norwich Road


A140


(0) 0 B1149


A1067
0 (0) Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 4
B1110 (0) 0 4 4 (0)


(0)
4 (0)


A140
0 (0) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


4 (0)
(0) 4


Hall Road Buxton Road
(0) 0 0 (0)


Marl Hill Station Road / Reepham Road
3 (3)


(3) 3
(0) 0


Section 14 Access New Drayton Lane


(0) 0
(0) 0


Northern Distributor A140
0 (0)


A1067 0 (0)
4 (0)


Taverham Road / Church Lane / Ringland Road A140


0 4 A1270 Northern Distributor 
3 (3) (0) (0)


(3) 3 36 (34)
(34) 36


(15) (19) 4 (0)
(15) 7 (15) 7 7 29 (0) 4


(15) 7 (15) 7
A47 West


A47
7 (15) 7 (15) 29 (19)


7 (15)


Dereham Road 29 (19)
(19) 29


Section 17 Access
Traffic from A1065 routeing onto A47 
Traffic from A148 routeing south on A1065 (19)


29


B1108


Section 18 Access 29
(19) A1151


4 (0)
(0) 4


(12) (7)
6 23


(12) 6 A140
(12) 6


A11


6 (12) Station Lane
23
(7) (0)


Section 20 Access (3) 18 (2) 14 (0) 4 4
(7) 23 (3) 5 (3) 18 (2) 4 (2) 10


A47 East 
23 (7) 18 (3) 14 (2)


5 18 (3) 4 10 (2)
(3) (2)


A140 A146


5 (3) 4 (2)
Section 21 Access (3) 5 (2) 4


A1065


B1172


A47 


72 Light Vehicles


67 Total HGVs


A148
B1354


12hr Total Construction Traffic
Route Section 15


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11
10% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


100% 100% A149 A149


A1082


A148


A140


Bridge Road


A148


   


B1436


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(3) 5
5 (3)


A148 A148  
B1354


0
(0)


Town Close Lane 
B1110


A1067


Valley Road
5 (3)


(3) 5


B1110 Heydon Road


0 (0)
(0) 0


Norwich Road


A140


(0) 0 B1149


A1067
0 (0) Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 8
B1110 (0) 0 8 8 (0)


(0)
8 (0)


A140
0 (0) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


8 (0)
(0) 8


Hall Road Buxton Road
(0) 0 0 (0)


Marl Hill Station Road / Reepham Road
5 (3)


(3) 5
(0) 0


Section 14 Access New Drayton Lane


(0) 0
(0) 0


Northern Distributor A140
0 (0)


A1067 0 (0)
8 (0)


Taverham Road / Church Lane / Ringland Road A140


0 8 A1270 Northern Distributor 
5 (3) (0) (0)


(3) 5


8 (0)
(0) 8


(15) 13 (15) 13 (15) 13 (18) 51
A47 West


A47
13 (15)


13 (15) 13 51 51 (18) 51 (18)
(15) (18)


Dereham Road 51 (18)
(18) 51


Section 17 Access 64 (33)
Traffic from A1065 routeing onto A47 (33) 64
Traffic from A148 routeing south on A1065 and onto A47 (18)


51


B1108


Section 18 Access 51
(18) A1151


8 (0)
(0) 8


(11) (7)
10 41


(11) 10 A140
(11) 10


A11


10 (11) Station Lane
41
(7) (0)


Section 20 Access (3) 33 (2) 25 (0) 8 8
(7) 41 (3) 8 (3) 33 (2) 7 (2) 18


A47 East 
41 (7) 33 (3) 25 (2)


8 33 (3) 7 18 (2)
(3) (2)


A140 A146


8 (3) 7 (2)
Section 21 Access (3) 8 (2) 7


A1065


B1172


A47 


128 Light Vehicles


65 Total HGVs


A148
B1354


12hr Total Construction Traffic
Route Section 16


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







Landfall Access


(0)
0


(0) 0 (0) 0
A149 A149


0 (0) 0 (0) 0 (0) A1082


(0) 0 A148
0 (0) (0) 0


(0) 0
A140


Bridge Road 0 (0)
(0) (0) 0 0 0 (0)


(0) 0 0 0 (0) (0)
(0) 0 (0) 0


A148


0 (0) 0 (0) 0 (0)
(0) 0 0 (0)


0 (0)
0 (0) (0) 0


(0) 0


   (0) (0)
(0) 0 0 0
(0) 0


(0) (0) (0) (0) 0 B1436
(0) 0 0 0 0 (0) 0
(0) 0
(0) 0 0 0


0 (0) 0 (0) (0) (0)
0 (0) 0 (0)


0 (0) (0) 0
0 (0)
0 (0) 0 0 Section 3 Access


0 0 0 (0) (0)
(0) (0) (0) B1149 Hempstead Road


0 (0)
(0) 0


(0) (0)
0 0


0 0 Hempstead Road / Hole Farm Road
(0) (0) 0 (0)


0 (0)


0 (0)
0 (0) (0) 0


(0) 0


(0) (0)
0 0


0 0 Plumstead Road and Sweetbriar Lane
(0) (0) 0 (0)


0 (0)


A148 (0) (0)
0 0


B1110 (0) 0
Thorpland Rd


0 0 Organic Waste Site 
(0) (0) 0 (0)


0 (0)
(0) 0 (0) 0


(0) 0 (0) 0 0 (0) (0) 0 (0) (0) (0)
(16) 21 (0) 0 (0) (0) (0) 0 (0) (0) 0 0 0 0
21 (16) (43) 36 0 0 0 (0) (0)


22 (33) (0) 0 (0) 0 0 0
A148 A148 0 0  


(0) (0) B1354
0 (0) 0 (0) 0 (0) 0 (0)


22 36 0 0 0 (0) 0 0 0 0 (0)
(33) (43) (0) (0) 0 (0) (0) (0) (0) 0 (0)


0
(0)


Town Close Lane 
B1110


A1067
(0) 0 (0) (0)
(0) 0 0 0


Valley Road
30 (40)


(40) 30 0 0
(0) (0)


(0) 0 (0) (0)
(0) 0 0 0


B1110 Heydon Road


36 (43) 0 0
(43) 36 (0) (0)


Norwich Road


A140
(0) 0 (0) (0) (0)


(43) 36 0 0 0 B1149
(0) 0


0 (0) (0) 0
(0) 0 (0) 0 (0) 0


0 (0) A1067 (0) 0 (0) (0) (0) (0) 0 (0) (0) (0)
36 (43) Wood Dalling Road (0) 0 0 0 0 0 0 0


0 0 0 0 (0) (0) 0 (0) 0
(0) (0) (0) B1145 B1145 B1145


(0) 0 (0) (0) (0) 0 Section 10 Access 0 (0) 0 (0) (0) 33
B1110 (43) 36 0 0 0 (0) 0 (0) 0 0 0 0 (0) 0 0 33 0 (0) 33 (0)


(0) 0 (0) (0) (0) 0 (0) (0) (0) (0) 0 (0)
0 (0) 33 (0)


0 (0) A140
36 (43) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


48 (32) 35 (31) 0 (0) (0) 0
(32) 48 (31) 35 (0) 0 (0) 0 (0) (0) 33 (0)


0 0 (0) 33
Hall Road Buxton Road


(28) 17 17 (28)
(14) 19 72 (17) (0) 0 (0) 0 (0) 0


0 (0) 0 (0) 0 (0) 0 0
(0) (0)


Marl Hill (14) 10 Station Road / Reepham Road
30 (40) 19 72 38 (18)


(40) 30 (14) (17) (14) 7
(35) 110


91 (32) (14) (17)
(32) 91 Section 14 Access 7 27 New Drayton Lane


(0) 21
(0) 0 (52) 116


(52) 138 (0) 0
(0) 0


27 (17) Northern Distributor A140
110 (35)


0 (0) 0 (0)
A1067 138 (52) 21 (0)


12 (0)
Taverham Road / Church Lane / Ringland Road 0 0 0 A140


(0) (0) (0)
0 116 12 A1270 Northern Distributor 


30 (40) (0) (52) (0)
(40) 30 36 (34)


(34) 36


(15) (19) 129 (52)
(15) 7 (15) 7 7 29 (52) 129


(30) 21 (30) 21 (15) 13 (18) 51
A47 West


A47
21 (30) 7 (15) 29 (19)


21 (30) 13 51 51 (18) 51 (18)
(15) (18)


Dereham Road 79 (37)
(37) 79


Section 17 Access 64 (33)
(33) 64


0 (0) (0) (37)
(0) 0 (0) 0 0 79


(0) 0
B1108


0 (0)
Section 18 Access 0 79


(0) (37) A1151


0 (0)
(0) 0 (0) (0)


0 0
0 0


(0) (0)
0 (0)


129 (52)
(0) 0 (52) 129
(0) 0 (0) (23) (13) 0 0


0 15 64 (0) (0)


(23) 15 A140
(56) 42 0 (0) (33) 27


A11


42 (56) Station Lane
13 0 64


(22) (0) (13) (0) 0 (0) (0) (0) (47) (5)
0 (0) Section 20 Access (40) 78 0 0 0 (46) 89 (47) 81 81 48


(0) 0 0 (46) 91 (7) 13 (49) 100 (3) 11 (3) 27
(0)


(0) A47 East 
0 (0) 0 91 (46) 0 (0) 100 (49) 89 (46) 48 (5)


(0) 0 13 0 22 78 (40) 11 20 20 (5) 27 (3)
(7) (0) (9) 22 (9) (3) (5)


A140 A146


0 (0)
(0) 0


35 (16) 31 (8)
Section 21 Access (16) 35 (8) 31


12hr Total Construction Traffic
Phase 3 Total


A1065


B1172


A47 


546 Light Vehicles


322 Total HGVs


A148
B1354


868 Total Vehicles


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11
10% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


100% 100% A149 A149


A1082


A148


A140


Bridge Road


A148


   


B1436


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(3) 6
6 (3)


A148 A148  
B1354


0
(0)


Town Close Lane 
B1110


A1067


Valley Road
6 (3)


(3) 6


B1110 Heydon Road


0 (0)
(0) 0


Norwich Road


A140


(0) 0 B1149


A1067
0 (0) Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 9
B1110 (0) 0 9 9 (0)


(0)
9 (0)


A140
0 (0) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


9 (0)
(0) 9


Hall Road Buxton Road
(0) 0 0 (0)


Marl Hill Station Road / Reepham Road
6 (3)


(3) 6
(0) 0


Section 14 Access New Drayton Lane


(0) 0
(0) 0


Northern Distributor A140
0 (0)


A1067 0 (0)
9 (0)


Taverham Road / Church Lane / Ringland Road A140


0 9 A1270 Northern Distributor 
6 (3) (0) (0)


(3) 6


9 (0)
(14) 15 (0) 9


(14) 15 (14) 15 (14) 15
A47 West


A47
15 (14) 15 (14)


15 (14) 15 (14)


Dereham Road 15 (14)
(14) 15


Section 17 Access
Traffic from A1065 routeing onto A47 
Traffic from A148 routeing south on A1065 and onto A47 74 (32) (14)


(32) 74 (14) 15 15
(17) 58


B1108


74 (32)
Section 18 Access 58


(17) A1151


58 (15)
(17) 58


9 (0)
(0) 9


(11) (6)
11 47


(11) 11 A140
(11) 11


A11


11 (11) Station Lane
47
(6) (0)


Section 20 Access (3) 38 (2) 29 (0) 9 9
(6) 47 (3) 9 (3) 38 (2) 8 (2) 20


A47 East 
47 (6) 38 (3) 29 (2)


9 38 (3) 8 20 (2)
(3) (2)


A140 A146


9 (3) 8 (2)
Section 21 Access (3) 9 (2) 8


A1065


B1172


A47 


147 Light Vehicles


64 Total HGVs


A148
B1354


12hr Total Construction Traffic
Route Section 17


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11
10% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


100% 100% A149 A149


A1082


A148


A140


Bridge Road


A148


   


B1436


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(3) 8
8 (3)


A148 A148  
B1354


0
(0)


Town Close Lane 
B1110


A1067


Valley Road
8 (3)


(3) 8


B1110 Heydon Road


0 (0)
(0) 0


Norwich Road


A140


(0) 0 B1149


A1067
0 (0) Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 13
B1110 (0) 0 13 13 (0)


(0)
13 (0)


A140
0 (0) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


13 (0)
(0) 13


Hall Road Buxton Road
(0) 0 0 (0)


Marl Hill Station Road / Reepham Road
8 (3)


(3) 8
(0) 0


Section 14 Access New Drayton Lane


(0) 0
(0) 0


Northern Distributor A140
0 (0)


A1067 0 (0)
13 (0)


Taverham Road / Church Lane / Ringland Road A140


0 13 A1270 Northern Distributor 
8 (3) (0) (0)


(3) 8


13 (0)
(14) 23 (0) 13


(14) 23 (14) 23 (14) 23
A47 West


A47
23 (14) 23 (14)


23 (14) 23 (14)


Dereham Road 23 (14)
(14) 23


Section 17 Access
Traffic from A1065 routeing onto A47 
Traffic from A148 routeing south on A1065 and onto A47 (14)


23


B1108


Section 18 Access 23
(14) A1151


110 (32)
(32) 110


110 (32)


13 (0)
(14) 23 (0) 13
(6) 70 (14)


(11) 17 23


(11) 17 A140
(11) 17


A11


17 (11) Station Lane
70
(6) (0)


Section 20 Access (3) 56 (2) 44 (0) 13 13
(6) 70 (3) 14 (3) 56 (2) 13 (2) 30


A47 East 
70 (6) 56 (3) 44 (2)


14 56 (3) 13 30 (2)
(3) (2)


A140 A146


14 (3) 13 (2)
Section 21 Access (3) 14 (2) 13


A1065


B1172


A47 


221 Light Vehicles


63 Total HGVs


A148
B1354


12hr Total Construction Traffic
Route Section 18


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11
10% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


100% 100% A149 A149


A1082


A148


A140


Bridge Road


A148


   


B1436


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(3) 4
4 (3)


A148 A148  
B1354


0
(0)


Town Close Lane 
B1110


A1067


Valley Road
4 (3)


(3) 4


B1110 Heydon Road


Norwich Road


A140


B1149


A1067
Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 6
B1110 6 6 (0)


(0)
6 (0)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


6 (0)
(0) 6


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
4 (3)


(3) 4


Section 14 Access New Drayton Lane


Northern Distributor A140


A1067
6 (0)


Taverham Road / Church Lane / Ringland Road A140


6 A1270 Northern Distributor 
4 (3) (0)


(3) 4


6 (0)
(14) 10 (0) 6


(14) 10 (14) 10 (14) 10
A47 West


A47
10 (14) 10 (14)


10 (14) 10 (14)


Dereham Road 10 (14)
(14) 10


Section 17 Access
Traffic from A1065 routeing onto A47 
Traffic from A148 routeing south on A1065 and onto A47 (14)


10


B1108


Section 18 Access 10
(14) A1151


6 (0)
(0) 6


(14)
10


(14) 10 A140
(11) 7 41 (20) (6) 31


A11


7 (11) Station Lane
31
(6) (0)


48 (31) Section 20 Access (3) 25 (2) 19 (0) 6 6
(31) 48 (6) 31 (3) 6 (3) 25 (2) 5 (2) 13


A47 East 
31 (6) 25 (3) 19 (2)


6 25 (3) 5 13 (2)
(3) (2)


A140 A146


6 (3) 5 (2)
Section 21 Access (3) 6 (2) 5


A1065


B1172


A47 


96 Light Vehicles


62 Total HGVs


A148
B1354


12hr Total Construction Traffic
Route Section 19


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11
10% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


100% 100% A149 A149


A1082


A148


A140


Bridge Road


A148


   


B1436


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(3) 4
4 (3)


A148 A148  
B1354


0
(0)


Town Close Lane 
B1110


A1067


Valley Road
4 (3)


(3) 4


B1110 Heydon Road


Norwich Road


A140


B1149


A1067
Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 7
B1110 7 7 (0)


(0)
7 (0)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


7 (0)
(0) 7


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
4 (3)


(3) 4


Section 14 Access New Drayton Lane


Northern Distributor A140


A1067
7 (0)


Taverham Road / Church Lane / Ringland Road A140


7 A1270 Northern Distributor 
4 (3) (0)


(3) 4


7 (0)
(14) 11 (0) 7


(14) 11 (14) 11 (14) 11
A47 West


A47
11 (14) 11 (14)


11 (14) 11 (14)


Dereham Road 11 (14)
(14) 11


Section 17 Access
Traffic from A1065 routeing onto A47 
Traffic from A148 routeing south on A1065 and onto A47 (14)


11


B1108


Section 18 Access 11
(14) A1151


54
(32)


7 (0)
(0) 7


(14) 54
11.1 (32)


A140
(11) 8 (11) 8


A11


8 (11) Station Lane


(25) 19 (25) (3) (3) (0)
Section 20 Access 19 7 28 (2) 21 (0) 7 7


54 (25) 19 (3) 28 (2) 6 (2) 15
(32)


(32) A47 East 
54 (32) 54 19 (25) 28 (3) 28 (3) 21 (2)


(32) 54 7 6 15 (2)
(3) (2)


A140 A146


7 (3) 6 (2)
Section 21 Access (3) 7 (2) 6


A1065


B1172


A47 


108 Light Vehicles


64 Total HGVs


A148
B1354


12hr Total Construction Traffic
Route Section 20


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11
10% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


100% 100% A149 A149


A1082


A148


A140


Bridge Road


A148


   


B1436


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(5) 5
5 (5)


A148 A148  
B1354


0
(0)


Town Close Lane 
B1110


A1067


Valley Road
5 (5)


(5) 5


B1110 Heydon Road


Norwich Road


A140


B1149


A1067
Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 8
B1110 8 8 (0)


(0)
8 (0)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


8 (0)
(0) 8


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
5 (5)


(5) 5


Section 14 Access New Drayton Lane


Northern Distributor A140


A1067
8 (0)


Taverham Road / Church Lane / Ringland Road A140


8 A1270 Northern Distributor 
5 (5) (0)


(5) 5


8 (0)
(24) 13 (0) 8


(24) 13 (24) 13 (24) 13
A47 West


A47
13 (24) 13 (24)


13 (24) 13 (24)


Dereham Road 13 (24)
(24) 13


Section 17 Access
Traffic from A1065 routeing onto A47 
Traffic from A148 routeing south on A1065 and onto A47 (24)


13


B1108


Section 18 Access 13
(24) A1151


64
(54)


8 (0)
(0) 8


(24) 64
13 (54)


A140
(19) 10 (19) 10


A11


10 (19) Station Lane
10 13


(19) (24) (43) 23 (43) (5) (5) (0)
Section 20 Access 23 8 33 (3) 18 (0) 8 8


64 (43) 23 (5) 33 (3) 7 (3) 18
(54)


(54) A47 East 
64 23 (43) 33 (5) 33 (5) 25 (3)


8 7 18 (3)
(5) (3)


A140 A146


64 (54)
(54) 64


8 (5) 7 (3)
Section 21 Access (5) 8 (3) 7


A1065


B1172


A47 


128 Light Vehicles


109 Total HGVs


A148
B1354


12hr Total Construction Traffic
Route Section 21


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







Landfall Access


(0)
0


(0) 0 (0) 0
A149 A149


0 (0) 0 (0) 0 (0) A1082


(0) 0 A148
(0) 0


A140


Bridge Road 0 (0)
(0) (0) 0 0 0 (0)


(0) 0 0 0 (0) (0)
(0) 0 (0) 0


A148


0 (0) 0 (0) 0 (0)
(0) 0 0 (0)


0 (0)
0 (0) (0) 0


(0) 0


   (0) (0)
(0) 0 0 0
(0) 0


(0) (0) (0) (0) 0 B1436
(0) 0 0 0 0 (0) 0
(0) 0
(0) 0 0 0


0 (0) 0 (0) (0) (0)
0 (0) 0 (0)


0 (0) (0) 0
0 (0)
0 (0) 0 0 Section 3 Access


0 0 0 (0) (0)
(0) (0) (0) B1149 Hempstead Road


0 (0)
(0) 0


(0) (0)
0 0


(0) 0


0 0 Hempstead Road / Hole Farm Road
(0) (0) 0 (0) 0 (0)


0 (0)


0 (0)
0 (0) (0) 0


(0) 0


(0) (0)
0 0


0 0 Plumstead Road and Sweetbriar Lane
(0) (0) 0 (0)


0 (0)


A148 (0) (0)
0 0


B1110 (0) 0
Thorpland Rd


0 0 Organic Waste Site 
(0) (0) 0 (0)


0 (0)
(0) 0 (0) 0


(0) 0 (0) 0 0 (0) (0) 0 (0) (0) (0)
(18) 27 (0) 0 (0) (0) (0) 0 (0) (0) 0 0 0 0
27 (18) (0) 0 0 0 0 (0) (0)


0 (0) (0) 0 (0) 0 0 0
A148 A148 0 0  


(0) (0) B1354
0 (0) 0 (0) 0 (0) 0 (0)


0 0 0 0 0 (0) 0 0 0 0 (0)
(0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0)


0
(0)


Town Close Lane 
B1110


A1067
(0) 0 (0) (0)
(0) 0 0 0


Valley Road
27 (18)


(18) 27 0 0
(0) (0)


(0) 0 (0) (0)
(0) 0 0 0


B1110 Heydon Road


0 (0) 0 0
(0) 0 (0) (0)


Norwich Road


A140
(0) 0 (0) (0) (0)
(0) 0 0 0 0 B1149
(0) 0


0 (0) (0) 0
(0) 0 (0) 0 (0) 0


0 (0) A1067 (0) 0 (0) (0) (0) (0) 0 (0) (0) (0)
0 (0) Wood Dalling Road (0) 0 0 0 0 0 0 0


0 0 0 0 (0) (0) 0 (0) 0
(0) (0) (0) B1145 B1145 B1145


(0) 0 (0) (0) (0) 0 Section 10 Access 0 (0) 0 (0) (0) 43
B1110 (0) 0 0 0 0 (0) 0 (0) 0 0 0 0 (0) 0 0 43 0 (0) 43 (0)


(0) 0 (0) (0) (0) 0 (0) (0) (0) (0) 0 (0)
0 (0) 43 (0)


0 (0) A140
0 (0) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


0 (0) 0 (0) 0 (0) (0) 0
(0) 0 (0) 0 (0) 0 (0) 0 (0) (0) 43 (0)


0 0 (0) 43
Hall Road Buxton Road


(0) 0 0 (0)
(0) 0 0 (0) (0) 0 (0) 0 (0) 0


0 (0) 0 (0) 0 (0) 0 0
(0) (0)


Marl Hill (0) 0 Station Road / Reepham Road
27 (18) 0 0 0 (0)


(18) 27 (0) (0) (0) 0
(0) 0


0 (0) (0) (0)
(0) 0 Section 14 Access 0 0 New Drayton Lane


(0) 0
(0) 0 (0) 0
(0) 0 (0) 0
(0) 0


0 (0) Northern Distributor A140
0 (0)


0 (0) 0 (0)
A1067 0 (0) 0 (0)


43 (0)
Taverham Road / Church Lane / Ringland Road 0 0 0 A140


(0) (0) (0)
0 0 43 A1270 Northern Distributor 


27 (18) (0) (0) (0)
(18) 27 0 (0)


(0) 0


(0) (0) 43 (0)
(81) 72 (0) 0 0 0 (0) 43


(81) 72 (81) 72 (0) 0 (81) 72
A47 West


A47
72 (81) 72 (81) 0 (0)


72 (81) 0 0 0 (0) 72 (81)
(0) (0)


Dereham Road 72 (81)
(81) 72


Section 17 Access 0 (0)
(0) 0


74 (32) (14) (67)
(32) 74 (14) 15 15 57


(17) 58
B1108


74 (32)
Section 18 Access 58 57


(17) (67) A1151


110 (32)
(32) 110 (0) (0)


0 0
0 118


(0) (86)
110 (32)


43 (0)
(14) 23 (0) 43
(6) 70 (14) (25) (45) 118 0


23 21 71 (86) (0)


(36) 38 A140
(63) 54 41 (20) (36) 49


A11


54 (63) Station Lane
41 70 60


(25) (6) (31) (69) 43 (69) (9) (9) (0) (0)
48 (31) Section 20 Access (9) 119 43 15 60 (9) 131 (0) 43 43 0


(31) 48 118 (88) 191 (9) 30 (18) 179 (9) 40 (9) 96
(86)


(86) A47 East 
54 (32) 118 191 (88) 60 (9) 179 (18) 139 (9) 0 (0)


(32) 54 30 15 0 119 (9) 40 0 0 (0) 96 (9)
(9) (9) (0) 0 (0) (9) (0)


A140 A146


64 (54)
(54) 64


45 (18) 40 (9)
Section 21 Access (18) 45 (9) 40


12hr Total Construction Traffic
Phase 4 Total


A1065


B1172


A47 


699 Light Vehicles


361 Total HGVs


A148
B1354


### Total Vehicles


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11 (3)
10% from A140 south 13% from A140 south 5
0% from A140 north 12% from A140 north (3) 5


100% 100% A149 A149


5 (3) 5 (3) A1082


A148
5 (3) (1) 4


(3) 5
A140


Bridge Road
(1) (1) 4


(1) 1 1 3.97 (1)
(1) 1


A148


1 (1) 4 (1)


4 (1)
1 (1) (1) 4


(1) 1


   


(1) 4
(1) (1) 1 B1436
1


4
1 (1) (1)


1 (1)


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


4 (1)
(1) 4


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(1) 1
1 (1)


(0) 0 (1) 1
0 (0)


1 (1) (1) 1
A148 A148  


B1354
1 (1)


1 1 (1)
(1)


Town Close Lane 
B1110


A1067


Valley Road
1 (1)


(1) 1


B1110 Heydon Road


Norwich Road


A140


B1149


A1067
Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 1
B1110 4 1 (0)


(1)
4 (1)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


3 (1)
(1) 3


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
1 (1)


(1) 1


Section 14 Access New Drayton Lane


Northern Distributor A140


A1067
3.36 (1)


Taverham Road / Church Lane / Ringland Road A140


3 A1270 Northern Distributor Road
1 (1) (1)


(1) 1


3 (1)
(0) 0 (1) 3


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


3 (1)
(1) 3


(0)
0


A140
(1) 1 (1) 1


A11


1 (1) Station Lane
0


(0) (1) (0)
Section 20 Access (1) 1 (1) 1 (1) 2 2 1


(1) 1 (1) 1


A47 East 
1 (1) 1 (1) 1 (1) 1 (0)


1 1 (1) 1 1 (0)
(0) 1 (0) (0)


A140 A146


1 (0) 1 (0)
Section 21 Access (0) 1 (0) 1


A1065


B1172


A47 


10 Light Vehicles


5 Total HGVs


A148
B1354


12hr Total Construction Traffic
Landfall


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11
10% from A140 south 13% from A140 south 


0% from A140 north 12% from A140 north
100% 100% A149 A149


A1082


A148


A140
Bridge Road


(3) 3
A148


3 (3)


   


(3) B1436
3


Section 3 Access
3


(3) B1149 Hempstead Road


(3)
3


3 Hempstead Road / Hole Farm Road
(3)


3 (3)
(3) 3


(3)
3


3 Plumstead Road and Sweetbriar Lane
(3)


A148 (3)
3


B1110 (6) 17
Thorpland Rd


13 Organic Waste Site 
(3) 3 (3)


13 (3)
(3) 3


3 (3)
(1) 1 (3) 3
1 (1) (3)


2 (2) (3) 3 13
A148 A148  


B1354
3 (3)


2 3 (3)
(2)


Town Close Lane 
B1110


A1067
(3)
13


Valley Road
2 (2)


(2) 2 13
(3)


(3)
13


B1110 Heydon Road


13
(3)


Norwich Road


A140


B1149


(0) 2
A1067 (3) (0)


Wood Dalling Road 11 2
(0) 2


B1145 B1145 B1145


Section 10 Access 2 (0) (0) 2
B1110 11 2 (0) 2 (0)


(3) 2 (0)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


(3)
11


Hall Road Buxton Road


11
(3)


Marl Hill Station Road / Reepham Road
2 (2)


(2) 2


Section 14 Access New Drayton Lane


(3) 11


Northern Distributor A140


11 (3)
A1067


Taverham Road / Church Lane / Ringland Road A140


11 A1270 Northern Distributor 
2 (2) (3)


(2) 2


11 (3)
(0) 0 (3) 11


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


11 (3)
(3) 11


(0)
0


A140
(2) 3 (2) 3


A11


3 (2) Station Lane
3 0


(2) (0) (3) (0)
Section 20 Access (2) 3 (3) 5 (3) 7 7 5


(2) 3 (3) 5


A47 East 
3 (2) 5 (3) 5 (3) 5 (0)


2 3 (2) 2 2 (0)
(1) (0)


A140 A146


2 (1) 2 (0)
Section 21 Access (1) 2 (0) 2


A1065


B1172


A47 


34 Light Vehicles


12 Total HGVs


A148


B1354


12hr Total Construction Traffic
Booster Station


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 10% from Kings Lynn via A148 Assume 8% via A148


5% from Great Yarmouth 28% via A47 east
5% from Lowestoft 11% from A146


35% from A47 7% from A47 west
0% from A1065 6% from A1065


35% from A11 16% from A11
10% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


100% 100% A149 A149


A1082


A148


A140


Bridge Road


A148


   


B1436


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(1) 3
3 (1)


A148 A148  
B1354


0
(0)


Town Close Lane 
B1110


A1067


Valley Road
3 (1)


(1) 3


B1110 Heydon Road


Norwich Road


A140


B1149


A1067
Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 5
B1110 5 5 (0)


(0)
5 (0)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


5 (0)
(0) 5


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
3 (1)


(1) 3


Section 14 Access New Drayton Lane


Northern Distributor A140


A1067
5 (0)


Taverham Road / Church Lane / Ringland Road A140


5 A1270 Northern Distributor 
3 (1) (0)


(1) 3


5 (0)
(7) 8 (0) 5


(7) 8 (7) 8 (7) 8
A47 West


A47
8 (7) 8 (7)


8 (7) 8 (7)


Dereham Road 8 (7)
(7) 8


Section 17 Access
Traffic from A1065 routeing onto A47 
Traffic from A148 routeing south on A1065 and onto A47 (7)


8


B1108


Section 18 Access 8
(7) A1151


41
(15)


5 (0)
(0) 5


(7) 41
8 (15)


A140
(5) 6 (5) 6


A11


6 (5) Station Lane
6 8


(5) (7) (12) 15 (12) (1) (1) (0)
Section 20 Access 15 5 21 (1) 16 (0) 5 5


41 (12) 15 (1) 21 (1) 5 (1) 11
(15)


(15) A47 East 
41 15 (12) 21 (1) 21 (1) 16 (1)


5 5 11 (1)
(1) (1)


A140 A146


41 (15)
(15) 41


5 (1) 5 (1)
Section 21 / Substation Access (1) 5 (1) 5


A1065


B1172


A47 


82 Light Vehicles


29 Total HGVs


A148
B1354


12hr Total Construction Traffic
HVAC Substation


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







Landfall Access


(0) 0 (39) 66.5
A149 A149


0 (0) 66.5 (39) A1082


(0) 0 A148
66.5 (39) (74) 161
(39) 66.5


A140
Bridge Road 0 (0)


(17) (21) 161 0 0 (0)
(17) 14 14 53 (74) (0)


(78) 70 (53) 108
A148


70 (78) 53 (21)
108 (53)


161 (74)
122 (70) (74) 161
(70) 122


  (0) (0)
(0) 0 0 0


(74) 161
(0) (77) (61) (61) 42 B1436


(0) 0 0 69 42
(0) 0
(0) 0 161 0


42 (61) 30 (18) (74) (0)
27 (17)


42 (61)
0 (0)
0 (0) Section 3 Access


0 69 0
(0) (77) (0) Hempstead Road


(77) (14)
69 7


69 27 Hempstead Road / Hole Farm Road
(77) (17) 7 (14)


27 (17)


161 (74)
69 (77) (74) 161


(77) 69


(77) (0)
69 0


56 0 Plumstead Road and Sweetbriar Lane
(60) (0) 0 (0)


0 (0)


A148 (57) (19)
52 17


B1110
Thorpland Rd


52 64 Organic Waste Site 
(57) (24) 17 (19)


64 (24)
(78) 70 (0) 0


(0) 0 (0) 0 70 (78) (0) 0 (0) (0) (0)
(78) 70 (0) (0) (0) 0 (0) (0) 0 0 0 0
(43) 36 0 0 0 (0) (61)


(78) 69.7 (0) 0 0 65
A148 A148 0 0  


(0) (0) B1354
0 (0) 69.7 (78) 0 (0) 0 (0)


44 36 0 0 70 (78) 0 0 0 0 (0)
(61) (43) (0) (0) 0 (0) (0) (0) (0) 0 (0)


Town Close Lane 
B1110


A1067
(0) 0 (0) (81)
(0) 0 0 116


Valley Road
47 (62)


(62) 47 0 116
(0) (81)


(14) 17 (14) (67)
(17) 66 17 99


B1110 Heydon Road


36 (43) 66 99
(43) 36 (17) (67)


Norwich Road


A140
(0) 0 (0) (0) (0)


(43) 36 0 0 0 B1149
(0) 0


(0) 0
(29) 25 (0) 41


0 (0) A1067 (0) 0 (29) (56) (0) (0) 0 (0) (0) (0)
36 (43) Wood Dalling Road (35) 82 25 120 20 0 0 0


0 0 0 0 (0) (63) 122 (0) 41
(0) (0) (0) B1145 B1145


(0) 0 (0) (0) Section 10 Access 122 (63) 41 (0) (0) 50
B1110 (43) 36 0 0 82 120 0 20 (0) 0 0 166 0 (0) 50 (0)


(35) (56) (0) 15 (0) (0) (0) (74) 41 (0)
6 (0) 166 (74)


0 (0) A140
36 (43) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


(15) (76) 141 (74)
16 192 (74) 141


Hall Road Buxton Road
(28) 17 17 (28)
(14) 19 72 (17)


32 192
(18) (76)


Marl Hill Station Road / Reepham Road
47 (62) 19 72


(62) 47 (14) (17) (14) 7
(35) 110


Section 14 Access New Drayton Lane
(0) 21


(0) 0 (94) 224
(52) 138 (0) 0
(0) 0


27 (17) Northern Distributor A140
110 (35)


224 (94) 0 (0)
A1067 138 (52) 21 (0)


141 (74)
Taverham Road / Church Lane / Ringland Road 0 0 0 A140


(0) (0) (0)
0 224 141 A1270 Northern Distributor Road


47 (62) (0) (94) (74)
(62) 47


(15) (19) 232 (95)
(88) 80 (15) 7 7 29 (95) 232


(88) 80 (88) 80 (15) 13 (88) 80
A47 West


A47
80 (88) 80 (88) 29 (19)


80 (88) 13 51 51 (18) 80 (88)
(15) (18)


Dereham Road 88 (88)
(88) 88


Section 17 Access


(14) (74)
15 88


B1108


Section 18 Access 58 88
(17) (74) A1151


(0) (0)
0 0


0 159
(0) (101)


232 (95)
(14) 23 (95) 232
(6) 70 (14) (25) (52) 159 0


23 21 80 (101) (0)


(36) 38 A140
(71) 64 (66) 59


A11


64 (71) Station Lane
58 70 72


(65) (6) (37) (80) 57 (80) (10) (10) (86) (9)
Section 20 Access (61) 122 57 20 81 (79) 154 (86) 139 139 93


159 (102) 209 (9) 30 (79) 206 (10) 44 (10) 107
(101)


(101) A47 East 
159 209 (102) 81 (10) 206 (79) 161 (79) 93 (9)


30 20 43 122 (61) 44 39 39 (9) 107 (10)
(9) (10) (17) 41 (17) (10) (9)


A140 A146


53 (20) 47 (10)
Section 21 Access (20) 53 (10) 47


12hr Total Construction Traffic
Maximum Construction Traffic


2,469 Light Vehicles


1,386 Total HGVs


B1172


A47 


3,855 Total Vehicles


A148


B1354


A1065


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







Landfall Access


(39)
66.5


(0) 0 (39) 66.5
A149 A149


0 (0) 66.5 (39) 66.5 (39) A1082


(0) 0 A148
67 (39) (74) 161


(39) 67
A140


Bridge Road 0 (0)
(17) (21) 161 0 0 (0)


(17) 13.7 14 53 (74) (0)
(152) 118 (53) 108


A148


118 (152) 38.3 (33) 53 (21)
(33) 38 108 (53)


161 (74)
122 (70) (74) 161
(70) 122


   (0) (0)
(0) 0 0 0


(0) 0 (74) 161
(0) (91) (61) (61) 42 B1436


(0) 0 0 76 42 (15) 13
(0) 0
(0) 0 161 0


42 (61) 30 (18) (74) (0)
27 (17)


42 (61)
0 (0)
0 (0) 7 27.4 13 51


0 76 0 (14) (17) (15) (18)
(0) (91) (0) Hempstead Road


35 (31)
(31) 35


64 (33)
(77) (14) (33) 64
69 7


(31) 34.5 Section 3 Access


69 27.4 Hempstead Road / Hole Farm Road
(77) (17) 7 (14) 34.5 (31)


27 (17)


161 (74)
96 (94) (74) 161


(94) 96


(94) (0)
96 0


82.9 0 Plumstead Road and Sweetbriar Lane
(77) (0) 0 (0)


0 (0)


A148 (74) (19)
79 17


B1110
Thorpland Rd


79.4 64 Organic Waste Site 
(74) (24) 17 (19)


64 (24)
(152) 118 (0) 0


(0) 0 (0) 0 118 (152) (0) 0 (0) (0) (0)
(69) 94 (152) 118 (0) (0) (0) 0 (0) (0) 0 0 0 0
94 (69) (43) 36 0 0 0 (0) (61)


97 (151) (152) 118 (0) 0 0 93
A148 A148 0 0  


(0) (0) B1354
0 (0) 118 (152) 0 (0) 0 (0)


97 35.7 0 0 118 (152) 0 0 0 0 (0)
(151) (43) (0) (0) 0 (0) (0) (0) (0) 0 (0)


0
(0)


Town Close Lane 
B1110


A1067
(0) 0 (0) (98)
(0) 0 0 143


Valley Road
134 (177)


(177) 134 0 143
(0) (98)


(14) 17 (14) (84)
(17) 66 17 126


B1110 Heydon Road


36 (43) 66.1 126
(43) 36 (17) (84)


Norwich Road


A140
(0) 0 (0) (0) (0)


(43) 36 0 0 0 B1149
(0) 0


64 (31) (0) 0
(31) 64 (29) 25 (0) 45


0 (0) A1067 (0) 0 (29) (73) (0) (0) 0 (0) (0) (0)
36 (43) Wood Dalling Road (35) 82 25 143 24 0 0 0


0 0 0 0 (0) (63) 122 (0) 45
(0) (0) (0) B1145 B1145


(0) 0 (0) (0) Section 10 Access 122 (63) 45 (0) (0) 151
B1110 (43) 36 0 0 58 (32) 81.6 143 0 24 (0) 0 0 242 0 (0) 151 (0)


(32) 58 (35) (73) (0) 15 (0) (0) (0) (74) 45 (0)
6 (0) 242 (74)


0 (0) A140
36 (43) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


48 (32) 35 (31) 48 (33) (15) 16
(32) 48 (31) 35 (33) 48 (18) 32 (15) (93) 217 (74)


16 215 (74) 217
Hall Road Buxton Road


(28) 17 17 (28)
(14) 19 72 (17) (0) 0 (0) 0 (0) 0


0 (0) 0 (0) 48 (33) 32.3 215
(18) (93)


Marl Hill (14) 10 Station Road / Reepham Road
134 (177) 18.7 72.1 38 (18)


(177) 134 (14) (17) (14) 7
(35) 110


90.8 (32) (14) (17)
(32) 91 Section 14 Access 7 27 New Drayton Lane


(0) 21
(0) 0 (163) 364


(52) 138 (0) 0
(0) 0


27 (17) Northern Distributor A140
110 (35)


247 (111) 0 (0)
A1067 138 (52) 21 (0)


196 (74)
Taverham Road / Church Lane / Ringland Road 0 0 0 A140


(0) (0) (0)
0 364 196 A1270 Northern Distributor Road


134 (177) (0) (163) (74)
(177) 134 36 (34)


(34) 36


(15) (19) 560 (237)
(103) 88 (15) 7 7 29 (237) 560


(118) 101 (118) 101 (15) 13 (106) 131
A47 West


A47
101 (118) 88 (103) 29 (19)


101 (118) 13 51 51 (18) 131 (106)
(15) (18)


Dereham Road 160 (124)
(124) 160


Section 17 Access 64 (33)
(33) 64


73.5 (32) (14) (110)
(32) 74 (14) 15 15 144


(17) 58
B1108


74 (32)
Section 18 Access 58.4 144


(17) (110) A1151


110 (32)
(32) 110 (0) (0)


0 0
0 159


(0) (101)
110 (32)


560 (237)
(14) 23 (237) 560
(6) 70 (14) (48) (65) 159 0


23 37 143 (101) (0)


(59) 54 A140
(243) 192 41 (20) (192) 171


A11


192 (243) Station Lane
148 70.4 132


(169) (6) (51) (80) 57 (80) (10) (10) (216) (22)
48 (31) Section 20 Access (167) 285 57 20 81 (207) 397 (216) 355 355 205


(31) 48 159 (264) 384.6 (16) 42 (220) 461 (13) 56 (13) 135
(101)


(101) A47 East 
54 (32) 159 385 (264) 81 (10) 461 (220) 405 (207) 205 (22)


(32) 54 42 20 95 285 (167) 56 84.8 85 (22) 135 (13)
(16) (10) (43) 93 (43) (13) (22)


A140 A146


105 (69)
(69) 105


157 (66) 141 (35)
Section 21 Access (69) 157 (35) 141


12hr Total Construction Traffic
Total Construction Traffic (excluding Section 7)


A47 


2,469 Light Vehicles


1,386 Total HGVs


3,855 Total Vehicles


A148


B1354


A1065


B1172


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







Landfall Access


* referred elsewhere in this Appendix as "Phase 1"


(0) 0 (39) 67
A149 A149


0 (0) 67 (39)


A1082 (0) 0 A148
(74) 161


A140
Bridge Road 0 (0)


161 0 0 (0)
(74) (0)


(78) 52
A148


52 (78)


161 (74)
122 (70) (74) 161
(70) 122


  (0) (0)
(0) 0 0 0


(74) 161
(0) (17) (61) (61) 42 B1436


(0) 0 0 11 42
(0) 0
(0) 0 161 0


42 (61) (74) (0)


42 (61)
0 (0)
0 (0)


0 11 0
(0) (17) (0) Hempstead Road


Section 3 Access


Hempstead Road / Hole Farm Road


161 (74)
31 (20) (74) 161


(20) 31


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(78) 52 (0) 0
(0) 0 (0) 0 52 (78) (0) 0 (0) (0) (0)


(78) 52 (0) (0) (0) 0 (0) (0) 0 0 0 0
(0) 0 0 0 0


(78) 52 (0) 0
A148 A148 0 0  


(0) (0) B1354
0 (0) 52 (78) 0 (0) 0 (0)


0 0 0 52 (78) 0 0 0 0 (0)
(0) (0) (0) 0 (0) (0) (0) (0) 0 (0)


Town Close Lane 
B1110


A1067


Valley Road
36 (62)


(62) 36


B1110 Heydon Road


0 (0)
(0) 0


Norwich Road


A140
(0) 0 (0) (0) (0)
(0) 0 0 0 0 B1149
(0) 0


(0) 0
(0) 0 (0) 6


0 (0) A1067 (0) 0 (0) (20) (0) (0) 0 (0) (0) (0)
0 (0) Wood Dalling Road (0) 0 0 35 6 0 0 0


0 0 0 0 (0) (0) 0 (0) 6
(0) (0) (0) B1145 B1145


(0) 0 (0) (0) Section 10 Access 0 (0) 6 (0)
B1110 (0) 0 0 0 0 35 0 6 (0) 0 0 166 0 (0)


(0) (20) (0) 0 (0) (0) (0) (74) 6 (0)
0 (0) 166 (74)


0 (0) A140
0 (0) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


141 (74)
(74) 141


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
36 (62)


(62) 36


Section 14 Access New Drayton Lane
(0) 0


(20) 35
(0) 0


Northern Distributor A140


0 (0)
A1067 0 (0)


141 (74)
Taverham Road / Church Lane / Ringland Road 0 0 0 A140


(0) (0) (0)
0 35 141 A1270 Northern Distributor Road


36 (62) (0) (20) (74)
(62) 36 0 (0)


(0) 0


(0) (0) 176 (95)
(7) 8 (0) 0 0 0 (95) 176


(7) 8 (7) 8 (0) 0 (7) 8
A47 West


A47
8 (7) 8 (7) 0 (0)


8 (7) 0 0 0 (0) 8 (7)
(0) (0)


Dereham Road 8 (7)
(7) 8


Section 17 Access 0 (0)
(0) 0


0 (0) (0) (7)
(0) 0 (0) 0 0 8


(0) 0
B1108


0 (0)
Section 18 Access 0 8


(0) (7) A1151


0 (0)
(0) 0 (0) (0)


0 0
0 41


(0) (15)
0 (0)


(0) 0 176 (95)
(0) 0 (95) 176
(0) 0 (0) (0) (7) 41 0


0 0 8 (15) (0)


(0) 0 A140
(65) 46 0 (0) (65) 46


A11


46 (65) Station Lane
45 0 8


(65) (0) (7) (12) 15 (12) (1) (1) (86) (9)
0 (0) Section 20 Access (60) 39 15 5 21 (78) 88 (86) 106 106 70


(0) 0 41 (72) 54 (0) 0 (79) 93 (1) 5 (1) 11
(15)


(15) A47 East 
0 (0) 41 54 (72) 21 (1) 93 (79) 88 (78) 70 (9)


(0) 0 0 5 32 39 (60) 5 29 29 (9) 11 (1)
(0) (1) (17) 30 (17) (1) (9)


A140 A146


41 (15)
(15) 41


38 (15) 34 (9)
Section 21 Access (19) 38 (9) 34


Total Daily (24hr) Construction Traffic Flows
Northern Group* + Landfall + Booster Station + Substation


Key


10 Light Vehicles


(10) Heavy Goods Vehicles (HGVs)


A148


B1354


A1065


B1172


A47 







Landfall Access


* referred elsewhere in this Appendix as "Phase 2"


(0) 0 (3) 5
A149 A149


0 (0) 5 (3)


A1082 (0) 0 A148
(1) 4


A140
Bridge Road 0 (0)


4 0 0 (0)
(1) (0)


(78) 70
A148


70 (78)


4 (1)
1 (1) (1) 4


(1) 1


  (0) (0)
(0) 0 0 0
(1) 4


(0) (77) (1) (1) 1 B1436
(0) 0 0 69 1
(0) 0
(0) 0 4 0


1 (1) (1) (0)


1 (1)
0 (0)
0 (0)


0 69 0
(0) (77) (0) Hempstead Road


Section 3 Access


Hempstead Road / Hole Farm Road


4 (1)
69 (77) (1) 4


(77) 69


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(78) 70 (0) 0
(0) 0 (0) 0 70 (78) (0) 0 (0) (0) (0)


(78) 70 (0) (0) (0) 0 (0) (0) 0 0 0 0
(0) 0 0 0 0


(78) 70 (0) 0
A148 A148 0 0  


(0) (0) B1354
0 (0) 70 (78) 0 (0) 0 (0)


0 0 0 70 (78) 0 0 0 0 (0)
(0) (0) (0) 0 (0) (0) (0) (0) 0 (0)


Town Close Lane 
B1110


A1067


Valley Road
47 (62)


(62) 47


B1110 Heydon Road


0 (0)
(0) 0


Norwich Road


A140
(0) 0 (0) (0) (0)
(0) 0 0 0 0 B1149
(0) 0


(0) 0
(29) 25 (0) 41


0 (0) A1067 (0) 0 (29) (56) (0) (0) 0 (0) (0) (0)
0 (0) Wood Dalling Road (35) 82 25 120 20 0 0 0


0 0 0 0 (0) (63) 122 (0) 41
(0) (0) (0) B1145 B1145


(0) 0 (0) (0) Section 10 Access 122 (63) 41 (0)
B1110 (0) 0 0 0 82 120 0 20 (0) 0 0 9 0 (0)


(35) (56) (0) 15 (0) (0) (0) (1) 41 (0)
6 (0) 9 (1)


0 (0) A140
0 (0) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


8 (1)
(1) 8


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
47 (62)


(62) 47


Section 14 Access New Drayton Lane
(0) 0


(94) 224
(0) 0


Northern Distributor A140


0 (0)
A1067 0 (0)


8 (1)
Taverham Road / Church Lane / Ringland Road 0 0 0 A140


(0) (0) (0)
0 224 8 A1270 Northern Distributor Road


47 (62) (0) (94) (1)
(62) 47 0 (0)


(0) 0


(0) (0) 232 (95)
(7) 8 (0) 0 0 0 (95) 232


(7) 8 (7) 8 (0) 0 (7) 8
A47 West


A47
8 (7) 8 (7) 0 (0)


8 (7) 0 0 0 (0) 8 (7)
(0) (0)


Dereham Road 8 (7)
(7) 8


Section 17 Access 0 (0)
(0) 0


0 (0) (0) (7)
(0) 0 (0) 0 0 8


(0) 0
B1108


0 (0)
Section 18 Access 0 8


(0) (7) A1151


0 (0)
(0) 0 (0) (0)


0 0
0 41


(0) (15)
0 (0)


(0) 0 232 (95)
(0) 0 (95) 232
(0) 0 (0) (0) (7) 41 0


0 0 8 (15) (0)


(0) 0 A140
(66) 59 0 (0) (66) 59


A11


59 (66) Station Lane
58 0 8


(65) (0) (7) (12) 15 (12) (1) (1) (86) (9)
0 (0) Section 20 Access (61) 53 15 5 21 (79) 112 (86) 139 139 93


(0) 0 41 (72) 67 (0) 0 (79) 117 (1) 5 (1) 11
(15)


(15) A47 East 
0 (0) 41 67 (72) 21 (1) 117 (79) 112 (79) 93 (9)


(0) 0 0 5 43 53 (61) 5 39 39 (9) 11 (1)
(0) (1) (17) 41 (17) (1) (9)


A140 A146


41 (15)
(15) 41


48 (19) 43 (9)
Section 21 Access (19) 48 (9) 43


Total Daily (24hr) Construction Traffic Flows
Middle (northern) Group* + Landfall + Booster Station + Substation


Key


10 Light Vehicles


(10) Heavy Goods Vehicles (HGVs)


A148


B1354


A1065


B1172


A47 







Landfall Access


* referred elsewhere in this Appendix as "Phase 3"


(0) 0 (3) 5
A149 A149


0 (0) 5 (3)


A1082 (0) 0 A148
(1) 4


A140
Bridge Road 0 (0)


4 0 0 (0)
(1) (0)


(4) 5
A148


5 (4)


4 (1)
1 (1) (1) 4


(1) 1


  (0) (0)
(0) 0 0 0
(1) 4


(0) (3) (1) (1) 1 B1436
(0) 0 0 3 1
(0) 0
(0) 0 4 0


1 (1) (1) (0)


1 (1)
0 (0)
0 (0)


0 3 0
(0) (3) (0) Hempstead Road


Section 3 Access


Hempstead Road / Hole Farm Road


4 (1)
3 (3) (1) 4


(3) 3


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(4) 5 (0) 0
(0) 0 (0) 0 5 (4) (0) 0 (0) (0) (0)
(4) 5 (0) (0) (0) 0 (0) (0) 0 0 0 0


(43) 36 0 0 0
(4) 5 (0) 0


A148 A148 0 0  
(0) (0) B1354


0 (0) 5 (4) 0 (0) 0 (0)
36 0 0 5 (4) 0 0 0 0 (0)


(43) (0) (0) 0 (0) (0) (0) (0) 0 (0)


Town Close Lane 
B1110


A1067


Valley Road
36 (44)


(44) 36


B1110 Heydon Road


36 (43)
(43) 36


Norwich Road


A140
(0) 0 (0) (0) (0)


(43) 36 0 0 0 B1149
(0) 0


(0) 0
(0) 0 (0) 2


0 (0) A1067 (0) 0 (0) (3) (0) (0) 0 (0) (0) (0)
36 (43) Wood Dalling Road (0) 0 0 11 2 0 0 0


0 0 0 0 (0) (0) 0 (0) 2
(0) (0) (0) B1145 B1145


(0) 0 (0) (0) Section 10 Access 0 (0) 2 (0)
B1110 (43) 36 0 0 0 11 0 2 (0) 0 0 42 0 (0)


(0) (3) (0) 0 (0) (0) (0) (1) 2 (0)
0 (0) 42 (1)


0 (0) A140
36 (43) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


42 (1)
(1) 42


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
36 (44)


(44) 36


Section 14 Access New Drayton Lane
(0) 21


(55) 128
(0) 0


Northern Distributor A140


0 (0)
A1067 21 (0)


21 (1)
Taverham Road / Church Lane / Ringland Road 0 0 0 A140


(0) (0) (0)
0 128 21 A1270 Northern Distributor Road


36 (44) (0) (55) (1)
(44) 36 36 (34)


(34) 36


(15) (19) 148 (57)
(22) 16 (15) 7 7 29 (57) 148


(36) 29 (36) 29 (15) 13 (25) 59
A47 West


A47
29 (36) 16 (22) 29 (19)


29 (36) 13 51 51 (18) 59 (25)
(15) (18)


Dereham Road 88 (43)
(43) 88


Section 17 Access 64 (33)
(33) 64


0 (0) (0) (43)
(0) 0 (0) 0 0 88


(0) 0
B1108


0 (0)
Section 18 Access 0 88


(0) (43) A1151


0 (0)
(0) 0 (0) (0)


0 0
0 41


(0) (15)
0 (0)


(0) 0 148 (57)
(0) 0 (57) 148
(0) 0 (0) (23) (20) 41 0


0 15 72 (15) (0)


(23) 15 A140
(64) 52 0 (0) (41) 37


A11


52 (64) Station Lane
22 0 72


(29) (0) (20) (12) 15 (12) (1) (1) (52) (5)
0 (0) Section 20 Access (43) 81 15 5 21 (51) 111 (52) 95 95 54


(0) 0 41 (61) 109 (7) 13 (55) 127 (4) 16 (4) 39
(15)


(15) A47 East 
0 (0) 41 109 (61) 21 (1) 127 (55) 111 (51) 54 (5)


(0) 0 13 5 25 81 (43) 16 22 22 (5) 39 (4)
(7) (1) (10) 23 (10) (4) (5)


A140 A146


41 (15)
(15) 41


43 (18) 38 (9)
Section 21 Access (18) 43 (9) 38


Total Daily (24hr) Construction Traffic Flows
Middle (southern) Group* + Landfall + Booster Station + Substation


Key


10 Light Vehicles


(10) Heavy Goods Vehicles (HGVs)


A148


B1354


A1065


B1172


A47 







Landfall Access


* referred elsewhere in this Appendix as "Phase 4"


(0) 0 (3) 5
A149 A149


0 (0) 5 (3)


A1082 (0) 0 A148
(1) 4


A140
Bridge Road 0 (0)


4 0 0 (0)
(1) (0)


(4) 5
A148


5 (4)


4 (1)
1 (1) (1) 4


(1) 1


  (0) (0)
(0) 0 0 0
(1) 4


(0) (3) (1) (1) 1 B1436
(0) 0 0 3 1
(0) 0
(0) 0 4 0


1 (1) (1) (0)


1 (1)
0 (0)
0 (0)


0 3 0
(0) (3) (0) Hempstead Road


Section 3 Access


Hempstead Road / Hole Farm Road


4 (1)
3 (3) (1) 4


(3) 3


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(4) 5 (0) 0
(0) 0 (0) 0 5 (4) (0) 0 (0) (0) (0)
(4) 5 (0) (0) (0) 0 (0) (0) 0 0 0 0
(0) 0 0 0 0


(4) 5 (0) 0
A148 A148 0 0  


(0) (0) B1354
0 (0) 5 (4) 0 (0) 0 (0)


0 0 0 5 (4) 0 0 0 0 (0)
(0) (0) (0) 0 (0) (0) (0) (0) 0 (0)


Town Close Lane 
B1110


A1067


Valley Road
33 (22)


(22) 33


B1110 Heydon Road


0 (0)
(0) 0


Norwich Road


A140
(0) 0 (0) (0) (0)
(0) 0 0 0 0 B1149
(0) 0


(0) 0
(0) 0 (0) 2


0 (0) A1067 (0) 0 (0) (3) (0) (0) 0 (0) (0) (0)
0 (0) Wood Dalling Road (0) 0 0 11 2 0 0 0


0 0 0 0 (0) (0) 0 (0) 2
(0) (0) (0) B1145 B1145


(0) 0 (0) (0) Section 10 Access 0 (0) 2 (0)
B1110 (0) 0 0 0 0 11 0 2 (0) 0 0 52 0 (0)


(0) (3) (0) 0 (0) (0) (0) (1) 2 (0)
0 (0) 52 (1)


0 (0) A140
0 (0) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


51 (1)
(1) 51


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
33 (22)


(22) 33


Section 14 Access New Drayton Lane
(0) 0
(3) 11
(0) 0


Northern Distributor A140


0 (0)
A1067 0 (0)


51 (1)
Taverham Road / Church Lane / Ringland Road 0 0 0 A140


(0) (0) (0)
0 11 51 A1270 Northern Distributor Road


33 (22) (0) (3) (1)
(22) 33 0 (0)


(0) 0


(0) (0) 62 (5)
(88) 80 (0) 0 0 0 (5) 62


(88) 80 (88) 80 (0) 0 (88) 80
A47 West


A47
80 (88) 80 (88) 0 (0)


80 (88) 0 0 0 (0) 80 (88)
(0) (0)


Dereham Road 80 (88)
(88) 80


Section 17 Access 0 (0)
(0) 0


74 (32) (14) (74)
(32) 74 (14) 15 15 65


(17) 58
B1108


74 (32)
Section 18 Access 58 65


(17) (74) A1151


110 (32)
(32) 110 (0) (0)


0 0
0 159


(0) (101)
110 (32)


(0) 0 62 (5)
(14) 23 (5) 62
(6) 70 (14) (25) (52) 159 0


23 21 80 (101) (0)


(36) 38 A140
(71) 64 41 (20) (44) 59


A11


64 (71) Station Lane
50 70 69


(32) (6) (37) (80) 57 (80) (10) (10) (4) (0)
48 (31) Section 20 Access (12) 122 57 20 81 (14) 154 (4) 56 56 6


(31) 48 159 (102) 209 (9) 30 (23) 206 (10) 44 (10) 107
(101)


(101) A47 East 
54 (32) 159 209 (102) 81 (10) 206 (23) 161 (14) 6 (0)


(32) 54 30 20 3 122 (12) 44 2 2 (0) 107 (10)
(9) (10) (1) 1 (0) (10) (0)


A140 A146


105 (69)
(69) 105


53 (20) 47 (10)
Section 21 Access (20) 53 (10) 47


Total Daily (24hr) Construction Traffic Flows
Southern Group* + Landfall + Booster Station + Substation


Key


10 Light Vehicles


(10) Heavy Goods Vehicles (HGVs)


A148


B1354


A1065


B1172


A47 







Traffic Flow Diagrams


12hr Total Construction Traffic
Sensitivity Scenario







Landfall Access


(114) 1390 (128) 1827
A149 A149


1497 (113) 2028 (132) A1082


(96) 2751 A148
3467 (48) (164) 2926
(48) 3593


A140
Bridge Road 2823 (91)


3040 785 998 (32)
(168) (27)


(525) 4799
A148


4629 (562)


3933 (398)
(402) 4093


   (4) (87)
(4) 214 198 2016


(206) 3893
(6) (68) (155) (471) 5224 B1436


(12) 382 357 1886 2710
(13) 691
(11) 105 3666 2172


5071 (659) (195) (91)


2583 (168)
639 (24)


1498 (62) Section 3 Access
111 1906 1465
(10) (58) (57) B1149


Hempstead Road


Hempstead Road / Hole Farm Road


4667 (460)
1929 (171) (417) 4542
(183) 1890


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(203) 3453 (11) 87
(3) 35 (102) 1269 3375 (200) (109) 1373 (11) (17) (6)


(229) 3061 (1) (4) (2) 270 (18) (22) 206 102 688 69
(229) 3242 44 120 21


(703) 5651 (238) 1633
A148 A148 1309 334  


(95) (13) B1354
27 (3) 5603 (637) 1655 (245) 68 (8)


3174 127 2226 2940 (223) 212 748 368 1360 (92)
(228) (1) (88) 2276 (91) (16) (15) (18) 405 (17)


Town Close Lane 
B1110


A1067


Valley Road


B1110 Heydon Road


3933 (527)
(564) 3932


Norwich Road


A140
(213) 2909 (7) (20) (35)


(1) 18 71 548 609 B1149
(11) 418


(7) 702
(9) 118 (51) 1602


564 (33) A1067 (32) 1152 (7) (137) (27) (23) 792 (9) (60) (30)
2832 (230) Wood Dalling Road (18) 516 111 2094 243 665 1762 1182


430 2 0 114 (6) (173) 1721 (190) 2044
(12) (0) (0) B1145 B1145 B1145


(36) 1169 (42) (28) Section 10 Access 1744 (172) 2031 (195)
B1110 (281) 3969 1215 496 580 1964 614 251 (18) 726 1864 3476 1161 (28)


(34) (120) (10) 1164 (36) (18) (51) (214) 1536 (57)
609 (13) 3664 (220)


536 (23) A140
3887 (288) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


6152 (725)
(617) 6203


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road


Section 14 Access New Drayton Lane


Northern Distributor A140


A1067


Taverham Road / Church Lane / Ringland Road A140


A1270 Northern Distributor Road


(1294) 11807
A47 West


A47
11942 (1377)


Dereham Road 20327 (1586)
(1675) 19281


Section 17 Access


B1108


Section 18 Access


(89) (463)
2626 8413


2954 1353
(86) (62)


1475 8381 A140
(49) (462)


9923 (1252)
A11 (898) 10088


Station Lane


Section 20 Access
3926 (2017) 26041 (1409) 24732


(366)
(232) A47 East 


3358 20236 (1992) 19219 (1391)


A140 A146


Section 21 Access


2017 Observed Traffic Flows
07:00-19:00


A1065


B1172


A47 


A148


B1354


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







Landfall Access


1.10 growth 2017-2022 (124) 1511 (139) 1986
A149 A149


1.09 growth 2017-2022 1627 (122) 2204 (143) A1082


(104) 2990 A148
1.09 growth 2017-2022 3768 (52) (178) 3180


(52) 3905
A140


Bridge Road 3068 (99)
3304 853 1085 (35)
(183) (29)


(571) 5216
A148


5031 (611)


4274 (432)
0 (0) (437) 4448


(0) 0


   (4) (95)
(4) 233 215 2191


(224) 4231
(7) (74) (168) (512) 5678 B1436


(13) 415 388 2050 2945
(14) 751
(12) 114 3984 2361


5512 (717) (212) (99)


2807 (183)
694 (26)


1628 (67) Section 3 Access
121 2072 1592
(11) (63) (62)


Hempstead Road


Hempstead Road / Hole Farm Road


5072 (500)
2097 (186) (453) 4936
(199) 2054


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(221) 3753 (12) 95
(3) 38 (111) 1379 3668 (217) (118) 1492 (12) (18) (7)


(249) 3327 (1) (4) (2) 293 (20) (24) 224 111 748 75
(249) 3524 48 130 23


(764) 6142 (259) 1775
A148 A148 1423 363  


(103) (14) B1354
29 (3) 6089 (692) 1799 (266) 74 (9)


3450 138 2419 3195 (242) 230 813 400 1478 (100)
(248) (1) (96) 2474 (99) (17) (16) (20) 440 (18)


Town Close Lane 
B1110


A1067


Valley Road


B1110 Heydon Road


4275 (573)
(613) 4273


Norwich Road


A140
(231) 3162 (8) (22) (38)


(1) 20 77 596 662 B1149
(12) 454


(8) 763
(10) 128 (55) 1741


613 (36) A1067 (35) 1252 (8) (149) (29) (25) 861 (10) (65) (33)
3078 (250) Wood Dalling Road (20) 561 121 2276 264 723 1915 1285


467 2 0 124 (7) (188) 1870 (206) 2222
(13) (0) (0) B1145 B1145


(39) 1271 (46) (30) Section 10 Access 1895 (187) 2208 (212)
B1110 (305) 4314 1321 539 630 2135 667 273 (20) 789 2026 3778 1262 (30)


(37) (130) (11) 1265 (39) (20) (55) (233) 1669 (62)
662 (14) 3982 (239)


583 (25) A140
4225 (313) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


6687 (788)
(671) 6742


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road


Section 14 Access New Drayton Lane


Northern Distributor A140


A1067


Taverham Road / Church Lane / Ringland Road A140


A1270 Northern Distributor Road


(1407) 12832
A47 West


A47
12979 (1496)


Dereham Road 22092 (1723)
(1820) 20956


Section 17 Access


B1108


Section 18 Access
A1151


(97) (503)
2854 9144


3211 1471
(93) (67)


1603 9109 A140
(53) (502)


10785 (1360)
A11 (976) 10964


Station Lane


Section 20 Access
4267 (2192) 28302 (1531) 26880


(398)
(252) A47 East 


3650 21993 (2165) 20888 (1512)


A140 A146


Section 21 Access


2022 Base Traffic Flows
07:00-19:00


Key


10 Total Vehicles


TEMPRO
Average Weekday


Trunk


Principal


Minor


Heavy Goods Vehicles (HGVs)


B1354


A1065


B1172


A47 


A148


(10)







Tables Linked to Construction Vehicle Movements Spreadsheet


Total HGV Lights Phase
1 Landfall to Holgate Hill 207 72 135 1


2
Holgate Hill to woodland north east of High 
Kelling


142 65 77 1


3
Woodland northeast of High Kelling to woodland 
south of Church Road


181 66 116 1


4
Woodland south of Church Road to woodland 
south and east of School Lane


131 62 69 1


5
Woodland east of  School Lane to Plumstead Road


131 62 69 1


6 Plumstead Road to the B1149 202 74 128 2
7 B1149 to land South of Town Close Lane 141 65 77 -


8
Land south of Town Close Lane to  woodland 
north of Reepham Road


229 62 167 2


9
Land north of Reepham Road to woodland north 
of Reepham 


190 62 128 2


10
Woodland north of Reepham to woodland at 
Booton Common


180 65 116 2


11 Woodland east of Reepham to The Grove 162 66 96 2


12
The Grove to woodland south of Church Farm 
Lane 


131 62 69 3


13
Woodland south of Church Farm Lane to River 
Wensum 


160 64 96 3


14
River Wensum to woodland south west of 
Ringland 


257 63 194 3


15 Woodland south west of Ringland to A47 151 67 84 3
16 A47 to Bawburgh Road 193 65 128 3


17
Bawburgh Road to woodland west of Little 
Melton 


199 64 135 4


18 Woodland west of Little Melton to A11 296 63 233 4
19 A11 to woodland north west of Swardeston 170 62 108 4


20
Woodland north west of Swardeston to B1113 


172 64 108 4


21 B1113 to end of cable route 236 109 128 4
Landfall Landfall 15 5 10


Booster Station Booster Station 46 12 34
Converter / Sub 


Station
Converter / Sub Station 111 29 82


Total: 4,032 1,451 2,581 4,032


Route Section Description
12hr Vehicle Flows







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11 (72)
25% from A140 south 13% from A140 south 68


0% from A140 north 12% from A140 north (72) 68
200% 100% A149 A149


68 (72) 68 (72) A1082


A148
68 (72) (45) 54


(72) 68
A140


Bridge Road
(27) (45) 54


(27) 14 14 54 (45)
(27) 14


A148


14 (27) 54 (45)


54 (45)
14 (27) (45) 54


(27) 14


   


(45) 54
(27) (27) 14 B1436
14


54
14 (27) (45)


14 (27)


B1149 Hempstead Road


Section 3 Access


Hempstead Road / Hole Farm Road


54 (45)
(45) 54


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(27) 14
14 (27)


(9) 5 (27) 14
5 (9)


9 (18) (27) 14
A148 A148  


B1354
14 (27)


9 14 (27)
(18)


Town Close Lane 
B1110


A1067


Valley Road
9 (18)


(18) 9


B1110 Heydon Road


Norwich Road


A140


B1149


A1067
Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 8
B1110 54 8 (0)


(45)
54 (45)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


45 (45)
(45) 45


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
9 (18)


(18) 9


Section 14 Access New Drayton Lane


Northern Distributor A140


A1067
45 45.3


Taverham Road / Church Lane / Ringland Road A140


45 A1270 Northern Distributor Road
9 (18) (45)


(18) 9


45 (45)
(0) 0 (45) 45


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


45 (45)
(45) 45


(0)
0


A140
(18) 10 (18) 10


A11


10 (18) Station Lane
10 0


(18) (0) (36) (9)
Section 20 Access (18) 10 (27) 19 (36) 27 27 19


(18) 10 (27) 19
A47 


A47 East 
10 (18) 19 (27) 19 (27) 19 (9)


9 10 (18) 8 8 (9)
(9) 9 (9) (9)


A140 A146


9 (9) 8 (9)
Section 21 Access (9) 9 (9) 8


72 Total HGVs


B1172


135 Light Vehicles


A148
B1354


A1065


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario


Route Section 1







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11
25% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


200% 100% A149 A149


A1082


A148
(41) 30


A140


Bridge Road
30


(41)
(24) 8 (41) 30


A148


8 (24) 38 (65)
(65) 38 30 (41)


30 (41)
30 (41) (41) 30


(41) 30


   (24) (41)
8 30


(41) 30
(24) (24) 8 B1436


8


30
8 (24) 30 (41) (41)


8 (24)


B1149 Hempstead Road


Section 3 Access


Hempstead Road / Hole Farm Road


30 (41)
(41) 30


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(24) 8
8 (24)


(8) 3 (24) 8
3 (8)


5 (16) (24) 8
A148 A148  


B1354
8 (24)


5 8 (24)
(16)


Town Close Lane 
B1110


A1067


Valley Road
5 (16)


(16) 5


B1110 Heydon Road


Norwich Road


A140


B1149


A1067
Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 5
B1110 30 5 (0)


(41)
30 (41)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


26 (41)
(41) 26


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
5 (16)


(16) 5


Section 14 Access New Drayton Lane


Northern Distributor A140


A1067
26 (41)


Taverham Road / Church Lane / Ringland Road A140


26 A1270 Northern Distributor 
5 (16) (41)


(16) 5


26 (41)
(0) 0 (41) 26


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


26 (41)
(41) 26


(0)
0


A140
(16) 6 (16) 6


A11


6 (16) Station Lane
6 0


(16) (0) (33) (8)
Section 20 Access (16) 6 (24) 11 (33) 15 15 11


(16) 6 (24) 11
A47 


A47 East 
6 (16) 11 (24) 11 (24) 11 (8)


5 6 (16) 4 4 (8)
(8) 5 (8) (8)


A140 A146


5 (0) 4 (8)
Section 21 Access (8) 5 (8) 4


A1065


B1172


B1354


77 Light Vehicles


65 Total HGVs


A148


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario


Route Section 2







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11
25% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


200% 100% A149 A149


A1082


A148
(41) 46


A140


Bridge Road
46


(41)
(25) 12 (41) 46


A148


12 (25)
46 (41)


46 (41)
46 (41) (41) 46


(41) 46


   


(41) 46
(25) (25) 12 B1436
12 (25) 12


46
12 (25) (41)


12 (25)


12 46
(25) (41)


B1149 Hempstead Road


58 (66)
(66) 58


Section 3 Access


Hempstead Road / Hole Farm Road


46 (41)
(41) 46


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(25) 12
12 (25)


(8) 4 (25) 12
4 (8)


7 (16) (25) 12
A148 A148  


B1354
12 (25)


7 12 (25)
(16)


Town Close Lane 
B1110


A1067


Valley Road
7 (16)


(16) 7


B1110 Heydon Road


Norwich Road


A140


B1149


A1067
Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 7
B1110 46 7 (0)


(41)
46 (41)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


39 (41)
(41) 39


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
7 (16)


(16) 7


Section 14 Access New Drayton Lane


Northern Distributor A140


A1067
39 (41)


Taverham Road / Church Lane / Ringland Road A140


39 A1270 Northern Distributor 
7 (16) (41)


(16) 7


39 (41)
(0) 0 (41) 39


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


39 (41)
(41) 39


(0)
0


A140
(16) 9 (16) 9


A11


9 (16) Station Lane
9 0


(16) (0) (33) (8)
Section 20 Access (16) 9 (25) 16 (33) 23 23 16


(16) 9 (25) 16


A47 East 
9 (16) 16 (25) 16 (25) 16 (8)


7 9 (16) 7 7 (8)
(8) 7 (8) (8)


A140 A146


7 (8) 7 (8)
Section 21 Access (8) 7 (8) 7


A1065


B1172


A47 


B1354


116 Light Vehicles


66 Total HGVs


A148


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario


Route Section 3







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11
25% from A140 south 13% from A140 south 


0% from A140 north 12% from A140 north
200% 100% A149 A149


A1082


A148
(39) 27


A140


Bridge Road
27


(39)
(23) 7 (39) 27


A148


7 (23)
27 (39)


27 (39)
27 (39) (39) 27


(39) 27


   


(39) 27
(23) (23) 7 B1436


7


27
7 (23) (39)


27 (39)
7 (23)


7 27
(23) (39)


B1149 Hempstead Road


35 (62)
(62) 35


Section 3 Access


Hempstead Road / Hole Farm Road


27 (39)
(39) 27


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(23) 7
7 (23)


(8) 3 (23) 7
3 (8)


4 (16) (23) 7
A148 A148  


B1354
7 (23)


4 7 (23)
(16)


Town Close Lane 
B1110


A1067


Valley Road
4 (16)


(16) 4


B1110 Heydon Road


Norwich Road


A140


B1149


A1067
Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 4
B1110 27 4 (0)


(39)
27 (39)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


23 (39)
(39) 23


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
4 (16)


(16) 4


Section 14 Access New Drayton Lane


Northern Distributor A140


A1067
(23) (39)


Taverham Road / Church Lane / Ringland Road A140


23 A1270 Northern Distributor 
4 (16) (39)


(16) 4


23 (39)
(0) 0 (39) 23


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


23 (39)
(39) 23


(0)
0


A140
(16) 5 (16) 5


A11


5 (16) Station Lane
5 0


(16) (0) (31) (8)
Section 20 Access (16) 5 (23) 10 (31) 14 14 9


(16) 5 (23) 10


A47 East 
5 (16) 10 (23) 10 (23) 9 (8)


4 5 (16) 4 4 (8)
(8) 4 (8) (8)


A140 A146


4 (8) 4 (8)
Section 21 Access (8) 4 (8) 4


A1065


B1172


A47 


B1354


69 Light Vehicles


62 Total HGVs


A148


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario


Route Section 4







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11
25% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


200% 100% A149 A149


A1082


A148


A140


Bridge Road


(23) 7
A148


7 (23)


   


(23) B1436
7


Section 3 Access
7


(23) B1149 Hempstead Road


(23)
7


(62) 35


27 Hempstead Road / Hole Farm Road
(39) 7 (23) 35 (62)


27 (39)


27 (39)
(39) 27


(39)
27


27 Plumstead Road and Sweetbriar Lane
(39)


A148


B1110
Thorpland Rd


27 Organic Waste Site 
(39)


(23) 7
7 (23)


(8) 3 (23) 7
3 (8) (39)


4 (16) (23) 7 27
A148 A148  


B1354
7 (23)


4 7 (23)
(16)


Town Close Lane 
B1110


A1067
(39)
27


Valley Road
4 (16)


(16) 4 27
(39)


(39)
27


B1110 Heydon Road


27
(39)


Norwich Road


A140


B1149


(0) 4
A1067 (39) (0)


Wood Dalling Road 23 4
(0) 4


B1145 B1145 B1145


Section 10 Access 4 (0) (0) 4
B1110 23 4 (0) 4 (0)


(39) 4 (0)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


(39)
23


Hall Road Buxton Road


23
(39)


Marl Hill Station Road / Reepham Road
4 (16)


(16) 4


Section 14 Access New Drayton Lane


(39) 23


Northern Distributor A140


23 (39)
A1067


Taverham Road / Church Lane / Ringland Road A140


23 A1270 Northern Distributor 
4 (16) (39)


(16) 4


23 (39)
(0) 0 (39) 23


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


23 (39)
(39) 23


(0)
0


A140
(16) 5 (16) 5


A11


5 (16) Station Lane
5 0


(16) (0) (31) (8)
Section 20 Access (16) 5 (23) 10 (31) 14 14 9


(16) 5 (23) 10


A47 East 
5 (16) 10 (23) 10 (23) 9 (8)


4 5 (16) 4 4 (8)
(8) 4 (8) (8)


A140 A146


4 (8) 4 (8)
Section 21 Access (8) 4 (8) 4


A1065


B1172


A47 


B1354


69 Light Vehicles


62 Total HGVs


A148


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario


Route Section 5







Landfall Access


(72)
68


(0) 0 (72) 68
A149 A149


0 (0) 68 (72) 68 (72) A1082


(0) 0 A148
68 (72) (166) 157


(72) 68
A140


Bridge Road 0 (0)
(27) (45) 157 0 0 (0)


(27) 14 14 54 (166) (0)
(123) 48 (121) 104


A148


48 (123) 38 (65) 54 (45)
(65) 38 104 (121)


157 (166)
118 (148) (166) 157


(148) 118


   (0) (0)
(0) 0 0 0


(166) 157
(0) (23) (99) (99) 41 B1436


(0) 0 0 7 41 (25) 12
(0) 0
(0) 0 157 0


41 (99) 30 (41) (166) (0)
27 (39)


41 (99)
0 (0)
0 (0) 7 27 12 46


0 7 0 (23) (39) (25) (41)
(0) (23) (0) B1149 Hempstead Road


35 (62)
(62) 35


58 (66)
(0) (23) (66) 58
0 7


(62) 35 Section 3 Access


0 27 Hempstead Road / Hole Farm Road
(0) (39) 7 (23) 35 (62)


27 (39)


157 (166)
27 (39) (166) 157


(39) 27


(39) (0)
27 0


(0) 0


27 0 Plumstead Road and Sweetbriar Lane
(39) (0) 0 (0)


0 (0)


A148 (0) (0)
0 0


B1110
Thorpland Rd


27 0 Organic Waste Site 
(39) (0) 0 (0)


0 (0)
(123) 48 (0) 0


(0) 0 (0) 0 48 (123) (0) 0 (0) (0) (0)
(41) 18 (123) 48 (0) (0) (0) 0 (0) (0) 0 0 0 0


18 (41) (0) 0 0 0 0 (0) (39)
30 (82) (123) 48 (0) 0 0 27


A148 A148 0 0  
(0) (0) B1354


0 (0) 48 (123) 0 (0) 0 (0)
30 0 0 0 48 (123) 0 0 0 0 (0)


(82) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0)
0


(0)
Town Close Lane 


B1110
A1067


(0) 0 (0) (39)
(0) 0 0 27


Valley Road
30 (82)


(82) 30 0 27
(0) (39)


(0) 0 (0) (39)
(0) 0 0 27


B1110 Heydon Road


0 (0) 0 27
(0) 0 (0) (39)


Norwich Road


A140
(0) 0 (0) (0) (0)
(0) 0 0 0 0 B1149
(0) 0


(0) 0
(0) 0 (0) 4


0 (0) A1067 (0) 0 (0) (39) (0) (0) 0 (0) (0) (0)
0 (0) Wood Dalling Road (0) 0 0 23 4 0 0 0


0 0 0 0 (0) (0) 0 (0) 4
(0) (0) (0) B1145 B1145 B1145


(0) 0 (0) (0) Section 10 Access 0 (0) 4 (0) (0) 28
B1110 (0) 0 0 0 0 23 0 4 (0) 0 0 157 0 (0) 28 (0)


(0) (39) (0) 0 (0) (0) (0) (166) 4 (0)
0 (0) 157 (166)


0 (0) A140
0 (0) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


0 (0) 0 (0) 0 (0) (0) 0
(0) 0 (0) 0 (0) 0 (0) 0 (0) (39) 133 (166)


0 23 (166) 133
Hall Road Buxton Road


(0) 0 0 (0)
(0) 0 0 (0) (0) 0 (0) 0 (0) 0


0 (0) 0 (0) 0 (0) 0 23
(0) (39)


Marl Hill (0) 0 Station Road / Reepham Road
30 (82) 0 0 0 (0)


(82) 30 (0) (0) (0) 0
(0) 0


0 0 (0) (0)
(0) (0) Section 14 Access 0 0 New Drayton Lane


(0) 0
(0) 0 (39) 23
(0) 0 (0) 0
(0) 0


0 (0) Northern Distributor A140
0 (0)


0 (0) 0 (0)
A1067 0 (0) 0 (0)


133 (166)
Taverham Road / Church Lane / Ringland Road 0 0 0 A140


(0) (0) (0)
0 23 133 A1270 Northern Distributor 


30 (82) (0) (39) (166)
(82) 30 0 (0)


(0) 0


(0) (0) 156 (205)
(0) 0 (0) 0 0 0 (205) 156


(0) 0 (0) 0 (0) 0 (0) 0
A47 West


A47
0 (0) 0 (0) 0 (0)


0 (0) 0 0 0 (0) 0 (0)
(0) (0)


Dereham Road 0 (0)
(0) 0


Section 17 Access 0 (0)
(0) 0


0 (0) (0) (0)
(0) 0 (0) 0 0 0


(0) 0
B1108


0 (0)
Section 18 Access 0 0


(0) (0) A1151


0 (0)
(0) 0 (0) (0)


0 0
0 0


(0) (0)
0 (0)


156 (205)
(0) 0 (205) 156
(0) 0 (0) (0) (0) 0 0


0 0 0 (0) (0)


(0) 0 A140
(82) 36 0 (0) (82) 36


A11


36 (82) Station Lane
36 0 0


(82) (0) (0) (0) 0 (0) (0) (0) (164) (41)
0 (0) Section 20 Access (82) 36 0 0 0 (123) 66 (164) 92 92 64


(0) 0 0 (82) 36 (0) 0 (123) 66 (0) 0 (0) 0
(0)


(0) A47 East 
0 (0) 0 36 (82) 0 (0) 66 (123) 66 (123) 64 (41)


(0) 0 0 0 30 36 (82) 0 26 26 (41) 0 (0)
(0) (0) (41) 30 (41) (0) (41)


A140 A146


0 (0)
(0) 0


30 (33) 26 (41)
Section 21 Access (41) 30 (41) 26


A1065


B1172


12hr Total Construction Traffic - Sensitivity 
Scenario


Phase 1 Total


A47 


B1354


465 Light Vehicles


328 Total HGVs


A148


793 Total Vehicles


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11
25% from A140 south 13% from A140 south 


0% from A140 north 12% from A140 north
200% 100% A149 A149


A1082


A148


A140


Bridge Road


(28) 13
A148


13 (28)


   


(28) B1436
13


Section 3 Access
13


(28) B1149 Hempstead Road


(28)
13


13 Hempstead Road / Hole Farm Road
(28)


13 (28)
(28) 13


(28)
13


13 Plumstead Road and Sweetbriar Lane
(28)


A148 (28)
13


B1110 (74) 64
Thorpland Rd


51 Organic Waste Site 
(46) 13 (28)


51 (46)
(28) 13


13 (28)
(9) 5 (28) 13
5 (9) (46)


8 (19) (28) 13 51
A148 A148  


B1354
13 (28)


8 13 (28)
(19)


Town Close Lane 
B1110


A1067
(46)
51


Valley Road
8 (19)


(19) 8 51
(46)


(46)
51


B1110 Heydon Road


51
(46)


Norwich Road


A140


B1149


(0) 8
A1067 (46) (0)


Wood Dalling Road 43 8
(0) 8


B1145 B1145 B1145


Section 10 Access 8 (0) (0) 8
B1110 43 8 (0) 8 (0)


(46) 8 (0)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


(46)
43


Hall Road Buxton Road


43
(46)


Marl Hill Station Road / Reepham Road
8 (19)


(19) 8


Section 14 Access New Drayton Lane


(46) 43


Northern Distributor A140


43 (46)
A1067


A140


43 A1270 Northern Distributor 
8 (19) (46)


(19) 8
Taverham Road


43 (46)
(0) 0 (46) 43


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


43 (46)
(46) 43


(0)
0


A140
(19) 10 (19) 10


A11


10 (19) Station Lane
10 0


(19) (0) (37) (9)
Section 20 Access (19) 10 (28) 18 (37) 25 25 18


(19) 10 (28) 18


A47 East 
10 (19) 18 (28) 18 (28) 18 (9)


8 10 (19) 7 7 (9)
(9) 8 (9) (9)


A140 A146


8 (9) 7 (9)
Section 21 Access (9) 8 (9) 7


A1065


B1172


A47 


B1354


128 Light Vehicles


74 Total HGVs


A148


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario


Route Section 6







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11
25% from A140 south 13% from A140 south 


0% from A140 north 12% from A140 north
200% 100% A149 A149


A1082


A148


A140


Bridge Road


(23) 17
A148


17 (23)


   


(23) B1436
17


Section 3 Access
17


(23) B1149 Hempstead Road


(23)
17


17 Hempstead Road / Hole Farm Road
(23)


17 (23)
(23) 17


(23)
17


17 Plumstead Road and Sweetbriar Lane
(23)


A148 (23)
17


B1110
Thorpland Rd


17 Organic Waste Site 
(23)


(23) 17
17 (23)


(8) 6 (23) 17
6 (8) (23)


11 (16) (23) 17 17
A148 A148  


B1354
17 (23)


11 17 (23)
(16)


Town Close Lane 
B1110


A1067
(23)
17


Valley Road
11 (16)


(16) 11 17
(23)


(23) 17 (23)
(39) 66 17


B1110 Heydon Road
83 (62)


66
(39)


Norwich Road


A140


B1149


(0) 10
A1067 (39) (0)


Wood Dalling Road 56 10
(0) 10


B1145 B1145 B1145


Section 10 Access 10 (0) (0) 10
B1110 56 10 (0) 10 (0)


(39) 10 (0)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


(39)
56


Hall Road Buxton Road


56
(39)


Marl Hill Station Road / Reepham Road
11 (16)


(16) 11


Section 14 Access New Drayton Lane


(39) 56


Northern Distributor A140


56 (39)
A1067


Taverham Road / Church Lane / Ringland Road A140


56 A1270 Northern Distributor 
11 (16) (39)


(16) 11


56 (39)
(0) 0 (39) 56


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


56 (39)
(39) 56


(0)
0


A140
(16) 13 (16) 13


A11


13 (16) Station Lane
13 0


(16) (0) (31) (8)
Section 20 Access (16) 13 (23) 24 (31) 33 33 23


(16) 13 (23) 24


A47 East 
13 (16) 24 (23) 24 (23) 23 (8)


11 13 (16) 9 9 (8)
(8) 11 (8) (8)


A140 A146


11 (8) 9 (8)
Section 21 Access (8) 11 (8) 9


A1065


B1172


A47 


B1354


167 Light Vehicles


62 Total HGVs


A148


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario


Route Section 8







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11
25% from A140 south 13% from A140 south 


0% from A140 north 12% from A140 north
200% 100% A149 A149


A1082


A148


A140


Bridge Road


(23) 13
A148


13 (23)


   


(23) B1436
13


Section 3 Access
13


(23) B1149 Hempstead Road


(23)
13


13 Hempstead Road / Hole Farm Road
(23)


13 (23)
(23) 13


(23)
13


13 Plumstead Road and Sweetbriar Lane
(23)


A148 (23)
13


B1110
Thorpland Rd


13 Organic Waste Site 
(23)


(23) 13
13 (23)


(8) 5 (23) 13
5 (8) (23)


8 (16) (23) 13 13
A148 A148  


B1354
13 (23)


8 13 (23)
(16)


Town Close Lane 
B1110


A1067
(23)
13


Valley Road
8 (16)


(16) 8 13
(23)


(23)
13


B1110 Heydon Road


13
(23)


Norwich Road


A140


B1149


64 (62)
(62) 64 (23) 13 (0) 8


A1067 (23)
Wood Dalling Road (39) 43 13


(62) 64 (0) 8
B1145 B1145 B1145


Section 10 Access 64 (62) 8 (0) (0) 8
B1110 64 (62) 43 8 (0)


(39) 8 (0) 8 (0)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


(39)
43


Hall Road Buxton Road


43
(39)


Marl Hill Station Road / Reepham Road
8 (16)


(16) 8


Section 14 Access New Drayton Lane


(39) 43


Northern Distributor A140


43 (39)
A1067


Taverham Road / Church Lane / Ringland Road A140


43 A1270 Northern Distributor 
8 (16) (39)


(16) 8


43 (39)
(0) 0 (39) 43


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


43 (39)
(39) 43


(0)
0


A140
(16) 10 (16) 10


A11


10 (16) Station Lane
10 0


(16) (0) (31) (8)
Section 20 Access (16) 10 (23) 18 (31) 25 25 18


(16) 10 (23) 18


A47 East 
10 (16) 18 (23) 18 (23) 18 (8)


8 10 (16) 7 7 (8)
(8) 8 (8) (8)


A140 A146


8 (8) 7 (8)
Section 21 Access (8) 8 (8) 7


A1065


B1172


A47 


B1354


128 Light Vehicles


62 Total HGVs


A148


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario


Route Section 9







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11
25% from A140 south 13% from A140 south 


0% from A140 north 12% from A140 north
200% 100% A149 A149


A1082


A148


A140


Bridge Road


(24) 12
A148


12 (24)


   


(24) B1436
12


Section 3 Access
12


(24) B1149 Hempstead Road


(24)
12


12 Hempstead Road / Hole Farm Road
(24)


12 (24)
(24) 12


(24)
12


12 Plumstead Road and Sweetbriar Lane
(24)


A148 (24)
12


B1110
Thorpland Rd


12 Organic Waste Site 
(24)


(24) 12
12 (24)


(8) 4 (24) 12
4 (8) (24)


7 (16) (24) 12 12
A148 A148  


B1354
12 (24)


7 12 (24)
(16)


Town Close Lane 
B1110


A1067
(24)
12


Valley Road
7 (16)


(16) 7 12
(24)


(24)
12


B1110 Heydon Road


12
(24)


Norwich Road


A140


B1149


(24) 12 (0) 7
A1067 (24)


Wood Dalling Road (40) 39 12
(65) 58 (0) 7


B1145 B1145 B1145


Section 10 Access 58 (65) 7 (0) (0) 7
B1110 58 (65) 39 7 (0)


(65) 58 (40) 7 (0) 7 (0)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


(40)
39


Hall Road Buxton Road
(0) 0


39
(40)


Marl Hill Station Road / Reepham Road
7 (16)


(16) 7


Section 14 Access New Drayton Lane


(40) 39


Northern Distributor A140


39 (40)
A1067


Taverham Road / Church Lane / Ringland Road A140


39 A1270 Northern Distributor 
7 (16) (40)


(16) 7


39 (40)
(0) 0 (40) 39


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


39 (40)
(40) 39


(0)
0


A140
(16) 9 (16) 9


A11


9 (16) Station Lane
9 0


(16) (0) (32) (8)
Section 20 Access (16) 9 (24) 16 (32) 23 23 16


(16) 9 (24) 16


A47 East 
9 (16) 16 (24) 16 (24) 16 (8)


7 9 (16) 7 7 (8)
(8) 7 (8) (8)


A140 A146


7 (8) 7 (8)
Section 21 Access (8) 7 (8) 7


A1065


B1172


A47 


B1354


116 Light Vehicles


65 Total HGVs


A148


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario


Route Section 10







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11
25% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


200% 100% A149 A149


A1082


A148


A140


Bridge Road


(25) 10
A148


10 (25)


   


(25) B1436
10


Section 3 Access
10


(25) B1149 Hempstead Road


(25)
10


10 Hempstead Road / Hole Farm Road
(25)


10 (25)
(25) 10


(25)
10


10 Plumstead Road and Sweetbriar Lane
(25)


A148 (25)
10


B1110
Thorpland Rd


10 Organic Waste Site 
(25)


(25) 10
10 (25)


(8) 4 (25) 10
4 (8) (25)


6 (16) (25) 10 10
A148 A148  


B1354
10 (25)


6 10 (25)
(16)


Town Close Lane 
B1110


A1067
(25)
10


Valley Road
6 (16)


(16) 6 10
(25)


(25)
10


B1110 Heydon Road


10
(25)


Norwich Road


A140


B1149


(0) 6
A1067 (25)


Wood Dalling Road 10
(0) 6


B1145 B1145 B1145


Section 10 Access 6 (0) (0) 6
B1110 10 6 (0)


(25) 6 (0)
6 (0)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


48 (66) (25) 16
(66) 48 (41) 32 (25)


16
Hall Road Buxton Road


48 (66) 32
(41)


Marl Hill Station Road / Reepham Road
6 (16)


(16) 6


Section 14 Access New Drayton Lane


(41) 32


Northern Distributor A140


32 (41)
A1067


Taverham Road / Church Lane / Ringland Road A140


32 A1270 Northern Distributor 
6 (16) (41)


(16) 6


32 (41)
(0) 0 (41) 32


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


32 (41)
(41) 32


(0)
0


A140
(16) 7 (16) 7


A11


7 (16) Station Lane
7 0


(16) (0) (33) (8)
Section 20 Access (16) 7 (25) 14 (33) 19 19 13


(16) 7 (25) 14


A47 East 
7 (16) 14 (25) 14 (25) 13 (8)


6 7 (16) 5 5 (8)
(8) 6 (8) (8)


A140 A146


6 (8) 5 (8)
Section 21 Access (8) 6 (8) 5


A1065


B1172


A47 


B1354


96 Light Vehicles


66 Total HGVs


A148


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario


Route Section 11







Landfall Access


(0)
0


(0) 0 (0) 0
A149 A149


0 (0) 0 (0) 0 (0) A1082


(0) 0 A148
0 (0) (0) 0


(0) 0
A140


Bridge Road 0 (0)
(0) (0) 0 0 0 (0)


(0) 0 0 0 (0) (0)
(123) 65 (0) 0


A148


65 (123) 0 (0) 0 (0)
(0) 0 0 (0)


0 (0)
0 (0) (0) 0


(0) 0


   (0) (0)
(0) 0 0 0


(0) 0 (0) 0
(0) (123) (0) (0) 0 B1436


(0) 0 0 65.2 0 (0) 0
(0) 0
(0) 0 0 0


0 (0) 0 (0) (0) (0)
0 (0) 0 (0)


0 (0) (0) 0
0 (0)
0 (0) 0 0 Section 3 Access


0 65 0 (0) (0)
(0) (123) (0) B1149 Hempstead Road


0 (0)
(0) 0


(123) (0)
65 0


(0) 0


65 0 Hempstead Road / Hole Farm Road
(123) (0) 0 (0) 0 (0)


0 (0)


0 (0)
65 (123) (0) 0


(123) 65


(123) (0)
65 0


65 0 Plumstead Road and Sweetbriar Lane
(123) (0) 0 (0)


0 (0)


A148 (96) (28)
52 13


B1110 (74) 64
Thorpland Rd


52 51 Organic Waste Site 
(96) (46) 13 (28)


51 (46)
(123) 65 (0) 0


(0) 0 (0) 0 65 (123) (0) 0 (0) (0) (0)
(41) 24 (123) 65 (0) (0) (0) 0 (0) (0) 0 0 0 0
24 (41) (0) 0 0 0 0 (0) (142)


41 (82) (123) 65.2 (0) 0 0 103
A148 A148 0 0  


(0) (0) B1354
0 (0) 65 (123) 0 (0) 0 (0)


41 0 0 0 65 (123) 0 0 0 0 (0)
(82) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0)


0
(0)


Town Close Lane 
B1110


A1067
(0) 0 (0) (142)
(0) 0 0 103


Valley Road
41 (82)


(82) 41 0 103
(0) (142)


(23) 17 (23) (119)
(62) 83 (39) 66 17 86


B1110 Heydon Road
83 (62)


0 (0) 66 86
(0) 0 (39) (119)


Norwich Road


A140
(0) 0 (0) (0) (0)
(0) 0 0 0 0 B1149
(0) 0


64 (62) (0) 0
(62) 64 (48) 25 (0) 38.7


0 (0) A1067 (0) 0 (48) (110) (0) (0) 0 (0) (0) (0)
0 (0) Wood Dalling Road (79) 82 25 109 18 0 0 0


0 0 0 0 (0) (127) 122 (0) 38.7
(0) (0) (0) B1145 B1145 B1145


(0) 0 (0) (0) (0) 0 Section 10 Access 122 (127) 38.7 (0) (0) 39
B1110 (0) 0 0 0 63.8 (62) 58 (65) 82 109 0 18 (0) 0 0 0 0 (0) 39 (0)


(65) 58 (79) (110) (0) 15 (0) (0) (0) (0) 39 (0)
6 (0) 0 (0)


0 (0) A140
0 (0) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


0 (0) 0 (0) 48 (66) (25) 16
(0) 0 (0) 0 (66) 48 (41) 32 (25) (165) 0 (0)


16 180 (0) 0
Hall Road Buxton Road


(0) 0 0 (0)
(0) 0 0 (0) (0) 0 (0) 0 (0) 0


0 (0) 0 (0) 48 (66) 32 180
(41) (165)


Marl Hill (0) 0 Station Road / Reepham Road
41 (82) 0 0 0 (0)


(82) 41 (0) (0) (0) 0
(0) 0


0 (0) (0) (0)
(0) 0 Section 14 Access 0 0 New Drayton Lane


(0) 0
(0) 0 (206) 213
(0) 0 (0) 0
(0) 0


0 (0) Northern Distributor A140
0 (0)


213 (206) 0 (0)
A1067 0 (0) 0 (0)


0 (0)
Taverham Road / Church Lane / Ringland Road 0 0 0 A140


(0) (0) (0)
0 213 0 A1270 Northern Distributor 


41 (82) (0) (206) (0)
(82) 41 0 (0)


(0) 0


(0) (0) 213 (206)
(0) 0 (0) 0 0 0 (206) 213


(0) 0 (0) 0 (0) 0 (0) 0
A47 West


A47
0 (0) 0 (0) 0 (0)


0 (0) 0 0 0 (0) 0 (0)
(0) (0)


0 (0)
Dereham Road (0) 0


(0) (0)
(0) 0 0 0
(0) 0


B1108


0 0
(0) (0) A1151


(0) (0)
0 0


0 0
(0) (0)


213 (206)
(0) 0 (206) 213
(0) 0 (0) (0) (0) 0 0


0 0 0 (0) (0)


(0) 0 A140
(82) 49 (82) 49


A11


49 (82)
49 0 0


(82) (0) (0) (0) 0 (0) (0) (0) (164) (41)
Section 20 Access (82) 49 0 0 0 (123) 89 (164) 126 126 87


0 (82) 49 (0) 0 (123) 89 (0) 0 (0) 0
(0)


(0) A47 East 
0 (0) 0 49 (82) 0 (0) 89 (123) 89 (123) 87 (41)


(0) 0 0 0 40 49 (82) 0 36 36 (41) 0 (0)
(0) (0) (41) 40 (41) (0) (41)


A140 A146


0 (0)
(0) 0


40 (41) 36 (41)
Section 21 Access (41) 40 (41) 36


A1065


B1172


12hr Total Construction Traffic - Sensitivity 
Scenario


Phase 2 Total


A47 


B1354


633 Light Vehicles


329 Total HGVs


A148


962 Total Vehicles


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11
25% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


200% 100% A149 A149


A1082


A148


A140


Bridge Road


A148


   


B1436


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(8) 3
3 (8) (23) 7


4 (16)
A148 A148  


B1354


4 7
(16) (23)


Town Close Lane 
B1110


A1067


Valley Road
4 (16)


(16) 4


B1110 Heydon Road


7 (23)
(23) 7


Norwich Road


A140


(23) 7 B1149


A1067
7 (23) Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 4
B1110 (23) 7 4 4 (0)


(0)
4 (0)


A140
7 (23) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


35 (62)
(62) 35 4 (0)


(0) 4
Hall Road Buxton Road


(23) 7 7 (23)


Marl Hill Station Road / Reepham Road
4 (16)


(16) 4 (23) 7


(23) (39)
Section 14 Access 7 27 New Drayton Lane


(0) 4
(39) 23


(39) 27


27 (39) Northern Distributor A140


A1067 27 (39) 4 (0)


Taverham Road / Church Lane / Ringland Road A140


23 A1270 Northern Distributor 
4 (16) (39)


(16) 4


23 (39)
(0) 0 (39) 23


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


23 (39)
(39) 23


(0)
0


A140
(16) 5 (16) 5


A11


5 (16) Station Lane
5 0


(16) (0) (31) (8)
Section 20 Access (16) 5 (23) 10 (31) 14 14 9


(16) 5 (23) 10


A47 East 
5 (16) 10 (23) 10 (23) 9 (8)


4 5 (16) 4 4 (8)
(8) 4 (8) (8)


A140 A146


4 (8) 4 (8)
Section 21 Access (8) 4 (8) 4


A1065


B1172


A47 


69 Light Vehicles


62 Total HGVs


A148
B1354


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario


Route Section 12







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11
25% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


200% 100% A149 A149


A1082


A148


A140


Bridge Road


A148


   


B1436


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(8) 4
4 (8) (24) 10


6 (16)
A148 A148  


B1354


6 10
(16) (24)


Town Close Lane 
B1110


A1067


Valley Road
6 (16)


(16) 6


B1110 Heydon Road


10 (24)
(24) 10


Norwich Road


A140


(24) 10 B1149


A1067
10 (24) Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 6
B1110 (24) 10 6 6 (0)


(0)
6 (0)


A140
10 (24) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


48 (64)
(64) 48 6 (0)


(0) 6
Hall Road Buxton Road


(24) 10 10 (24)


Marl Hill (24) 10 Station Road / Reepham Road
6 (16) 38 (40)


(16) 6
(40) 38


Section 14 Access New Drayton Lane
(0) 6


(40) 32
(40) 38


Northern Distributor A140
38 (40)


A1067 38 (40) 6 (0)


Taverham Road / Church Lane / Ringland Road A140


32 A1270 Northern Distributor 
6 (16) (40)


(16) 6


32 (40)
(0) 0 (40) 32


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


32 (40)
(40) 32


(0)
0


A140
(16) 7 (16) 7


A11


7 (16) Station Lane
7 0


(16) (0) (32) (8)
Section 20 Access (16) 7 (24) 14 (32) 19 19 13


(16) 7 (24) 14


A47 East 
7 (16) 14 (24) 14 (24) 13 (8)


6 7 (16) 5 5 (8)
(8) 6 (8) (8)


A140 A146


6 (8) 5 (8)
Section 21 Access (8) 6 (8) 5


A1065


B1172


A47 


96 Light Vehicles


64 Total HGVs


A148
B1354


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario


Route Section 13







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11
25% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


200% 100% A149 A149


A1082


A148


A140


Bridge Road


A148


   


B1436


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(8) 7
7 (8) (24) 20


13 (16)
A148 A148  


B1354


13 20
(16) (24)


Town Close Lane 
B1110


A1067


Valley Road
13 (16)


(16) 13


B1110 Heydon Road


20 (24)
(24) 20


Norwich Road


A140


(24) 20 B1149


A1067
20 (24) Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 12
B1110 (24) 20 12 12 (0)


(0)
12 (0)


A140
20 (24) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


12 (0)
(0) 12


Hall Road Buxton Road


(24) 20 77 (39)


Marl Hill Station Road / Reepham Road
13 (16) 20 77


(16) 13 (24) (39)
(39) 77


97 (63)
(63) 97 Section 14 Access New Drayton Lane


(0) 12
(39) 65


(39) 77


Northern Distributor A140
77 (39)


A1067 77 (39) 12 (0)


Taverham Road / Church Lane / Ringland Road A140


65 A1270 Northern Distributor 
13 (16) (39)


(16) 13


65 (39)
(0) 0 (39) 65


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


65 (39)
(39) 65


(0)
0


A140
(16) 15 (16) 15


A11


15 (16) Station Lane
0


(0) (32) (8)
Section 20 Access (16) 15 (24) 27 (32) 38 38 27


(16) 15 (24) 27


A47 East 
15 (16) 27 (24) 27 (24) 27 (8)


12 15 (16) 11 11 (8)
(8) 12 (8) (8)


A140 A146


12 (8) 11 (8)
Section 21 Access (8) 12 (8) 11


A1065


B1172


A47 


194 Light Vehicles


63 Total HGVs


A148
B1354


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario


Route Section 14







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11
25% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


200% 100% A149 A149


A1082


A148


A140


Bridge Road


A148


   


B1436


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(8) 3
3 (8)


A148 A148  
B1354


0
(0)


Town Close Lane 
B1110


A1067


Valley Road
3 (8)


(8) 3


B1110 Heydon Road


0 (0)
(0) 0


Norwich Road


A140


(0) 0 B1149


A1067
0 (0) Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 5
B1110 (0) 0 5 5 (0)


(0)
5 (0)


A140
0 (0) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


5 (0)
(0) 5


Hall Road Buxton Road
(0) 0 0 (0)


Marl Hill Station Road / Reepham Road
3 (8)


(8) 3
(0) 0


Section 14 Access New Drayton Lane


(0) 0
(0) 0


Northern Distributor A140
0 (0)


A1067 0 (0)
5 (0)


Taverham Road / Church Lane / Ringland Road A140


0 5 A1270 Northern Distributor 
3 (8) (0) (0)


(8) 3 42 (67)
(67) 42


(25) (42) 5 (0)
(25) 9 (25) 9 9 33 (0) 5


(25) 9 (25) 9
A47 West


A47
9 (25) 9 (25) 33 (42)


9 (25)


Dereham Road 33 (42)
(42) 33


Section 17 Access
Traffic from A1065 routeing onto A47 
Traffic from A148 routeing south on A1065 (42)


33


B1108


Section 18 Access 33
(42) A1151


5 (0)
(0) 5


(17) (25)
7 27


(17) 7 A140
(17) 7


A11


7 (17) Station Lane
27


(25) (0)
Section 20 Access (17) 21 (8) 17 (0) 5 5


(25) 27 (8) 5 (17) 21 (8) 5 (8) 12


A47 East 
27 (25) 21 (17) 17 (8)


5 21 (17) 5 12 (8)
(8) (8)


A140 A146


5 (8) 5 (8)
Section 21 Access (8) 5 (8) 5


A1065


B1172


A47 


84 Light Vehicles


67 Total HGVs


A148
B1354


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario


Route Section 15







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11
25% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


200% 100% A149 A149


A1082


A148


A140


Bridge Road


A148


   


B1436


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(8) 5
5 (8)


A148 A148  
B1354


0
(0)


Town Close Lane 
B1110


A1067


Valley Road
5 (8)


(8) 5


B1110 Heydon Road


0 (0)
(0) 0


Norwich Road


A140


(0) 0 B1149


A1067
0 (0) Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 8
B1110 (0) 0 8 8 (0)


(0)
8 (0)


A140
0 (0) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


8 (0)
(0) 8


Hall Road Buxton Road
(0) 0 0 (0)


Marl Hill Station Road / Reepham Road
5 (8)


(8) 5
(0) 0


Section 14 Access New Drayton Lane


(0) 0
(0) 0


Northern Distributor A140
0 (0)


A1067 0 (0)
8 (0)


Taverham Road / Church Lane / Ringland Road A140


0 8 A1270 Northern Distributor 
5 (8) (0) (0)


(8) 5


8 (0)
(0) 8


(25) 13 (25) 13 (25) 13 (41) 51
A47 West


A47
13 (25)


13 (25) 13 51 51 (41) 51 (41)
(25) (41)


Dereham Road 51 (41)
(41) 51


Section 17 Access 64 (65)
Traffic from A1065 routeing onto A47 (65) 64
Traffic from A148 routeing south on A1065 and onto A47 (41)


51


B1108


Section 18 Access 51
(41) A1151


8 (0)
(0) 8


(16) (25)
10 41


(16) 10 A140
(16) 10


A11


10 (16) Station Lane
41


(25) (0)
Section 20 Access (16) 33 (8) 25 (0) 8 8


(25) 41 (8) 8 (16) 33 (8) 7 (8) 18


A47 East 
41 (25) 33 (16) 25 (8)


8 33 (16) 7 18 (8)
(8) (8)


A140 A146


8 (8) 7 (8)
Section 21 Access (8) 8 (8) 7


A1065


B1172


A47 


128 Light Vehicles


65 Total HGVs


A148
B1354


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario


Route Section 16







Landfall Access


(0)
0


(0) 0 (0) 0
A149 A149


0 (0) 0 (0) 0 (0) A1082


(0) 0 A148
0 (0) (0) 0


(0) 0
A140


Bridge Road 0 (0)
(0) (0) 0 0 0 (0)


(0) 0 0 0 (0) (0)
(0) 0 (0) 0


A148


0 (0) 0 (0) 0 (0)
(0) 0 0 (0)


0 (0)
0 (0) (0) 0


(0) 0


   (0) (0)
(0) 0 0 0
(0) 0


(0) (0) (0) (0) 0 B1436
(0) 0 0 0 0 (0) 0
(0) 0
(0) 0 0 0


0 (0) 0 (0) (0) (0)
0 (0) 0 (0)


0 (0) (0) 0
0 (0)
0 (0) 0 0 Section 3 Access


0 0 0 (0) (0)
(0) (0) (0) B1149 Hempstead Road


0 (0)
(0) 0


(0) (0)
0 0


0 0 Hempstead Road / Hole Farm Road
(0) (0) 0 (0)


0 (0)


0 (0)
0 (0) (0) 0


(0) 0


(0) (0)
0 0


0 0 Plumstead Road and Sweetbriar Lane
(0) (0) 0 (0)


0 (0)


A148 (0) (0)
0 0


B1110 (0) 0
Thorpland Rd


0 0 Organic Waste Site 
(0) (0) 0 (0)


0 (0)
(0) 0 (0) 0


(0) 0 (0) 0 0 (0) (0) 0 (0) (0) (0)
(40) 22 (0) 0 (0) (0) (0) 0 (0) (0) 0 0 0 0
22 (40) (71) 37 0 0 0 (0) (0)


23 (47) (0) 0 (0) 0 0 0
A148 A148 0 0  


(0) (0) B1354
0 (0) 0 (0) 0 (0) 0 (0)


23 37 0 0 0 (0) 0 0 0 0 (0)
(47) (71) (0) (0) 0 (0) (0) (0) (0) 0 (0)


0
(0)


Town Close Lane 
B1110


A1067
(0) 0 (0) (0)
(0) 0 0 0


Valley Road
31 (64)


(64) 31 0 0
(0) (0)


(0) 0 (0) (0)
(0) 0 0 0


B1110 Heydon Road


37 (71) 0 0
(71) 37 (0) (0)


Norwich Road


A140
(0) 0 (0) (0) (0)


(71) 37 0 0 0 B1149
(0) 0


0 (0) (0) 0
(0) 0 (0) 0 (0) 0


0 (0) A1067 (0) 0 (0) (0) (0) (0) 0 (0) (0) (0)
37 (71) Wood Dalling Road (0) 0 0 0 0 0 0 0


0 0 0 0 (0) (0) 0 (0) 0
(0) (0) (0) B1145 B1145 B1145


(0) 0 (0) (0) (0) 0 Section 10 Access 0 (0) 0 (0) (0) 35
B1110 (71) 37 0 0 0 (0) 0 (0) 0 0 0 0 (0) 0 0 35 0 (0) 35 (0)


(0) 0 (0) (0) (0) 0 (0) (0) (0) (0) 0 (0)
0 (0) 35 (0)


0 (0) A140
37 (71) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


48 (64) 35 (62) 0 (0) (0) 0
(64) 48 (62) 35 (0) 0 (0) 0 (0) (0) 35 (0)


0 0 (0) 35
Hall Road Buxton Road


(47) 17 17 (47)
(24) 20 77 (39) (0) 0 (0) 0 (0) 0


0 (0) 0 (0) 0 (0) 0 0
(0) (0)


Marl Hill (24) 10 Station Road / Reepham Road
31 (64) 20 77 38 (40)


(64) 31 (24) (39) (23) 7
(80) 115


97 (63) (23) (39)
(63) 97 Section 14 Access 7 27 New Drayton Lane


(0) 22
(0) 0 #### 120


#### 142 (0) 0
(0) 0


27 (39) Northern Distributor A140
115 (80)


0 (0) 0 (0)
A1067 142 #### 22 (0)


13 (0)
Taverham Road / Church Lane / Ringland Road 0 0 0 A140


(0) (0) (0)
0 120 13 A1270 Northern Distributor 


31 (64) (0) #### (0)
(64) 31 42 (67)


(67) 42


(25) (42) 133 ####
(25) 9 (25) 9 9 33 #### 133


(50) 22 (50) 22 (25) 13 (41) 51
A47 West


A47
22 (50) 9 (25) 33 (42)


22 (50) 13 51 51 (41) 51 (41)
(25) (41)


Dereham Road 84 (83)
(83) 84


Section 17 Access 64 (65)
(65) 64


0 (0) (0) (83)
(0) 0 (0) 0 0 84


(0) 0
B1108


0 (0)
Section 18 Access 0 84


(0) (83) A1151


0 (0)
(0) 0 (0) (0)


0 0
0 0


(0) (0)
0 (0)


133 ####
(0) 0 #### 133
(0) 0 (0) (33) (50) 0 0


0 16 68 (0) (0)


(33) 16 A140
(81) 44 0 (0) (47) 28


A11


44 (81) Station Lane
13 0 68


(32) (0) (50) (0) 0 (0) (0) (0) (95) (24)
0 (0) Section 20 Access (81) 82 0 0 0 (88) 93 (95) 84 84 49


(0) 0 0 (97) 95 (17) 13 #### 105 (17) 12 (17) 29
(0)


(0) A47 East 
0 (0) 0 95 (97) 0 (0) 105 #### 93 (88) 49 (24)


(0) 0 13 0 23 82 (81) 12 20 20 (24) 29 (17)
(17) (0) (24) 23 (24) (17) (24)


A140 A146


0 (0)
(0) 0


36 (40) 32 (40)
Section 21 Access (40) 36 (40) 32


A1065


B1172


12hr Total Construction Traffic - Sensitivity 
Scenario


Phase 3 Total


A47 


570 Light Vehicles


322 Total HGVs


A148
B1354


892 Total Vehicles


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11
25% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


200% 100% A149 A149


A1082


A148


A140


Bridge Road


A148


   


B1436


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(8) 5
5 (8)


A148 A148  
B1354


0
(0)


Town Close Lane 
B1110


A1067


Valley Road
5 (8)


(8) 5


B1110 Heydon Road


0 (0)
(0) 0


Norwich Road


A140


(0) 0 B1149


A1067
0 (0) Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 8
B1110 (0) 0 8 8 (0)


(0)
8 (0)


A140
0 (0) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


8 (0)
(0) 8


Hall Road Buxton Road
(0) 0 0 (0)


Marl Hill Station Road / Reepham Road
5 (8)


(8) 5
(0) 0


Section 14 Access New Drayton Lane


(0) 0
(0) 0


Northern Distributor A140
0 (0)


A1067 0 (0)
8 (0)


Taverham Road / Church Lane / Ringland Road A140


0 8 A1270 Northern Distributor 
5 (8) (0) (0)


(8) 5


8 (0)
(24) 14 (0) 8


(24) 14 (24) 14 (24) 14
A47 West


A47
14 (24) 14 (24)


14 (24) 14 (24)


Dereham Road 14 (24)
(24) 14


Section 17 Access
Traffic from A1065 routeing onto A47 
Traffic from A148 routeing south on A1065 and onto A47 68 (64) (24)


(64) 68 (24) 14 14
(40) 54


B1108


68 (64)
Section 18 Access 54


(40) A1151


54 (14)
(40) 54


8 (0)
(0) 8


(16) (24)
10 43


(16) 10 A140
(16) 10


A11


10 (16) Station Lane
43


(24) (0)
Section 20 Access (16) 35 (8) 27 (0) 8 8


(24) 43 (8) 9 (16) 35 (8) 8 (8) 19


A47 East 
43 (24) 35 (16) 27 (8)


9 35 (16) 8 19 (8)
(8) (8)


A140 A146


9 (8) 8 (8)
Section 21 Access (8) 9 (8) 8


A1065


B1172


A47 


135 Light Vehicles


64 Total HGVs


A148
B1354


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario


Route Section 17







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11
25% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


200% 100% A149 A149


A1082


A148


A140


Bridge Road


A148


   


B1436


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(8) 9
9 (8)


A148 A148  
B1354


0
(0)


Town Close Lane 
B1110


A1067


Valley Road
9 (8)


(8) 9


B1110 Heydon Road


0 (0)
(0) 0


Norwich Road


A140


(0) 0 B1149


A1067
0 (0) Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 14
B1110 (0) 0 14 14 (0)


(0)
14 (0)


A140
0 (0) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


14 (0)
(0) 14


Hall Road Buxton Road
(0) 0 0 (0)


Marl Hill Station Road / Reepham Road
9 (8)


(8) 9
(0) 0


Section 14 Access New Drayton Lane


(0) 0
(0) 0


Northern Distributor A140
0 (0)


A1067 0 (0)
14 (0)


Taverham Road / Church Lane / Ringland Road A140


0 14 A1270 Northern Distributor 
9 (8) (0) (0)


(8) 9


14 (0)
(24) 24 (0) 14


(24) 24 (24) 24 (24) 24
A47 West


A47
24 (24) 24 (24)


24 (24) 24 (24)


Dereham Road 24 (24)
(24) 24


Section 17 Access
Traffic from A1065 routeing onto A47 
Traffic from A148 routeing south on A1065 and onto A47 (24)


24


B1108


Section 18 Access 24
(24) A1151


116 (63)
(63) 116


116 (63)


14 (0)
(24) 24 (0) 14
(24) 74 (24)
(16) 18 24


(16) 18 A140
(16) 18


A11


18 (16) Station Lane
74


(24) (0)
Section 20 Access (16) 59 (8) 46 (0) 14 14


(24) 74 (8) 15 (16) 59 (8) 13 (8) 32


A47 East 
74 (24) 59 (16) 46 (8)


15 59 (16) 13 32 (8)
(8) (8)


A140 A146


15 (8) 13 (8)
Section 21 Access (8) 15 (8) 13


A1065


B1172


A47 


233 Light Vehicles


63 Total HGVs


A148
B1354


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario


Route Section 18







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11
25% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


200% 100% A149 A149


A1082


A148


A140


Bridge Road


A148


   


B1436


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(8) 4
4 (8)


A148 A148  
B1354


0
(0)


Town Close Lane 
B1110


A1067


Valley Road
4 (8)


(8) 4


B1110 Heydon Road


Norwich Road


A140


B1149


A1067
Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 7
B1110 7 7 (0)


(0)
7 (0)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


7 (0)
(0) 7


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
4 (8)


(8) 4


Section 14 Access New Drayton Lane


Northern Distributor A140


A1067
7 (0)


Taverham Road / Church Lane / Ringland Road A140


7 A1270 Northern Distributor 
4 (8) (0)


(8) 4


7 (0)
(23) 11 (0) 7


(23) 11 (23) 11 (23) 11
A47 West


A47
11 (23) 11 (23)


11 (23) 11 (23)


Dereham Road 11 (23)
(23) 11


Section 17 Access
Traffic from A1065 routeing onto A47 
Traffic from A148 routeing south on A1065 and onto A47 (23)


11


B1108


Section 18 Access 11
(23) A1151


7 (0)
(0) 7


(23)
11


(23) 11 A140
(16) 8 46 (47) (23) 35


A11


8 (16) Station Lane
35


(23) (0)
54 (62) Section 20 Access (16) 28 (8) 21 (0) 7 7


(62) 54 (23) 35 (8) 7 (16) 28 (8) 6 (8) 15


A47 East 
35 (23) 28 (16) 21 (8)


7 28 (16) 6 15 (8)
(8) (8)


A140 A146


7 (8) 6 (8)
Section 21 Access (8) 7 (8) 6


A1065


B1172


A47 


108 Light Vehicles


62 Total HGVs


A148
B1354


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario


Route Section 19







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11
25% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


200% 100% A149 A149


A1082


A148


A140


Bridge Road


A148


   


B1436


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(8) 4
4 (8)


A148 A148  
B1354


0
(0)


Town Close Lane 
B1110


A1067


Valley Road
4 (8)


(8) 4


B1110 Heydon Road


Norwich Road


A140


B1149


A1067
Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 7
B1110 7 7 (0)


(0)
7 (0)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


7 (0)
(0) 7


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
4 (8)


(8) 4


Section 14 Access New Drayton Lane


Northern Distributor A140


A1067
7 (0)


Taverham Road / Church Lane / Ringland Road A140


7 A1270 Northern Distributor 
4 (8) (0)


(8) 4


7 (0)
(24) 11 (0) 7


(24) 11 (24) 11 (24) 11
A47 West


A47
11 (24) 11 (24)


11 (24) 11 (24)


Dereham Road 11 (24)
(24) 11


Section 17 Access
Traffic from A1065 routeing onto A47 
Traffic from A148 routeing south on A1065 and onto A47 (24)


11


B1108


Section 18 Access 11
(24) A1151


54
(64)


7 (0)
(0) 7


(24) 54
11.1 (64)


A140
(16) 8 (16) 8


A11


8 (16) Station Lane


(40) 19 (40) (8) (16) (0)
Section 20 Access 19 7 28 (8) 21 (0) 7 7


54 (40) 19 (16) 28 (8) 6 (8) 15
(64)


(64) A47 East 
54 (64) 54 19 (40) 28 (16) 28 (16) 21 (8)


(64) 54 7 6 15 (8)
(8) (8)


A140 A146


7 (8) 6 (8)
Section 21 Access (8) 7 (8) 6


A1065


B1172


A47 


108 Light Vehicles


64 Total HGVs


A148
B1354


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario


Route Section 20







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11
25% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


200% 100% A149 A149


A1082


A148


A140


Bridge Road


A148


   


B1436


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(14) 5
5 (14)


A148 A148  
B1354


0
(0)


Town Close Lane 
B1110


A1067


Valley Road
5 (14)


(14) 5


B1110 Heydon Road


Norwich Road


A140


B1149


A1067
Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 8
B1110 8 8 (0)


(0)
8 (0)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


8 (0)
(0) 8


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
5 (14)


(14) 5


Section 14 Access New Drayton Lane


Northern Distributor A140


A1067
8 (0)


Taverham Road / Church Lane / Ringland Road A140


8 A1270 Northern Distributor 
5 (14) (0)


(14) 5


8 (0)
(41) 13 (0) 8


(41) 13 (41) 13 (41) 13
A47 West


A47
13 (41) 13 (41)


13 (41) 13 (41)


Dereham Road 13 (41)
(41) 13


Section 17 Access
Traffic from A1065 routeing onto A47 
Traffic from A148 routeing south on A1065 and onto A47 (41)


13


B1108


Section 18 Access 13
(41) A1151


64
(109)


8 (0)
(0) 8


(41) 64
13 (109)


A140
(27) 10 (27) 10


A11


10 (27) Station Lane
10 13


(27) (41) (68) 23 (68) (14) (27) (0)
Section 20 Access 23 8 33 (14) 18 (0) 8 8


64 (68) 23 (27) 33 (14) 7 (14) 18
(109)


(109) A47 East 
64 23 (68) 33 (27) 33 (27) 25 (14)


8 7 18 (14)
(14) (14)


A140 A146


64 (109)
(109) 64


8 (14) 7 (14)
Section 21 Access (14) 8 (14) 7


A1065


B1172


A47 


128 Light Vehicles


109 Total HGVs


A148
B1354


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario


Route Section 21







Landfall Access


(0)
0


(0) 0 (0) 0
A149 A149


0 (0) 0 (0) 0 (0) A1082


(0) 0 A148
(0) 0


A140


Bridge Road 0 (0)
(0) (0) 0 0 0 (0)


(0) 0 0 0 (0) (0)
(0) 0 (0) 0


A148


0 (0) 0 (0) 0 (0)
(0) 0 0 (0)


0 (0)
0 (0) (0) 0


(0) 0


   (0) (0)
(0) 0 0 0
(0) 0


(0) (0) (0) (0) 0 B1436
(0) 0 0 0 0 (0) 0
(0) 0
(0) 0 0 0


0 (0) 0 (0) (0) (0)
0 (0) 0 (0)


0 (0) (0) 0
0 (0)
0 (0) 0 0 Section 3 Access


0 0 0 (0) (0)
(0) (0) (0) B1149 Hempstead Road


0 (0)
(0) 0


(0) (0)
0 0


(0) 0


0 0 Hempstead Road / Hole Farm Road
(0) (0) 0 (0) 0 (0)


0 (0)


0 (0)
0 (0) (0) 0


(0) 0


(0) (0)
0 0


0 0 Plumstead Road and Sweetbriar Lane
(0) (0) 0 (0)


0 (0)


A148 (0) (0)
0 0


B1110 (0) 0
Thorpland Rd


0 0 Organic Waste Site 
(0) (0) 0 (0)


0 (0)
(0) 0 (0) 0


(0) 0 (0) 0 0 (0) (0) 0 (0) (0) (0)
(45) 27 (0) 0 (0) (0) (0) 0 (0) (0) 0 0 0 0
27 (45) (0) 0 0 0 0 (0) (0)


0 (0) (0) 0 (0) 0 0 0
A148 A148 0 0  


(0) (0) B1354
0 (0) 0 (0) 0 (0) 0 (0)


0 0 0 0 0 (0) 0 0 0 0 (0)
(0) (0) (0) (0) 0 (0) (0) (0) (0) 0 (0)


0
(0)


Town Close Lane 
B1110


A1067
(0) 0 (0) (0)
(0) 0 0 0


Valley Road
27 (45)


(45) 27 0 0
(0) (0)


(0) 0 (0) (0)
(0) 0 0 0


B1110 Heydon Road


0 (0) 0 0
(0) 0 (0) (0)


Norwich Road


A140
(0) 0 (0) (0) (0)
(0) 0 0 0 0 B1149
(0) 0


0 (0) (0) 0
(0) 0 (0) 0 (0) 0


0 (0) A1067 (0) 0 (0) (0) (0) (0) 0 (0) (0) (0)
0 (0) Wood Dalling Road (0) 0 0 0 0 0 0 0


0 0 0 0 (0) (0) 0 (0) 0
(0) (0) (0) B1145 B1145 B1145


(0) 0 (0) (0) (0) 0 Section 10 Access 0 (0) 0 (0) (0) 43
B1110 (0) 0 0 0 0 (0) 0 (0) 0 0 0 0 (0) 0 0 43 0 (0) 43 (0)


(0) 0 (0) (0) (0) 0 (0) (0) (0) (0) 0 (0)
0 (0) 43 (0)


0 (0) A140
0 (0) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


0 (0) 0 (0) 0 (0) (0) 0
(0) 0 (0) 0 (0) 0 (0) 0 (0) (0) 43 (0)


0 0 (0) 43
Hall Road Buxton Road


(0) 0 0 (0)
(0) 0 0 (0) (0) 0 (0) 0 (0) 0


0 (0) 0 (0) 0 (0) 0 0
(0) (0)


Marl Hill (0) 0 Station Road / Reepham Road
27 (45) 0 0 0 (0)


(45) 27 (0) (0) (0) 0
(0) 0


0 (0) (0) (0)
(0) 0 Section 14 Access 0 0 New Drayton Lane


(0) 0
(0) 0 (0) 0
(0) 0 (0) 0
(0) 0


0 (0) Northern Distributor A140
0 (0)


0 (0) 0 (0)
A1067 0 (0) 0 (0)


43 (0)
Taverham Road / Church Lane / Ringland Road 0 0 0 A140


(0) (0) (0)
0 0 43 A1270 Northern Distributor 


27 (45) (0) (0) (0)
(45) 27 0 (0)


(0) 0


(0) (0) 43 (0)
#### 73 (0) 0 0 0 (0) 43


#### 73 #### 73 (0) 0 #### 73
A47 West


A47
73 #### 73 #### 0 (0)


73 #### 0 0 0 (0) 73 ####
(0) (0)


Dereham Road 73 ####
#### 73


Section 17 Access 0 (0)
(0) 0


68 (64) (24) ####
(64) 68 (24) 14 14 59


(40) 54
B1108


68 (64)
Section 18 Access 54 59


(40) #### A1151


116 (63)
(63) 116 (0) (0)


0 0
0 118


(0) ####
116 (63)


43 (0)
(24) 24 (0) 43
(24) 74 (24) (39) (88) 118 0


24 22 67 #### (0)


(55) 40 A140
(90) 55 46 (47) (66) 53


A11


55 (90) Station Lane
44 74 56


(50) (24) (65) #### 43 #### (22) (43) (0) (0)
54 (62) Section 20 Access (47) 122 43 15 60 (45) 134 (0) 43 43 0


(62) 54 118 #### 194 (24) 30 (90) 182 (45) 40 (45) 98
####


#### A47 East 
54 (64) 118 194 #### 60 (43) 182 (90) 141 (45) 0 (0)


(64) 54 30 15 0 122 (47) 40 0 0 (0) 98 (45)
(24) (22) (0) 0 (0) (45) (0)


A140 A146


64 ####
#### 64


45 (45) 40 (45)
Section 21 Access (45) 45 (45) 40


A1065


B1172


12hr Total Construction Traffic - Sensitivity 
Scenario


Phase 4 Total


A47 


711 Light Vehicles


361 Total HGVs


A148
B1354


### Total Vehicles


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11 (5)
25% from A140 south 13% from A140 south 5
0% from A140 north 12% from A140 north (5) 5


200% 100% A149 A149


5 (5) 5 (5) A1082


A148
5 (5) (3) 4


(5) 5
A140


Bridge Road
(2) (3) 4


(2) 1 1 3.97 (3)
(2) 1


A148


1 (2) 4 (3)


4 (3)
1 (2) (3) 4


(2) 1


   


(3) 4
(2) (2) 1 B1436
1


4
1 (2) (3)


1 (2)


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


4 (3)
(3) 4


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(2) 1
1 (2)


(1) 0 (2) 1
0 (1)


1 (1) (2) 1
A148 A148  


B1354
1 (2)


1 1 (2)
(1)


Town Close Lane 
B1110


A1067


Valley Road
1 (1)


(1) 1


B1110 Heydon Road


Norwich Road


A140


B1149


A1067
Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 1
B1110 4 1 (0)


(3)
4 (3)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


3 (3)
(3) 3


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
1 (1)


(1) 1


Section 14 Access New Drayton Lane


Northern Distributor A140


A1067
3.36 (3)


Taverham Road / Church Lane / Ringland Road A140


3 A1270 Northern Distributor Road
1 (1) (3)


(1) 1


3 (3)
(0) 0 (3) 3


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


3 (3)
(3) 3


(0)
0


A140
(1) 1 (1) 1


A11


1 (1) Station Lane
0


(0) (3) (1)
Section 20 Access (1) 1 (2) 1 (3) 2 2 1


(1) 1 (2) 1


A47 East 
1 (1) 1 (2) 1 (2) 1 (1)


1 1 (1) 1 1 (1)
(1) 1 (1) (1)


A140 A146


1 (1) 1 (1)
Section 21 Access (1) 1 (1) 1


A1065


B1172


A47 


10 Light Vehicles


5 Total HGVs


A148
B1354


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario
Landfall







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11
25% from A140 south 13% from A140 south 


0% from A140 north 12% from A140 north
200% 100% A149 A149


A1082


A148


A140
Bridge Road


(4) 3
A148


3 (4)


   


(4) B1436
3


Section 3 Access
3


(4) B1149 Hempstead Road


(4)
3


3 Hempstead Road / Hole Farm Road
(4)


3 (4)
(4) 3


(4)
3


3 Plumstead Road and Sweetbriar Lane
(4)


A148 (4)
3


B1110 (12) 17
Thorpland Rd


13 Organic Waste Site 
(7) 3 (4)


13 (7)
(4) 3


3 (4)
(1) 1 (4) 3
1 (1) (7)


2 (3) (4) 3 13
A148 A148  


B1354
3 (4)


2 3 (4)
(3)


Town Close Lane 
B1110


A1067
(7)
13


Valley Road
2 (3)


(3) 2 13
(7)


(7)
13


B1110 Heydon Road


13
(7)


Norwich Road


A140


B1149


(0) 2
A1067 (7) (0)


Wood Dalling Road 11 2
(0) 2


B1145 B1145 B1145


Section 10 Access 2 (0) (0) 2
B1110 11 2 (0) 2 (0)


(7) 2 (0)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


(7)
11


Hall Road Buxton Road


11
(7)


Marl Hill Station Road / Reepham Road
2 (3)


(3) 2


Section 14 Access New Drayton Lane


(7) 11


Northern Distributor A140


11 (7)
A1067


Taverham Road / Church Lane / Ringland Road A140


11 A1270 Northern Distributor 
2 (3) (7)


(3) 2


11 (7)
(0) 0 (7) 11


(0) 0 (0) 0
A47 West


0 (0) 0 (0)
0 (0)


Dereham Road 0 (0)
(0) 0


A47 Traffic routes onto A1065 Section 17 Access


(0)
0


B1108


Section 18 Access 0
(0) A1151


11 (7)
(7) 11


(0)
0


A140
(3) 3 (3) 3


A11


3 (3) Station Lane
3 0


(3) (0) (6) (1)
Section 20 Access (3) 3 (4) 5 (6) 7 7 5


(3) 3 (4) 5


A47 East 
3 (3) 5 (4) 5 (4) 5 (1)


2 3 (3) 2 2 (1)
(1) (1)


A140 A146


2 (1) 2 (1)
Section 21 Access (1) 2 (1) 2


A1065


B1172


A47 


34 Light Vehicles


12 Total HGVs


A148


B1354


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario


Booster Station







HGVS Staff Vehicle Movements Landfall Access
Assume 25% from Kings Lynn via A148 Assume 8% via A148


25% from Great Yarmouth 28% via A47 east
25% from Lowestoft 11% from A146
50% from A47 7% from A47 west
0% from A1065 6% from A1065


50% from A11 16% from A11
25% from A140 south 13% from A140 south 
0% from A140 north 12% from A140 north


200% 100% A149 A149


A1082


A148


A140


Bridge Road


A148


   


B1436


Section 3 Access


B1149 Hempstead Road


Hempstead Road / Hole Farm Road


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(4) 3
3 (4)


A148 A148  
B1354


0
(0)


Town Close Lane 
B1110


A1067


Valley Road
3 (4)


(4) 3


B1110 Heydon Road


Norwich Road


A140


B1149


A1067
Wood Dalling Road


B1145 B1145 B1145


Section 10 Access (0) 5
B1110 5 5 (0)


(0)
5 (0)


A140
B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


5 (0)
(0) 5


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
3 (4)


(4) 3


Section 14 Access New Drayton Lane


Northern Distributor A140


A1067
5 (0)


Taverham Road / Church Lane / Ringland Road A140


5 A1270 Northern Distributor 
3 (4) (0)


(4) 3


5 (0)
(11) 8 (0) 5


(11) 8 (11) 8 (11) 8
A47 West


A47
8 (11) 8 (11)


8 (11) 8 (11)


Dereham Road 8 (11)
(11) 8


Section 17 Access
Traffic from A1065 routeing onto A47 
Traffic from A148 routeing south on A1065 and onto A47 (11)


8


B1108


Section 18 Access 8
(11) A1151


41
(29)


5 (0)
(0) 5


(11) 41
8 (29)


A140
(7) 6 (7) 6


A11


6 (7) Station Lane
6 8


(7) (11) (18) 15 (18) (4) (7) (0)
Section 20 Access 15 5 21 (4) 16 (0) 5 5


41 (18) 15 (7) 21 (4) 5 (4) 11
(29)


(29) A47 East 
41 15 (18) 21 (7) 21 (7) 16 (4)


5 5 11 (4)
(4) (4)


A140 A146


41 (29)
(29) 41


5 (4) 5 (4)
Section 21 / Substation Access (4) 5 (4) 5


A1065


B1172


A47 


82 Light Vehicles


29 Total HGVs


A148
B1354


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)


12hr Total Construction Traffic - Sensitivity 
Scenario


HVAC Substation







Landfall Access


(0) 0 (77) 72.5
A149 A149


0 (0) 72.5 (77) A1082


(0) 0 A148
72.5 (77) (169) 161
(77) 72.5


A140
Bridge Road 0 (0)


(29) (48) 161 0 0 (0)
(29) 15 15 58 (169) (0)


(130) 70 (121) 104
A148


70 (130) 58 (48)
104 (121)


161 (169)
119 (150) (169) 161


(150) 119


  (0) (0)
(0) 0 0 0


(169) 161
(0) (128) (101) (101) 42 B1436


(0) 0 0 69 42
(0) 0
(0) 0 161 0


42 (101) 30 (41) (169) (0)
27 (39)


42 (101)
0 (0)
0 (0) Section 3 Access


0 69 0
(0) (128) (0) Hempstead Road


(128) (23)
69 7


69 27 Hempstead Road / Hole Farm Road
(128) (39) 7 (23)


27 (39)


161 (169)
69 (128) (169) 161


(128) 69


(128) (0)
69 0


69 0 Plumstead Road and Sweetbriar Lane
(128) (0) 0 (0)


0 (0)


A148 (96) (32)
52 17


B1110
Thorpland Rd


52 64 Organic Waste Site 
(96) (54) 17 (32)


64 (54)
(130) 70 (0) 0


(0) 0 (0) 0 70 (130) (0) 0 (0) (0) (0)
(130) 70 (0) (0) (0) 0 (0) (0) 0 0 0 0
(71) 37 0 0 0 (0) (149)


(130) 69.7 (0) 0 0 116
A148 A148 0 0  


(0) (0) B1354
0 (0) 69.7 (130) 0 (0) 0 (0)


44 37 0 0 70 (130) 0 0 0 0 (0)
(86) (71) (0) (0) 0 (0) (0) (0) (0) 0 (0)


Town Close Lane 
B1110


A1067
(0) 0 (0) (149)
(0) 0 0 116


Valley Road
47 (90)


(90) 47 0 116
(0) (149)


(23) 17 (23) (126)
(39) 66 17 99


B1110 Heydon Road


37 (71) 66 99
(71) 37 (39) (126)


Norwich Road


A140
(0) 0 (0) (0) (0)


(71) 37 0 0 0 B1149
(0) 0


(0) 0
(48) 25 (0) 41


0 (0) A1067 (0) 0 (48) (117) (0) (0) 0 (0) (0) (0)
37 (71) Wood Dalling Road (79) 82 25 120 20 0 0 0


0 0 0 0 (0) (127) 122 (0) 41
(0) (0) (0) B1145 B1145


(0) 0 (0) (0) Section 10 Access 122 (127) 41 (0) (0) 51
B1110 (71) 37 0 0 82 120 0 20 (0) 0 0 166 0 (0) 51 (0)


(79) (117) (0) 15 (0) (0) (0) (169) 41 (0)
6 (0) 166 (169)


0 (0) A140
37 (71) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


(25) (172) 141 (169)
16 192 (169) 141


Hall Road Buxton Road
(47) 17 17 (47)
(24) 20 77 (39)


32 192
(41) (172)


Marl Hill Station Road / Reepham Road
47 (90) 20 77


(90) 47 (24) (39) (23) 7
(80) 115


Section 14 Access New Drayton Lane
(0) 22


(0) 0 (213) 224
(118) 142 (0) 0


(0) 0
27 (39) Northern Distributor A140


115 (80)
224 (213) 0 (0)


A1067 142 (118) 22 (0)
141 (169)


Taverham Road / Church Lane / Ringland Road 0 0 0 A140
(0) (0) (0)


0 224 141 A1270 Northern Distributor Road
47 (90) (0) (213) (169)


(90) 47


(25) (42) 232 (216)
(146) 82 (25) 9 9 33 (216) 232


(146) 82 (146) 82 (25) 13 (146) 82
A47 West


A47
82 (146) 82 (146) 33 (42)


82 (146) 13 51 51 (41) 82 (146)
(25) (41)


Dereham Road 92 (146)
(146) 92


Section 17 Access


(24) (123)
14 92


B1108


Section 18 Access 54 92
(40) (123) A1151


(0) (0)
0 0


0 159
(0) (201)


232 (216)
(24) 24 (216) 232
(24) 74 (24) (39) (99) 159 0


24 22 76 (201) (0)


(55) 40 A140
(102) 65 (94) 63


A11


65 (102) Station Lane
58 74 76


(93) (24) (75) (126) 57 (126) (25) (50) (173) (43)
Section 20 Access (86) 125 57 20 81 (133) 156 (173) 139 139 93


159 (201) 213 (24) 30 (137) 209 (49) 45 (49) 109
(201)


(201) A47 East 
159 213 (201) 81 (50) 209 (137) 164 (133) 93 (43)


30 20 43 125 (86) 45 39 39 (43) 109 (49)
(24) (25) (43) 41 (42) (49) (43)


A140 A146


53 (51) 48 (51)
Section 21 Access (51) 53 (51) 48


A47 


2,505 Light Vehicles


1,386 Total HGVs


3,891 Total Vehicles


12hr Total Construction Traffic - Sensitivity Scenario
Maximum Construction Traffic


A148


B1354


A1065


B1172


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







Landfall Access


(77)
73


(0) 0 (77) 73
A149 A149


0 (0) 73 (77) 73 (77) A1082


(0) 0 A148
73 (77) (169) 161


(77) 73
A140


Bridge Road 0 (0)
(29) (48) 161 0 0 (0)


(29) 15 15 58 (169) (0)
(253) 118 (121) 104


A148


118 (253) 38 (65) 58 (48)
(65) 38 104 (121)


161 (169)
119 (150) (169) 161


(150) 119


   (0) (0)
(0) 0 0 0


(0) 0 (169) 161
(0) (151) (101) (101) 42 B1436


(0) 0 0 76 42 (25) 12
(0) 0
(0) 0 161 0


42 (101) 30 (41) (169) (0)
27 (39)


42 (101)
0 (0)
0 (0) 7 27 12 46


0 76 0 (23) (39) (25) (41)
(0) (151) (0) Hempstead Road


35 (62)
(62) 35


58 (66)
(128) (23) (66) 58


69 7
(62) 35 Section 3 Access


69 27 Hempstead Road / Hole Farm Road
(128) (39) 7 (23) 35 (62)


27 (39)


161 (169)
96 (167) (169) 161


(167) 96


(167) (0)
96 0


96 0 Plumstead Road and Sweetbriar Lane
(167) (0) 0 (0)


0 (0)


A148 (96) (32)
52 17


B1110
Thorpland Rd


79 64 Organic Waste Site 
(134) (54) 17 (32)


64 (54)
(253) 118 (0) 0


(0) 0 (0) 0 118 (253) (0) 0 (0) (0) (0)
(173) 95 (253) 118 (0) (0) (0) 0 (0) (0) 0 0 0 0


95 (173) (71) 37 0 0 0 (0) (188)
97 (216) (253) 118 (0) 0 0 143


A148 A148 0 0  
(0) (0) B1354


0 (0) 118 (253) 0 (0) 0 (0)
97 36.9 0 0 118 (253) 0 0 0 0 (0)


(216) (71) (0) (0) 0 (0) (0) (0) (0) 0 (0)
0


(0)
Town Close Lane 


B1110
A1067


(0) 0 (0) (188)
(0) 0 0 143


Valley Road
136 (281)


(281) 136 0 143
(0) (188)


(23) 17 (23) (165)
(39) 66 17 126


B1110 Heydon Road


37 (71) 66 126
(71) 37 (39) (165)


Norwich Road


A140
(0) 0 (0) (0) (0)


(71) 37 0 0 0 B1149
(0) 0


64 (62) (0) 0
(62) 64 (48) 25 (0) 45


0 (0) A1067 (0) 0 (48) (156) (0) (0) 0 (0) (0) (0)
37 (71) Wood Dalling Road (79) 82 25 143 24 0 0 0


0 0 0 0 (0) (127) 122 (0) 45
(0) (0) (0) B1145 B1145


(0) 0 (0) (0) Section 10 Access 122 (127) 45 (0) (0) 153
B1110 (71) 37 0 0 58 (65) 82 143 0 24 (0) 0 0 244 0 (0) 153 (0)


(65) 58 (79) (156) (0) 15 (0) (0) (0) (169) 45 (0)
6 (0) 244 (169)


0 (0) A140
37 (71) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


48 (64) 35 (62) 48 (66) (25) 16
(64) 48 (62) 35 (66) 48 (41) 32 (25) (211) 220 (169)


16 215 (169) 220
Hall Road Buxton Road


(47) 17 17 (47)
(24) 20 77 (39) (0) 0 (0) 0 (0) 0


0 (0) 0 (0) 48 (66) 32.3 215
(41) (211)


Marl Hill (24) 10 Station Road / Reepham Road
136 (281) 19.9 76.8 38 (40)


(281) 136 (24) (39) (23) 7
(80) 115


96.8 (63) (23) (39)
(63) 97 Section 14 Access 7 27 New Drayton Lane


(0) 22
(0) 0 (370) 368


(118) 142 (0) 0
(0) 0


27 (39) Northern Distributor A140
115 (80)


224 (213) 0 (0)
A1067 142 (118) 22 (0)


198 (169)
Taverham Road / Church Lane / Ringland Road 0 0 0 A140


(0) (0) (0)
0 368 198 A1270 Northern Distributor Road


136 (281) (0) (370) (169)
(281) 136 42 (67)


(67) 42


(25) (42) 565 (539)
(172) 90 (25) 9 9 33 (539) 565


(196) 103 (196) 103 (25) 13 (187) 132
A47 West


A47
103 (196) 90 (172) 33 (42)


103 (196) 13 51 51 (41) 132 (187)
(25) (41)


Dereham Road 166 (229)
(229) 166


Section 17 Access 64 (65)
(65) 64


67.5 (64) (24) (206)
(64) 68 (24) 14 14 152


(40) 54
B1108


68 (64)
Section 18 Access 53.6 152


(40) (206) A1151


116 (63)
(63) 116 (0) (0)


0 0
0 159


(0) (201)
116 (63)


565 (539)
(24) 24 (539) 565
(24) 74 (24) (72) (149) 159 0


24 38 143 (201) (0)


(88) 56 A140
(347) 194 46 (47) (289) 176


A11


194 (347) Station Lane
151 74.3 132


(256) (24) (125) (126) 57 (126) (25) (50) (432) (108)
54 (62) Section 20 Access (296) 292 57 20 81 (389) 404 (432) 359 359 207


(62) 54 159 (462) 393.2 (40) 44 (454) 469 (65) 57 (65) 138
(201)


(201) A47 East 
54 (64) 159 393 (462) 81 (50) 469 (454) 412 (389) 207 (108)


(64) 54 44 20 96 292 (296) 57 85.5 85 (108) 138 (65)
(40) (25) (108) 93 (106) (65) (108)


A140 A146


105 (138)
(138) 105


160 (165) 143 (173)
Section 21 Access (173) 160 (173) 143


12hr Total Construction Traffic - Sensitivity Scenario
Total Construction Traffic (Refined HGVs)


A47 


2,505 Light Vehicles


1,386 Total HGVs


3,891 Total Vehicles


A148


B1354


A1065


B1172


Key


10 Total Vehicles


(10) Heavy Goods Vehicles (HGVs)







Landfall Access


* referred elsewhere in this Appendix as "Phase 1"


(0) 0 (77) 73
A149 A149


0 (0) 73 (77)


A1082 (0) 0 A148
(169) 161.2


A140
Bridge Road 0 (0)


161 0 0 (0)
(169) (0)


(129) 52
A148


52 (129)


161 (169)
119 (150) (169) 161


(150) 119


  (0) (0)
(0) 0 0 0


(169) 161.2
(0) (28) (101) (101) 42 B1436


(0) 0 0 11 42
(0) 0
(0) 0 161.2 0


42 (101) (169) (0)


42 (101)
0 (0)
0 (0)


0 11 0
(0) (28) (0) Hempstead Road


Section 3 Access


Hempstead Road / Hole Farm Road


161 (169)
31 (43) (169) 161


(43) 31


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(129) 52 (0) 0
(0) 0 (0) 0 52 (129) (0) 0 (0) (0) (0)


(129) 52.4 (0) (0) (0) 0 (0) (0) 0 0 0 0
(0) 0 0 0 0


(129) 52 (0) 0
A148 A148 0 0  


(0) (0) B1354
0 (0) 52 (129) 0 (0) 0 (0)


0 0 0 52.4 (129) 0 0 0 0 (0)
(0) (0) (0) 0 (0) (0) (0) (0) 0 (0)


Town Close Lane 
B1110


A1067


Valley Road
36 (90)


(90) 36


B1110 Heydon Road


0 (0)
(0) 0


Norwich Road


A140
(0) 0 (0) (0) (0)
(0) 0 0 0 0 B1149
(0) 0


(0) 0
(0) 0 (0) 6


0 (0) A1067 (0) 0 (0) (46) (0) (0) 0 (0) (0) (0)
0 (0) Wood Dalling Road (0) 0 0 34.51 6 0 0 0


0 0 0 0 (0) (0) 0 (0) 6
(0) (0) (0) B1145 B1145


(0) 0 (0) (0) Section 10 Access 0 (0) 6 (0)
B1110 (0) 0 0 0 0 34.5 0 6 (0) 0 0 166 0 (0)


(0) (46) (0) 0 (0) (0) (0) (169) 6 (0)
0 (0) 166 (169)


0 (0) A140
0 (0) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


141 (169)
(169) 141


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
36 (90)


(90) 36


Section 14 Access New Drayton Lane
(0) 0


(46) 35
(0) 0


Northern Distributor A140


0 (0)
A1067 0 (0)


141.4 (169)
Taverham Road / Church Lane / Ringland Road 0 0 0


(0) (0) (0)
0 34.51 141 A1270 Northern Distributor Road


36 (90) (0) (46) (169)
(90) 36 0 (0)


(0) 0


(0) (0) 176 (215)
(11) 8 (0) 0 0 0 (215) 176


(11) 8 (11) 8 (0) 0 (11) 8
A47 West


A47
8 (11) 8 (11) 0 (0)


8 (11) 0 0 0 (0) 8 (11)
(0) (0)


Dereham Road 8 (11)
(11) 8


Section 17 Access 0 (0)
(0) 0


0 (0) (0) (11)
(0) 0 (0) 0 0 8


(0) 0
B1108


0 (0)
Section 18 Access 0 8


(0) (11) A1151


0 (0)
(0) 0 (0) (0)


0 0
0 41


(0) (29)
0 (0)


(0) 0 176 (215)
(0) 0 (215) 176
(0) 0 (0) (0) (11) 41 0


0 0 8 (29) (0)


(0) 0 A140
(93) 46 0 (0) (93) 46


A11


46 (93) Station Lane
45 0 8


(92) (0) (11) (18) 15 (18) (4) (7) (172) (43)
0 (0) Section 20 Access (86) 39 15 5 21 (133) 88 (172) 106 106 70


(0) 0 41 (104) 54 (0) 0 (136) 93 (4) 5 (4) 11.3
(29)


(29) A47 East 
0 (0) 41 54 (104) 21 (7) 93 (136) 88 (133) 70 (43)


(0) 0 0 5 32 39 (86) 5 29 29 (43) 11.3 (4)
(0) (4) (43) 30 (42) (4) (43)


A140 A146


41 (29)
(29) 41


38 (39) 34 (47)
Section 21 Access (47) 38 (47) 34


A148


B1354


A1065


B1172


A47 


Total Daily (24hr) Construction Traffic Flows (Sensitivity Scenario)
Northern Group* + Landfall + Booster Station + Substation


Key


10 Light Vehicles


(10) Heavy Goods Vehicles (HGVs)







Landfall Access


* referred elsewhere in this Appendix as "Phase 2"


(0) 0 (5) 5
A149 A149


0 (0) 5 (5)


A1082 (0) 0 A148
(3) 4


A140
Bridge Road 0 (0)


4 0 0 (0)
(3) (0)


(130) 70
A148


70 (130)


4 (3)
1 (2) (3) 4


(2) 1


  (0) (0)
(0) 0 0 0
(3) 4


(0) (128) (2) (2) 1 B1436
(0) 0 0 69 1
(0) 0
(0) 0 4 0


1 (2) (3) (0)


1 (2)
0 (0)
0 (0)


0 69 0
(0) (128) (0) Hempstead Road


Section 3 Access


Hempstead Road / Hole Farm Road


4 (3)
69 (128) (3) 4


(128) 69


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(130) 70 (0) 0
(0) 0 (0) 0 70 (130) (0) 0 (0) (0) (0)


(130) 70 (0) (0) (0) 0 (0) (0) 0 0 0 0
(0) 0 0 0 0


(130) 70 (0) 0
A148 A148 0 0  


(0) (0) B1354
0 (0) 70 (130) 0 (0) 0 (0)


0 0 0 70 (130) 0 0 0 0 (0)
(0) (0) (0) 0 (0) (0) (0) (0) 0 (0)


Town Close Lane 
B1110


A1067


Valley Road
47 (90)


(90) 47


B1110 Heydon Road


0 (0)
(0) 0


Norwich Road


A140
(0) 0 (0) (0) (0)
(0) 0 0 0 0 B1149
(0) 0


(0) 0
(48) 25 (0) 41


0 (0) A1067 (0) 0 (48) (117) (0) (0) 0 (0) (0) (0)
0 (0) Wood Dalling Road (79) 82 25 120 20 0 0 0


0 0 0 0 (0) (127) 122 (0) 41
(0) (0) (0) B1145 B1145


(0) 0 (0) (0) Section 10 Access 122 (127) 41 (0)
B1110 (0) 0 0 0 82 120 0 20 (0) 0 0 9 0 (0)


(79) (117) (0) 15 (0) (0) (0) (3) 41 (0)
6 (0) 9 (3)


0 (0) A140
0 (0) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


8 (3)
(3) 8


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
47 (90)


(90) 47


Section 14 Access New Drayton Lane
(0) 0


(213) 224
(0) 0


Northern Distributor A140


0 (0)
A1067 0 (0)


8.359 (3)
Taverham Road / Church Lane / Ringland Road 0 0 0


(0) (0) (0)
0 224 8 A1270 Northern Distributor Road


47 (90) (0) (213) (3)
(90) 47 0 (0)


(0) 0


(0) (0) 232 (216)
(11) 8 (0) 0 0 0 (216) 232


(11) 8 (11) 8 (0) 0 (11) 8
A47 West


A47
8 (11) 8 (11) 0 (0)


8 (11) 0 0 0 (0) 8 (11)
(0) (0)


Dereham Road 8 (11)
(11) 8


Section 17 Access 0 (0)
(0) 0


0 (0) (0) (11)
(0) 0 (0) 0 0 8


(0) 0
B1108


0 (0)
Section 18 Access 0 8


(0) (11) A1151


0 (0)
(0) 0 (0) (0)


0 0
0 41


(0) (29)
0 (0)


(0) 0 232 (216)
(0) 0 (216) 232
(0) 0 (0) (0) (11) 41 0


0 0 8 (29) (0)


(0) 0 A140
(94) 59 0 (0) (94) 59


A11


59 (94) Station Lane
58 0 8


(93) (0) (11) (18) 15 (18) (4) (7) (173) (43)
0 (0) Section 20 Access (86) 53 15 5 21 (133) 112 (173) 139 139 93


(0) 0 41 (105) 67 (0) 0 (137) 117 (4) 5 (4) 11
(29)


(29) A47 East 
0 (0) 41 67 (105) 21 (7) 117 (137) 112 (133) 93 (43)


(0) 0 0 5 43 53 (86) 5 39 39 (43) 11 (4)
(0) (4) (43) 41 (42) (4) (43)


A140 A146


41 (29)
(29) 41


48 (47) 43 (47)
Section 21 Access (47) 48 (47) 43


A148


B1354


A1065


B1172


A47 


Total Daily (24hr) Construction Traffic Flows (Sensitivity Scenario)
Middle (northern) Group* + Landfall + Booster Station + Substation


Key


10 Light Vehicles


(10) Heavy Goods Vehicles (HGVs)







Landfall Access


* referred elsewhere in this Appendix as "Phase 3"


(0) 0 (5) 5
A149 A149


0 (0) 5 (5)


A1082 (0) 0 A148
(3) 4


A140
Bridge Road 0 (0)


4 0 0 (0)
(3) (0)


(6) 5
A148


5 (6)


4 (3)
1 (2) (3) 4


(2) 1


  (0) (0)
(0) 0 0 0
(3) 4


(0) (4) (2) (2) 1 B1436
(0) 0 0 3 1
(0) 0
(0) 0 4 0


1 (2) (3) (0)


1 (2)
0 (0)
0 (0)


0 3 0
(0) (4) (0) Hempstead Road


Section 3 Access


Hempstead Road / Hole Farm Road


4 (3)
3 (4) (3) 4


(4) 3


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(6) 5 (0) 0
(0) 0 (0) 0 5 (6) (0) 0 (0) (0) (0)
(6) 5 (0) (0) (0) 0 (0) (0) 0 0 0 0


(71) 37 0 0 0
(6) 5 (0) 0


A148 A148 0 0  
(0) (0) B1354


0 (0) 5 (6) 0 (0) 0 (0)
37 0 0 5 (6) 0 0 0 0 (0)


(71) (0) (0) 0 (0) (0) (0) (0) 0 (0)


Town Close Lane 
B1110


A1067


Valley Road
37 (72)


(72) 37


B1110 Heydon Road


37 (71)
(71) 37


Norwich Road


A140
(0) 0 (0) (0) (0)


(71) 37 0 0 0 B1149
(0) 0


(0) 0
(0) 0 (0) 2


0 (0) A1067 (0) 0 (0) (7) (0) (0) 0 (0) (0) (0)
37 (71) Wood Dalling Road (0) 0 0 11 2 0 0 0


0 0 0 0 (0) (0) 0 (0) 2
(0) (0) (0) B1145 B1145


(0) 0 (0) (0) Section 10 Access 0 (0) 2 (0)
B1110 (71) 37 0 0 0 11 0 2 (0) 0 0 44 0 (0)


(0) (7) (0) 0 (0) (0) (0) (3) 2 (0)
0 (0) 44 (3)


0 (0) A140
37 (71) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


43 (3)
(3) 43


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
37 (72)


(72) 37


Section 14 Access New Drayton Lane
(0) 22


(126) 132
(0) 0


Northern Distributor A140


0 (0)
A1067 22 (0)


21 (3)
Taverham Road / Church Lane / Ringland Road 0 0 0


(0) (0) (0)
0 132 21 A1270 Northern Distributor Road


37 (72) (0) (126) (3)
(72) 37 42 (67)


(67) 42


(25) (42) 153 (129)
(36) 17 (25) 9 9 33 (129) 153


(61) 30 (61) 30 (25) 13 (52) 59
A47 West


A47
30 (61) 17 (36) 33 (42)


30 (61) 13 51 51 (41) 59 (52)
(25) (41)


Dereham Road 92 (94)
(94) 92


Section 17 Access 64 (65)
(65) 64


0 (0) (0) (94)
(0) 0 (0) 0 0 92


(0) 0
B1108


0 (0)
Section 18 Access 0 92


(0) (94) A1151


0 (0)
(0) 0 (0) (0)


0 0
0 41


(0) (29)
0 (0)


(0) 0 153 (129)
(0) 0 (129) 153
(0) 0 (0) (33) (61) 41 0


0 16 76 (29) (0)


(33) 16 A140
(92) 54 0 (0) (59) 38


A11


54 (92) Station Lane
22 0 76


(42) (0) (61) (18) 15 (18) (4) (7) (103) (26)
0 (0) Section 20 Access (85) 85 15 5 21 (98) 115 (103) 98 98 55


(0) 0 41 (120) 114 (17) 13 (118) 132 (20) 17 (20) 40
(29)


(29) A47 East 
0 (0) 41 114 (120) 21 (7) 132 (118) 115 (98) 55 (26)


(0) 0 13 5 26 85 (85) 17 23 23 (26) 40 (20)
(17) (4) (26) 23 (24) (20) (26)


A140 A146


41 (29)
(29) 41


44 (46) 40 (46)
Section 21 Access (46) 44 (46) 40


A148


B1354


A1065


B1172


A47 


Total Daily Construction Traffic Flows (Sensitivity Scenario)
Middle (southern) Group* + Landfall + Booster Station + Substation


Key


10 Light Vehicles


(10) Heavy Goods Vehicles (HGVs)







Landfall Access


* referred elsewhere in this Appendix as "Phase 4"


(0) 0 (5) 5
A149 A149


0 (0) 5 (5)


A1082 (0) 0 A148
(3) 4


A140
Bridge Road 0 (0)


4 0 0 (0)
(3) (0)


(6) 5
A148


5 (6)


4 (3)
1 (2) (3) 4


(2) 1


  (0) (0)
(0) 0 0 0
(3) 4


(0) (4) (2) (2) 1 B1436
(0) 0 0 3 1
(0) 0
(0) 0 4 0


1 (2) (3) (0)


1 (2)
0 (0)
0 (0)


0 3 0
(0) (4) (0) Hempstead Road


Section 3 Access


Hempstead Road / Hole Farm Road


4 (3)
3 (4) (3) 4


(4) 3


Plumstead Road and Sweetbriar Lane


A148


B1110
Thorpland Rd


Organic Waste Site 


(6) 5 (0) 0
(0) 0 (0) 0 5 (6) (0) 0 (0) (0) (0)
(6) 5 (0) (0) (0) 0 (0) (0) 0 0 0 0
(0) 0 0 0 0


(6) 5 (0) 0
A148 A148 0 0  


(0) (0) B1354
0 (0) 5 (6) 0 (0) 0 (0)


0 0 0 5 (6) 0 0 0 0 (0)
(0) (0) (0) 0 (0) (0) (0) (0) 0 (0)


Town Close Lane 
B1110


A1067


Valley Road
33 (53)


(53) 33


B1110 Heydon Road


0 (0)
(0) 0


Norwich Road


A140
(0) 0 (0) (0) (0)
(0) 0 0 0 0 B1149
(0) 0


(0) 0
(0) 0 (0) 2


0 (0) A1067 (0) 0 (0) (7) (0) (0) 0 (0) (0) (0)
0 (0) Wood Dalling Road (0) 0 0 11 2 0 0 0


0 0 0 0 (0) (0) 0 (0) 2
(0) (0) (0) B1145 B1145


(0) 0 (0) (0) Section 10 Access 0 (0) 2 (0)
B1110 (0) 0 0 0 0 11 0 2 (0) 0 0 52 0 (0)


(0) (7) (0) 0 (0) (0) (0) (3) 2 (0)
0 (0) 52 (3)


0 (0) A140
0 (0) B1149


A1067 Section 13 Access Section 12 Access Section 11 Access


52 (3)
(3) 52


Hall Road Buxton Road


Marl Hill Station Road / Reepham Road
33 (53)


(53) 33


Section 14 Access New Drayton Lane
(0) 0
(7) 11
(0) 0


Northern Distributor A140


0 (0)
A1067 0 (0)


52 (3)
Taverham Road / Church Lane / Ringland Road 0 0 0


(0) (0) (0)
0 11 52 A1270 Northern Distributor Road


33 (53) (0) (7) (3)
(53) 33 0 (0)


(0) 0


(0) (0) 63 (11)
(146) 82 (0) 0 0 0 (11) 63


(146) 82 (146) 82 (0) 0 (146) 82
A47 West


A47
82 (146) 82 (146) 0 (0)


82 (146) 0 0 0 (0) 82 (146)
(0) (0)


Dereham Road 82 (146)
(146) 82


Section 17 Access 0 (0)
(0) 0


68 (64) (24) (123)
(64) 68 (24) 14 14 68


(40) 54
B1108


68 (64)
Section 18 Access 54 68


(40) (123) A1151


116 (63)
(63) 116 (0) (0)


0 0
0 159


(0) (201)
116 (63)


(0) 0 63 (11)
(24) 24 (11) 63
(24) 74 (24) (39) (99) 159 0


24 22 76 (201) (0)


(55) 40 A140
(102) 65 46 (47) (78) 63


A11


65 (102) Station Lane
53 74 65


(61) (24) (75) (126) 57 (126) (25) (50) (8) (2)
54 (62) Section 20 Access (52) 125 57 20 81 (55) 156 (8) 57 57 6


(62) 54 159 (201) 213 (24) 30 (104) 209 (49) 45 (49) 109
(201)


(201) A47 East 
54 (64) 159 213 (201) 81 (50) 209 (104) 164 (55) 6 (2)


(64) 54 30 20 3 125 (52) 45 2 2 (2) 109 (49)
(24) (25) (2) 1 (1) (49) (2)


A140 A146


105 (138)
(138) 105


53 (51) 48 (51)
Section 21 Access (51) 53 (51) 48


A148


B1354


A1065


B1172


A47 


Total Daily Construction Traffic Flows (Sensitivity Scenario)
Southern Group* + Landfall + Booster Station + Substation


Key


10 Light Vehicles


(10) Heavy Goods Vehicles (HGVs)
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Foreword 
Natural England commission a range of reports from external contractors to 
provide evidence and advice to assist us in delivering our duties. The views 
in this report are those of the authors and do not necessarily represent 
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Background  


Wind farm construction can impact harbour 
porpoise primarily as a result of the underwater 
noise generated by the installation of 
foundations. Mitigation is available to prevent 
death and injury, but the wider consequences of 
disturbance on the harbour porpoise population 
remain unclear.  


This study uses a population assessment model 
(the interim Population Consequences of 
Disturbance model – known as the iPCoD 
framework) to investigate the potential 
aggregate or cumulative effects that could arise 
from the currently planned 12 years of English 
wind farm construction on the North Sea harbour 
porpoise population.  


There are limitations with such predictive models 
and also uncertainties in our knowledge of 
harbour porpoise ecology, movements, and in 
particular how disturbance affects vital rates. 
These are clearly stated within the report. 


Population modelling exercises such as this one 
help to identify which elements of the interaction 
between noise and species might be the most 
important in influencing population outcomes. 
This in turn informs which key areas of 
uncertainty should be the focus of further work. 


Natural England and JNCC will use these 
findings to advise on wind farm construction and 
noise management, particularly in important 
areas for harbour porpoise. 
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Glossary 
Acute effect  The direct effect of a change in behaviour or physiology on vital rates 


Body condition A measure of an individual's energy stores. In marine mammals, usually blubber thickness or total 


body lipid. One component of health (q.v.) 


Chronic effect The indirect effect of a change in behaviour or physiology on  vital rates (q.v.) via individual health 


(q.v.) 


Aggregate  


Exposure 


Aggregate Exposure is defined here as the combined exposure to one stressor from multiple 


sources or pathways (here we are concerned with noise from pile driving) following CEMM (2016) 


Demographic 


rates 


The average survival and fecundity rates, and ages at independence and first breeding experienced 


by all members of a population in a particular year 


Demographic 


stochasticity 


Variation among individuals in their realised vital rates (q.v.) as a result of random processes 


Environmental 


variation 


Variation in demographic rates (q.v.) among years as a result of changes in environmental 


conditions 


Expert elicitation A formal technique for combining the opinions of many experts. Used in situations where there is a 


relative lack of data but an urgent need for conservation decisions   


Fecundity The average of individual fertility rates for all members of a population 


Fertility The probability that an individual adult female will give birth to a viable offspring in any particular 


year 


Fitness A relative term reflecting the potential contribution of the genotype of an individual to future 


generations. The fittest individuals leave the greatest number of descendants relative to the 


number of descendants left by other individuals in the population 


Health All internal factors that may affect individual fitness (q.v.) and homeostasis, such as body condition 


(q.v.), and nutritional, metabolic, and immunological status 


Management 


Unit (MU) 


The animals of a particular species in a geographical area to which management of human activities 


is also applied (IAMMWG 2015) 


Population size The number of animals of a species estimated to occur in a particular Management Unit (q.v.) as 


defined by the UK inter-Agency Marine Mammal Working Group (Anon. 2014) 


Uncertainty Incomplete information about a particular subject. In this report, we are only concerned with those 


components of uncertainty that can be quantified 


Vital rates 


Vulnerable 
grouping 


The probability that an individual will survive from one year to the next, the probability that an 


individual adult female will give birth in one year  


The members of the population within an MU whose behaviour may be affected by noise 


associated with a particular development or group of developments. The vulnerable grouping may 


include all animals in the MU, or just a proportion of that population. In the latter case, all animals 


that are not part of the vulnerable grouping are assumed to be unaffected by the development(s) 


being considered. This is the same as “Vulnerable sub-population” as described in King et al 2015. 
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1 Summary 
The Interim Population Consequences of Disturbance Framework (iPCoD) was a model developed in 


2013 to evaluate the potential effects of offshore marine renewable energy construction and 


operation on UK marine mammal populations (King et al. 2015). In this report, iPCoD is used to 


investigate the potential ‘aggregate effects’ (see Glossary) that could arise from the currently 


planned 12 years of English wind farm construction on the North Sea harbour porpoise population. 


iPCoD simulations are run 1000s of times and the differences between (otherwise identical) pairs of 


disturbed and undisturbed populations compared. The objective of the study was to explore the 


forecasts of aggregate impact based on the planned construction activities via a suite of different 


scenarios to provide a range of plausible outcomes.  


Information was collated from 10 wind farms on the planned construction schedules, estimated 


disturbance impact ranges and numbers of porpoise affected. Initially the information presented in 


the licensing documents (e.g. environmental statements (ESs)) was used for each site and 


simulations run exploring how the disturbance associated with construction of these sites could 


impact the porpoise population. However, as licensing documents are prepared years in advance of 


construction and due to uncertainties in final wind farm design, they tend to represent the worst 


case (i.e. longest construction period and largest estimates of disturbance). Therefore a second set 


of up-to-date scenarios was built by liaising directly with the relevant offshore wind farm 


developers.  In addition, the estimates of porpoises disturbed were refined by applying the adapted 


dose-response relationship from Thompson et al. (2013) to more realistically represent the gradient 


of effect due to distance from the pile-driving location. The recovery times (i.e. how long it takes for 


porpoises to return to the area) were also graded according to distance from the pile-driving 


location by using the data presented in Brandt et al (2011).  


Using the worst case from the ESs, the predictions of a risk of a population annual decline equal or 


greater than 1% occurred in between approximately 1 in 5 and 1 in 8 of scenarios when assessed 12 


years after the start of construction (i.e. in year 12). The updated, more realistic simulations resulted 


in a lowering of this risk, with between approximately 1 in 16 and 1 in 333 of scenarios predicting of 


a risk of a population annual decline greater than 1% 12 years after the start of construction. In 


general, the observed variation in predicted risk in different scenarios depended on the impact 


density estimates, predicted noise impact ranges and dose response functions used. In addition, 


they also varied depending on the assumptions made about how porpoises use their environment 


and the longevity of disturbance effects on porpoises. 


It is important to consider that this study has investigated the potential impacts of certain explicit 


scenarios and forecasts are only indicative of what is projected to happen under there assumptions 


made in each simulation. Furthermore, it is important to note that the forecast population-level 


effects of construction activity are sensitive to assumptions in simulation scenarios about what 


proportion of the North Sea harbour porpoise population is likely to be vulnerable to disturbance 


from piling activity, and they are particularly sensitive to assumptions about the longevity of the 


effect of disturbance on porpoise behaviour. If animals are only disturbed during the period when 


pile driving is actually taking place, the aggregate effects of windfarm construction are forecast to be 
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relatively small, even if the maximum estimated number of animals that are disturbed on each day 


of piling. More research on the response of individual harbour porpoises to pile-driving noise in the 


open sea is required to reduce this uncertainty. 


The forecasts made using the iPCoD model rely heavily on the opinions of experts about the 


potential effects of disturbance on harbour porpoise survival and reproduction. Although the 


elicitation process that was used to canvas these opinions was designed to minimise potential biases 


and to provide a realistic measure of among- and within-expert uncertainty, these forecasts should 


be interpreted with caution until more empirical data are available. 
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2 Introduction 
The Interim Population Consequences of Disturbance (iPCoD) model was developed by SMRU 


Consulting and the University of St Andrews in 2013 to forecast the potential effects on marine 


mammal populations in UK waters of any disturbance, hearing damage or collisions that might result 


from the construction or operation of offshore renewable energy devices.  A detailed description of 


the approach can be found in Harwood et al. (2014) and King et al. (2015).  The iPCoD framework 


was designed to cope with the current situation, in which there is only limited knowledge about the 


potential effects of these developments on marine mammals.  It should be recognised that it is very 


much an interim solution to the evaluation of these effects, and that there is an urgent need for 


additional scientific research to address the knowledge gaps that were identified by Harwood et al. 


(2014).  


In this report, we describe how the software developed for the iPCoD framework (i.e. the iPCoD 


model) can be used to forecast the potential aggregate impacts of planned windfarm construction 


off the east coast of England over the period 2016 - 2027 on harbour porpoise in the North Sea.  In 


2016, the US National Academies of Sciences, Engineering, and Medicine published a report on 


‘Approaches to Understanding the Cumulative Effects of Stressors on Marine Mammals.‘ (National 


Academies of Sciences, Engineering, and Medicine. 2016). In that report, they highlight a crucial 


difference in terminology: “Aggregate Exposure is defined as the combined exposure to one stressor 


from multiple sources or pathways and Cumulative Risk as the combined risk from exposures to 


multiple stressors integrated over a defined relevant period: a day, season, year, or lifetime.” 


Therefore here, as we are considering a single stressor (pile-driving) from multiple sources (a 


number of offshore wind farm developers), we believe that this study should be discussed in the 


context of ‘aggregate‘ impact. This is not to be confused with any reference to any potential impact 


from activities associated with the aggregates industry.  


We would like to stress that the framework was not designed to provide precise forecasts of changes 


in abundance but that the most appropriate use of the framework is as a tool to assess the potential 


relative benefits of different mitigation strategies, and to identify which research projects are most 


likely to reduce the uncertainties associated with the forecasts provided by the framework. 


2.1 Basic Concepts 


The intention of this section is to provide a brief overview of some of the elements used in this study 


and the key background references on the history of PCoD and the interim PCoD model. 


2.1.1 The PCAD and PCoD frameworks 


In 2005, a panel convened by the National Research Council of the United States National Academy 


of Sciences published a report on ‘Marine Mammal Populations and Ocean Noise: Determining 


When Noise Causes Biologically Significant Effects’ (National Research Council, 2005).  The panel 


developed what they referred to as a “conceptual model” that outlines the way marine mammals 


respond to anthropogenic sound, and how the population level consequences of these responses 
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could be inferred on the basis of observed changes in behaviour.  They called this model Population 


Consequences of Acoustic Disturbance (PCAD; Figure 1). 


In 2009 the US Office of Naval Research set up a working group to transform this framework into a 


formal mathematical structure and to consider how that structure could be parameterised using 


data from a number of case studies.  The ONR working group extended the PCAD framework to 


consider forms of disturbance other than noise, and to address the impact of disturbance on 


physiology as well as behaviour.  The current version of that framework, which is based on case 


studies of elephant seals, coastal bottlenose dolphins, northern right whales and beaked whales, is 


now known as PCoD (Population Consequences of Disturbance). It is shown in Figure 2, and 


described in more detail in New et al. (2014). 


Figure 1 - The Population Consequences of Acoustic Disturbance (PCAD) framework developed by the 
National Research Council’s (NRC) panel on the biologically significant effects of noise.  After Figure 3.1 in 
NRC (2005). The number of + signs indicates the panel’s evaluation of the level of scientific knowledge about 
the links between boxes, 0 indicates no knowledge. 
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Figure 2 - The PCoD framework for modelling the population consequences of disturbance developed by the 
ONR working group on PCAD (modified from Figure 4 of New et al., 2014). See glossary for definitions of each 
relevant term.  


The framework shows how disturbance may impact both the behaviour and physiology of an 


individual, and how changes in these characteristics may affect that individual’s vital rates either 


directly (an acute effect) or indirectly via its health (a chronic effect). For example, exposure to high 


levels of sound may result in hearing damage (a physiological effect) as a result of a permanent 


threshold shift (PTS) at particular frequencies.  This shift could have an acute effect on survival if the 


affected individual was less able to detect predators. It could also have a chronic effect on 


reproduction via the individual’s health, because it might be less able to locate and capture prey.  


Similarly, behavioural changes in response to disturbance could have an acute effect on survival if 


they result in a calf being separated from its mother. They could have a chronic effect on 


reproduction, via health, if disturbed animals spend less time feeding or engaged in energy-


conserving activities, like resting. 


One of the potential consequences of a behavioural response to disturbance is that animals may be 


displaced into areas where predation risk is high. There is considerable evidence that the behaviour 


of marine mammals is shaped by the need to avoid predation. For example, bottlenose dolphins 


(Tursiops truncatus) in Shark Bay, Australia avoid areas where there is a high risk of shark attack 


(Heithaus & Dill, 2002), and Alaskan harbour seals (Phoca vitulina) appear to avoid spending time in 


parts of the water column where they are likely to be vulnerable to attacks from sleeper sharks (Frid 


et al., 2007). As a result of these behaviours, bottlenose dolphins in New Zealand and Australia 


appear to be reluctant to vacate areas where disturbance is high for neighbouring areas where there 


is a high risk of shark predation, even though remaining in the disturbed area has a potentially 


negative effect on calf survival and inter-calf interval (Bejder et al., 2006).  For these reasons, the 


ONR working group concluded that marine mammals are unlikely to be displaced into regions of high 


predation risk by disturbance, and that the main effects of disturbance on vital rates are likely to be 


through changes in individual health as a result of changes in behavioural time budgets or 


physiology. 
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New et al. (2014), and Schick et al. (2013) used case studies of elephant seals (Mirounga spp.), and 


New et al. (2013) used a case study of bottlenose dolphins to show how changes in behaviour in 


response to disturbance could affect the energy reserves of adult females, and to estimate the 


implications of these changes for the probability of giving birth and offspring survival.  The 


consequences of these changes for population dynamics could then be inferred from the number of 


animals that might be affected by disturbance and the size of the population of which they are a 


part. Nabe-Nielsen et al. (2014) and Van Beest et al. (2015) used a similar approach to assess the 


potential impacts of wind farm operation on harbour porpoises in Inner Danish Waters in the 


development of the Disturbance Effects of Noise on the Harbour Porpoise Population in the North 


Sea (DEPONS) model. However the DEPONS studies have not provided any empirical information on 


harbour porpoises vital rates or demography and the timeframe for this study meant that DEPONS 


was not available to be explored. A comparative report detailing similarities and differences 


between iPCoD and DEPONS is now available (Nabe-Nielsen & Harwood, 2016). The report also 


highlights how both the models might be further developed to improve their utility.  


Unfortunately, the kinds of information required to estimate the parameters of the ‘full’ PCoD model 


used in some of these case studies (i.e. New et al 2013; 2014 and Schick et al 2013) are not available 


for most marine mammal populations.  To cope with this lack of knowledge, the iPCoD framework is 


based on a simplified version of the full PCoD model, and is shown in Figure 3.  


The parameters of the relationship between behavioural and physiological changes and individual 


vital rates illustrated in this model were obtained using an expert elicitation process (Runge et al., 


2011; Martin et al., 2012) combined with the 4-step interval approach developed by Speirs-Bridge et 


al. (2010)(designed to help obtain robust expert judgements - see Harwood, et al 2014 for details).  


Donovan et al. (2016) and Appendix 1 of Harwood et al. (2014) describe how this approach was 


developed and implemented.  
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Figure 3 - A simplified version of the PCoD framework shown in Figure 2 that can be used as interim 
approach when empirical data on the effects of physiological and behavioural change in individual health is 
unavailable.  The transfer functions that determine the chronic effects of physiological change and 
behavioural change on vital rates are represented with dotted lines to indicate that the form of these 
functions may be determined using the results of an expert elicitation process. See glossary for definitions of 
each relevant term. 


2.2 An introduction to the Interim PCoD framework 


During 2013, the ‘iPCoD framework’ was developed for five UK species of marine mammal including: 


harbour porpoise, grey seal, harbour seal, bottlenose dolphin and minke whale. In the following 


sections (2.2 – 2.2.7), we detail some of the elements of the general iPCoD framework. In the 


Methods section, we outline how the model was specifically implemented for the aggregate impact 


assessment in this project. 


Estimates of the following quantities, and their associated uncertainties, are required to 


implement a PCoD approach for the effects of the construction of offshore renewable energy 


developments:   


 The sound field produced during construction (i.e. an estimate of the area ensonified);


 The sound level that is likely to result in disturbance to an individual, preferably in the form


of a dose-response relationship;


 The number of individuals that are likely to be  disturbed during one day of construction;


 The number of days on which individual animals may experience disturbance during the


entire course of construction;


 The effect of the number of days on which an individual in a particular age/stage class (e.g.


adult males, adult females, calves, juveniles) experiences disturbance on its vital rates


(distributions on these relationships were generated in the expert elicitation described in


Harwood et al 2014 – see section 2.2.3);
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 Current population size and population history for the affected species;


 Key demographic parameters (e.g. adult survival, calf survival, juvenile survival, annual


probability of calving, age at first calving) for the species, with an indication of likely levels of


variation between years.


2.2.1 Defining a disturbance response 


In general, the duration and severity of behavioural responses to acoustic stimuli will depend on a 


suite of factors that includes the context in which exposure occurs, the individuals’ internal states, 


and their exposure histories (Ellison et al., 2011).  Despite these complicating factors, a number of 


authors (e.g. Miller et al. 2014; Moretti et al. 2014) have been able to define quantitative 


relationships between the probability that individual marine mammals will exhibit a disturbance 


response and received sound levels.  


We defined a disturbance response as any change in behaviour that is likely to impair an individual’s 


ability to survive, breed, reproduce, or raise young.  This is roughly equivalent to all the behaviours 


with a score of 5 or higher on the ‘behavioural response severity scale’ for marine mammals outlined 


by Southall et al. (2007). These responses include changes in swimming and breathing patterns, 


sustained avoidance of an area, and prolonged changes in vocal behaviour. We categorise an 


individual that exhibits any one of these responses as having experienced disturbance on that day.  


Donovan et al. (2012) and Nedwell et al. (2007) described ways in which the number of marine 


mammals that may be exposed to sound levels likely to cause a disturbance response around a noise 


generating activity, such as pile-driving, can be estimated. Estimates of these numbers are 


commonly provided by developers in their Environmental Statements (ES) and these estimates were 


used in Phase I of this study as an input to the models.   


2.2.2 Defining variation among individuals in daily and aggregate exposure to disturbance  


The risk of disturbance from a particular development may vary among individuals, because of 


variation in the amount of time they spend in the region around a particular development where 


sound exposure levels are sufficiently high to cause disturbance.  There is evidence that suggests 


that porpoises  may stay in relatively localised areas of potentially high quality habitat for periods of 


weeks (Teilmann, et al 2004; Nabe-Nielsen et al 2013) before moving on to exploit a new patch. 


Other studies involving simulated movement have explored how disturbance can impact at a 


population level (Aarts et al 2016). Porpoise movement patterns and ranges in the North Sea may 


vary between seasons and between individuals and more tagging studies are needed to better 


understand distribution and movement patterns and what may influence these.   


In iPCoD, we can simulate that at one extreme, all members of the population may be equally 


vulnerable to the effects of a particular development.  This is most likely to be the case where the 


geographical range of the population is relatively small or the development is located within an area 


of critical habitat for the species. It may also apply for a species like the harbour porpoise in the 


North Sea, where the limited telemetry data available indicates animals may range across wide areas 
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(Teilmann), thus over a >20 year simulation and many years of potential pile driving, a large 


proportion of animals in the MU have the potential to be exposed at some point.  Alternatively, only 


a specific proportion of the population may be vulnerable to the effects of noise from a particular 


development.  We refer to these animals as members of a “vulnerable grouping” (see Glossary).  We 


have included the capability to model both of these alternatives within the framework. It is also 


possible to define unique vulnerable groupings for individual developments.  We assumed that 


individuals who are not part of the vulnerable groupings do not experience disturbance for the 


duration of each simulation.   


To estimate the variation among the individuals within a vulnerable grouping in the amount of 


disturbance they experience over the course of a year, we simulate the likely exposure to 


disturbance of 1000 individuals in each grouping on each day of construction. These numbers are 


then scaled up to provide an estimate of the amount of disturbance experienced by each of the 


individuals in the grouping. As a first approximation, we assume that each individual in a particular 


vulnerable grouping is equally likely to be disturbed on each of these days, with a probability 


calculated from the ratio of the number of animals expected to experience disturbance on one day 


to the total size of the vulnerable grouping.  


2.2.3 Estimating the potential effects of aggregate disturbance on vital rates 


We used an expert elicitation process to determine values for a set of parameters that define the 


effect of the total number of days of disturbance experienced by an individual during a year on its 


vital rates.  That relationship, shown in Figure 4, was developed at a series of workshops of experts 


(with stakeholders – observing the process). . 


Expert Elicitation Process 


In 2013, we conducted the expert elicitation using the 4-step interval approach developed by Speirs-


Bridge et al. (2010) to provide reliable estimates of the confidence that experts attached to their 


opinions.  We then used the Delphi process (Delbecq et al., 1975)  to improve the reliability of the 


elicitation results by asking experts to consider their opinions in the light of what other experts had 


said (Burgman et al., 2011). Answers were provided independently and anonymously, to minimize 


the effects of dominance, status and related phenomena that can compromise group expert 


judgments. Experts were selected using a set of eligibility criteria that included whether or not they 


had recently published on the population biology, the impact of noise on hearing, or the effects of 


disturbance on the species of interest. A total of 13 international experts took part in the expert 


elicitation process for harbour porpoises. 


Elicitation Questions 


We assumed that the vital rate most likely to be affected by disturbance for calves/pups and 


juveniles is survival and for adults is the probability of giving birth (which we henceforth refer to as 


fertility). We therefore only asked the experts for their opinions on the effects of disturbance on 


these specific vital rates. We conducted separate rounds of elicitation (thus generating distributions 


– for example see Figure 5) for each age/class. Experts were asked to provide their best estimate of
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the maximum effect of disturbance on survival (horizontal line A in Figure 4). We assumed that the 


maximum effect of disturbance on the probability of giving birth would be to reduce it to zero.  


Experts were also asked for their best estimate of the number of days of disturbance that an 


individual calf or juvenile animal could tolerate before it would have any effect on its probability of 


survival, and their best estimate of the number of days that an individual mature female could 


tolerate before it had an effect on its probability of giving birth (vertical line B in Figure 4). Experts 


were asked to specify how many days of disturbance would be required to have the maximum effect 


on survival or fertility (vertical line C in Figure 4). These three values defined the shape of the 


relationship. Finally, experts were asked to specify bounds for these estimates, which are shown as 


shaded areas in Figure 4. 


Figure 4 - A hypothetical relationship between the number of days of disturbance experienced by an 
individual marine mammal and its effect on the probability of survival or fertility. A is the maximum effect of 
disturbance on this probability (in this case, the actual probability will be the population survival rate 
multiplied by 0.2), B is the number of days of disturbance an individual can tolerate before its survival or 
fertility is affected, and C is the number of days of disturbance required to cause the maximum effect. The 
shaded areas indicate the likely range around the best estimates of A, B and C provided by each expert. The 
exact values presented in this example are purely indicative. Solid lines indicate best estimates. Dotted lines 
indicate the range around these best estimates. 


Statistical Analysis of Elicitation Results 


Here we provide a brief description of the statistical approach used to estimate the parameters of 


the relationships illustrated in Figure 4 from the results of the expert elicitation. Expert’s opinions 


about the parameters were used to define Beta or Triangular probability distributions for 


parameter whose values were in the range 0-1, and Gamma, Triangular or truncated Normal 


distributions for each parameter relating to the number of days of disturbance. These 
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distributions were then combined using copula-type methods to obtain a collective view. Full 


technical details can be found in Donovan et al. (2016). 


Random draws from each expert’s multivariate distribution were then used to build an overarching 


two-dimensional probability density function (Figure 5) that was designed to capture the uncertainty 


expressed by individual experts, and the variability among experts in their opinions.  Random draws 


were taken from these overarching distributions to provide the opinions of a different “virtual’ 


expert for each run of the simulation model described below.  


Figure 5 - Probability density function for the relationship between the number of days of disturbance 
experienced by an adult female harbour porpoise and the effect of that disturbance on her fertility. The black 
lines indicate the relationships suggested by individual experts (11 responded to this question). They are 
superimposed on a map that shows the overall support amongst the experts for particular combinations of 
values - “hot” colours (reds and yellows) indicate combinations for which there was a lot of support, and 
“cold” colours (various shades of blue) indicate combinations for which there was little or no support. 


2.2.4 Modelling the persistence of disturbance effects 


In order to model the aggregate impact of a wind farm over the entire period of construction we 


need to make a series of assumptions about the way in which disturbance effects persist over time. 


There is considerable evidence (Brandt et al., 2011; Dähne et al., 2013; Teilmann & Carstensen, 


2012; Thompson et al., 2013; Tougard et al., 2012) that harbour porpoises are displaced from the 


area around a wind farm by construction noise, and that they do not re-enter that area until 


sometime after that noise ceases.  We therefore assume that an animal which experiences 


disturbance will vacate the area around the wind farm for at least the remainder of the day on which 


construction work occurs. The available evidence on the duration of disturbance for harbour 


porpoises is reviewed in section 3.3. 


The above studies indicate that some disturbed animals may not re-enter an area where disturbance 


occurred for days after that event. This “residual” displacement may also have a negative effect on 


their vital rates, and we therefore examined the effect of varying the number of “residual” days of 
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disturbance that may be associated with each day of actual disturbance (section 3.3 and 4).  


Individuals exhibiting “residual” disturbance were assumed not to experience any additional direct 


disturbance during this time. However, it is still possible for other individuals in the MU to be 


disturbed in subsequent days.  


For each individual in a vulnerable grouping we estimate the potential exposure to disturbance over 


the course of a year by conducting a random Bernoulli trial (Papoulis, 1984) on each day that 


construction was specified to take place.  The model therefore provides a day-by-day history of the 


exposure of each simulated individual to disturbance and the number of “residual” days of 


disturbance experienced by these individuals in each vulnerable grouping.  These histories are 


summarised to provide an estimate of the total number of days of disturbance each simulated 


individual experiences over the course of each year of construction.  


2.2.5 Population Model Structure 


The iPCoD framework uses a stochastic population dynamic modelling framework similar to that 


used in population viability analysis (Morris & Doak, 2002) to forecast the potential effects of the 


changes in individual vital rates as a consequence of disturbance.  The population is divided into 10 


age or stage classes: calves; 1-year olds; 2-year olds; 3-year olds; 4-year olds; 5-year olds; 6-year 


olds; 7-year olds; 8-year olds; and all animals aged 9 years and above, which were combined into a 


single stage class.   


Animals in each class are then divided into three categories: 


 those that experience no disturbance,


 those that experience moderate disturbance (more than B days, but less than C days – see


Figure 4) and


 those that experience high levels of disturbance (more than C days).


In the original version of the iPCoD framework described in Harwood et al. (2014) we assumed that 


survival and fertility rates for all animals in the moderate disturbance category are reduced by the 


mean amount shown in Figure 4 (solid lines show the best estimates; dotted lines indicate bounds).  


However, this will over-estimate the effects of disturbance if most disturbed animals experience 


fewer days of disturbance than the mid-point between B and C in Figure 4.  Careful examination of a 


large number of simulations has revealed that this is often the case.  We have therefore revised the 


software so that we now calculate the mean number of days of disturbance experienced by all the 


individuals in the moderate disturbance category for each age class or stage within the year being 


modelled. We then use the relationship in Figure 4 to determine the effect of exactly this amount of 


disturbance on their vital rates. 


We assume that the effects of disturbance in one year do not persist into the next year.  Therefore, 


animals that experience disturbance in one year are reassigned to the relevant undisturbed age- or 


stage-class at the beginning of the next year. The three disturbance categories and 10 age or stage 


classes result in 30 age-disturbance combinations that are modelled as a 30-element vector using a 
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Leslie matrix structure (Caswell, 2001). The Leslie matrix provides information on the survival and 


fertility rates for each element and moves animals from one class to the next one at the end of the 


year. We chose a set of demographic rates to achieve the population growth rate suggested by 


Figure 7 of Winship & Hammond (2006)(derived using available life history data and Bayesian 


modelling). These demographic rates (see Table 1) include the effects of by-catch on survival.  There 


are currently no more up-to-date information on (or recent data from which to derive) population 


demographic rates and current status of the population.  


Table 1 – Annual demographic rates used for harbour porpoises in the North Sea. ‘age1’ is the age (in years) 
at independence and ‘age2’ is the age (in years) at first breeding. 


Population 
Growth rate 


age1 age2 Calf 
survival 


Juvenile 
survival 


Adult 
survival 


Fecundity 


1 1 5 0.6 0.85 0.85 0.96 


This is a birth-pulse model, which does not attempt to model changes in population size during the 


course of a year, and which assumes that all births occur at the start of the year. The model was run 


using the estimated number of females in the population. This simulated population was then scaled 


to a full population at the end of the simulations assuming a 50:50 sex ratio. Simulations were 


conducted using code written in the R statistical computing environment (R Core Team 2013).  


The iPCoD framework can provide forecasts of the possible size of a population many years after any 


disturbance associated with a particular development ceases. However, these forecasts are unlikely 


to be realistic because they assume that the vital rates within a population that has been reduced in 


size will not change as a result of density dependent processes. Therefore, simulated populations do 


not show any recovery once the effects of disturbance has ceased. In practice, disturbed populations 


are likely to show some recovery over time as a result of an increased per capita availability of 


resources, provided there is no change in any of the other threats to the population. However, there 


is currently no evidence for density dependence in the North Sea harbour porpoise population. 


Density dependence is usually detected by analysing an extensive time series of estimates (obtained 


with reasonable frequency) of population size. Such a time series is unlikely to be available for 


harbour porpoises in the foreseeable future.  


One consequence of the lack of density dependence in the underlying population model is that 


forecasts of abundance become increasingly unrealistic over time.  As a consequence, the effects of 


disturbance will be over-estimated if forecasts are extended too far into the future.  As a rule of 


thumb, we would suggest that forecasts of population size more than 12 years after the cessation of 


disturbance activities should be treated with caution. In the case of the scenarios we have 


investigated, piling activity occurs over a period of 12 years. We have therefore included forecasts 


for up to 24 years (12 years after the projected end of planned piling), so that they cover two of the 


12 year monitoring periods proposed by Evans & Arvela (2012) - see Section 2.2.7.   
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2.2.6 Accounting for Uncertainty 


We attempt to quantify and model as many of the major sources of uncertainty involved in the 


calculation of the potential effects of disturbance on populations of marine mammals as we can.  


These include uncertainty associated with estimates of: (1) the size of the population; (2) the 


proportion of the population affected by a particular source of disturbance; (3) the number of 


animals predicted to exhibit a disturbance response as a result of one day of noise exposure; (4) the 


effects of the number of days of disturbance on vital rates, as provided by expert opinion; and (5) 


the effects of demographic stochasticity and environmental variation. 


Items (1) and (3) are related, because calculations of the number of animals predicted to experience 


disturbance depend on the estimated total population size.  The population-level effects are 


affected by uncertainty about what proportion of the population is actually exposed to disturbance 


on a particular day. We used preliminary estimates (C. Paxton, pers. comm.) of the 95% confidence 


limits on the proportion of the North Sea harbour porpoise population that is likely to occur in the 


immediate vicinity of North Sea wind farm sites to capture the combined uncertainty in items (1) 


and (3). These limits are approximately ± 50% of the mean value, although the actual values are 


likely to be log Normally distributed.  We therefore multiplied the estimate of the number of animals 


predicted to experience disturbance on one day of construction by this scalar: 


exp(N(μ=0, σ=0.25)) 


This calculation does not, however, capture uncertainty in the estimate that could result from the 


use of different models for the propagation of the noise associated with construction, or from the 


use of different ways of modelling the effects of hearing sensitivity at different frequencies, such as 


M-weighting (Southall et al. 2007) or dBht  (Nedwell et al. 2007). The number of animals predicted to 


experience disturbance would ultimately differ depending on the propagation model and hearing 


sensitivity weighting function used.  


Uncertainty in item (2) was examined by using different values for the size of the grouping that was 


vulnerable to disturbance. 


Uncertainty in item (4) was accommodated via random draws from statistical distributions derived 


from the results of the expert elicitation process, as described previously. For each iteration of the 


model, a set of parameter values is selected at random from these expert distributions.  This is 


equivalent to soliciting the opinions of a different “virtual” expert for each iteration. This expert’s 


“opinions” determine the number of days of disturbance required to have a moderate or high effect 


on vital rates (Figure 4), and the effects of this disturbance on those vital rates.   


Year to year variations in environmental conditions are likely to affect the survival and fertility rates 


for all individuals in a population.  We estimated the appropriate level for environmental variation 


(item 5) by asking experts ‘by how much do you think survival or fertility is likely to vary from year to 


year for populations of this species in northern European waters in the absence of disturbance?’ and 


invited them to choose one of six percentage values ranging from 0% to 50%.  Because this is an 


estimate of the uncertainty associated with the demographic rates, we thought it would be 
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confusing to ask experts to quantify bounds on this uncertainty.  Many survival and fertility rates for 


marine mammals are close to 1.0, so it is not possible for them to vary symmetrically around the 


mean from year to year. We therefore model environmental variation in each demographic rate 


using a Beta distribution, whose mean corresponds to the baseline value and whose variance is 


adjusted so that the lower 99% confidence limit corresponds to the mean percentage value chosen 


by the experts.  The values used are shown in Table 2. We assumed that variation in demographic 


rates is uncorrelated, both among age/stage classes and among years.  


Table 2 - Values used to describe environmental variation in demographic rates for harbour porpoises in 
North-eastern Atlantic waters, taken from Table A2.1 of Harwood et al. (2014). Each value represents the 
lower 99% confidence limit for the rate, expressed as a percentage of the mean. 


Species Pup/calf survival Juvenile survival Adult fecundity 


Harbour Porpoise 25% 30% 25% 


2.2.7 Model outputs relating to favourable conservation status 


Under the European Community Directive on the Conservation of Natural Habitats and of Wild 


Fauna and Flora (generally known as the Habitats Directive), Member States are allowed to issue a 


licence to disturb protected species, provided this will not have a negative effect on their ‘favourable 


conservation status’.  Favourable conservation status is not precisely defined, but Evans & Arvela 


(2012) advise that a population annual decline of more than 1% on average over a 12 year period 


represents unfavourable conservation status.  We therefore provide a suite of model outputs that 


are relevant to this metric.  For this report we have focused on presenting the additional risk of 


decline that the activity imposes on the population. This is important because some undisturbed 


populations decline by 1% or more simply as a result of environmental stochasticity.  We therefore 


also calculated the probability of at least a 1% decline for the undisturbed, simulated populations.  


The additional risk of an annual decline of at least 1% as a result of construction work is therefore 


the difference between the probability calculated for the disturbed populations and that calculated 


for the undisturbed populations. 


3 Methods 
Here we describe how the iPCoD model was used to explore and assess the potential aggregate 


effects of planned windfarm construction over a 12 year period in English waters of the southern 


North Sea (NS) on the on the NS harbour porpoise population.  The results of the SCANS III studies 


have recently been released (following the analyses presented here)(Hammond et al 2017) – 


indicating a stable population estimates across the 1994, 2005 and 2016 surveys. We assumed that 


these developments would affect the North Sea Management Unit (MU), as defined by the UK Inter-


Agency Marine Mammal Working Group (IAMMWG, 2015). The boundaries of this MU are shown in 


Figure 6.  IAMMWG (2015) estimated that there are 227,298 animals in this MU, based on results 


from the SCANS II surveys (Hammond et al., 2013). The report states: “MUs provide an indication of 


the spatial scales at which impacts of plans and projects alone, cumulatively and in-combination, 


need to be assessed for the key cetacean species in UK waters, with consistency across the UK”. 
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Even though we are considering only English sites here, given the uncertainty over the 


ranging/movement patterns of porpoises in the North Sea, the entire NS management unit was 


considered the most biologically meaningful unit for an assessment of potential aggregate impacts. 


It is important to note, however, that there are other potential noise-generating activities occurring 


both in and outside English waters that have not been considered here. For example, this study is 


limited to pile-driving activities for the English wind farms below. It does not consider noise from 


other wind farms being constructed in the North Sea during the study period and does not explore 


other noise sources such as shipping, geophysical and/or seismic surveys that are likely occur over 


the North Sea region within the time period of the study.  


Figure 6 - Boundaries of the North Sea (NS) harbour porpoise Management Unit, as defined by IAMMWG 
(2015) 


The sites (shown in Figure 7) that we considered in the aggregate impact scenarios were: 


 Dogger Teesside A and B


 Dogger Creyke Beck A and B


 Hornsea 1 and 2


 East Anglia 1, 3 and 4


 Triton Knoll


 Race Bank


 Dudgeon


 Galloper


In order to assess the potential for impacts using iPCoD, we required information on the following: 


 A schedule of piling activity for each wind farm site and


 An estimate of the number of porpoises disturbed on each day of pile-driving.
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3.1 Piling schedule data 


As noted above, a number of parameters must be specified in order to run the iPCoD framework. In 


order to collate these parameters, we conducted a literature search primarily focused on documents 


produced during the consent application process, such as Environmental Statements (ESs).  We 


reached out to the developers of the sites above to request the most up-to-date information to be 


used in the simulations. Data that were provided in sufficient time were incorporated into the model 


simulations. For sites where key inputs were missing, we relied on publically available information. 


Because for most wind farm sites, schedules of when piling will occur (i.e. an actual piling schedule) 


are not publically available and in many cases have not yet been determined by the developer, it was 


necessary to extrapolate information on the number and type of foundations for each site using 


information from other sites. We assumed that it takes a single day to install either a monopile 


(single pile) or a jacket foundation (e.g. with 4 pin-piles). We also assumed a worst case scenario in 


which every wind farm foundation was installed via pile-driving (i.e. no suction bucket or gravity 


base foundations were used).  


Figure 7 - The east of England with the existing and planned offshore wind development. (Note: Not all sites 
shown here were considered in the assessment)(Source: www.4coffshore.com). 


We constructed a piling schedule for all sites, allowing for concurrent construction if developers 


specified this was an option for their site. We did not limit the number of piling operations that 


could occur simultaneously in the English waters of the North Sea. This was explored as a potential 


option, but limiting the number of vessels available to install turbines had little or no effect on the 



http://www.4coffshore.com/
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temporal sequence of the proposed piling. Predicted piling schedule data were generously provided 


by Mainstream RP and RPS for the Hornsea 2 development. The predicted schedule took into 


account factors such as weather windows, transit times, trips to and from port and the actual piling 


operations themselves. The pattern of those data were generalised and used to predict piling 


schedules for sites where detailed information on potential piling schedules was unavailable. Each 


piling schedule was created using the specific numbers of foundations temporally-scaled to the 


Hornsea 2 schedule (i.e. to match the proposed periodicity and spread of piling days as in the 


Hornsea 2 piling schedule) and site-specific construction start and completion dates (provided by 


developers or stated in licensing documents).  


In an earlier stage of the project we made a preliminary assessment of the potential aggregate 


effects of offshore wind farm construction on harbour porpoises. This was conducted over a short 


timeframe and relied heavily on publically available information (such as ESs and other licensing 


application documents). Because the intention was to explore the maximum predicted aggregate 


effect, worst case estimates were chosen for the number of installed piles, time frame for 


construction and the number of concurrent operations. Following this initial assessment (presented 


in section 3), the project team decided to consult closely with developers to obtain the most realistic 


estimates of both the number and timing of proposed piling activities. Therefore an updated piling 


schedule was constructed to be used in the assessment presented herein (section 4). The piling 


schedule from the phase I of iPCoD simulations used here is shown below (Figure 8A) and the piling 


schedule using the latest and best information obtained directly from developers (October 2015) is 


presented in Figure 8B (used in phase II and III). The differences between the inputs are discussed in 


section 3.5. The updated information resulted in a refined estimate of total days of piling required to 


install all of the wind farms. This was driven by many of the wind farms being further along in the 


development process since the production of the ES, resulting in more refined estimates and 


updated plans being available. Phase I, II and III parameters are compared in section 3.5. It should 


also be noted that in this assessment, we have assumed that all of the planned offshore wind farm 


developments that are currently proposed will be built. These, and other assumptions – and their 


potential impact on predictions – are discussed further below in section 5.  
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Figure 8 - Piling schedule developed and used in phase I iPCoD assessment simulation (A) and phase II and III 
runs following consultation with developers (B) for harbour porpoises and east of England wind farm 
developments. Each mark indicates a day with piling for one of the operations (some sites have multiple, 


(A) 


(B) 
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concurrent operations on the same day). Each row indicates a different wind farm operation but colours and 
symbols between A and B do not correspond. 


3.2 Estimates of disturbance 


As with the piling schedule information, an initial assessment was made by using the worst case 


estimates of disturbance which are presented in the ES of the relevant development. If no site-


specific EIA has been carried out yet (as is the case for some of the future wind farms), the noise 


footprint and density estimate for the nearest planned wind farm (within the same Round 3 zone) 


was used for this wind farm.  


For the analyses presented here, the intention was for iPCoD to be run with the most realistic 


scenarios of pile driving schedules across the developments considered and the best possible 


estimates of disturbance  To achieve this a review was conducted of the approaches undertaken in 


deriving porpoise density and predicting impact footprints in the licensing documents. Some ESs had 


used SCANS II (Hammond et al 2013) as the density source, whilst other ESs used results from 


dedicated marine mammal surveys in the site vicinity, but had undertaken insufficient suitable 


survey effort and/or had not corrected the data for variations in effort. For the majority of cases 


therefore we used local density estimates derived from the most recent analysis of the Joint 


Cetacean Protocol (JCP) data (Paxton et al. 2016), because these provide a finer resolution of 


variations in porpoise density across the southern North Sea than those from SCANS II. The review 


identified that the Hornsea zone and Dogger Bank zone wind farms had calculated site specific 


porpoise density using robust approaches. We therefore used their values instead of those from the 


JCP, because they provided a finer level of resolution. A set of scenarios were constructed using 


estimates of disturbance based on combined ES and JCP data (henceforth described as ‘combined’ 


estimates) and using JCP derived density estimates alone  (henceforth: ‘JCP only’).  


As part of the review, we also collected data on the mean and suggested maximum impact ranges 


for harbour porpoises from ES impacts of noise assessment chapters – for the worst case, this 


consisted of the largest hammer blow energies presented in the ES documents (although it should 


also be noted that some developers have also since requested to increase the maximum hammer 


energy from that in their ES). Developers typically presented a mean and maximum value for the 


impact range (potentially due to differences in propagation at different locations).  It should be 


noted that a number of different noise impact assessment approaches (i.e. different noise 


propagation models, disturbance thresholds, and behavioural response conditions) were used in 


individual ESs. It was out with the scope of this project to standardise these values and these 


different approaches may impact the outputs of the iPCoD framework.  For each wind farm, 


estimates of the total number of porpoise disturbed were calculated by multiplying local density 


estimates (i.e. either from ES or JCP sources) by the areas equivalent to the mean and maximum 


impact range given in the development ES.  


3.2.1 Dose-response functions 


The worst case assessments of impact typically consider that all animals within the impact range 


were equally likely to be disturbed. In reality, it is expected that as the received level of sound 
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decreases with increasing range from the source, animals are less likely to be disturbed. Therefore in 


this analysis we explored the use of dose-response functions to refine estimates of porpoises 


disturbed during each piling event. We used two dose-response functions; the first, a sigmoidal 


curve developed by Thompson et al. (2013) using the results of the Brandt et al. (2011) study 


(henceforth ‘Thompson’) (Figure 9) and a second, a linear relationship presented by MEG (2015) 


using the results from Dähne et al. (2013) (henceforth ‘MEG’)(Figure 10). These dose-response 


functions were used to reflect the diminishing effects of disturbance, as range from the source (i.e. 


piling location) increases, with probability of a response/occurrence dropping to 0 at 30km and 


45km respectively. We conducted two sets of analyses using the different functions.  


For each site, we scaled the dose-response function by the mean and maximum disturbance ranges 


presented in the development ES documents while maintaining its shape. Therefore the estimates of 


disturbance used as inputs in the iPCoD simulations were based on the mean and maximum impact 


ranges, on the ‘combined’ and ‘JCP only’ density estimates adjusted using dose-response functions 


(Table 3). Analyses in this study were phased and consequently, the mean and maximum estimates 


for both the combined and JCP only density estimates were adjusted using the Thompsonfunction. 


However, a later analysis was conducted on only the ‘mean’ impact ranges and the  ‘combined’ 


density estimate adjusted with the MEG (2015) dose-response function (it was not possible to re-run 


every scenario in later analyses and therefore a subset what selected by the project team in 


discussions with NE and JNCC).  


In order to adjust the density estimates using the dose-response functions, the following 


methodology was applied. Each dose-response function was broken down into a series of points 


along the ‘Best’ function from Thompson et al (2013) and the ‘Model’ dose-response function from 


MEG (2015). Because the data used to generate the dose-response functions were for different wind 


farms with different construction programs (e.g. different pile diameters and hammer energies used 


to install the piles), we have scaled the dose response function (preserving its shape) to the largest 


impact range for each wind farm (resulting in a slightly different dose-response function for each 


wind farm). The impact zone for each site was then divided into a series of concentric rings out from 


the source (the centre) to the maximum, each with a ‘decreasing probability of occurrence’ (from 


Thompson et al., 2013) or ‘proportion displaced’ (MEG, 2015). The number of animals in each 


concentric ring was calculated and multiplied by the probability/proportion to derive the number of 


animals ‘disturbed’ in that ring and then summed across rings.   
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Figure 9 - Results from Brandt, et al 2011 converted into a Dose-Response curve by Thompson et al. 2013. 
The black line represents the model ‘Best fit’ as presented in the paper (i.e. the line of best through the data 
points) and this was used in this study. 


Figure 10- Results from Dahne et al. (2013) converted into a dose-response function by MEG (2015). The blue 
line represents a line drawn through each data point, the green line indicates a model line of best fit and was 
used in this study. 
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Table 3 – Estimates of animals disturbed from one day of piling used in iPCoD assessment scenarios. The 
estimates of disturbance used as inputs in the iPCoD simulations for the mean and maximum (italicised) 
impact ranges and the ‘combined’ (i.e. JCP & suitable ES) and ‘JCP only’ density estimates. Those calculated 
using the Thompson et al (2013) dose-response function are shown in a white shading and those using the 
MEG dose-response function in blue shading. * - indicates no values was available and so scaled using ratio of 
mean-max from other sites with both measurements available. 


Impact Range Estimates of Disturbance 


 Source (km) Thompson DR MEG DR 


Combined JCP only Combined 


Site mean max mean max mean max mean 


Hornsea 2 45.5 62 1961 3641 3835 7121 2903 


Dudgeon 33.9 39 1386 1834 same 2052 


Race Bank 29.6 35.2 593 839 same 879 


Triton Knoll 34 38.9 1401 1834 same 2075 


East Anglia 1 26.5 29.5 958 1187 same 1418 


East Anglia 3 49.5 62 3233 5071 same 4787 


East Anglia 4 48.5 61 3069 4855 same 4545 


Hornsea 1 37.7 46.6 1201 1834 2860 4370 1778 


Dogger Creyke A 24 28.5 719 719 650 917 1065 


Dogger Creyke B 42 56 771 771 1426 2536 1142 


Dogger Teesside A 27.5 33 939 939 562 809 1390 


Dogger Teesside B 27.75 33.5 864 864 666 971 1279 


Galloper 40.3* 49 1388 2050 same 2055 


Subtotals 18,482 26,439 22,029 34,396 27,369 


3.3  Residual days of disturbance 


As noted previously, the iPCoD framework has the facility to specify the number of ‘residual’ days of 


disturbance experienced by disturbed animals (section 2.2.4). In order to develop the most realistic 


simulations, we reviewed the available studies of disturbance that contained information that could 


be used to inform the choice of this value. Each of these is described briefly below. 


3.3.1 Brandt et al., 2011 


The authors used TPODs to monitor the occurrence of harbour porpoise around the Horns Rev wind 


farm construction in Denmark using 3.9 m diameter monopiles (using a maximum hammer energy of 


~900 kJ). They concluded: “Porpoise acoustic activity was reduced by 100% during 1 h after pile 


driving and stayed below normal levels for 24 to 72 h at a distance of 2.6 km from the construction 


site. This period gradually decreased with increasing distance. A negative effect was detectable out 


to a mean distance of 17.8 km. At 22 km it was no longer apparent, instead, porpoise activity 


temporarily increased. Out to a distance of 4.7 km, the recovery time was longer than most pauses 


between pile driving events.” (Table 4). It is important to note that the pile diameter and hammer 


energy used at the Horns Rev wind farm are much smaller/lower than those being considered with 


English North Sea wind farms. 
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Table 4 - Table of 'recovery times' from Brandt et al 2011 at different ranges from the source. PPM/h is 
porpoise positive minutes per hour. 


POD  Station Mean distance (km) Duration of pile driving effect on PPM/h (h) 


1 2.5 24-72 


2 3.2 18-40 


3 4.8 17-42 


4 10.1 9-21 


5 17.8 10-23 


6 21.2 0 


3.3.2 Dähne et al., 2013 


Dähne et al. (2013) used CPOD data to the response of porpoise at the Alpha Ventus wind farm in 


the German North Sea where 2.6 m diameter piles were vibrated into position and then piled using 


500 kJ hammer energy. They found that the first waiting time for porpoise clicks (a measure of how 


long porpoises are displaced during or after a piling event) increased by 9.9 hr during piling.  This 


suggests that some harbour porpoises may return to an area within 24 hrs of the disturbance. 


However, again it is important to consider the small pile diameter and the relatively low hammer 


blow energy used at the site. Nevertheless, we have included a capability to model the effects of 


disturbance that lasts for less than one day in the version of the iPCoD framework used in this 


report.   


3.3.3 Other studies considered 


Tielmann & Carstensen (2012) looked at seasonal patterns in the occurrence of porpoises and 


difference in periods of silence (waiting time) in an impact area and a reference zone away from a 


windfarm). They found that periods of 10 mins or more with no porpoise clicks occurred significantly 


more frequently at the impact site, suggesting animals were either absent from, or present but not 


vocalising in, the impact site during construction. Unfortunately, this study does not provide 


information to parameterise the persistence of disturbance within the iPCoD model. Tougaard et al. 


(2012) exposed porpoise to piling noise (received level ~140dB re 1 µPa at 200 m from the speaker) 


and suggested that animals are more likely to vacate the impact area rather than remain there and 


cease vocalisations.  


3.3.4 Modelling residual disturbance in this study 


The persistence of the effects of disturbance are poorly understood with only a small number of 


passive acoustic monitoring (PAM) studies trying to explore this subject. Given the range of pile 


diameters and proposed hammer blow energies to be used at many of the sites in this assessment, it 


was deemed appropriate to explore a range of residual disturbance scenarios. Firstly, we considered 


a scenario in which animals that are disturbed within 10% of the total impact range of a piling 


operation were assumed to experience 2 days of residual disturbance (i.e. a total of 3 days of 


disturbance), whereas animals further away from the source (11-100% of the total impact range) 


were assumed to experience 1 day of residual disturbance (i.e. a total of 2 days of disturbance).  We 


also explored a scenario where animals in the inner 10% of the impact range experienced a total of 3 


days disturbance with the remainder receiving only 1 day (i.e. no residual disturbance beyond the 


day of disturbance). Furthermore we explored the inner 10% experiencing 3 days and the remainder 
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receiving 2 days. We also explored a scenario where animals in the inner 25% of the impact range 


experienced a total of 2 days disturbance (the average upper range for the inner 25% of range) with 


the remainder experiencing a single day of disturbance (the lower range). Not all scenarios (datasets, 


and vulnerable groupings (see section 3.4)) were run for each set of parameters. These are outlined 


in Table 5 below. 


3.4 Vulnerable groupings 


We considered two scenarios with respect to the vulnerable grouping (see “Glossary”) of animals in 


simulations – to explore population two possible bounds of how the harbour porpoise MU we have 


considered might be affected by disturbance. The first scenario assumed all animals within the North 


Sea MU are equally vulnerable to the disturbance resulting from the installation of wind farms in the 


Southern North Sea. This would be akin to a population that is widely ranging with high local 


turnover of individuals (i.e. none or a very small level of site fidelity). Under this scenario would 


typically result in a large number of animals each being exposed to a relatively small amount of 


disturbance. A second scenario was developed to explore the sensitivity of iPCoD simulations to this 


parameter. We assumed an alternative scenario in which there was a vulnerable grouping in the 


Southern North Sea based on the estimated number of animals in Block B and U of the SCANS II 


survey (Figure 10). These are equivalent to 39% and 12% (51% in total) of the total size of the MU 


population respectively. In this scenario only the animals in this group could be exposed  to 


disturbance (and all animals outside this grouping are undisturbed for the duration of the 


simulation). This results in a smaller number of animals being exposed to a relatively larger amount 


of disturbance. This would be akin to a population whose individuals may show a higher degree of 


site fidelity. 


Figure 11 - Surveys blocks from SCANS II surveys. 
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3.5 Summary of differences between phases of assessment 


The engagement and consultation with offshore wind site developers resulted in a more realistic set 


of input parameters for the iPCoD simulations. The key differences between phase I (based on a 


literature search) and phases II and III (information collated via consultation with developers and use 


of the dose-response curve) are summarized in Table 6. The consultation resulted in the most up-to-


date and realistic estimates of the number of days of piling required. The phase I simulations used a 


total of 2,429 days of piling required across 22 operations and a 10 year construction period. The 


phase II and III simulations used a total of 1,827 days of piling across 16 operations (for a number of 


sites developers confirmed the option for concurrent piling from multiple installation vessels was 


removed from their plans) and a 12 year construction period.   


Table 5 - Breakdown of key differences in piling operations between Phase I and Phase II simulations. 


Phase Total Piling Days Operations Years of Construction 
Number of animals 


disturbed 


Phase I 2,429 22 10 17,034 – 90,431 


Phase II and III 1,827 16 12 19,761 – 34,396 


The use of the dose-response curve, and the JCP and ES estimates of porpoise density resulted in a 


reduction in the estimates of the numbers of animals disturbed by each day of piling. The estimate 


of the total number of porpoises disturbed used in the phase I simulations was 17,031 – 90,431. This 


was reduced to 19,761 – 34,396 animals in the phase II and III simulations. A summary of all the 


scenarios is presented below (Table 7). 


Table 7 - Overview of the variations among phase II and III iPCoD assessment scenarios considered in this 
study. 


Density estimate  
sources 


Dose response 
function 


Total days of disturbance Vulnerable 
Groupings? 


Phase 


JCP only –maximum 
impact ranges 


Thompson et al 
2013 


3 days (inner 10%) and 1 
(remainder) 


All vulnerable & 1 
VG (SCANS B & U) 


II 


JCP only – mean impact 
ranges 


Thompson et al 
2013 


3 days (inner 10%) and 1 
(remainder) 


All vulnerable & 1 
VG (SCANS B & U) 


II 


Combined – maximum 
impact ranges 


Thompson et al 
2013 


3 days (inner 10%) and 1 
(remainder) 


All vulnerable & 1 
VG (SCANS B & U) 


II 


Combined – mean impact 
ranges 


Thompson et al 
2013 


3 days (inner 10%) and 1 
(remainder) 


All vulnerable & 1 
VG (SCANS B & U) 


II 


Combined – mean impact 
ranges 


Thompson et al 
2013 


3 days (inner 10%) and 2 
(remainder) 


All vulnerable & 1 
VG (SCANS B & U) 


III 


Combined – mean impact 
ranges 


MEG 2015 3 days (inner 10%) and 2 
(remainder) 


All vulnerable & 1 
VG (SCANS B & U) 


III 


Combined – mean impact 
ranges 


Thompson et al 
2013 


2 days (inner 25%) and 1 
(remainder) 


All vulnerable III 


Combined – mean impact 
ranges 


MEG 2015 2 days (inner 25%) and 1 
(remainder) 


All vulnerable III 
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4 Results 
For this report we have focused on presenting the additional risk of decline that the construction 


activity may impose on the population. This is important because some undisturbed model 


populations were forecast to decline by 1% or more, simply as a result of environmental 


stochasticity (i.e. in the absence of any disturbance).  We therefore calculated the probability of at 


least a 1% decline for the undisturbed, simulated populations.  The “additional risk” of an annual 


decline of at least 1% as a result of construction work is therefore the difference between the 


probability calculated for the disturbed populations and that calculated for the undisturbed 


populations. 


We present information on the probability of a greater than 1% annual decline (which we refer to as 


“additional risk” or “risk”) 6, 12, 18 and 24 years after the start of construction work. As there are 12 


years of proposed construction in the simulations, these first two values indicate the risk during 


construction to the population, in this case equivalent to the North Sea management unit.  The 


second two values indicate the risk to the management unit following the end of proposed 


construction under the scenarios modelled.  


Phase I scenarios were run using only the worst-case assessments of disturbance from the 


Environmental Statements and with no dose-response adjusted estimates – therefore it was 


assumed that all animals out to the maximum impact range were disturbed. We also used the phase 


I assessments of the number of foundations and piling plans. Using these worst-case estimates, the 


additional risk of  >1% annual decline 12 years after construction started were between 1 in 5 and 1 


in 8 (i.e. if such realities played out between 5 and 8 times, then in one of those instances there 


would be an annual decline of >1%). Follow that phase I assessment developers were contacted and 


more realistic scenarios were generated. These results are explored below and full results are 


presented in Table 7). 


4.1 All animals vulnerable to disturbance 


In scenarios using the Thompson DR function and assuming a 3 /1 (10% / 90%)(see Table 8 caption) 


the additional risk of an annual decline of >1%/yr at the end of construction was predicted to be 


highest (0.030, i.e. an annual decline >1% occurred in approximately 1 in 33 scenarios) when the 


maximum impact ranges and JCP only density estimates were used (Table 8). This decreased to 


0.025 (1 in 40 scenarios) six years after the end of construction, and to 0.024 (1 in 42) 12 years after 


the end of construction (i.e. year 18 and 24 respectively). When the ‘combined’ JCP and ES estimates 


and mean impact ranges were used, the risk was reduced to 0.005 (i.e. an annual decline >1% 


occurred in 1 in 200 scenarios) at the end of construction and 0.003 (1 in 333) 12 years after the end 


of construction (i.e. year 24). With the combined mean estimates, when the day of disturbance was 


increased to 3 & 2 (10%/90%) the risk of a 1% annual decline at the end of construction was 0.019 (1 


in ~50, decreasing to 0.01 (1 in 100), 12 years after the end of construction. When the days of 


disturbance was amended to 2 & 1 (25% / 75%), the corresponding additional risk was 0.003 (1 in 


~333) at the end of construction.  The same scenarios as above were modelled using the MEG dose-
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response function and the additional risks were 0.028 (3 & 2)(1 in 35) and 0.006 (2 & 1)(1 in ~166) at 


the end of construction. 


4.2 One vulnerable grouping (SCANS B & U blocks) 


In this scenario, we assumed that only 51% of the North Sea MU (i.e. equivalent to animals in SCANS 


II Blocks B and U) are likely to be exposed to disturbance from the modelled construction operations. 


This results in higher predicted additional risk of annual declines of > 1% (Table 8). This was as 


expected given that each animal will receive more days of disturbance as there are less animals in 


the vulnerable grouping compared to the entire MU grouping. The highest risk (0.061 - an annual 


decline >1% occurred in approximately 1 in 16 scenarios) was predicted to occur at the end of 


construction (year 12) when the maximum impact ranges and JCP only density estimates were used. 


This risk decreased to 0.048 (1 in 21) six years later and to 0.052 (1 in 19) 12 years after the end of 


the modelled construction. When the ‘combined’ (JCP and ES) estimates and mean impact ranges 


were used, the risk was 0.007 (i.e. an annual decline >1% occurred in 1 in 143 scenarios) at the end 


of construction and 0.005 (1 in 200) 12 years after the end of construction (i.e. year 24). With the 


combined mean estimates, when the day of disturbance was increased to 3 & 2 (10%/90%) the risk 


of a 1% annual decline at the end of construction was 0.043 (1 in ~23, decreasing to 0.029 (1 in 34), 


12 years after the end of construction. The same scenarios as above were modelled using the MEG 


dose-response function and the additional risks were 0.058 (3 & 2)(1 in ~17) at the end of 


construction. As expected, in all scenarios run in this project, the risk of annual declines of greater 


than 2% or 5% were both lower than for the risk of a 1% annual decline across all the different 


scenarios. 
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Table 8 - Forecast effects of construction at windfarm sites in the English North Sea under a range of scenarios. The results are split into a series of column groupings 
indicating the parameters used in each scenario. The first is whether all animals in the North Sea were considered vulnerable (as advised in IAMMWG, 2015)(section 3.4) 
or whether only a sub-grouping of animals were vulnerable to disturbance (here - animals in SCANS II block B & U are vulnerable to disturbance – and no other animals 
in the population are disturbed). Scenarios were sub-setted by the density estimates (JCP or combined) and whether the mean or maximum impact range was used in the 
calculation of the number of animals disturbed (section 3.2). Scenarios run using different dose-response functions (section 3.2.1) are shown as either Thompson (for 
the function from Thompson et al (2013))(plain text) or MEG (from the Marine Expert Group (2015))(italicized). Different values were used to explore the effects on the 
population of different levels of the persistence of disturbance on individuals (section 3.3.4). In particular, for each scenario under ‘Days Disturbance’ the first value 
shows the number of days of disturbance experienced by animals close to the pile-driving (see % impact range vs DD) and the second value indicates the number of days 
of disturbance experienced by the remainder of exposed animals. The ‘% impact range vs. DD’ indicates what proportion (expressed as  a percentage) of animals receive 
the higher level of disturbance vs the remainder. For example a ‘3 / 1’ and ‘10/90’ respectively indicates that in this scenario animals in the inner 10% of the impact zone 
received 3 days of disturbance and the remaining 90% receive a single day of disturbance. 


The values in each column indicate the probability of an annual population decline of 1% or greater 6, 12, 18 and 24 years after the start of construction. This can be 
interpreted as odds by dividing 1 by the probability. For example, a value of 0.04 corresponds to odds of 1 in 25 risk of a 1% annual decline. Shading indicates whether 
construction is ongoing at this stage of assessment.  


Vulnerable Grouping All vulnerable 1 vulnerable grouping (51% of MU) 


Density estimates used 
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Days Disturbance (DD) 3 / 1 3 / 1 3 / 1 3 / 1 3 / 2 2 / 1 3 / 2 2 / 1 3 / 1 3 / 1 3 / 1 3 / 1 3 / 2 3 / 2 


% impact range vs. DD 10/90 10/90 10/90 10/90 10/90 25/75 10/90 25/75 10/90 10/90 10/90 10/90 10/90 10/90 


Year 6 0.040 0.010 0.009 0.003 0.025 0.004 0.034 0.011 0.081 0.031 0.021 0.008 0.045 0.062 


Year 12 0.030 0.004 0.008 0.005 0.019 0.003 0.028 0.006 0.061 0.032 0.025 0.007 0.043 0.058 


Year 18 0.025 0.005 0.005 0.003 0.019 0.004 0.025 0.001 0.048 0.013 0.013 0.003 0.041 0.054 


Year 24 0.024 0.003 0.007 0.003 0.010 0.003 0.025 0.005 0.052 0.016 0.014 0.005 0.029 0.040 
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5 Discussion 


This iPCoD assessment has used the most-up to date and realistic scenarios of piling schedules for 


offshore wind farms off the east of England and estimated the additional risk that the proposed 


developments might pose upon the harbour porpoise North Sea management unit. By liaising with 


developers to get the most realistic predictions of the temporal and spatial scale of planned 


development and by utilising the latest information sources (e.g. the Joint Cetacean Protocol and 


estimated dose response functions), the assessment provides a range of potential outcomes. The 


results of the simulations conducted here indicate that the risk to the North Sea harbour porpoise 


management unit of a 1% or greater annual decline over the 12 year simulated construction period 


is likely to be low, but defining the precise level of risk is heavily dependent on a range of specified 


parameters. At the end of the construction period the additional risks of a 1% annual decline as a 


consequence of the planned construction were between 1 in 16 and 1 in 333. Variations in risk are 


not driven by different expert opinion (as these are sampled across via 1000s of simulations in each 


scenario), but instead by controlled factors in different scenarios. These factors include the longevity 


of disturbance effects (residual days of disturbance), porpoise density, the size of impact range 


(mean estimates va maximum estimates) and dose response functions (i.e. what proportion of 


animals respond within the impact zone). 


It is important to consider that these simulations are only indicative of what is forecast in relation to 


under the scenarios we have developed. We urge caution in interpretation of the results herein and 


in interpolation/extrapolation of how factors not considered here impact forecasts of population 


decline risk. These are outlined below.  


Crucially, as noted above, these forecasts from the iPCoD model are sensitive to a number of 


assumptions about harbour porpoise behaviour – particularly how the effects of pile-driving vary 


with range from the source (i.e. different dose response curves), and on the persistence of these 


disturbance effects on individuals – for example, the literature reviewed above and used in iPCoD 


scenarios here measured porpoise responses on isolated wind farms using smaller diameter piles 


and significantly lower hammer energies than is being proposed in the English North Sea. It is 


unclear how these porpoises respond to larger pile diameters and hammer energies. Another key 


parameter was the number of animals vulnerable to disturbance from the planned windfarms, i.e. 


whether all porpoises in the North Sea are equally vulnerable or not. Whilst this species is wide-


ranging and individuals may display large scale movements, there is also evidence that individuals 


might undertake small scale movements for several weeks in a given area, possibly due to the 


quality of the habitat (Nabe-Nielsen, et al 2013) before travelling long distances (e.g. Teilmann et al 


2004). This could potentially expose individuals multiple times to disturbance from the planned 


construction.  The English North Sea wind farm sites are largely located within or in the vicinity of 


the Southern North Sea candidate Special Area of Conservation for harbour porpoise. This area was 


designated based on persistent, higher densities of porpoises than elsewhere in the UK North Sea1. 


More empirical data is needed on the way in which individual harbour porpoises respond to piling 


1 http://jncc.defra.gov.uk/pdf/SouthernNorthSeaSelectionAssessmentDocument.pdf 
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noise in the open sea, as well as on their movement patterns and ranges in the North Sea. Other 


studies have further explored the behaviour of porpoises around wind farm construction. For 


example, Heinis et al (2015) developed a cumulative (referred to here as aggregate) impact 


assessment assuming that windfarm indicative capacity (in GW) was representative of piling days. 


After the scenarios had been run this study, Brandt et al (2016) analysed the effect of construction 


of eight wind farms in the German North Sea on harbour porpoises, using PAM and aerial survey 


data. Further exploration of the data and analyses presented there may deliver new dose response 


functions for porpoise response to range of pile diameters (and blow energies).  In addition to the 


points above, further work is required in order to apportion the uncertainty in forecasts to different 


sources  - i.e. to identify improvements to the iPCoD model and associated input parameters – to aid 


aggregate assessments. 


5.1 Limitations and Uncertainty 


5.1.1 iPCoD framework 


There are a number of sources of uncertainty and limitations in this assessment – some of which are 


noted above. Some of the limitations and uncertainties are incorporated into the iPCoD model and 


are detailed in Harwood, et al. (2014) and King et al (2015), the most important of which are noted 


below.  


As noted in section 2.2.5, the population dynamics model that underpins the iPCoD framework does 


not include any density dependence. As a result, simulated populations that are predicted to decline 


in size as a result of the effects of disturbance do not recover once the source of disturbance is 


removed. Instead, they are forecast to remain at this reduced population size, with numbers 


fluctuating from year to year as a result of variations in environmental conditions.  This is almost 


certainly unrealistic: one would expect some recovery because more resources will be available for 


each of the surviving animals, provided there is no change in any of the other threats to the 


population.  However, it is not practicable, given the current state of knowledge about the North Sea 


harbour porpoise population, to provide any reliable guidance on the rate at which the population 


might recover from a reduction in size. Because density dependence is not included in the model 


(which would improve the chances the population would recover), in this respect the forecasts in 


this assessment can be considered conservative. 


It is also important to stress that the forecasts made using the iPCoD framework rely on the opinions 


of experts about the potential effects of disturbance on harbour porpoise survival and reproduction. 


Although the elicitation process that was used to canvas these opinions in 2013 was designed to 


reduce potential biases and to provide a realistic measure of among- and within-expert uncertainty, 


these forecasts should be interpreted with caution until empirical data are available. It is unclear at 


this stage whether the assessments of experts in the expert elicitation are conservative or not and 


this can only be addressed by the robust collection of empirical data on the effects of disturbance on 


the vital rates of harbour porpoises.  
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5.1.2 Input data for models 


Other elements which are independent of the iPCoD model but are equally important as they to 


drive the forecasts are the input data specified by the user. Here we have made assumptions, 


attempting to provide the most realistic scenarios possible for running iPCoD model. Some of the 


assumptions cover the following areas: 


 The total number of wind farms that will be built in the region over the next 10-12? years.


 The total number of foundations that will be piled at each (as opposed to suction


bucket/gravity base foundations).


 The total number of foundations that will require the blow energies stated in the


development ESs (which dictated the size of the impact zone)


It is also important to note, however, that there are other potential noise-generating activities 


occurring both in and outside English waters that have not been considered here. For example, this 


study is limited to pile-driving activities for the English wind farms below. It does not consider noise 


from the other several wind farms being constructed in the North Sea during the study period and 


does not explore other noise sources such as shipping, geophysical and/or seismic surveys that are 


likely occur over the North Sea region within the time period of the study. Whilst we do not have 


information on other noise sources, Heinis et al (2015) projected that there were a total of 47 wind 


farms constructed in the North Sea between 2016 and 2024 (though it should be noted a number of 


these projects have not been developed (e.g. Seagreen) or have minimal or no pile-drivng (e.g. 


Hywind). If this were accurate, then this aggregate impact study has explored the effect of ~28% of 


total construction planned in the region. If there is more disturbance, then it would be expected that 


risk of decline would increase (though we cannot say by how much and we cannot be sure what the 


relationship is), though Heinis et al 2015 explored this further. 
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bycatch.Appendix D1.2 to the Final Report on LIFE Project Number LIFE04NAT/GB/000245 Small Cetaceans in the 


European Atlantic and North Sea (SCANS-II). 


7.2 Environmental Statements Used (As of December 2015) 
https://www.og.decc.gov.uk/EIP/pages/recent.htm 


7.2.1 Dogger Teesside A and B 


 http://www.forewind.co.uk/uploads/files/TeessideAB/Application_Documents/6.Environmental_Statement/6.1_ES_
Chapter_1_Introduction.pdf


 http://www.forewind.co.uk/uploads/files/Teesside/Phase2_Consultation/Chapter_14_Marine_Mammals.pdf


7.2.2 Dogger Creyke Beck 


 http://www.forewind.co.uk/uploads/files/Creyke_Beck/Application_Documents/6.1_Chapter_1_Introduction_-
_Application_Submission_DVD_F-OFC-CH-001_Issue_5.pdf


 http://www.forewind.co.uk/uploads/files/Teesside/Phase2_Consultation/Chapter_14_Marine_Mammals.pdf


7.2.3 Hornsea 1 and 2 


 http://infrastructure.planningportal.gov.uk/wp-content/ipc/uploads/projects/EN010033/2.%20Post-
Submission/Application%20Documents/Environmental%20Statement/7.1.3%20Project%20Description.pdf


 http://infrastructure.planningportal.gov.uk/wp-content/ipc/uploads/projects/EN010033/2.%20Post-
Submission/Application%20Documents/Environmental%20Statement/7.2.4%20Marine%20Mammals.pdf


 http://infrastructure.planningportal.gov.uk/wp-content/ipc/uploads/projects/EN010053/2.%20Post-
Submission/Application%20Documents/Environmental%20Statement/7.1.1%20Introduction.pdf


 http://infrastructure.planningportal.gov.uk/wp-content/ipc/uploads/projects/EN010053/2.%20Post-
Submission/Application%20Documents/Environmental%20Statement/7.2.04%20Marine%20Mammals.pdf


 http://www.smartwind.co.uk/preliminaryenvironmentalinformation.aspx


 http://www.smartwind.co.uk/submission_documents.aspx


7.2.4 East Anglia 1, 3 and 4 


 http://www.scottishpowerrenewables.com/pages/east_anglia_one.asp


 http://infrastructure.planningportal.gov.uk/wp-content/ipc/uploads/projects/EN010025/2.%20Post-
Submission/Application%20Documents/Environmental%20Statement/7.2.1%20Volume%201%20Chapter%201%20In
troduction.pdf


 http://infrastructure.planningportal.gov.uk/wp-content/ipc/uploads/projects/EN010025/2.%20Post-
Submission/Application%20Documents/Environmental%20Statement/7.3.6%20Volume%202%20Chapter%2011%20
Marine%20Mammals.pdf


 http://infrastructure.planningportal.gov.uk/wp-content/ipc/uploads/projects/EN010025/2.%20Post-
Submission/Application%20Documents/Environmental%20Statement/7.3.6a%20Volume%202%20Chapter%2011%2
0Marine%20Mammals%20Figures%20%28Fig%2011.1%20-%2011.9%29.pdf


 https://eastangliathree.eastangliawind.com/downloads.aspx


 https://eaow.opendebate.co.uk/files/PEIR/EA3_Chapter_1_Introduction.pdf


 https://eaow.opendebate.co.uk/files/PEIR/EA3_Chapter_12_MarineMammalEcology.pdf
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 https://eastangliafour.eastangliawind.com/


 http://infrastructure.planningportal.gov.uk/projects/eastern/east-anglia-four-offshore-wind-farm/


 http://infrastructure.planningportal.gov.uk/wp-content/ipc/uploads/projects/EN010057/1.%20Pre-
Submission/EIA/Scoping/Scoping%20Request/EN010057_East%20Anglia%20Four_Scoping%20Report_low%20resolu
tion.pdf


7.2.5 Triton Knoll 


 http://www.rwe.com/web/cms/mediablob/en/2613328/data/2311810/1/rwe-innogy/sites/wind-
offshore/developing-sites/triton-knoll/more-on-the-electrical-system-consultation/Vol2-Chapter-1-Introduction-
complete.pdf


 http://www.rwe.com/web/cms/mediablob/en/2613122/data/2311810/1/rwe-innogy/sites/wind-
offshore/developing-sites/triton-knoll/more-on-the-electrical-system-consultation/Vol1-Chapter-10-Marine-
Mammals-complete.pdf


7.2.6 Race Bank 


 http://www.dongenergy.co.uk/uk-business-activities/wind-power/offshore-wind-farms-in-the-uk/race-bank


 https://www.centrica.com/files/pdf/centrica_energy/racebank_nontechnical_summary.pdf


7.2.7 Dudgeon 


 http://dudgeonoffshorewind.co.uk/about/consenting_docs.php


7.2.8 Galloper 


 http://www.galloperwindfarm.com/documents
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http://www.rwe.com/web/cms/mediablob/en/2613328/data/2311810/1/rwe-innogy/sites/wind-offshore/developing-sites/triton-knoll/more-on-the-electrical-system-consultation/Vol2-Chapter-1-Introduction-complete.pdf

http://www.rwe.com/web/cms/mediablob/en/2613122/data/2311810/1/rwe-innogy/sites/wind-offshore/developing-sites/triton-knoll/more-on-the-electrical-system-consultation/Vol1-Chapter-10-Marine-Mammals-complete.pdf

http://www.rwe.com/web/cms/mediablob/en/2613122/data/2311810/1/rwe-innogy/sites/wind-offshore/developing-sites/triton-knoll/more-on-the-electrical-system-consultation/Vol1-Chapter-10-Marine-Mammals-complete.pdf

http://www.rwe.com/web/cms/mediablob/en/2613122/data/2311810/1/rwe-innogy/sites/wind-offshore/developing-sites/triton-knoll/more-on-the-electrical-system-consultation/Vol1-Chapter-10-Marine-Mammals-complete.pdf
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INTRODUCTION


In Europe, offshore wind energy is rapidly devel-
oping as an alternative energy source to nuclear
power and fossil fuels. Since the opening of the
world’s first offshore wind farm (OWF), Vindeby in


Denmark, in 1991, construction increased rapidly,
especially from 2009, with 81 wind farms and 3589
turbines in operation in European waters by the end
of 2016 with a production capacity of about 12 631 MW
(Pineda & Tardieu 2017). While this is considered
an important step towards more environmentally
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ABSTRACT: We investigated the disturbance effects of offshore windfarm construction on har-
bour porpoises Phocoena phocoena using acoustic porpoise monitoring data and noise measure-
ments during construction of the first 7 large-scale offshore wind farms in the German Bight be -
tween 2010 and 2013. At 6 wind farms, active noise mitigation systems (NMS) were applied
during most piling events, and 1 was constructed without. Based on generalized additive model-
ling analyses, we describe a clear gradient in the decline of porpoise detections after piling, de -
pending on noise level and distance to piling. Declines were found at sound levels exceeding
143 dB re 1 µPa2s (the sound exposure level exceeded during 5% of piling time, SEL05) and up to
17 km from piling. When only considering piling events with NMS, the maximum effect distance
was 14 km. Compared to 24−48 h before piling, porpoise detections declined more strongly during
unmitigated piling events at all distances: at 10−15 km declines were around 50% during piling
without NMS, but only 17% when NMS were applied. Within the vicinity (up to about 2 km) of the
construction site, porpoise detections declined several hours before the start of piling and were
reduced for about 1−2 d after piling, while at the maximum effect distance, avoidance was only
found during the hours of piling. The application of first generation NMS thus reduced the effect
range of pile driving and led to a lower decline of porpoise detections over all distances. However,
NMS were still under development and did not always work with equal efficiency. As NMS have
further developed since, future investigations are expected to show additional reduction of distur-
bance effects.
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friendly power production, concern has been raised
about potential negative impacts of construction and
operation of wind turbines on the marine environ-
ment (Madsen et al. 2006). Much of this concern
addresses the effects on marine mammals that are
influenced by pile driving noise generated during
construction of the wind turbines (Carstensen et al.
2006, Tougaard et al. 2009, Bailey et al. 2010, Thomp-
son et al. 2010, Brandt et al. 2011, Dähne et al. 2013).
A key species in this respect in Northern Europe is
the harbour porpoise Phocoena phocoena, which is
listed as a protected species in Annex IV of the Coun-
cil Directive 92/43/EEC. Due to their widespread
occurrence in the North and Baltic Seas, harbour
 porpoises are likely present in every European OWF
constructed to date (Gilles et al. 2009, Peschko et al.
2016, Hammond et al. 2017). Because of their high
dependency on echolocation for orientation and for-
aging, harbour porpoises are vulnerable to noise-
generating anthropogenic ac tivities (Madsen et al.
2006, Lucke 2010, Tougaard et al. 2015).


Most turbines constructed to date have been
placed on steel foundations that were driven into the
sea floor using large hydraulic hammers. This pile
driving operation causes large underwater noise
emissions that can be detected up to 70 km from the
source (Bailey et al. 2010). At short range, noise lev-
els can induce physiological effects such as tempo-
rary or permanent increases in the hearing threshold
(temporary threshold shift and permanent threshold
shift; Southall et al. 2007, Lucke et al. 2009, Kastelein
et al. 2016). At noise levels where physiological in -
jury is no longer a concern, noise can still interfere
with the animals’ ability to orientate, communicate
and forage or simply be perceived as unpleasant,
likely causing avoidance behaviour (Ellison et al.
2012, Harris et al. 2018). This may then cause a de -
crease in energy intake via lost feeding time (Nabe-
Nielsen et al. 2018, Wisniewska et al. 2018). In some
cases, noise may also cause a decrease in foraging
efficiency, even when porpoises are not de terred
(Pirotta et al. 2014). Being a small marine mammal
with a low volume to surface ratio and living in cold
to temperate waters, a porpoise’s metabolic expendi-
ture is relatively high and it may therefore have to
consume about 10% of its body weight each day
(Kastelein et al. 1997, Lockyer et al. 2003). This high
energy expenditure together with little capacity for
energy storage makes porpoises more vulnerable to
starvation, and hence to pile driving noise, than
many other cetaceans (Wisniewska et al. 2016).


It is difficult to judge at what level disturbance by
noise affects an individual’s fitness (Christiansen &


Lusseau 2015) and at what point population level
consequences are to be expected. It therefore seems
sensible to focus on the onset of avoidance behav-
iour, which is relatively easy to detect and which
leaves little doubt as to cause and effect if observed
directly after the onset of a given stimulus. Having to
allocate time to swimming away from disturbance
also compromises time that may otherwise be spent
foraging, especially if an animal was engaged in
 foraging when being disturbed and must now invest
time to find a new profitable foraging location.


Harbour porpoises are difficult to study using visual
observations, because of their small size, relatively
cryptic behaviour and far-ranging movements. Visual
methods are also highly dependent on prevailing
weather conditions, which makes it almost impossi-
ble to time them precisely to particular construction
activities. Studies looking at construction effects on
porpoises have therefore mainly used passive acoustic
monitoring, in most cases applying the ‘T-POD’, or its
successor the ‘C-POD’, specially designed to record
harbour porpoise echolocation clicks (Chelonia Ltd.;
Tregenza et al. 2016). This method enables the col-
lection of long time series of porpoise presence data
that can be related to the presence of construction
activities. A decrease in porpoise detections does not
necessarily indicate avoidance behaviour, but could
also result from changes in acoustic behaviour. How-
ever, there is now considerable evidence for a direct
link between acoustic porpoise recordings and por-
poise densities (Sveegaard et al. 2011, Kyhn et al.
2012, Brandt et al. 2013b, Dähne et al. 2013, Wil -
liamson et al. 2016).


Several studies using PODs to look at the distances
over which porpoises are disturbed by pile driving
during wind farm construction found effects of piling
without active noise mitigation systems (NMS) at
 distances up to 15−20 km from the construction site
(Carstensen et al. 2006, Tougaard et al. 2009, Brandt
et al. 2011, Dähne et al. 2013). However, study de -
sign, data availability and analysis methods varied
substantially between these studies, so results may
not be directly comparable. In some studies, data
from crucial distances were also not available, mak-
ing it difficult to estimate the exact disturbance
range. Furthermore, not all studies involved acoustic
measurements of piling noise, or there was too much
uncertainty concerning transmission loss over larger
distances. Consequently, no conclusions could be
drawn about the noise levels at which porpoises
started to avoid piling noise. Dähne et al. (2013) only
gave a relatively broad range, of between 139 and
152 dB re 1 µPa2s sound exposure level (SEL), at which
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a reaction from porpoises was found. During an ex -
perimental study on captive animals, Kastelein et al.
(2013) observed a significant increase in jumping
 frequency of harbour porpoises when exposed to
playback noise of pile driving at an SEL of 145 dB
re 1 µPa2s. However, whether this threshold corre-
sponds to conditions observed in the field is uncer-
tain. A recent review by Tougaard et al. (2015), tak-
ing into account several studies on porpoise reaction
to different sources of anthropogenic noise and the
frequency spectrum of the noise given in these stud-
ies (which usually reported unweighted broad band
noise levels), confirmed that behavioural reactions of
porpoises are dependent on the frequency spectrum
of the noise. They suggested that behavioural reac-
tions are usually found at about 40−50 dB above the
frequency-specific hearing threshold. Analysing field
data and linking reaction distances to the perceived
noise level is required to draw general conclusions
on the reactions of porpoises to piling noise.


No common regulation exists within the EU re -
quiring noise mitigation for OWF construction. Only
some countries, including Germany, Denmark and
Belgium, have issued regulations, which force wind
farm developers to reduce noise emission by active
mitigation. Some of the strictest regulations in the
EU were put in place by the German government,
with permits for new OWF only being issued under
the condition that levels for impulsive noise do not
exceed 160 dB re 1 µPa2s for the SEL exceeded dur-
ing 5% of piling time (SEL05) at 750 m from the piling
location and that marine mammals are to be deterred
from the vicinity of the construction site prior to pil-
ing by using acoustic deterrence devices such as a
seal scarer and by using a soft start procedure. This
aims at avoiding the temporary threshold shift in por-
poises, which is considered a physical injury. In
the context of the ‘Schallschutzkonzept’ (concept for
noise protection), published by the Federal Ministry
for the Environment, Nature Conservancy, Building
and Nuclear Safety in 2013 (BMU 2013) this 160 dB
threshold at 750 m distance from piling was con-
firmed. It was further argued that an SEL of 140 dB re
1 µPa2s should be used as a precautionary criterion
for disturbance effects and that disturbance by pile
driving reaches up to about 8 km if piling noise is
160 dB at 750 m distance. Consequently, to meet this
threshold and reduce disturbance effects, all but the
first large OWF in Germany were constructed under
the use of various NMS. Great effort, in terms of
finance, research and offshore logistics, was invested
into designing and planning their effective applica-
tion. The rationale for this massive investment was


primarily the avoidance of injury to harbour por-
poises, but it was also expected to reduce the range
at which porpoises reacted to noise, and ideally also
the duration of these avoidance effects. 


During the construction of all 7 OWFs constructed
in the German North Sea between 2010 and 2013,
extensive monitoring programmes collected data on
porpoise presence and acoustic data. Combining
these data in a joint and cross-project analysis offers
a unique opportunity to comprehensively study the
pile driving impact on harbour porpoises within the
whole German North Sea over a period of 4 yr. As in
all other studies on the effect of piling noise on har-
bour porpoises in Denmark and Germany, a seal
scarer was deployed prior to piling at every construc-
tion project. Therefore, it is not possible to entirely
tease apart effects from deterrence and piling. How-
ever, effect ranges of the seal scarer were found up
to 7.5 km in the German North Sea (Brandt et al.
2013b), and effects found at larger distances are
therefore unlikely to be caused by only deterrence
(Brandt et al. 2011).


For the present study, we analysed passive acoustic
monitoring data collected during these 7 OWF pro-
jects in combination with underwater noise measure-
ments during piling activities. Our aims were to draw
general conclusions about (1) porpoise avoidance
distances during wind farm construction in the
 German North Sea, (2) the duration of avoidance, (3)
the noise levels at which porpoises show avoidance
behaviour and finally (4) whether the application of
NMS led to a reduction in disturbance effects.


MATERIALS AND METHODS


Construction activities


Between 2010 and 2013, 7 OWFs were constructed
within the German North Sea (Fig. 1). Three OWFs
were built using monopile foundations, 1 using tripile
foundations, 2 using tripod foundations and 1 using
jacket foundations (Table 1). One piling event was
defined as a period over which piling took place
without breaks longer than 3 h. For tripile, tripod and
jacket foundations, several piling events could thus
be defined per foundation. Table 1 gives an overview
on piling-related information for all 7 wind farms in
this study.


Prior to the start of piling, it is mandatory in Ger-
many to deter marine mammals from the vicinity of
the piling site to avoid physical injury. The proce-
dure, which was followed at all wind farms in this
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study, involved the deployment of at least 1 pinger at
the piling site at least 40 min before the start of piling
and that of a seal scarer (either a Lofitech or an Air-
mar seal scarer) at least 30 min before piling. As the
start of piling could not always be timed precisely,


deployment of these deterrence devices was often
longer, and usually a seal scarer was deployed be -
tween 30 min and 1.5 h before the start of piling.
Pingers and seal scarers were to be recovered at the
onset of piling.


Fig. 1. Locations of stationary POD positions in this study. Offshore wind farms (OWFs) constructed until the end of 2013 within
the German Exclusive Economic Zone (EEZ) are depicted as dark grey areas (DT = Dan Tysk, BARD = BARD Offshore I, BWII
= Borkum West II, GTI = Global Tech I, AV = Alpha Ventus, RG = Riffgat, NSO = Nordsee Ost, MSO = Meerwind Süd/Ost). The 


OFW AV was a small non-commercial wind farm constructed in 2009, and was not considered in this study


OWF SEL05 Median piling Foundation No. of No. of Foundations NMS Water 
project without, with NMS duration (h) type foundations piling without NMS depth (m)


(sample size) events


BARD 179 (2), NA 3.1 Tripole 81 194 80 None 39−41
BWII 173(10), 163 (28) 5.0 Tripod 41 51 11 BBC 28−33
DT 178 (2), 169 (78) 1.9 Monopile 80 86 2 BBC 21−29
GTI 176 (2), 169 (78) 8.3 Tripod 76 85 2 BBC 38−41
MSO 180 (2), 169 (76) 1.5 Monopile 81 82 2 BBC 24−27
NSO 168 (1), 166 (48) 6.2 Jacket 48 53 1 BBC 22−25
RG NA, 163 (8) 1.0 Monopile 30 30 0 IHC-NMS 18−23


Table 1. Project-specific characteristics of piling events occurring at the different offshore wind farms (OWF; see Fig. 1 for full
names and locations) between 2010 and 2013. Noise levels are given as the mean sound exposure level exceeded during 5% of
piling time (SEL05) at 750 m separately for unmitigated and mitigated piling events (i.e. without and with noise mitigation systems,
NMS). The number of foundations includes platforms, and the number of foundations without NMS includes those without NMS
at least during part of the piling process. NA: not applicable, BBC: big bubble curtain, IHC-NMS: IHC-noise mitigation screen
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At 6 of the 7 OWFs in this study, active NMS were
applied to reduce piling noise (Table 1). Here NMS
refers to the application of active NMS that aim to
reduce noise emission, but not deterrence or soft
start, which was always applied. Only Bard Offshore
I (BARD) was conducted entirely without NMS (with
the exception of 2 foundations where a prototype of a
small bubble curtain very close to the pile was
tested). At Borkum West II (BWII), about a third of the
foundations were constructed without NMS, and at
all other wind farms, only 2 foundations at most were
constructed without NMS, with the aim of obtaining
a reference noise level to evaluate the effectiveness
of the used NMS.


During 5 OWF projects, an NMS was applied in
form of a big bubble curtain (BBC) produced by
either of 2 different BBC-suppliers, and in the OWF
project Riffgat (RG), an IHC noise mitigation screen
(IHC-NMS6000) was applied. The BBC consists of a
hose fitted with nozzle openings that is laid out on the
sea floor around the pile at a distance of more than
50 m from the piling site. Air is fed into the nozzle
hose with compressors and discharged via the noz-
zles. This causes a continuously rising curtain of air
bubbles around the installation site, which reduces
noise due to scattering and absorption effects. For
the 5 mentioned OWF projects, different configura-
tions of the BBC systems were applied. Within pro-
jects, there were differences in the number of nozzle
hoses, the amount of compressed air, the distance
between nozzle hose and pile and the number and
size of the nozzles. The IHC-NMS6000 consists of
an acoustically decoupled double-wall isolation cas-
ing with an air-filled interspace. A technical over -
view as well as information on the efficiency of the
used NMS are given by Bellmann (2014) and Bell-
mann et al. (2017).


Data collection


Porpoise detection data


For this study, acoustic monitoring data for por-
poises were available from 76 POD stations and 49
mobile PODs. Although stationary and mobile PODs
differ in their deployment duration, the same tech -
nical device (the C-POD; Chelonia Ltd.) was used
throughout to record porpoise echolocation clicks.
The PODs were always located in the water column
5−10 m above the sea floor, anchored at the sea floor
with a mooring system and kept in the water column
using a buoy.


A C-POD is a self-contained data logger designed
to detect odontocete echolocation clicks between 20
and 160 kHz. It registers click events, their time of
occurrence, duration (5 µs resolution), intensity, band -
width, frequency and envelope using digital wave-
form analysis (for more detail see www.chelonia. co.
uk). The signals are processed in real time by a zero-
crossing detector. With an algorithm included in the
CPOD.exe software (version 2.0 was used during this
study), these parameters are used to recognize and
identify porpoise echolocation click trains. The algo-
rithm searches for coherent click trains, which are
divided into different porpoise click probability
classes. In this project, the Kernel classifier version
2.0 was used. Following the recommendations of the
manufacturer, only the 2 highest probability classes
(‘Hi’ and ‘Mod’) were used for analyses. C-PODs
were calibrated by the manufacturer for the main
 frequency of a harbour porpoise click (130 kHz) and
standardized to the same acoustic threshold (3 dB).


A maximum of 4096 clicks min−1 (the so called
‘scan limit’) was set to be recorded to avoid memory
cards exceeding their data capacity during long
deployments at POD stations with a lot of back-
ground noise. If that number was reached, the POD
did not record for the remaining seconds of that
minute. Mobile PODs were deployed close to the
 piling location (usually one at 750 m and one at
1500 m) for specific piling events. This was under-
taken with the aim of monitoring the effectiveness of
deterrence measures according to the specific condi-
tion by the approval authorities (but which was not
the subject of the present study). Each POD was usu-
ally only deployed from a few hours before to a few
hours after a specific piling event. For these PODs, no
scan limit was set due to their short deployment time
and the need to maximise detection probability dur-
ing that time. This could potentially lead to longer
recording time during situations with high back-
ground noise within the frequency range of the POD
(e.g. noise from wind-induced waves or boat sonar)
at mobile PODs than at POD stations. High ambient
noise  levels may affect the performance of the detec-
tion algorithm of the C-POD software due to poten-
tial masking problems. We addressed these issues by
excluding hours with more than 100 000 recorded
clicks h−1 and with more than 2 min h−1 when the
scan limit was reached. This led to 10.7% data ex -
clusion. Furthermore, we included the variable ‘noise
clicks’ (all clicks besides identified porpoise clicks)
into each model to control for its effect. This inclusion
should therefore take care of potential differences
in detection probabilities between mobile PODs and
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POD stations. Furthermore, we ran the models with-
out mobile PODs and did not find major differences,
but including mobile PODs made the model more
accurate for the near distances (0−2 km from piling)
as no POD stations existed there. Fig. 1 shows the
positions of POD stations.


Noise data


The noise data collected during this study con-
sisted of outcome level statistics obtained during
the construction phase of the corresponding OWF.
These were in accordance with the German meas-
urement guideline published by the Federal Mar-
itime and Hydrographic Agency of Germany (BSH,
Müller & Zerbs 2011). This means that the zero-to-
peak level as well as the SEL of each single strike
has to be evaluated in accordance with the ISO
18406 (2017). Background measurements were con-
ducted prior to piling. The difference between pile
driving noise and background noise at 750 m dis-
tance was always >20 dB. All measuring devices
used were autonomous underwater acoustic record-
ing units developed by itap GmbH. Anchoring
 systems were designed with a focus on a low self-
noise and stability. The selection of suitable hy dro -
phones was based on the expected noise emissions
at the planned measuring positions and sen sitivity
of the hydrophones. The underwater noise meas-
urement specification of the BSH in Germany stip-
ulates measure positions at 750 and 1500 m from
the pile and in nearby protected areas. The hy dro -
phones were placed in the lower third of the water
column, approximately 2 m above the seabed. All
pile driving noise measurements at 750 and 1500 m
were carried out with Reson TC 4033 hydrophones.
At further remote measurement positions, with
 significantly lower expected noise emissions, B&K
8106 hydrophones were used due to their higher
sensitivity and lower self-noise. All hydrophones
were factory calibrated, and a calibration tone was
recorded for each individual measurement chain to
be able to calculate absolute noise levels. The used
underwater noise measurement devices fulfill the
requirements of the German guideline (BSH, Müller
& Zerbs 2011) and ISO 18406 (2017): sampling fre-
quency 20 Hz to 20 kHz, uncompressed data format
(min 16 bit), low self-noise for the electronical part
as well as for the mooring system (10 dB less than
lowest signal), hydrophone sensitivity <2 dB over
the frequency range and calibration interval of
device every 2 yr.


For each measurement position and foundation,
percentile level statistics of the complete pile driving
process were produced in accordance with the Ger-
man measurement guidelines: percentile statistic for
SEL05, SEL50 and SEL90 as well as the maximum peak
level. The SEL90 value typically corresponds to the
soft start (low used blow energy), the SEL50 is the
medium value of all used strikes pile−1, and the SEL05


corresponds to piling with maximum blow energy
(mostly during the last phase of the piling to reach
final penetration depth). Under the assumption that it
is the loudest part of the piling process that mainly
determines the reaction of porpoises, and because
this is the percentile that German authorities require
for comparison to the noise level threshold of 160 dB
SEL at 750 m, we focussed on the SEL05 during this
study. Depending on the POD position for which
noise values were needed, either the measured
data or the equivalent level statistics were used.
These were calculated using a frequency-independent
trans mission loss function adapted to pile-driving
noise and the measurement at 750 m. Those per-
centile level values served as the basis for further
investigations.


Data preparation


Porpoise detection data


In order to test the short-term effects of pile driving
on porpoise activity at a small spatial scale, we used
the parameter ‘detection positive hours’ (DPH) as an
indicator for porpoise activity. This parameter was
used as the response variable in the following analy-
ses. DPH describes whether or not a porpoise click-
train was recorded and identified during a given
hour and is thus a binary variable. These data were
merged with environmental information based on
geographic and time-related information, of which
the ones used within the final models are listed in
Table 2 together with information on resolution and
data source.


As piling without NMS has previously been shown
to affect porpoise detections at distances up to about
20 km (Carstensen et al. 2006, Tougaard et al. 2009,
Brandt et al. 2011, Dähne et al. 2013), we decided to
set a precautionary 40 km boundary around each
wind farm for assessing POD data for each wind
farm. This was considered a conservative limit in
case effects reach further than 20 km, and was also
chosen to include data from distances at which no
effect was expected. This meant that single piling
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events could be as far as 60 km from a specific POD
location, as wind farm areas are up to 20 km in diam-
eter. The relative time of each hour to the next piling
event within that particular wind farm was then
determined by counting 48 h down from the start of
deterrence and 120 h up from the end of piling. Each
hour during which piling took place was denoted as
Hour 0. Hour 1 was the first full hour without piling
activities after the end of a piling event. Hours when
deterrence took place but piling had not yet begun
were removed from the dataset. Hours were only
defined as being before a piling event (−48 to −1 h) if
at least 48 h had passed since the end of the last pil-
ing event. Hours that were assigned to be before a
piling event were not counted as being after a piling
event. All data outside this time window of between
48 h before and 120 h after piling were excluded
from analyses. In order to analyse the effects of spe-
cific piling events, we excluded data that were con-
founded by the effects of several piling events close
in space and time. Thus, hourly data were excluded if
piling took place at another wind farm <60 km away
in the previous 24 h.


Noise data


Piling noise is characterised by pulses during a cer-
tain time span. The resulting impulsive noise can be
described with different parameters (e.g. the absolute
maximum or the energetic average values). A con-
venient measure for impulsive noise is the SEL. It
describes the accumulated sound energy of an im -
pulsive noise event related to 1 s and the reference
pressure of 1 µPa2s (ISO 18406, 2017).


For each piling impulse, a single strike SEL can be
calculated to quantify the impulsive noise event. This
avoids a dependency on interpulse duration and dis-
turbing noise sources, as this would happen with
time-averaged noise levels. In order to describe an
entire piling event, percentile levels are given. In this
study we focussed on the SEL exceeded during 5% of
the piling time (SEL05).


For POD positions where no measurements were
available, a sound propagation model was used to de-
termine the noise levels at the measured distance to
the sound source. The applied sound propagation
model developed by itap GmbH is based on


Variable Type Description


Random variable
POD position Factor Position at which a POD was deployed (latitude/longitude)


(many levels)


Piling related variables
SEL05 Continuous Noise exposure level exceeded during 5% of the piling period as measured at or extra -


polated to the position of the POD


Noise mitigation Factor (2 levels) NMS applied or not applied


Hour relative to piling Continuous Hour related to work (start of a piling event or deterrence) ranging from −48 to 120 h


Distance Continuous Distance to a piling event in km


Piling duration Continuous Duration of a piling event in min


Time related variables
HH Continuous Hour of the day


Day of year Circular and Day of the year
continuous


Year Factor (4 levels) Year 2010 to 2013


Environmental variables
Wind speeda Continuous Wind speed in m s−1


Sedimentb Factor (5 levels) Sea bed sediment (1: coarse sand with <20% mud, 2: medium coarse sand with <20%
mud, 3: medium sand, 4: fine sand with <20% mud, 5: fine sand with 21−50% mud)


Wind directiona Circular and Wind direction in degrees
continuous


Noise clicks Continuous No. of clicks recorded by POD during that hour (not including identified porpoise clicks)


SSTAb Continuous Sea surface temperature anomaly
aSource: NOAA High Resolution SST data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA,
www.esrl.noaa.gov/psd/


bSource: European Marine Observation Data Network (EMODnet) Seabed Habitats project (www.emodnet-seabedhabitats.eu/)
funded by the European Commission’s Directorate-General for Maritime Affairs and Fisheries (DG MARE)


Table 2. All variables used within the final generalized additive models. NMS: noise mitigation system, SSTA: sea surface tem-
perature anomaly
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measured transmission loss data. It is suitable for im-
pulsive pile-driving noise (Diederichs et al. 2014) and
leads to a transmission loss curve shown in Fig. 2.
In this figure, 3 different transmission models are
 plotted as lines, where the model used is denoted by
the dashed black line. For comparison, the  semi-
empirical approach of Thiele & Schellstede (1980),
which is usually used in Germany in accordance with
BSH guidelines (Müller & Zerbs 2011), and a simple
logarithmic transmission (15 log R) were also plotted.
The simple logarithmic transmission assumes an in-
verse proportionality between sound pressure and
the logarithm of the distance to the source. Crosses
are median values of the SEL of pile-driving noise
measurements from 70 m up to approximately 25 km
from the sound source. The itap formula shows the
best fit to the measured data. The data in Fig. 2 are
based on measurements in the German North Sea at
a water depth of around 40 m. All OWF projects in
this study were constructed in the German North Sea
at water depths between 20 and 40 m with no sig -
nificant changes of water depth in the surrounding
area. The sediment is sandy and medium-dense,
argil laceous underground. Based on literature data
(Urick 1983, Jensen et al. 2010), the influence of this
range of water depth and sediment differences on the
sound propagation is negligible. However, the used
empirical propagation model was based on the un -
derwater noise measurements of the projects in this
study.


The computed noise values were derived by calcu-
lating the transmission loss over the distance be -
tween the measured value at a distance of 750 m to
the pile and the POD position. Finally, the obtained
transmission loss was subtracted from the measured
value at 750 m.


Statistical analyses


Screening for temporal autocorrelation


Considering the model residuals, preliminary in -
vestigations showed that significant temporal auto-
correlation originated from the DPH response variable
and not from environmental covariates. Considering
the statistical model definition, we de termined the
most parsimonious autocorrelation patterns to be
taken into account in further analyses. To correct for
temporal autocorrelation, we decided to use the
DPH(t −1) covariate as an auto-regressive compo-
nent of the first order (Bestley et al. 2010) in our
 gen eralized additive modelling (GAM) analyses.
This covariate significantly reduced the autocorrela-
tion pattern and also allowed the use of the bam
function, which is part of the package mgcv from
the R software (R Core Team 2015). It has a faster
computing time and is more flexible for statistical
analyses of large datasets than the GAM function
(Wood et al. 2015). The selection of the optimal
model was based on Akaike’s information criterion
(AIC, Akaike 1974) and on a graphical in vestigation
of the autocorrelation partial autocorrelation func-
tions of model residuals.


Model specifications


We ran 4 different GAMs with DPH as a binary
response variable. The first 3 models were very simi-
lar and only varied by the size of the dataset included
and in one variable interaction term. The fourth
model was based on only a small data-subset and
included no interaction term.


The first model (‘noise level model’) addressed the
question of the noise levels where porpoise detec-
tions were negatively affected by piling. It included
the interaction term of SEL05 with hour relative to
 piling (HRP) to test how porpoise detections varied
with time around piling depending on the noise level
porpoises were exposed to. There were, however,
several POD positions and piling events for which
reliable noise levels could not be calculated as no
measurements existed during that piling event (es -


Fig. 2. Comparison of transmission models and measured
sound exposure levels. The crosses denote measurements at
one foundation in the offshore wind farm GTI (see Fig. 1).
The circle is a reference measurement value at 750 m; it
must be crossed by the transmission models curve. The gray
line is a model proposed by Thiele & Schellstede (1980). A
simple propagation model by assuming an inverse propor-
tionality of the sound pressure to the logarithm of the dis-
tance to the source is displayed by the dotted line. The
model proposed by itap GmbH is plotted as a dashed black 


line, which best fits the measurements
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pecially during the 2 projects BARD and RG). This
substantially reduced our dataset.


The reaction of porpoises to a given noise level
likely depends on the distance to the source, because
several characteristics of the noise signal change
with distance. This includes frequency content, fluc-
tuations in noise level, etc., which cannot be ad -
dressed with simply the broadband noise value of
SEL05. However, including both distance and noise
level in the same model was not possible due to high
collinearity between these 2 variables. Therefore, we
also ran a second model (‘distance model’) including
the interaction term of distance with HRP as a predic-
tor variable instead of SEL05 with HRP, which also
enabled us to use the complete dataset. This model
aimed at investigating the average effect range on
harbour porpoises of all wind farm construction pro-
jects over a period of 4 yr in the German North Sea.


In order to analyse the different spatial effects of
piling events with and without NMS, we ran a third
model (‘noise mitigation model’), which included 2
separate 2-way interaction smooths of distance with
HRP for piling events with and without NMS.


In order to specifically test if piling duration was
related to the strength with which porpoises were
disturbed by piling, we ran a fourth model (‘piling
duration model’) using only data collected during the
first hour after the end of piling and at distances up to
5 km, so at a time and at distances where the effect of
piling duration, if present, should be expected to be
most pronounced.


Besides noise level and distance, day of the year
and sea surface temperature were highly correlated
(correlation coefficient > 0.5). We therefore only
included day of the year in the 4 GAMs, as it was a
better predictor of porpoise detections than sea sur-
face temperature. For all models, POD position was
included as a random effect, as it was found to (1)
improve the deviance explained by the models and
decrease model AIC and (2) take into account the
geographical location, hence geographical-related
characteristics like water depth and slope. As these 2
variables were confounded with POD position, but
because POD position was a far better descriptor
based on the model AIC, these 2 environmental vari-
ables were no longer used in the final models.


In addition, day of the year, hour of the day (HH),
wind speed, wind direction, noise clicks, sea surface
temperature anomaly (SSTA) and piling duration
were included as continuous smooth functions. Year
and sediment category were included as factors.
DPH(t − 1) was included as a factor to correct for
 temporal autocorrelation as explained above. HRP


with distance (or with SEL) from piling was included
as an interaction term specified as a smooth function.


Non-parametric test design


In order to directly link detections during piling to
a given baseline period and analyse the differences
specifically for each distance class, we analysed por-
poise detection rates with respect to piling effects
using non-parametric tests. The noise and distance
classes were based on obtaining roughly equal sam-
ple sizes within these classes and were as small as
data availability allowed. Detection rates during pil-
ing were first averaged and then compared to detec-
tion rates averaged over 25−48 h before piling within
the same class. Mann-Whitney U-tests were used to
check for significant differences between them.


RESULTS


Noise levels during piling


At 750 m, noise levels were on average 175 ± 3.5
(SD) dB re 1 µPa2s SEL05 (n = 19) during piling with-
out NMS and 168 ± 4.6 dB re 1 µPa2s SEL05 (n = 316)
during piling with NMS, which gave an overall
reduction in noise levels by about 7 dB. Project spe-
cific noise levels are provided in Table 1 and Fig. 3.
With only one exception, median noise levels during
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Fig. 3. Noise levels shown as the sound exposure level ex-
ceeded during 5% of piling time (SEL05) without (dark grey)
and with (light grey) noise mitigation systems (NMS) for the
7 different offshore wind farm projects. Note that only
2 measurements were taken at BARD, where no NMS was
applied. The line represents the median, boxes 25th per-
centiles, whiskers 75th percentiles and asterixes indicate
outliers (values more than 1.5 times the height of the boxes).
See Fig. 1 for full names and locations of the wind farms







piling with NMS were substantially lower than dur-
ing piling without NMS in all projects where meas-
urements for both categories existed and decreased
by between 7 and 11 dB. Only at Nordsee Ost (NSO)
there was little difference between the two (about
2 dB). This was due to piling without NMS being con-
ducted with reduced piling energy, so that piling
without NMS was not as loud as it would have been
had the same energy been used as during piling with
NMS. Fig. 3 also shows, however, that noise levels
varied substantially during piling with NMS and in
some cases were as loud as during piling without
NMS. It has to be borne in mind that NMS were still
under devel opment during construction of all these
OWFs, with different configurations being tested.


Mean noise levels during piling with NMS did not
vary much between projects compared to the varia-
tion within each project, which was due to NMS still
being in the experimental phase, and consequently
noise reduction was very variable also within pro-
jects. Furthermore, the German authority regulates
the maximum blow energy individually per project
based on soil conditions, hammer size and pile dia -
meter.


Mean piling duration, however, was substantially
longer for tripole, tripod and jacket foundations (5.4 ±
3.2 h) than for monopile foundations (1.7 ± 0.8 h),
 giving an overall average of 4.1 ± 3.2 h.


Effect of noise level and hour relative to piling on
porpoise detections


As seen in Fig. 4, showing the deviation of DPH
from the overall mean of the noise level model
(Table 3), DPH declined several hours before piling,
was lowest during the hour when piling occurred
(HRP = 0) and then increased afterwards. The lowest
noise level when DPH during piling reached the
overall average of all data (when a negative effect is
no longer evident), was at 143 dB SEL05. There was
again a negative deviation from the overall mean at
noise levels below 120−130 dB SEL05, but this was
independent of the HRP. It also needs to be kept
in mind that data availability at noise levels below
130 dB SEL05 was rather low, as can be seen from the
histograms in Fig. 4. It also appears that the strongest
decline in harbour porpoise detections occurred at
the loudest noise levels and effect strength gradually
decreased with decreasing noise levels. As evident
from the different confidence intervals, estimates
were most accurate in close vicinity to piling (in
space and time) and became less accurate at lower


Noise model Distance model
Variable (e)df Chi2 (e)df Chi2


DPH(t − 1) 1 337 1 499
POD position 219 7891 445.8 12393
(random factor)


Year (factor) 3 778 3 1134
Day of year (smooth) 8.0 8586 8.0 15882
HH (smooth) 7.0 909 7.1 1015
Wind speed (smooth) 8.0 2053 8.3 3007
Wind direction (smooth) 6.5 131 7.2 448
SSTA (smooth) 8.7 764 8.7 874
Noise clicks (smooth) 6.1 1687 7.7 2118
Sediment (factor) 4 21 4 36
Piling duration (smooth) 8.9 583 8.9 625
Hour relative to piling, − − 28.4 2535
distance (interaction)


Hour relative to piling, 28.4 2204 − −
SE005 (interaction)


Table 3. Results from the noise and the distance models run
on the global dataset including data from all 7 wind farm
projects (see Fig. 1). DPH: detection positive hours; other
variables are defined in Table 2. Deviance explained: 6.8%
for the noise model and 7.4% for the distance model; in all 


cases, p < 0.001; −: variable not included


Fig. 4. Output from the ‘noise model’ showing the effects of
the interaction of hour relative to piling with the sound
 exposure level exceeded during 5% of piling time (SEL05) on
detection positive hours (DPH). Shown is the deviance of
DPH from the global mean (bold 0-line) with cold (warm)
colours indicating a negative (positive) deviation. Confi-
dence intervals are depicted as blue and red dotted lines.
Histograms indicate data availability at the different hours
(−50 to −40 h, −40 to −30 h etc., according to the x-axis of the
main figure) and SEL05 classes (100−105 dB, 105−110 dB 


etc., according to the y-axis)
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noise levels and as more time since piling had
passed. There was also a tendency for decreases in
porpoise detections to last longer at louder noise
 levels. The noise level model explained 6.8% of
deviance, and the interaction SEL05 with HRP was
significant (p < 0.001, Table 3).


Effect of distance and hour relative to piling on
porpoise detections


Similarly to results from the noise level model, the
distance model (Table 3) showed that porpoise detec-
tions at the closest distances to piling started to
decline several hours before the start of piling, reach-
ing a minimum during piling (HRP = 0) and increased
afterwards (Fig. 5). The distance model explained
7.4% of deviance, and the interaction of distance
with HRP was significant (p < 0.001, Table 3). During
piling, porpoise detections were below the overall
average up to 17 km from piling, after which a very
clear change in detection rates was found around
the time of piling (Fig. 5). Detection rates were below
the overall average at distances further than about
40−50 km, but this was unrelated to the times of
 piling and represented a more general
pattern in  porpoise occurrence. The gra-
dient in effect strength was much clearer
than in the noise level model. The de -
crease in porpoise detections was
strongest in the direct vicinity to piling
but gradually decreased with distance to
piling. This is also the case for effect
duration; Fig. 5 shows that porpoise
detections were be low the overall aver-
age for a much longer period in close
vicinity to piling than at further dis-
tances, both before and after piling.


In order to investigate how NMS altered
the effects of piling on harbour porpoise
detections, NMS was added as an addi-
tional factor with 2 levels (‘yes’ and ‘no’)
within the distance model, re sulting in
the noise mitigation model (Table 4).
NMS was included as a third variable
into the interaction of distance with HRP,
which slightly improved the model (ΔAIC
= 380.2, 7.52% as opposed to 7.44% de-
viance explained), and the 3-way interac-
tion term (HRP, distance, NMS) was sig-
nificant (p < 0.001, Table 4). Looking at
deviations of DPH values from the overall
average during piling, DPH reached the


Noise mitigation model Piling duration model
Variable (e)df Chi2 p (e)df Chi2 p


DPH(t −1) (factor) 1 483.4 *** 1 0.1 ns
POD position 448.8 12246 *** <1 43 **
(random factor)


Year (factor) 3 1136 *** 3 8 ns
Day of year (smooth) 8.0 14541 *** 6 43 ***
HH (smooth) 7.1 980 *** <1 0 ns
Wind speed (smooth) 8.3 2878 *** 1 15 ***
Wind direction (smooth) 7.3 370 *** <1 0 ns
SSTA (smooth) 8.7 892 *** 1 3 ns
Noise clicks (smooth) 7.7 2043 *** 2 6 ns
Sediment (factor) 4 35 *** 4 4 ns
Piling duration (smooth) 8.9 664 *** 2 1 ns
Distance (smooth) − − − 1 15 ***
Hour relative to piling, 28.1 1153 *** − − −
distance, for noise 
mitigation=no 
(interaction)


Hour relative to piling, 28.0 1701 *** − − −
distance, for noise 
mitigation=yes 
(interaction)


Table 4. Results from the noise mitigation model run to check for the
effects of noise mitigation on effect ranges of piling and the piling duration
model run to specifically look at the effects of piling duration. DPH: detec-
tion positive hours; other variables are defined in Table 2. Deviance
explained: 7.5% for the noise mitigation model and 15.2% for the piling
duration model. ***p < 0.001, ns: not significant, −: variable not included


Fig. 5. Output from the ‘distance model’ showing the effects
of the interaction of hour relative to piling with distance to
the piling location (in km) on detection positive hours (DPH).
Shown is the deviance of DPH from the global mean (bold
0-line) with cold (warm) colours indicating a negative
 (positive) deviation. Histograms indicate data availability
at the different hour classes (−50 to −40 h, −40 to −30 h, etc.,
according to the x-axis of the main figure) and distance 


classes (0−5 km, 5−10 km etc., according to the y-axis) 


Brandt et al.: Porpoise responses to wind farm construction 223







overall average at about 14 km from piling for piling
events with NMS (Fig. 6a). For piling events without
NMS, the estimated effect ranges were less clear due
to a more complicated  pattern of the  0-isocline (indi-
cating the overall average) and broader confidence
intervals around the isocline due to relatively low data
availability at these distances. The global average
during piling was reached at 33 km, but detection
rates during  piling did not differ much between 17
and 33 km, showing that there is no well-defined limit
for effect ranges  resulting from this model. Instead, an
effect range of somewhere between 17 and 33 km
may be assumed (Fig. 6b).


For piling events with and without NMS, the de -
cline in porpoise detections started several hours
before piling and lasted several hours after piling at
close ranges. There seems to be a tendency, how-
ever, for a longer lasting effect in the vicinity of piling
during piling events that applied NMS.


Fig. 7 presents the raw data for DPH at the different
hours relative to piling for distances between 0 and
5 km. While there was a clear decrease in DPH sev-
eral hours before piling, there was a further pro-
nounced decrease from the hour before piling to the
hour of piling. When comparing porpoise detections
during the hour directly before piling (0.3) to the av-
erage 25−48 h before piling (0.47), there was a de-
crease of about 36% over 24 h. Comparing mean
DPH during piling (0.15) to the hour directly before
piling (0.3), there was a decrease of about 50% over a
period of about 1 h, and compared to 25−48 h before
piling, there was an overall decrease of about 68%.
Thus, although there was a considerable de cline in


porpoise detections before piling, the strongest decline
happened while piling was taking place. Tables 5 & 6
present average DPH values at different times before,
during and after piling, separated for different dis-
tance classes and for piling events with and without
NMS. Results from non-parametric U-tests are pro-
vided in Tables 5 & 6. Fig. 8 illustrates how much
DPH declined during piling with and without NMS at
different distance classes. Independent of whether or
not NMS were applied, statistically significant de-
clines occurred up to 10−15 km from the piling site
(when compared to 25−48 h before and to 25−48 h af-
ter piling) but not beyond. However, the decline in


Fig. 7. Mean and 95% confidence intervals of detection pos-
itive hours (DPH) at the different hours relative to piling for
distances between 0 and 5 km. The hour relative to piling = 


0 is indicated as a filled black circle
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Fig. 6. Output from the ‘noise mitigation model’ showing the effects of the interaction of hour relative to piling with distance to
the piling location (in km) on detection positive hours (DPH) for piling events (a) with noise mitigation systems (NMS) and (b)
without NMS. Shown is the predicted deviation of DPH from the overall mean, with cold (warm) colours indicating a negative
(positive) deviation. Histograms indicate data availability at the different hour classes (−50 to −40 h, −40 to −30 h, etc., according
to the x-axis of the main figure) and distance classes (0−5 km, 5−10 km etc., according to the y-axis) of the specific POD position







DPH during piling events without NMS was much
stronger than when NMS were applied. Without
NMS, porpoise detection during piling de clined by
more than 50% in the 10−15 km distance class, but by
only 17% during piling events with NMS. Regardless
of whether NMS were applied, the spatial gradient in
effect strength was obvious in both cases (Fig. 8).


Effect of piling duration on porpoise detections


It may be expected that the duration of a piling
event would have a negative effect on DPH, as ani-
mals may swim further away from the noise source
if disturbance continues for a longer time period.


Therefore, piling duration was incorporated into
each statistical model and had a significant effect in
all models. However, the relationship was not linear
(Fig. 9). While DPH clearly decreased with increas-
ing piling duration, up to about 200 min of piling,
DPH also showed positive and negative deviations
during longer-lasting events. Finally, the piling dura-
tion model did not show any significant effect of pil-
ing duration (p > 0.05, Table 4).


DISCUSSION


Many OWFs have been built in Northern European
waters over the last decade, and there are plans for
many more worldwide. As noise levels during pile
driving may induce hearing impairments in harbour
porpoises at close range and cause disturbance and
displacements over considerable distances, concern
has been expressed that this could lead to impacts on
their populations.


In the EU, all countries are obliged to maintain or
achieve a favourable conservation status of strictly
protected species including all cetaceans, and the
EU habitats directive prohibits any disturbance that
might negatively affect the conservation status of
strictly protected species within specific areas (‘local
population’).


Consequently, all countries active in offshore wind
energy developments in the EU have adopted some
measures to avoid hearing impairment in harbour
porpoises. While the use of deterrents is practiced in


Fig. 9. Output from the distance model showing the effects
of piling duration (in min) on detection positive hours (DPH).
Shown is the predicted deviation from the overall mean, in-
cluding confidence intervals (grey shaded areas). Black tick 


marks indicate data availability
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Fig. 8. Mean and 95% confidence intervals of detection positive hours (DPH) at different distance classes to piling for the base-
line periods 48−25 h before piling (black error bars with open circles), during piling (black bars with filled circles) and for
25−48 h after piling (grey error bars with grey filled circles) for piling events (a) with noise mitigation systems (NMS) and 


(b) without NMS
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all of these countries, only few require active noise
mitigation when a certain noise threshold is ex ceeded.
To be able to assess whether OWF construction could
compromise the conservation status of harbour por-
poises and to decide if regulations are necessary,
knowledge on how harbour porpoises respond to pile
driving and the usefulness of the application of NMS
is essential.


We analysed the spatial and temporal avoidance
reactions of harbour porpoises to pile driving during
construction of the first 7 large-scale OWF in the Ger-
man North Sea, the majority of which were con-
structed using NMS. We consider this information to
be useful for regulators and the scientific community
facilitating assessments of potential population-level
consequences when using population simulation
models such as the ‘interim population consequences
of disturbance’ model (iPCoD, King et al. 2015) or the
‘disturbance effects on the harbour porpoise pop -
ulation in the North Sea’ model (DEPONS, Nabe-
Nielsen et al. 2018). Both models aim to predict pop-
ulation-level consequences of offshore construction
activities on marine mammals but use different
approaches. The main difference is that DEPONS
uses individual-based/agent-based modelling, where


an animal’s survival is an outcome of the individual’s
ability to find food, and it allows for individual ani-
mals to be affected to different degrees depending
on noise level. On the other hand, iPCoD uses aver-
age survival rates for the specific region and does not
allow animals to be affected to different degrees
(Nabe-Nielsen & Harwood 2016). While DEPONS
is parameterised based on empirical observations,
iPCoD uses an expert elicitation process to assess the
fitness consequences of behavioural changes. Both
models require knowledge about the noise level or
distance where animals start to be disturbed by an
offshore activity, and this is where our study may
help to provide realistic estimates for the effects of
offshore piling with and without NMS being applied.


Effects of noise levels


For environmental impact assessments based on
noise predictions, it is of particular interest to estab-
lish the relationship between noise levels from off-
shore pile driving and porpoise responses. Therefore,
one aim of this study was to establish the noise levels
at which changes were found in hourly porpoise
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Distance HRP Significance DPH Test 1 Test 2
class (km) −48 to −25 −24 to −1 0 1 to 24 25 to 48 decline (%)


0−5 0.46 (348) 0.36 (565) 0.17 (1012) 0.35 (1168) 0.44 (705) 63 *** ***
5−10 0.47 (472) 0.41 (946) 0.37 (946) 0.46 (1033) 0.48 (796) 21 *** ***
10−15 0.53 (265) 0.48 (307) 0.44 (579) 0.50 (622) 0.52 (399) 17 *** ***
15−20 0.53 (166) 0.49 (187) 0.49 (347) 0.52 (364) 0.53 (253) 8 ns ns
20−30 0.58 (147) 0.56 (185) 0.58 (334) 0.54 (365) 0.58 (245) 0 ns ns
30−40 0.50 (335) 0.46 (367) 0.46 (646) 0.44 (670) 0.43 (539) 8 * ns
40−60 0.56 (173) 0.53 (213) 0.52 (353) 0.51 (398) 0.53 (277) 7 ns ns


Table 5. Average values for detection positive hours (DPH, sample size in brackets) calculated over the global dataset for 5
 different time classes (HRP: hour relative to piling) and 6 different distance classes for piling events with noise mitigation. Also
given is the percentage decline in DPH at the hour of piling relative to the 25−48 h time period before the start of piling and
significance levels from a Mann-Whitney U-test, testing differences between DPH at 25−48 h before piling to DPH during 


piling (test 1) and between DPH during piling to 25−48 h after piling (test 2). ***p < 0.001, *p ≤ 0,05, ns: p > 0.05


Distance HRP Significance DPH Test 1 Test 2
class (km) −48 to −25 −24 to −1 0 1 to 24 25 to 48 decline (%)


0−5 0.62 (34) 0.46 (65) 0.12 (87) 0.47 (98) 0.51 (71) 81 *** ***
5−10 0.53 (52) 0.49 (83) 0.25 (110) 0.39 (118) 0.56 (71) 53 *** ***
10−15 0.63 (43) 0.56 (61) 0.31 (87) 0.48 (97) 0.64 (55) 51 *** ***
15−20 0.62 (30) 0.65 (36) 0.51 (50) 0.63 (52) 0.67 (33) 18 ns *
20−30 0.72 (10) 0.66 (16) 0.55 (25) 0.71 (23) 0.70 (16) 24 ns ns
30−40 0.58 (24) 0.48 (26) 0.64 (37) 0.59 (36) 0.68 (27) +10  ns ns
40−60 0.46 (19) 0.45 (28) 0.46 (44) 0.49 (46) 0.53 (27) 0 ns ns


Table 6. As in Table 5, but for piling events without noise mitigation 
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detection rates. GAMs revealed clear declines in
acoustic porpoise detections at noise levels exceed-
ing an SEL05 of 143 dB re 1 µPa2s. This estimate was
based on the noise level where porpoise detections
during piling reached the overall mean of all data. It
needs to be kept in mind that this average is calcu-
lated over all available data, and this also includes
impact data. As such, 143 dB re 1 µPa2s could be an
underestimation for a threshold level. However, at
louder noise levels, the model no longer showed a
clear change in porpoise detections with time rela-
tive to piling, which supports the idea that taking the
overall average represented a relatively ‘normal’
level of porpoise detections.


Dähne et al. (2013) also studied the effect of piling
on porpoise acoustic detections and sighting rates in
the field, but only gave a very broad estimate of the
noise levels that led to displacement, which lay be -
tween SELs of 139 and 152 dB re 1 µPa2s. The 143 dB
(SEL05), estimated for the onset of avoidance be -
haviour during this study, falls within this range but
provides a more specific estimate. Our data also in -
dicated that porpoises probably did not show an ‘all-
or-nothing’ response, as the higher the noise levels
were over 143 dB, the stronger was the decline in
porpoise detections.


During a study of captive animals, Kastelein et al.
(2013) observed a significant increase in jumping fre-
quency of a harbour porpoise exposed to playback
noise of pile driving at a single strike SEL of 145 dB
re 1 µPa2s. Respiration rate increased at 127 dB re
1 µPa2s, while no difference could be found re -
garding distance of the animal to the transducer until
145 dB re 1 µPa2s (the loudest noise level tested). A
more recent analyses of these data revealed, how-
ever, that the porpoise already increased swimming
speed at the lowest tested noise level of 121 dB re
1 µPa2s (Kastelein et al. 2018). This may illustrate the
difficulties when comparing results from the field to
those found in captivity. While studies of captive ani-
mals can focus on small individual changes in behav-
iour, such as respiration rate (which is extremely dif-
ficult to study in the field), it is difficult to find out at
what threshold animals will start to avoid a noise
source (which is what is usually studied in the field).
Animals in captivity are constrained in their avoid-
ance behaviour, and noise characteristics in a pool
may not offer sufficient variation for an animal to be
able to move to a quieter area and thus differ sub-
stantially from what is usually found in the field.
Thus, measuring the effects of noise on individual
behavioural changes of porpoises in captivity, or on
porpoise detection rates in the field, simply represent


2 different approaches. These results are not ex -
pected to be directly comparable. Thus, it is actually
surprising that the 2 levels of 145 dB re 1 µPa2s (at
which porpoises showed increased jumping fre-
quency in the pool) and 143 dB re 1 µPa2s (at which
we found porpoise detection rates to decrease) are so
similar. This could support the assumption that por-
poises in the pool (where avoiding a noise source is
not possible) start to jump at noise levels that in the
field would lead to them swimming away from the
noise source.


Piling noise has the greatest energy at relatively
low frequencies, below 1 kHz. Noise from other ac -
tivities with different frequency spectra will naturally
yield different estimates for the onset of behavioural
reactions. Seal scarer noise, for example, is emitted at
higher frequencies, of about 15 kHz, where porpoise
hearing is more sensitive (Kastelein et al. 2002).
Accordingly, avoidance behaviour by harbour por-
poises to seal scarer noise is induced at much lower
noise levels of about 119 dB SEL (Brandt et al. 2013a).
Tougaard et al. (2015) reviewed the available litera-
ture to assess frequency-specific responses of har-
bour porpoises to noise and suggested that behav-
ioural reactions of porpoises are usually found at
about 40−50 dB above the frequency-specific hear-
ing threshold. NMS may have altered the frequency
spectrum of piling noise when compared to unmiti-
gated piling noise, as there is evidence that bubble
curtains dampen high-frequency components of noise
more effectively than lower-frequency components
(Würsig et al. 2000, Lucke et al. 2011, Dähne et al.
2017), and thus the frequency content of noise meas-
urements may be considered in more detail during
future projects.


Effect ranges and effects of NMS


Further analyses, looking at the distances over
which we found porpoise detections to change in re-
sponse to piling, revealed clear declines up to 17 km
when analysing all piling events jointly, re gardless of
whether or not NMS were applied. The strength of
this decline was greatest and longest at the closest
distances. We think that this gradient is a result of
more animals reacting, or animals responding more
strongly, or quickly, to noise when it is louder and/or
when the noise source is closer. Inter-individual dif-
ferences in behavioural avoidance thresh olds are ex-
pected, as an animal’s reaction to a stimulus may
vary depending on its age, experience, nutritional
state, reproductive state, current behaviour and
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other factors. The gradient in effect strength could
also simply be a result of animals exposed to noise in
the vicinity of piling not having had sufficient time to
leave the disturbed area. Assuming a maximum
swim speed of 4.3 m s−1, as found by Otani et al.
(2001), porpoises would be able to completely leave
the 17 km radius, over which we found effects when
considering all data, in about 1.1 h. Brandt et al.
(2013a) found that porpoises swim away from a seal
scarer at an average speed of 1.6 m s−1, and Kastelein
et al. (2018) found a porpoise to increase its mean
swim speed to 2 m s−1 when exposed to piling noise of
145 dB re 1 µPa2s without a decline in swim speed
during the 30 min trial. Using these estimates, a por-
poise would need between 2.4 and 3 h to leave this
17 km radius. All of these estimates are below the av-
erage duration found for piling events during this
study, which was 4.1 h ± 3.2 h. This is sufficient time
for porpoises to completely leave the impacted area,
although piling duration was very different between
monopile foundations (1.7 ± 0.8 h) and tripole, tripod
and jacket foundations (5.4 ± 3.2 h). There is, how-
ever, a 30 min deterrence period before each piling
event, which also needs to be taken into account. 


Furthermore, we found no consistent effect of pil-
ing duration on porpoise detections, contrary to our
expectations that longer piling duration would lead
to stronger declines. This should be expected if the
gradient found in effect strength was caused by ani-
mals not yet having had enough time to leave the
impacted area. It has to be considered, however, that
piling was not continuously ongoing during these
periods. Thus, porpoises may not continuously move
away during piling. However, we found that piling
with NMS led to a markedly lower decline in por-
poise detections within the 0−5 km radius than piling
without NMS, which would not be expected if the
gradient in effect strength was solely due to animals
not yet having had enough time to leave. Dähne et al.
(2013) described an effect of piling duration on the
time between 2 porpoise encounters during their
study, but their calculations of time between porpoise
encounters included the time during piling. There-
fore, the effect could simply stem from animals
avoiding the impacted area during the period of pil-
ing, and it does not necessarily mean that they swam
further away when piling lasted longer, or that it took
longer for them to return. Even though our results
suggest that porpoises respond at different noise
 levels, as also reported by Brandt et al. (2013a), the
exact reasons for the gradient in effect strength can-
not clearly be identified, and there may be several
effects playing a role, such as inter-individual differ-


ences, the animals’ behavioural states, profitability of
foraging patches, etc.


Noise levels during piling with NMS were between
7 and 11 dB lower than during piling without NMS.
However, noise levels during noise-mitigated piling
were very variable and during some piling events as
loud as during piling without NMS. This was due to
NMS still being under development during the time
of this study. Throughout the construction period,
several configurations of NMS were tested, devel-
oped and improved. Consequently, the efficiency of
noise mitigation was very variable and probably also
depended on weather-related phenomena. Never-
theless, the application of NMS altered the effects of
piling on porpoise detections: from GAM analyses,
effects were evident up to 14 km during piling with
NMS, while without NMS they ranged between 17
and 33 km. Furthermore, at all distances, porpoise
detections decreased with greater strength when no
NMS were applied. Non-parametric analyses, for
which distance groups had to be created, revealed
porpoise detections to significantly decline at up to
10−15 km distance from piling but not beyond. How-
ever, declines at 10−15 km were only 15% with
NMS, but 48% without. Thus, effect strength during
piling with NMS was reduced considerably, which
was likely due to a lower percentage of animals
reacting with avoidance behaviour when noise was
reduced.


Nehls et al. (2016) calculated effect ranges to
decrease by about 10 km (and thereby reduce the
disturbed area by up to 90%) if the application of
NMS caused a reduction of between 9 and 13 dB
SEL50. The reduction in effect range that we found
was of considerably smaller magnitude. This may be
partly explained by the high variance in noise levels
during piling with NMS. Furthermore, effect ranges
during piling without NMS could not be defined very
accurately, because of relatively low sample size,
especially at the critical distances. Even though non-
parametric tests revealed significant declines during
piling without NMS at distances up to 10−15 km,
results from GAMs suggested effect ranges of
between 17 and 33 km. Previous studies of the effect
of piling without NMS, however, also found negative
effects between 15 and 20 km: Carstensen et al.
(2006) found effects up to 15 km in the Danish Baltic
Sea, and Tougaard et al. (2009) found effects up to at
least 20 km in the Danish North Sea, but both did not
consider distances beyond 15 and 20 km, respec-
tively. Brandt et al. (2011) found negative effects up
to 19 km but increased porpoise detection rates at
21 km in the Danish North Sea, and Dähne et al.
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(2013) found negative effects up to about 20 km with
increased detection rates at 25 and 50 km in the Ger-
man North Sea. Another factor that may play a role in
determining avoidance radii is the deployment of
seal scarers both before unmitigated and mitigated
piling. The seal scarer could potentially have further
reaching effects on porpoises than piling with NMS,
and Brandt et al. (2013b) found significant effects of a
seal scarer up to at least 7.5 km when deployed in the
North Sea, where SEL levels of the seal scarer were
about 113 dB SEL. On the other hand, visual observa-
tions of porpoise behaviour, in conjunction with noise
measurements, revealed that porpoises started to
avoid seal scarer noise at noise levels of about 119 dB
SEL, but not at lower noise levels (Brandt et al. 2013a).
Therefore, an effect reaching up to 15 km would be
unlikely. Under the current construction scenario,
where mitigated piling noise is always accompanied
by prior seal scarer deployment, these 2 sources of
disturbance cannot be separated. However, it would
be important to look into this in the future, in order to
avoid seal scarer noise causing unnecessary distur-
bance and actually limit the positive effect of the
application of NMS.


Different deterrence devices, where the source
level can be adapted and that emit signals at higher
frequencies, could provide better alternatives. One
such example is the FaunaGuard, for which different
modules allow targeting of specific species (such as
seals or porpoises) and that can be tuned to the pro-
ject-specific deterrence ranges needed (Kastelein et
al. 2017). Especially in the future, when NMS are
expected to work more efficiently and thus lead to
even smaller danger zones and smaller avoidance
distances, it will be crucial to also change the current
deterrence procedure in order to keep overall deter-
rence effects by OWF construction at the achievable
minimum. 


Another factor that complicates the assessment of
effect ranges may be an interacting effect of distance
with noise. This could come from animals having
some additional clues that provide information on the
distance over which sound has travelled. The fre-
quency spectrum, for example, is known to change
with distance (Hermannsen et al. 2015) and so will
the fluctuations of noise levels, and the duration of an
impulse. This may raise the question of whether the
unit in which noise was measured is adequate for
assessing porpoise responses. It will, however, al -
ways be difficult to find a unit that encompasses all
parameters that potentially lead to a different per-
ception of given noise levels by porpoises. In this
case, noise measurements were not detailed enough


to also assess how frequency content and  time-
specific details of noise changed over distance, such
that using broadband sound exposure levels, and
also analysing the effect of distance, was the best we
could do with the available data. Thus, animals may
have reacted more strongly to a given noise level if
they were exposed to it at a shorter distance from
 piling than when exposed to it further from piling.
Moreover, there may be a difference in the noise lev-
els at which animals continue to swim away, depend-
ing on sound level at first exposure due to potential
habituation effects. Next to NMS having worked to
varying degrees, all of these factors may contribute
to a blurred picture when comparing effects with
and without NMS based on field data, and conse-
quently, effect ranges between piling with and with-
out NMS do not appear to differ to the extent origi-
nally expected.


Effects before piling


Porpoise detections in the vicinity of the construc-
tion site started to decline several hours before pil-
ing, although not to the extent found during piling.
The most likely explanation, in our opinion, is an
increase in construction-related activities, such as an
increase in shipping traffic in combination with en -
hanced sound transmission during the calm weather
conditions during which piling activities occur (Dragon
et al. 2016). This could contribute to porpoise deter-
rence, and a recent study suggests that porpoises
may react to shipping activity at distances over 1 km
(Dyndo et al. 2015). Effect duration in the vicinity of
piling tended to be longer for piling events with NMS
than for piling events without NMS, and this could be
related to more shipping activity associated with
noise-mitigated piling events when NMS have to be
installed and uninstalled. This poses the question as
to how much of the effect duration after piling is
really due to ongoing deterrence effects from piling
noise and how much may be caused by other con-
struction- and weather-related noise characteristics.
It also poses the question if by using NMS, one trades
a smaller effect radius and a smaller effect strength
for a longer effect duration in the vicinity of the con-
struction site. As we lack sufficiently detailed infor-
mation on shipping activity in relation to piling, we
are currently unable to shed more light on this issue,
but this is certainly an interesting aspect to be con-
sidered in future studies.


Nevertheless, by using NMS, the effect on por-
poises was clearly reduced in terms of effect strength
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and also effect range. Within these projects, NMS
have successfully been used in water depth up to
about 40 m, but in the future, applications at greater
water depth should also be possible. However, here a
combination of different types of NMS may be neces-
sary. NMS have undergone great improvement since
2013. During wind farm construction projects after
2013, noise levels at 750 m distance usually fell be -
low the threshold limit of 160 dB (I. Buescher, BSH,
pers. comm.). Therefore, a further reduction of the
disturbance effects should also be expected, and
future studies may determine if this expectation is
met, and whether porpoise populations have changed
over the years of construction. In the meantime, a
serious discussion is needed about the level of distur-
bance that is acceptable from a biological point of
view and whether the reduction in disturbance ef -
fects, which can be achieved by further noise mitiga-
tion, justifies the increased costs required (the appli-
cation of NMS makes up about 15% of the total costs
of the installation process of turbine foundations).
Furthermore, the seriousness of disturbance of a pil-
ing event will critically depend on the alternatives
that are available to porpoises at that time, and thus
spatial and temporal planning of simultaneous con-
struction activities within the North Sea seem just as
important as noise mitigation efforts.


CONCLUSIONS


This study identified a noise threshold level of 143 dB
SEL05 above which harbour porpoises reacted with
avoidance to pile driving during OWF construction. It
also quantified the amplitude as well as the spatial
and temporal extent of disturbance and showed that
the application of NMS led to a clear reduction in
amplitude, and a slight reduction in the spatial but
not in the temporal extent. This information may be
used to more accurately quantify disturbance effects
within population models in order to predict popula-
tion level consequences of the construction of marine
renewable energy projects on harbour porpoises.


Acknowledgements. We are grateful to the ‘Offshore Forum
Windenergie’ for providing the data and financial support.
Many thanks to Siegfried Gündert, Alexander Braasch,
Alexander Schubert, Vladislav Kosarev, Andreas Michalik,
Marco Gauger and Martin Laczny for help with data compi-
lation and preparation. Special thanks to Charles Paxton at
CREEM and to Marco Girardello for statistical advice. We
also thank Christian Ketzer, Bente Limmer, Ross McGregor
and 3 anonymous reviewers for providing very constructive
comments that helped to improve this manuscript.


LITERATURE CITED


Akaike H (1974) A new look at the statistical model identifi-
cation. IEEE Trans Automat Contr 19: 716−723


Bailey H, Senior B, Simmons D, Rusin J, Picken G, Thomp-
son PM (2010) Assessing underwater noise levels during
pile-driving at an offshore windfarm and its potential
effects on marine mammals. Mar Pollut Bull 60: 888−897


Bellmann M (2014) Overview of existing noise mitigation
systems for reducing pile-driving noise. Internoise 2014,
Melbourne, Australia. https: // www. acoustics. asn. au/
conference_ proceedings/ INTERNOISE2014/ papers/ p358.
pdf


Bellmann MA, Schuckenbrock J, Gündert S, Müller M,
Holst H, Remmers P (2017) Is there a state-of-the-art to
reduce pile-driving noise? In:  Köppel J (ed) Wind energy
and wildlife interactions. Springer, Cham, p 161−172


Bestley S, Patterson TA, Hindell MA, Gunn JS (2010) Pre-
dicting feeding success in a migratory predator:  integrat-
ing telemetry, environment, and modeling techniques.
Ecology 91: 2373−2384


BMU (Bundesministerium für Umwelt, Naturschutz und
Reaktorsicherheit) (2013) Konzept für den Schutz der
Schweinswale vor Schallbelastungen bei der Errich-
tung von Offshore-Windparks in der deutschen Nordsee
(Schall schutzkonzept). Bundesministerium für Umwelt,
Naturschutz und Reaktorsicherheit. https: // www. bfn. de/
fileadmin/BfN/awz/Dokumente/schallschutzkonzept_BMU.
pdf


Brandt MJ, Diederichs A, Betke K, Nehls G (2011) Re -
sponses of harbour porpoises to pile driving at the Horns
Rev II offshore wind farm in the Danish North Sea. Mar
Ecol Prog Ser 421: 205−216


Brandt MJ, Höschle C, Diederichs A, Betke K, Matuschek R,
Nehls G (2013a) Seal scarers as a tool to deter harbour
porpoises from offshore construction sites. Mar Ecol Prog
Ser 475: 291−302


Brandt MJ, Höschle C, Diederichs A, Betke K, Matuschek R,
Witte S, Nehls G (2013b) Far-reaching effects of a seal
scarer on harbour porpoises, Phocoena phocoena. Aquat
Conserv 23: 222−232


Carstensen J, Henriksen OD, Teilmann J (2006) Impacts of
offshore wind farm construction on harbour porpoises: 
acoustic monitoring of echolocation activity using por-
poise detectors (T-PODs). Mar Ecol Prog Ser 321: 295−308


Christiansen F, Lusseau D (2015) Linking behavior to vital
rates to measure the effects of non-lethal disturbance on
wildlife. Conserv Lett 8: 424−431


Dähne M, Gilles A, Lucke K, Peschko V and others (2013)
Effects of pile-driving on harbour porpoises (Phocoena
phocoena) at the first offshore wind farm in Germany.
Environ Res Lett 8: 025002


Dähne M, Tougaard J, Carstensen J, Rose A, Nabe-Nielsen
J (2017) Bubble curtains attenuate noise levels from off-
shore wind farm construction and reduce temporary
habitat loss for harbour porpoises. Mar Ecol Prog Ser 580: 
221−237


Diederichs A, Pehlke H, Nehls G, Bellmann M and others
(2014) Entwicklung und Erprobung des Großen Blasen-
schleiers zur Minderung der Hydroschallemissionen bei
Offshore-Rammarbeiten. http: // 142px. com/ hydroschall/
wp-content/ uploads/ 2014/ 10/ BWII_ ENDVERSION_ 2013
0624_ final_2-1.pdf


Dragon AC, Brandt MJ, Diederichs A, Nehls G (2016) Wind
creates a natural bubble curtain mitigating porpoise


230



https://doi.org/10.1109/TAC.1974.1100705

https://doi.org/10.1016/j.marpolbul.2010.01.003

https://www.acoustics.asn.au/conference_proceedings/INTERNOISE2014/papers/p358.pdf

https://doi.org/10.1890/08-2019.1

https://www.bfn.de/fileadmin/BfN/awz/Dokumente/schallschutzkonzept_BMU.pdf

https://doi.org/10.3354/meps08888

https://doi.org/10.3354/meps10100

https://doi.org/10.1121/2.0000421

http://142px.com/hydroschall/wp-content/uploads/2014/10/BWII_ENDVERSION_20130624_final_2-1.pdf

https://doi.org/10.3354/meps12257

https://doi.org/10.1088/1748-9326/8/2/025002

https://doi.org/10.1111/conl.12166

https://doi.org/10.3354/meps321295

https://doi.org/10.1002/aqc.2311





Brandt et al.: Porpoise responses to wind farm construction


avoidance during offshore pile driving. Proc Meet Acoust
27: 070022


Dyndo M, Wi niewska DM, Rojano-Doñate L, Madsen PT
(2015) Harbour porpoises react to low levels of high
 frequency vessel noise. Sci Rep 5: 11083


Ellison WT, Southall BL, Clark CW, Frankel AS (2012) A
new context-based approach to assess marine mammal
behavioral responses to anthropogenic sound. Conserv
Biol 26: 21−28


Gilles A, Scheidat M, Siebert U (2009) Seasonal distribution
of harbour porpoises and possible interference of off-
shore wind farms in the German North Sea. Mar Ecol
Prog Ser 383: 295−307


Hammond PS, Lacey C, Gilles A, Viquerat S and others
(2017) Estimates of cetacean abundance in European
Atlantic waters in summer 2016 from the SCANS-III aerial
and shipboard surveys. https: //synergy.st-andrews. ac. uk/
scans3/files/2017/04/SCANS-III-design-based-estimates-
2017-04-28-final.pdf 


Harris CM, Thomas L, Falcone EA, Hildebrand J and others
(2018) Marine mammals and sonar:  dose-response
 studies, the risk-disturbance hypothesis and the role of
exposure context. J Appl Ecol 55: 396−404


Hermannsen L, Tougaard J, Breedholm K, Nabe-Nielsen J,
Madsen PT (2015) Characteristics and propagation of
airgun pulses in shallow water with implications for
effects on small marine mammals. PLOS ONE 10: 
e0133436


Jensen FB, Kuperman WA, Porter MB, Schmidt H (2010)
Computational ocean acoustics. Springer, New York, NY


Kastelein RA, van der Sijs SJ, Staal C, Nieuwstraten SH
(1997) Blubber thickness in harbour porpoises (Phocoena
phocoena). In:  Read AJ, Wiepkema PR, Nachtigall PE
(eds) The biology of the harbour porpoise. De Spil Pub-
lishers, Woerden, p 179−199


Kastelein RA, Bunskoek P, Hagedoorn M, Au WWL, de
Haan D (2002) Audiogram of a harbor porpoise (Phoco -
ena phocoena) measured with narrow-band frequency-
modulated signals. J Acoust Soc Am 112: 334


Kastelein RA, van Heerden D, Gransier R, Hoek L (2013)
Behavioral responses of a harbor porpoise (Phocoena
phocoena) to playbacks of broadband pile driving
sounds. Mar Environ Res 92: 206−214


Kastelein RA, Helder-Hoek L, Covi J, Gransier R (2016) Pile
driving playback sounds and temporary threshold shift
in harbor porpoises (Phocoena phocoena):  effect of ex -
posure duration. J Acoust Soc Am 139: 2842−2851


Kastelein RA, Huybrechts J, Covi J, Helder-Hoek L (2017)
Behavioral responses of a harbor porpoise (Phocoena
phocoena) to sounds from an acoustic porpoise deterrent.
Aquat Mamm 43: 233−244


Kastelein RA, Van de Voorde S, Jennings N (2018) Swim-
ming speed of a harbour porpoise (Phocoena phocoena)
during playbacks of offshore pile driving sound. Aquat
Mamm 44: 92−99


King S, Schick RS, Donovan C, Booth CG, Burgman M,
Thomas L, Harwood J (2015) An interim framework for
assessing the population consequences of disturbance.
Methods Ecol Evol 6: 1150−1158


Kyhn LA, Tougaard J, Thomas L, Duve LR and others (2012)
From echolocation clicks to animal density—acoustic
sampling of harbor porpoises with static dataloggers.
J Acoust Soc Am 131: 550−560


Lockyer C, Desportes G, Hansen K, Labberté S, Siebert U
(2003) Monitoring growth and energy utilisation of the


harbour porpoise (Phocoena phocoena) in human care.
NAMMCO Sci Publ 5: 107−120


Lucke K (2010) Potential effects of offshore windfarms on
harbour porpoises—the auditory perspective. Presenta-
tion at the pile driving workshop at the European
Cetacean Society meeting, 22-24 March 2010, Stralsund,
Germany


Lucke K, Siebert U, Lepper PA, Blanchet MA (2009) Tem -
porary shift in masked hearing thresholds in a harbor
porpoise (Phocoena phocoena) after exposure to seismic
airgun stimuli. J Acoust Soc Am 125: 4060−4070


Lucke K, Lepper PA, Blanchet MA, Siebert U (2011) The use
of an air bubble curtain to reduce the received sound lev-
els for harbor porpoises (Phocoena phocoena). J Acoust
Soc Am 130: 3406−3412


Madsen PT, Wahlberg M, Tougaard J, Lucke K, Tyack P
(2006) Wind turbine underwater noise and marine mam-
mals:  implications of current knowledge and data needs.
Mar Ecol Prog Ser 309: 279−295


Müller A, Zerbs C (2011) Offshore-Windparks, Mess vor schrift
für Unterwasserschallmessungen, Aktuelle Vorgehens
weise mit Anmerkungen, Anwendungshinweise. Bunde-
samt für Seeschifffahrt und Hydrographie (BSH). www.
bsh.de/de/Produkte/Buecher/Standard/Messvorschrift.
pdf


Nabe-Nielsen J, Harwood J (2016) Comparison of the iPCoD
and DEPONS models for modelling population conse-
quences of noise on harbour porpoises. Scientific report
from Danish Centre for Environment and Energy (DCE)
No. 186. DCE, Aarhus University. http: // dce2. au. dk/ pub/
SR186.pdf


Nabe-Nielsen J, Floris M, van Beest VG, Sibly RM, Teil-
mann J, Thompson PM (2018) Predicting the impacts of
anthropogenic disturbances on marine populations. Con-
serv Lett, https:// doi. org/ 10.1111/conl.12563


Nehls G, Rose A, Diederichs A, Bellmann M, Pehlke H
(2016) Noise mitigation during pile driving efficiently
reduces disturbance of marine mammals. Adv Exp Med
Biol 875: 755−762 


Otani S, Naito Y, Kato A, Kawamura A (2001) Oxygen con-
sumption and swim speed of the harbor porpoise Pho-
coena phocoena. Fish Sci 67: 894−898


Peschko V, Ronnenberg K, Siebert U, Gilles A (2016) Trends
of harbour porpoise (Phocoena phocoena) density in the
southern North Sea. Ecol Indic 60: 174−183


Pineda I, Tardieu P (2017) The European offshore wind
industry—key trends and statistics 2016. Wind Europe,
Brussels


Pirotta E, Brookes KL, Graham IM, Thompson PM (2014)
Variation in harbour porpoise activity in response to
 seismic survey noise. Biol Lett 10: 20131090


Southall BL, Bowles AE, Ellison WT, Finneran JJ and oth-
ers (2007) Marine mammal noise exposure criteria: 
 initial scientific recommendations. Aquat Mamm 33: 
411−522


Sveegaard S, Teilmann J, Berggren P, Mouritsen KN, Gille-
spie D, Tougaard J (2011) Acoustic surveys confirm the
high-density areas of harbour porpoises found by satel-
lite tracking. ICES J Mar Sci 68: 929−936


Thiele R, Schellstede G (1980) Standardwerte zur Ausbre-
itungsdämpfung in der Nordsee. FWG-Bericht 1980-7.
Forschungsanstalt der Bundeswehr für Wasserschall und
Geophysik 


Thompson PM, Lusseau D, Barton T, Simmons D, Rusin J,
Bailey H (2010) Assessing the responses of coastal


231



https://doi.org/10.1038/srep11083

https://doi.org/10.1111/j.1523-1739.2011.01803.x

https://doi.org/10.3354/meps08020

https://synergy.st-andrews.ac.uk/scans3/files/2017/04/SCANS-III-design-based-estimates-2017-04-28-final.pdf

https://doi.org/10.1111/1365-2664.12955

https://doi.org/10.1371/journal.pone.0133436

https://doi.org/10.1121/1.1480835

https://doi.org/10.1016/j.marenvres.2013.09.020

https://doi.org/10.1121/1.4948571

https://doi.org/10.1578/AM.43.3.2017.233

https://doi.org/10.1578/AM.44.1.2018.92

https://doi.org/10.1111/2041-210X.12411

https://doi.org/10.1121/1.3662070

https://doi.org/10.1016/j.marpolbul.2010.03.030

https://doi.org/10.1093/icesjms/fsr025

https://doi.org/10.1578/AM.33.4.2007.411

https://doi.org/10.1098/rsbl.2013.1090

https://doi.org/10.1016/j.ecolind.2015.06.030

https://doi.org/10.1046/j.1444-2906.2001.00338.x

https://doi.org/10.1111/conl.12563

http://dce2.au.dk/pub/SR186.pdf

www.bsh.de/de/Produkte/Buecher/Standard/Messvorschrift.pdf

https://doi.org/10.3354/meps309279

https://doi.org/10.1121/1.3626123

https://doi.org/10.1121/1.3117443

https://doi.org/10.7557/3.2743





Mar Ecol Prog Ser 596: 213–232, 2018


cetaceans to the construction of offshore wind turbines.
Mar Pollut Bull 60: 1200−1208


Tougaard J, Carstensen J, Teilmann J, Skov H, Rasmussen P
(2009) Pile driving zone of responsiveness extends be -
yond 20 km for harbor porpoises (Phocoena phocoena
(L.)). J Acoust Soc Am 126: 11−14


Tougaard J, Wright AJ, Madsen PT (2015) Cetacean noise
criteria revisited in the light of proposed exposure limits
for harbour porpoises. Mar Pollut Bull 90: 196−208


Tregenza N, Dawson S, Rayment W, Verfuss U (2016)
 Listening to echo-location clicks with PODs. In:  Au W,
Lammers M (eds) Listening in the ocean. Modern
acoustics and signal processing. Springer-Verlag, New
York, NY, p 163−206


Urick RJ (1983) Principles of underwater sound. Peninsula
Publishing, Los Altos, CA


Williamson LD, Brookes KL, Scott BE, Graham IM, Bradbury


G, Hammond PS, Thompson PM (2016) Echolocation
detections and digital video surveys provide reliable esti-
mates of the relative density of harbour porpoises. Meth-
ods Ecol Evol 7: 762−769


Wisniewska DM, Johnson M, Teilmann J, Rojano-Doñate L
and others (2016) Ultra-high foraging rates of harbor por-
poises make them vulnerable to anthropogenic distur-
bance. Curr Biol 26: 1441−1446


Wisniewska DM, Johnson M, Teilmann J, Siebert U,
Galatius A, Dietz R, Madsen PT (2018) High levels of ves-
sel noise disrupt foraging in wild harbour porpoises (Pho -
co ena phocoena). Proc R Soc B 285: 20172314


Wood SN, Goude Y, Shaw S (2015) Generalized additive
models for large datasets. J R Stat Soc C 64:139–155


Würsig B, Greene CR, Jefferson TA (2000) Development of
an air bubble curtain to reduce underwater noise of per-
cussive piling. Mar Environ Res 49: 79−93


232


Editorial responsibility: Peter Corkeron, 
Woods Hole, Massachusetts, USA


Submitted: October 19, 2017; Accepted: March 12, 2018
Proofs received from author(s): May 9, 2018



https://doi.org/10.1121/1.3132523

https://doi.org/10.1016/j.marpolbul.2014.10.051

https://doi.org/10.1111/2041-210X.12538

https://doi.org/10.1016/S0141-1136(99)00050-1

https://doi.org/10.1111/rssc.12068

https://doi.org/10.1098/rspb.2017.2314

https://doi.org/10.1016/j.cub.2016.03.069






  


  


 


Hornsea Project Three  
Offshore Wind Farm 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Hornsea Project Three 


Offshore Wind Farm 


 


 
Appendix 11 to Deadline 4 Submission 


– Nabe-Nielsen et al., 2018 


 


Date: 15th January 2019







 
  Nabe-Nielsen et al., 2018 
 January 2019 
 


 i  


Document Control 


Document Properties  


Organisation Ørsted Hornsea Project Three 


Author Nabe-Nielsen et al., 2018 


Checked by  n/a 


Approved by n/a 


Title 
Appendix 11 to Deadline 4 Submission 


– Nabe-Nielsen et al., 2018 


PINS 
Document 
Number 


n/a 


Version History 


Date Version Status Description / Changes 


15/01/2019 A Final Submitted at Deadline 4 (15/01/2019) 


    


    


    


    


    


 


 


 


  


Ørsted 


5 Howick Place,  


London, SW1P 1WG  


© Orsted Power (UK) Ltd, 2019. All rights reserved 


Front cover picture: Kite surfer near a UK offshore wind farm © Ørsted Hornsea Project Three (UK) Ltd., 2019.  


 



DOMPH

Text Box

Nabe-Nielsen et al., 2018








Received: 7 November 2017 Revised: 22 March 2018 Accepted: 15 April 2018


DOI: 10.1111/conl.12563


L E T T E R


Predicting the impacts of anthropogenic disturbances on marine
populations


Jacob Nabe-Nielsen1 Floris M van Beest1 Volker Grimm2 Richard M Sibly3


Jonas Teilmann1 Paul M Thompson4


1Department of Bioscience, Aarhus Uni-


versity, Frederiksborgvej 399, DK-4000


Roskilde, Denmark


2Helmholtz Centre for Environmental


Research – UFZ, Department of Ecological


Modelling, Permoserstraße 15, 04318 Leipzig,


Germany


3School of Biological Sciences, University


of Reading, Harborne Building, University of


Reading, Whiteknights, Reading, Berkshire,


RG6 6AS, United Kingdom


4Lighthouse Field Station, Institute of Bio-


logical and Environmental Sciences, Uni-


versity of Aberdeen, Cromarty IV11 8YL,


United Kingdom


Correspondence
Jacob Nabe-Nielsen, Department of Bio-


science, Aarhus University, Frederiksborgvej


399, DK-4000 Roskilde, Denmark.


Email: jnn@bios.au.dk


Funding information
Vattenfall; Forewind; ENECO Luchterduinen;


Ørsted; Scottish Power Renewables


Abstract
Marine ecosystems are increasingly exposed to anthropogenic disturbances that cause


animals to change behavior and move away from potential foraging grounds. Here we


present a process-based modeling framework for assessing population consequences


of such sub-lethal behavioral effects. It builds directly on how disturbances influence


animal movements, foraging and energetics, and is therefore applicable to a wide range


of species. To demonstrate the model we assess the impact of wind farm construc-


tion noise on the North Sea harbor porpoise population. Subsequently, we demon-


strate how the model can be used to minimize population impacts of disturbances


through spatial planning. Population models that build on the fundamental processes


that determine animal fitness have a high predictive power in novel environments,


making them ideal for marine management.


K E Y W O R D S
agent-based model, anthropogenic disturbances, cumulative effects, displacement, harbor porpoise,


individual-based modeling, marine spatial planning, movement model, Phocoena phocoena


1 INTRODUCTION


Human impacts on marine ecosystems are increasing glob-


ally (Halpern et al., 2015), and fisheries bycatch and


anthropogenic noise in particular pose a growing threat to


many species (Lewison, Crowder, Read, & Freeman, 2004;


Slabbekoorn et al., 2010; Shannon et al., 2016). Whereas


bycatch directly influences animal survival, noise from off-


shore activities is more likely to cause animals to change


behavior, thereby reducing their foraging performance and fit-


ness (Figure 1; DeRuiter et al., 2013; Francis & Barber, 2013;


Pirotta, Brookes, Graham, & Thompson, 2014). Although


such impacts on animal behavior are increasingly recognized,


This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original


work is properly cited.


© 2018 The Authors. Conservation Letters published by Wiley Periodicals, Inc.


it is not yet well understood how different human activities


jointly influence the persistence of wildlife populations. This


continues to be a major question in ecological research and


a serious obstacle for sustainable environmental management


(Sutherland & Freckleton, 2012).


A key challenge in this research field has been to develop


models that maintain their predictive power when applied


in novel environments. This requires process-based models


that build on the mechanisms that determine system behav-


ior (Evans et al., 2013; Stillman, Railsback, Giske, Berger,


& Grimm, 2015). Because impacts of anthropogenic distur-


bances are largely mediated by their effects on animal move-


ment and foraging, these processes should be at the core


Conservation Letters. 2018;11:e12563. wileyonlinelibrary.com/journal/conl 1 of 8
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F I G U R E 1 Examples of disturbances that influence marine populations. Both (a) pile-driving noise emitted during wind farm construction and


(b) noise from seismic surveys may elicit behavioral responses in animals over vast areas. © Ballast Nedam and iStock


of models used for predicting cumulative impacts of dis-


turbances on marine populations. One class of models that


facilitates this process-based approach is agent-based models


(ABMs). In ABMs, population dynamics and other system-


level properties emerge from interactions among autonomous


individuals (or “agents”) that respond to the environment as


animals do in nature (Grimm & Railsback, 2005; Grimm


et al., 2005). ABMs are typically spatially explicit, which


makes them ideal both for marine spatial planning aimed at


minimizing population impacts of anthropogenic activities,


and for environmental impact assessments.


Here we present a spatially explicit modeling frame-


work for predicting impacts of anthropogenic disturbances


on marine populations based on their influence on animal


movement and fitness. We use the North Sea harbor por-


poise (Phocoena phocoena) population as a case study, and


demonstrate how the framework can be used to evaluate the


impact of offshore wind farm construction noise. This type


of noise is increasingly prevalent due to the high demand


for green energy (Gibson, Wilman, & Laurance, 2017),


and currently there are >900 offshore wind farms at var-


ious stages of development in Europe alone (https://www.


4coffshore.com/windfarms/). Porpoises are strictly protected


in European waters (EU, 1992), so assessing the impacts of


construction noise is critical for regulators. We demonstrate


how the framework can be used for spatial planning to partly


mitigate population impacts of disturbances.


2 METHODS


We constructed a model, termed DEPONS, to simulate indi-


vidual animals’ movements, energetics and survival in real-


istic landscapes. It builds on existing models of porpoise


movement and energetics, where home ranges and popu-


lation dynamics emerge from the animals’ competition for


food (Nabe-Nielsen, Tougaard, Teilmann, Lucke, & Forch-


hammer, 2013; Nabe-Nielsen, Sibly, Tougaard, Teilmann, &


Sveegaard, 2014), but introduces a direct relationship between


noise and the extent to which simulated animals are deterred.


In the following we present a summary description of


the model. The TRACE document (Schmolke, Thorbek,


DeAngelis, & Grimm, 2010) in the online Supporting Infor-


mation (SI) presents additional evidence that our model


was thoughtfully designed, correctly implemented, thor-


oughly tested, well understood, and appropriately used for its


intended purpose.


2.1 Modeling fine-scale movements and
population dynamics
Animal movements are modeled using a combination of cor-


related random walk and spatial memory (Codling, Plank, &


Benhamou, 2008; Fagan et al., 2013; Smouse et al., 2010),


where the spatial memory enables animals to return to patches


where they previously found food. This behavior gradually


becomes prevailing when animals find little food using undi-


rected movements. Jointly, these mechanisms enable animals


to optimize their foraging behavior and produce movements


that closely resemble those of satellite-tracked harbor por-


poises (Nabe-Nielsen et al., 2013).


Population dynamics are linked to the individual animals’


ability to maintain high energy levels. As animals move


through the landscape, they use energy at a constant rate and


obtain energy from food patches they pass through. Given the


absence of direct data on spatial variation in prey availabil-


ity, we follow the approach used in previous studies of wide


ranging marine top predators and assume that patches with


higher food availability occur in those parts of the landscape


where observed population densities are high (Biuw et al.,


2007; Robinson et al., 2012). Porpoise densities were mod-


eled from survey data (see Gilles et al., 2016), with a rela-


tively high degree of uncertainty, particularly in poorly sam-


pled areas. Food gradually replenishes in patches that animals


have visited. The animals’ energy levels do not affect their


chance of becoming pregnant, which is related to their age


and time of the year, but low energy levels make them more


likely to abandon lactating calves or die. Population dynam-


ics therefore emerge from a balance between reproduction and


mortality.
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https://www.4coffshore.com/windfarms/





NABE-NIELSEN ET AL. 3 of 8


0 2 4 6 8 10 12


0
1


2
3


4
5


6


1.5-3 km


Observed
Simulated


0 2 4 6 8 10 12


0
1


2
3


4
5


6


3-6 km


0 2 4 6 8 10 12


0
1


2
3


4
5


6


6-9 km


0 2 4 6 8 10 12


0
1


2
3


4
5


6


9-12 km


0 2 4 6 8 10 12


0
1


2
3


4
5


6


12-15 km


0 2 4 6 8 10 12


0
1


2
3


4
5


6


15-18 km


Hours after piling


R
el


at
iv


e 
po


rp
oi


se
 d


en
si


ty


0 5000 10000 15000 20000


14
0


16
0


18
0


20
0


22
0


B
ia


s 
= 


c(
R


–T
 )


Recieved sound R
Threshold T


S
ou


nd
 le


ve
l (


dB
) Bias


(b)


(a) (c)


8.9 km8.98.98.98.98.98.98.98.98 98 98.998.98.98.98.98.98.98 98.98.998.98.98.98.98.98.998 9988 9888 kmkmkmkmkmkmkmkmkmkmkmkmmmmkmkmkmkmmmkmkmkmkmkmkmkmkmmmkk


Distance (m)


F I G U R E 2 Modeling responses to noise. (a) Decrease in deterrence (bias away from noise) with distance to sound source and influence of


deterrence coefficient c on bias. (b) Simulated movements near continuous pile-driving (black x); yellow circle shows area where animals are deterred.


(c) Population recovery at different distances from nearest pile-driving. All simulations used sound source level = 234 dB (sound exposure level), as


observed during construction of the Gemini wind farm, T = 155 dB and c = 0.07 (see SI for details)


2.2 Modeling responses to noise
Simulated animals change behavior when noise increases


above a threshold level T, which, in nature, would depend


on the background noise level (Ellison, Southall, Clark, &


Frankel, 2012). We assume that they respond by being biased


away from the sound source and let the relationship between


the bias and the part of the noise which exceeds T be deter-


mined by a deterrence coefficient c (Figure 2a). Far from the


source, noise hardly biases the animals’ movements, but close


to the source it causes them to move almost directly away if


c ⟩⟩ 0. The sound source level and T jointly determine the


response distance, which is the maximum distance at which


animals react to a given noise.


To ensure that animal energetics is influenced realisti-


cally by noise, T and c must be calibrated to make simu-


lated animals respond to noise like real animals do. In the


case of harbor porpoises, this movement response cannot be


observed directly. Instead we monitored the population den-


sity during construction of Gemini, a Dutch offshore wind


farm, by recording the echolocation sounds that porpoises use


for navigating (see Williamson et al., 2016). Afterwards we


created a virtual Gemini landscape where wind turbines were


built in the same order, and generating the same amount of


noise, as in the wind farm where porpoises had been mon-


itored. This landscape was used for running scenarios to


select the values of T and c that resulted in the most realis-


tic local population recovery rates at different distances from


the wind farm (Figure 2c). These values cause simulated por-


poises to be deterred by pile-driving noise, and hence to be


scared away from potential foraging grounds, in a realistic


manner.


2.3 Simulating large-scale movements
Animals occasionally switch between movement modes


which enables them to make optimal use of resources in


different parts of the landscape (Owen-Smith, Fryxell, &


Merrill, 2010). To mimic such behavioral switching, we


equipped simulated animals with a persistent memory of the


net energy intake rate previously attained in different areas,


which allows them to disperse towards the most profitable area


when their energy stores decrease. After calibrating the ani-


mals’ preferred dispersal distance, the model produced home
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F I G U R E 3 Population impacts of alternative wind farm construction schedules in scenarios with a response distances of 200 km. The number of


simulated porpoises was counted in the entire North Sea landscape. Fast construction means using a short break between consecutive pilings. Colored


dots indicate wind farms with 60 turbines each; dark blue indicates areas with high food levels. If we assume a response distance of 8.9 km, as for the


Gemini wind farm, population dynamics are indistinguishable from the baseline scenario


ranges that resembled those observed for satellite-tracked por-


poises in the North Sea (see Figure S10 in SI).


2.4 Noise scenarios
To assess the impact of wind farm construction noise on the


North Sea porpoise population we developed a range of sce-


narios. All scenarios except the noise-free baseline scenario


included pile-driving noise from 3,900 turbines distributed on


65 wind farms (Figure 3). These were placed at random in 15–


40 m water depth, with a number per country corresponding


to the EU 2020 renewable energy target (EU, 2009). Scenar-


ios included three different construction schedules: (1) wind


farms built in random order; (2) wind farms built in eastern


North Sea first, then in the west; (3) construction order as in


the first scenario, but with a 1-day break between consecutive


piling events instead of the 2-day break used in the other sce-


narios. Each schedule was used in combination with either a


response distance of 8.9 km (realistic deterrence, based on cal-


ibrated values of T and c; Figure 2b) or a response distance of


200 km. This extreme distance was used to amplify the popu-


lation's response to the choice of construction schedule to bet-


ter demonstrate how impacts of disturbances can be reduced


using spatial planning.


3 RESULTS


Assuming that noise influenced porpoise movements as


observed by the Gemini wind farm, the North Sea porpoise


population was not affected by construction of 65 wind farms


as required to meet the EU renewable energy target. Local


population densities around the Gemini wind farm recov-


ered 2–6 hours after piling, and similar recovery rates were


obtained in the model after calibrating the individual ani-


mals’ response to noise (Figure 2c). At the North Sea scale,


population dynamics were indistinguishable from those in


the noise-free baseline scenario when porpoises reacted to


noise up to 8.9 km from the construction sites, as in Gemini


(Figure 4). Wind farm construction noise only influenced pop-


ulation dynamics in the North Sea landscape when simu-


lated animals were assumed to respond at distances exceeding


20–50 km from the wind farms (Figure 4). In these scenarios,


the population effect of noise was more strongly related to the


distance at which animals reacted to noise than to the deter-


rence coefficient c, or to the amount of time animals remained


deterred after the noise stopped (residual disturbance;


Merchant, Faulkner, & Martinez, 2017. See sensitivity analy-


sis in SI).


Wind farm construction schedules and the length of


the breaks between individual piling events influenced the
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F I G U R E 4 Population impacts of wind farm construction based on the “Random, slow” scenario when assuming different response distances.


Response distances of 20, 50, 100, and 200 km are obtained by reducing T to 148, 140, 134, and 128 dB, respectively, retaining a sound source level


of 234 dB (sound exposure level). Each line shows the mean value for eight simulations. The red line is identical to the one in Figure 3


population effects of noise. When the best foraging grounds


in the western North Sea were continuously exposed to noise


for several years, as in the “ordered” scenario (Figure 3), the


effect of noise was larger and more persistent than when wind


farms were constructed in random order. Similarly, when wind


farm construction involved near continuous pile driving, as


in the “fast” scenario, the population effects were larger than


when local densities had more time to recover between con-


secutive pilings. This demonstrates how the modeling frame-


work can be used for spatial planning to help mitigate popu-


lation effects of disturbances.


4 DISCUSSION


We present a mechanistically realistic framework for assess-


ing population effects of anthropogenic disturbances in


marine environments. We used harbor porpoise and off-


shore wind farm construction noise as an example. How-


ever, the processes that lie at the core of the framework, with


autonomous individuals that strive to forage optimally, but


become energetically stressed when deterred by noise, are


general and not restricted to particular environmental con-


ditions or species. Models that build on such general rela-


tionships are likely to maintain their predictive power under


changing environmental conditions (Grimm & Berger 2016;


Stillman et al., 2015), which makes them valuable to sup-


port environmental management. This contrasts with models


that are based on statistical relationships among parameters


(Evans et al., 2013), such as a direct relationship between pop-


ulation growth and noise, because statistical relationships may


implicitly rely on factors that change under novel conditions.


The modeling framework presented here is one of the first to


link population effects of disturbances directly to the impacts


that these have on animal movements and energetics (but see


Costa et al., 2016), and we hope it will inspire a new direction


for marine management.


Mechanistic models also have the advantage that they can


be used for pinpointing processes that a species is particularly


sensitive to, and therefore require further research. Dynam-


ics of the harbor porpoise population were, for example, most


sensitive to the distance at which animals responded to pile


driving noise, and it is therefore important to collect data from


more wind farm construction sites to test whether the response


distance we found for Gemini is representative. In our study,


population effects only became discernible when the response


distance exceeded 20–50 km. This finding is, however, sensi-


tive to how fast food replenishes after being eaten, and the


impact of noise is smaller if food replenishes faster (Figure


S18 in SI). In our study the food replenishment rate was esti-


mated based on satellite tracking data, with a large degree of


uncertainty (see Section 4.4 in SI). Population dynamics were


also sensitive to other parameters related to energetics. Future


research should therefore focus on gathering more data on


animal energetics and the dynamics of their food, and particu-


larly on investigating at which distance they respond to noise.


Our results show how ABMs can be used in spatial plan-


ning to reduce population effects of disturbances. Wind farm


construction affected the population most strongly when


important foraging grounds were continuously exposed to


noise for several years (the “Ordered, slow” scenario, assum-


ing response distances of 200 km; Figure 3). This continuous


noise exposure caused most animals to move out of the prof-


itable foraging areas, which resulted in substantial population


declines. By the time wind farm construction had terminated


in the profitable areas, few surviving animals remembered


them, so instead animals dispersed at random from the areas


where construction now commenced. This caused the popula-


tion to decline further. The importance of allowing sufficient
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time for local populations to recover was also visible in sce-


narios using a fast piling schedule. Such effects of wind farm


construction schedule could not have been detected if impacts


had been calculated by combining population density maps


and noise pressure maps (e.g., Maxwell et al., 2013; Mer-


chant et al., 2017), as this method ignores the animals’ abil-


ity to avoid noise by temporarily moving away, which is what


causes the population impacts to be relatively small in the


“Random slow” scenario. The complex, yet realistic, effects


of varying the timing and spatial distribution of disturbances


demonstrated here can only be adequately investigated using


movement-based mechanistic frameworks.


The DEPONS model resembles other models of marine


species in that a number of simplifying assumptions have been


introduced to maintain model tractability and due to uncer-


tainty in the available data (see Pirotta et al., 2018). One of


the key assumptions in our study is that population density


is a good proxy for food availability. Although this assump-


tion is likely to hold true for harbor porpoises, as they rely


on a continuously high food intake (Kastelein, Helder-Hoek,


& Jennings, 2018; Wisniewska et al., 2016), lack of suitable


fish survey data and uncertainty over the factors affecting prey


availability prevent empirical testing of this assumption. The


study also assumes that the satellite-tracked porpoises used


for parameterizing movement are representative for North Sea


animals, as animal home range sizes influence their access


to resources. Further, it assumes that the animals’ reaction to


noise is accurately captured by variations in their echolocation


activity. For porpoises, changes in echolocation activity are


mirrored in aerial survey data (Dähne et al., 2013; Williamson


et al., 2016), but the validity of the assumption should be


reconsidered when using the model for other species.


Our model builds on general relationships between pop-


ulation regulation and resource availability (Goss-Custard


et al., 2006; Sinclair, 2003), which makes it applicable to


a wide range of species, provided that movement data are


available. This includes several species of birds, cetaceans,


and possibly fish, which are groups that have been reported


to be displaced by noise (Gibson et al., 2017; Shannon


et al., 2016). It differs from previous models developed for


assessing impacts of anthropogenic disturbances in marine


environments (Langton, Davies, & Scott, 2014; Topping &


Petersen 2011; Warwick-Evans, Atkinson, Walkington, &


Green, 2018) in explicitly considering the links between dis-


turbances/noise, animal movement, fitness and population


dynamics. The generality of the processes included in the


model should, in principle, allow realistic population dynam-


ics to emerge, but lack of independent data currently precludes


corroboration of model predictions. Therefore the support for


our model being realistic enough for its intended purpose


relies on the rationale of pattern-oriented modeling (POM;


Grimm & Railsback, 2012, Grimm et al., 2005). In POM,


patterns observed in reality at different scales and levels


of organization are used to reject unrealistic models and/or


parameter values. The more patterns a model reproduces


simultaneously, the more likely it validly represents reality.


In our case, we made the model reproduce three different pat-


terns (Section 6 in SI), suggesting a quite high level of struc-


tural realism, notwithstanding the uncertainties mentioned


above.


Arguably the most useful feature of spatially explicit,


process-based models is that they can capture the cumula-


tive impacts of different kinds of anthropogenic disturbances,


including noise, bycatch, and commercial use of potential


food resources, and take account of when and where the dis-


turbances occur. This, combined with their capacity to directly


incorporate the mechanisms that regulate wildlife popula-


tions, is critical for predicting dynamics of populations in


human influenced environments (Zurell et al., 2015). Popu-


lation persistence–or not–depends on the responses of indi-


vidual animals to all these pressures, so process-based mod-


els will be increasingly important in protecting vulnerable


wildlife populations as human impacts on marine environ-


ments continue to increase.
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Abstract
Marine ecosystems are increasingly exposed to anthropogenic disturbances that cause

animals to change behavior and move away from potential foraging grounds. Here we

present a process-based modeling framework for assessing population consequences

of such sub-lethal behavioral effects. It builds directly on how disturbances influence

animal movements, foraging and energetics, and is therefore applicable to a wide range

of species. To demonstrate the model we assess the impact of wind farm construc-

tion noise on the North Sea harbor porpoise population. Subsequently, we demon-

strate how the model can be used to minimize population impacts of disturbances

through spatial planning. Population models that build on the fundamental processes

that determine animal fitness have a high predictive power in novel environments,

making them ideal for marine management.

K E Y W O R D S
agent-based model, anthropogenic disturbances, cumulative effects, displacement, harbor porpoise,

individual-based modeling, marine spatial planning, movement model, Phocoena phocoena

1 INTRODUCTION

Human impacts on marine ecosystems are increasing glob-

ally (Halpern et al., 2015), and fisheries bycatch and

anthropogenic noise in particular pose a growing threat to

many species (Lewison, Crowder, Read, & Freeman, 2004;

Slabbekoorn et al., 2010; Shannon et al., 2016). Whereas

bycatch directly influences animal survival, noise from off-

shore activities is more likely to cause animals to change

behavior, thereby reducing their foraging performance and fit-

ness (Figure 1; DeRuiter et al., 2013; Francis & Barber, 2013;

Pirotta, Brookes, Graham, & Thompson, 2014). Although

such impacts on animal behavior are increasingly recognized,

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original

work is properly cited.

© 2018 The Authors. Conservation Letters published by Wiley Periodicals, Inc.

it is not yet well understood how different human activities

jointly influence the persistence of wildlife populations. This

continues to be a major question in ecological research and

a serious obstacle for sustainable environmental management

(Sutherland & Freckleton, 2012).

A key challenge in this research field has been to develop

models that maintain their predictive power when applied

in novel environments. This requires process-based models

that build on the mechanisms that determine system behav-

ior (Evans et al., 2013; Stillman, Railsback, Giske, Berger,

& Grimm, 2015). Because impacts of anthropogenic distur-

bances are largely mediated by their effects on animal move-

ment and foraging, these processes should be at the core
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F I G U R E 1 Examples of disturbances that influence marine populations. Both (a) pile-driving noise emitted during wind farm construction and

(b) noise from seismic surveys may elicit behavioral responses in animals over vast areas. © Ballast Nedam and iStock

of models used for predicting cumulative impacts of dis-

turbances on marine populations. One class of models that

facilitates this process-based approach is agent-based models

(ABMs). In ABMs, population dynamics and other system-

level properties emerge from interactions among autonomous

individuals (or “agents”) that respond to the environment as

animals do in nature (Grimm & Railsback, 2005; Grimm

et al., 2005). ABMs are typically spatially explicit, which

makes them ideal both for marine spatial planning aimed at

minimizing population impacts of anthropogenic activities,

and for environmental impact assessments.

Here we present a spatially explicit modeling frame-

work for predicting impacts of anthropogenic disturbances

on marine populations based on their influence on animal

movement and fitness. We use the North Sea harbor por-

poise (Phocoena phocoena) population as a case study, and

demonstrate how the framework can be used to evaluate the

impact of offshore wind farm construction noise. This type

of noise is increasingly prevalent due to the high demand

for green energy (Gibson, Wilman, & Laurance, 2017),

and currently there are >900 offshore wind farms at var-

ious stages of development in Europe alone (https://www.

4coffshore.com/windfarms/). Porpoises are strictly protected

in European waters (EU, 1992), so assessing the impacts of

construction noise is critical for regulators. We demonstrate

how the framework can be used for spatial planning to partly

mitigate population impacts of disturbances.

2 METHODS

We constructed a model, termed DEPONS, to simulate indi-

vidual animals’ movements, energetics and survival in real-

istic landscapes. It builds on existing models of porpoise

movement and energetics, where home ranges and popu-

lation dynamics emerge from the animals’ competition for

food (Nabe-Nielsen, Tougaard, Teilmann, Lucke, & Forch-

hammer, 2013; Nabe-Nielsen, Sibly, Tougaard, Teilmann, &

Sveegaard, 2014), but introduces a direct relationship between

noise and the extent to which simulated animals are deterred.

In the following we present a summary description of

the model. The TRACE document (Schmolke, Thorbek,

DeAngelis, & Grimm, 2010) in the online Supporting Infor-

mation (SI) presents additional evidence that our model

was thoughtfully designed, correctly implemented, thor-

oughly tested, well understood, and appropriately used for its

intended purpose.

2.1 Modeling fine-scale movements and
population dynamics
Animal movements are modeled using a combination of cor-

related random walk and spatial memory (Codling, Plank, &

Benhamou, 2008; Fagan et al., 2013; Smouse et al., 2010),

where the spatial memory enables animals to return to patches

where they previously found food. This behavior gradually

becomes prevailing when animals find little food using undi-

rected movements. Jointly, these mechanisms enable animals

to optimize their foraging behavior and produce movements

that closely resemble those of satellite-tracked harbor por-

poises (Nabe-Nielsen et al., 2013).

Population dynamics are linked to the individual animals’

ability to maintain high energy levels. As animals move

through the landscape, they use energy at a constant rate and

obtain energy from food patches they pass through. Given the

absence of direct data on spatial variation in prey availabil-

ity, we follow the approach used in previous studies of wide

ranging marine top predators and assume that patches with

higher food availability occur in those parts of the landscape

where observed population densities are high (Biuw et al.,

2007; Robinson et al., 2012). Porpoise densities were mod-

eled from survey data (see Gilles et al., 2016), with a rela-

tively high degree of uncertainty, particularly in poorly sam-

pled areas. Food gradually replenishes in patches that animals

have visited. The animals’ energy levels do not affect their

chance of becoming pregnant, which is related to their age

and time of the year, but low energy levels make them more

likely to abandon lactating calves or die. Population dynam-

ics therefore emerge from a balance between reproduction and

mortality.

https://www.4coffshore.com/windfarms/
https://www.4coffshore.com/windfarms/
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F I G U R E 2 Modeling responses to noise. (a) Decrease in deterrence (bias away from noise) with distance to sound source and influence of

deterrence coefficient c on bias. (b) Simulated movements near continuous pile-driving (black x); yellow circle shows area where animals are deterred.

(c) Population recovery at different distances from nearest pile-driving. All simulations used sound source level = 234 dB (sound exposure level), as

observed during construction of the Gemini wind farm, T = 155 dB and c = 0.07 (see SI for details)

2.2 Modeling responses to noise
Simulated animals change behavior when noise increases

above a threshold level T, which, in nature, would depend

on the background noise level (Ellison, Southall, Clark, &

Frankel, 2012). We assume that they respond by being biased

away from the sound source and let the relationship between

the bias and the part of the noise which exceeds T be deter-

mined by a deterrence coefficient c (Figure 2a). Far from the

source, noise hardly biases the animals’ movements, but close

to the source it causes them to move almost directly away if

c ⟩⟩ 0. The sound source level and T jointly determine the

response distance, which is the maximum distance at which

animals react to a given noise.

To ensure that animal energetics is influenced realisti-

cally by noise, T and c must be calibrated to make simu-

lated animals respond to noise like real animals do. In the

case of harbor porpoises, this movement response cannot be

observed directly. Instead we monitored the population den-

sity during construction of Gemini, a Dutch offshore wind

farm, by recording the echolocation sounds that porpoises use

for navigating (see Williamson et al., 2016). Afterwards we

created a virtual Gemini landscape where wind turbines were

built in the same order, and generating the same amount of

noise, as in the wind farm where porpoises had been mon-

itored. This landscape was used for running scenarios to

select the values of T and c that resulted in the most realis-

tic local population recovery rates at different distances from

the wind farm (Figure 2c). These values cause simulated por-

poises to be deterred by pile-driving noise, and hence to be

scared away from potential foraging grounds, in a realistic

manner.

2.3 Simulating large-scale movements
Animals occasionally switch between movement modes

which enables them to make optimal use of resources in

different parts of the landscape (Owen-Smith, Fryxell, &

Merrill, 2010). To mimic such behavioral switching, we

equipped simulated animals with a persistent memory of the

net energy intake rate previously attained in different areas,

which allows them to disperse towards the most profitable area

when their energy stores decrease. After calibrating the ani-

mals’ preferred dispersal distance, the model produced home
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F I G U R E 3 Population impacts of alternative wind farm construction schedules in scenarios with a response distances of 200 km. The number of

simulated porpoises was counted in the entire North Sea landscape. Fast construction means using a short break between consecutive pilings. Colored

dots indicate wind farms with 60 turbines each; dark blue indicates areas with high food levels. If we assume a response distance of 8.9 km, as for the

Gemini wind farm, population dynamics are indistinguishable from the baseline scenario

ranges that resembled those observed for satellite-tracked por-

poises in the North Sea (see Figure S10 in SI).

2.4 Noise scenarios
To assess the impact of wind farm construction noise on the

North Sea porpoise population we developed a range of sce-

narios. All scenarios except the noise-free baseline scenario

included pile-driving noise from 3,900 turbines distributed on

65 wind farms (Figure 3). These were placed at random in 15–

40 m water depth, with a number per country corresponding

to the EU 2020 renewable energy target (EU, 2009). Scenar-

ios included three different construction schedules: (1) wind

farms built in random order; (2) wind farms built in eastern

North Sea first, then in the west; (3) construction order as in

the first scenario, but with a 1-day break between consecutive

piling events instead of the 2-day break used in the other sce-

narios. Each schedule was used in combination with either a

response distance of 8.9 km (realistic deterrence, based on cal-

ibrated values of T and c; Figure 2b) or a response distance of

200 km. This extreme distance was used to amplify the popu-

lation's response to the choice of construction schedule to bet-

ter demonstrate how impacts of disturbances can be reduced

using spatial planning.

3 RESULTS

Assuming that noise influenced porpoise movements as

observed by the Gemini wind farm, the North Sea porpoise

population was not affected by construction of 65 wind farms

as required to meet the EU renewable energy target. Local

population densities around the Gemini wind farm recov-

ered 2–6 hours after piling, and similar recovery rates were

obtained in the model after calibrating the individual ani-

mals’ response to noise (Figure 2c). At the North Sea scale,

population dynamics were indistinguishable from those in

the noise-free baseline scenario when porpoises reacted to

noise up to 8.9 km from the construction sites, as in Gemini

(Figure 4). Wind farm construction noise only influenced pop-

ulation dynamics in the North Sea landscape when simu-

lated animals were assumed to respond at distances exceeding

20–50 km from the wind farms (Figure 4). In these scenarios,

the population effect of noise was more strongly related to the

distance at which animals reacted to noise than to the deter-

rence coefficient c, or to the amount of time animals remained

deterred after the noise stopped (residual disturbance;

Merchant, Faulkner, & Martinez, 2017. See sensitivity analy-

sis in SI).

Wind farm construction schedules and the length of

the breaks between individual piling events influenced the
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population effects of noise. When the best foraging grounds

in the western North Sea were continuously exposed to noise

for several years, as in the “ordered” scenario (Figure 3), the

effect of noise was larger and more persistent than when wind

farms were constructed in random order. Similarly, when wind

farm construction involved near continuous pile driving, as

in the “fast” scenario, the population effects were larger than

when local densities had more time to recover between con-

secutive pilings. This demonstrates how the modeling frame-

work can be used for spatial planning to help mitigate popu-

lation effects of disturbances.

4 DISCUSSION

We present a mechanistically realistic framework for assess-

ing population effects of anthropogenic disturbances in

marine environments. We used harbor porpoise and off-

shore wind farm construction noise as an example. How-

ever, the processes that lie at the core of the framework, with

autonomous individuals that strive to forage optimally, but

become energetically stressed when deterred by noise, are

general and not restricted to particular environmental con-

ditions or species. Models that build on such general rela-

tionships are likely to maintain their predictive power under

changing environmental conditions (Grimm & Berger 2016;

Stillman et al., 2015), which makes them valuable to sup-

port environmental management. This contrasts with models

that are based on statistical relationships among parameters

(Evans et al., 2013), such as a direct relationship between pop-

ulation growth and noise, because statistical relationships may

implicitly rely on factors that change under novel conditions.

The modeling framework presented here is one of the first to

link population effects of disturbances directly to the impacts

that these have on animal movements and energetics (but see

Costa et al., 2016), and we hope it will inspire a new direction

for marine management.

Mechanistic models also have the advantage that they can

be used for pinpointing processes that a species is particularly

sensitive to, and therefore require further research. Dynam-

ics of the harbor porpoise population were, for example, most

sensitive to the distance at which animals responded to pile

driving noise, and it is therefore important to collect data from

more wind farm construction sites to test whether the response

distance we found for Gemini is representative. In our study,

population effects only became discernible when the response

distance exceeded 20–50 km. This finding is, however, sensi-

tive to how fast food replenishes after being eaten, and the

impact of noise is smaller if food replenishes faster (Figure

S18 in SI). In our study the food replenishment rate was esti-

mated based on satellite tracking data, with a large degree of

uncertainty (see Section 4.4 in SI). Population dynamics were

also sensitive to other parameters related to energetics. Future

research should therefore focus on gathering more data on

animal energetics and the dynamics of their food, and particu-

larly on investigating at which distance they respond to noise.

Our results show how ABMs can be used in spatial plan-

ning to reduce population effects of disturbances. Wind farm

construction affected the population most strongly when

important foraging grounds were continuously exposed to

noise for several years (the “Ordered, slow” scenario, assum-

ing response distances of 200 km; Figure 3). This continuous

noise exposure caused most animals to move out of the prof-

itable foraging areas, which resulted in substantial population

declines. By the time wind farm construction had terminated

in the profitable areas, few surviving animals remembered

them, so instead animals dispersed at random from the areas

where construction now commenced. This caused the popula-

tion to decline further. The importance of allowing sufficient
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time for local populations to recover was also visible in sce-

narios using a fast piling schedule. Such effects of wind farm

construction schedule could not have been detected if impacts

had been calculated by combining population density maps

and noise pressure maps (e.g., Maxwell et al., 2013; Mer-

chant et al., 2017), as this method ignores the animals’ abil-

ity to avoid noise by temporarily moving away, which is what

causes the population impacts to be relatively small in the

“Random slow” scenario. The complex, yet realistic, effects

of varying the timing and spatial distribution of disturbances

demonstrated here can only be adequately investigated using

movement-based mechanistic frameworks.

The DEPONS model resembles other models of marine

species in that a number of simplifying assumptions have been

introduced to maintain model tractability and due to uncer-

tainty in the available data (see Pirotta et al., 2018). One of

the key assumptions in our study is that population density

is a good proxy for food availability. Although this assump-

tion is likely to hold true for harbor porpoises, as they rely

on a continuously high food intake (Kastelein, Helder-Hoek,

& Jennings, 2018; Wisniewska et al., 2016), lack of suitable

fish survey data and uncertainty over the factors affecting prey

availability prevent empirical testing of this assumption. The

study also assumes that the satellite-tracked porpoises used

for parameterizing movement are representative for North Sea

animals, as animal home range sizes influence their access

to resources. Further, it assumes that the animals’ reaction to

noise is accurately captured by variations in their echolocation

activity. For porpoises, changes in echolocation activity are

mirrored in aerial survey data (Dähne et al., 2013; Williamson

et al., 2016), but the validity of the assumption should be

reconsidered when using the model for other species.

Our model builds on general relationships between pop-

ulation regulation and resource availability (Goss-Custard

et al., 2006; Sinclair, 2003), which makes it applicable to

a wide range of species, provided that movement data are

available. This includes several species of birds, cetaceans,

and possibly fish, which are groups that have been reported

to be displaced by noise (Gibson et al., 2017; Shannon

et al., 2016). It differs from previous models developed for

assessing impacts of anthropogenic disturbances in marine

environments (Langton, Davies, & Scott, 2014; Topping &

Petersen 2011; Warwick-Evans, Atkinson, Walkington, &

Green, 2018) in explicitly considering the links between dis-

turbances/noise, animal movement, fitness and population

dynamics. The generality of the processes included in the

model should, in principle, allow realistic population dynam-

ics to emerge, but lack of independent data currently precludes

corroboration of model predictions. Therefore the support for

our model being realistic enough for its intended purpose

relies on the rationale of pattern-oriented modeling (POM;

Grimm & Railsback, 2012, Grimm et al., 2005). In POM,

patterns observed in reality at different scales and levels

of organization are used to reject unrealistic models and/or

parameter values. The more patterns a model reproduces

simultaneously, the more likely it validly represents reality.

In our case, we made the model reproduce three different pat-

terns (Section 6 in SI), suggesting a quite high level of struc-

tural realism, notwithstanding the uncertainties mentioned

above.

Arguably the most useful feature of spatially explicit,

process-based models is that they can capture the cumula-

tive impacts of different kinds of anthropogenic disturbances,

including noise, bycatch, and commercial use of potential

food resources, and take account of when and where the dis-

turbances occur. This, combined with their capacity to directly

incorporate the mechanisms that regulate wildlife popula-

tions, is critical for predicting dynamics of populations in

human influenced environments (Zurell et al., 2015). Popu-

lation persistence–or not–depends on the responses of indi-

vidual animals to all these pressures, so process-based mod-

els will be increasingly important in protecting vulnerable

wildlife populations as human impacts on marine environ-

ments continue to increase.
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